
                                                                                                         
 

 

Development of Models 
for Tasmanian 

Groundwater Resources 

 

Conceptual Model  
Report for 

Mella 

 
 

Prepared for 
DPIW Tasmania 

GPO Box 44 
Hobart TAS 7001 

December 2008 



 

 

 

 

 

Document Title 

Conceptual Model Report For Mella 

Document Author(s) 

Glenn Harrington 

Dougal Currie 

Distribution List 

Copies Distribution Contact Name 
1 (electronic) DPIW Imogen Fullagar 
   
   
   

 

Document Status 

Doc. No.  Approved for Issue 

Rev No.  Name Signature Date 

 Project Manager 
Stuart Richardson   

 Peer Reviewer Stuart Richardson, 
Ray Evans, Jenny 
Deakin and Miladin 
Latonovic 

  

 

 

 

 

Resource & Environmental Management Pty Ltd 
ABN 47 098 108 877 
Suite 9, 15 Fullarton Road,  KENT TOWN  SA  5067 
Telephone: (08) 8363 1777 Facsimile: (08) 8363 1477 

 

Aquaterra Consulting Pty Ltd 
ABN 49 082 286 708 

Ground Floor, 15 Bentham Street 
Adelaide, South Australia, 5000 
Tel:  (08) 8410 4000 
Fax:  (08) 8410 6321 



 

Table of Contents 
TABLE OF CONTENTS ............................................................................................ III 

1  INTRODUCTION ............................................................................................ 1 

1.1  Scope 1 

1.2  Catchment Water Balance 1 

2  FIELD PROGRAM ......................................................................................... 2 

2.1  Groundwater Use Survey 2 

2.2  Drilling Program 2 

2.3  Aquifer recovery Tests 2 

2.4  Surface water / Groundwater Interaction studies 3 

2.4.1  Surface water and groundwater sampling 3 

2.4.2  Groundwater dating 3 

3  BACKGROUND ............................................................................................. 4 

3.1  Study Area 4 

3.2  Climate 4 

3.3  Topography and Soils 5 

3.4  Land Use 6 

3.5  Geology 6 

3.6  Hydrogeological Units 7 

3.7  Surface Water – Groundwater Interaction 9 

3.8  Water Use and Management Issues 9 

3.9  Groundwater and Surface Water Monitoring 11 

3.10  Surface water modelling 12 

4  GROUNDWATER INFLOWS ....................................................................... 14 

4.1  Diffuse Recharge 14 

4.2  Point Source Recharge 17 

4.3  Recharge from Losing Streams 17 

4.4  Lateral Groundwater Inflow 18 

5  GROUNDWATER FLOW ............................................................................. 19 

5.1  Water Table Contours 19 

5.2  Groundwater Flow Direction 19 

5.3  Flow rates 20 

6  GROUNDWATER OUTFLOWS ................................................................... 21 

6.1  Lateral Discharge 21 

6.2  Groundwater Extraction 21 



 
6.3  Evapotranspiration from Shallow Water Tables 21 

6.4  Groundwater Discharge to Streams 21 

7  CONCEPTUAL MODEL ............................................................................... 23 

7.1  Block Diagram 23 

7.2  Preliminary Water Budget 23 

7.3  Knowledge Gaps and Uncertainty 24 

7.4  Implications for Numerical Model Development 24 

8  RECOMMENDATIONS FOR FURTHER FIELD STUDIES .......................... 25 

9  REFERENCES ............................................................................................. 26 



Conceptual Model Report for Mella 

PAGE            1 

 

1 INTRODUCTION 

1.1 Scope 
Resource & Environmental Management Pty Ltd. (REM) in association with Aquaterra Pty Ltd has 
been engaged by the Tasmanian Department of Primary Industries and Water (DPIW) to 
undertake the project Development of Models for Tasmanian Groundwater Resources. 

Stage 1 of the project required the compilation of available data and reports, confirmation of the 
proposed catchment prioritisation and categorisation, and agreement on preferred modelling 
approaches.  Meetings and a two day workshop were held in June 2007 with local experts, 
including current and retired geologists from both private and Government sectors, to facilitate the 
data collection tasks.  These forums provided background geological and hydrogeological 
information, enabling the assembly of schematic cross-sections, data inventory spreadsheets and 
a reference list. 

Stage 2 of the project developed preliminary conceptual models, which were originally presented 
in this report.  This report now includes revisions to the conceptual model, including comments 
from expert peer reviewers and results from a field program conducted during Stage 3 of the 
project.  A total of twenty conceptual model reports have been prepared for different study 
catchments, with this report representing the Mella catchment. 

1.2 Catchment Water Balance 
In order to develop a conceptual model for a particular groundwater catchment1, it is important to 
identify and characterise all relevant components of the water balance.  These components are 
illustrated in Figure 1, and may include any or all of the following: rainfall, surface water runoff, 
evaporation, transpiration, groundwater recharge, aquifer throughflow, groundwater discharge to 
springs or streams, groundwater abstraction and lateral discharge to either down-gradient 
catchments or (ultimately) the sea.

                                                      

1 The term groundwater catchment is not as easy to define as surface water catchment.  If a distinct region of 
groundwater was a catchment in the true sense of the word, then the boundaries of that region would 
represent locations across which there is no horizontal flow of groundwater.  In reality, this rarely occurs and 
is very difficult to measure, so for the purpose of this project the basis for defining each catchment boundary 
will be reported. 
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2 FIELD PROGRAM 

Stage 3 of the project was a series of field investigations that were undertaken to improve the 
conceptual understanding the Mella catchment and to aid the development of a numerical model 
in Stage 4. A description of the methodology used in the field program is provided below, collated 
data is attached as appendices, and results have been included within the body of this report as 
required.  

2.1 Groundwater Use Survey 
A questionnaire was sent to landowners asking them to supply details which would enable the 
calculation of the individual’s annual groundwater extraction. The project team enlisted the help of 
the DPIW Regional Water Management officers to supply the names and contact details of major 
groundwater users within each catchment. Follow-up phone calls were made to contact 
landowners that did not return a questionnaire or if the received questionnaire was unclear. The 
questionnaire and responses are supplied in Appendix A. 

2.2 Drilling Program 
The most significant component of Stage 3 was the installation of 24 new monitoring wells across 
9 catchments in northern Tasmania to extend the existing Mineral Resources Tasmania (MRT) 
monitoring network. The sites were selected with the intention of completing wells within the 
primary aquifer of each catchment, in areas of existing groundwater use, and where there were 
no existing monitoring wells. Easily accessible crown land was sought (mostly roadside verges), 
which was large enough to accommodate a drill rig and support vehicles, and did not present a 
traffic hazard. Finding such locations was not always easy and in some situations there had to be 
a compromise made between geological and practical considerations. After suitable sites were 
located, they were cleared for underground services and permission to undertake the work was 
granted from the relevant authority (councils, railway bodies or landowners). Each monitoring well 
was drilled to a target depth that reflected the average depth of existing wells in the immediate 
vicinity of the site. Reference points (top of the PVC casing) were surveyed using RTK. 

Four new monitoring wells were installed in the Mella catchment by Gerald Spaulding Drilling Pty 
Ltd with REM supervision in February/March 2008. Well M-1, M-2 and M-4 were installed in 
Smithton dolomite. Well M-3b was installed in Cambrian mudstone. Locations are shown in 
Figure 2. Well logs and drilling notes for both wells are supplied in Appendix B. The recorded well 
yields are only approximate because the drilling set-up did not enable discharge to be accurately 
gauged. They are presented to enable a down-hole comparison to establish depths where most 
water was contained.  

2.3 Aquifer Recovery Tests 
Aquifer recovery tests were performed on all newly installed monitoring wells in June 2008 to 
calculate hydraulic conductivity (k). A logger was used to continuously record water levels (every 
2 seconds) while a volume of water was inserted to raise the water level by approximately 1 m (in 
most cases 1L of water was sufficient, but 4 L was required for highly transmissive wells). The 
falling head was monitored until equilibrium was established, after which time the same volume of 
water was removed and the rising head was monitored until equilibrium. The Bouwer-Rice 
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method for partially-penetrating wells was used to analyse the data (Appendix C). The rising head 
data was used for this analysis because it developed a more even curve with respect to time. 

2.4 Surface water / Groundwater Interaction studies 

2.4.1 Surface water and groundwater sampling 
Surface water and groundwater were sampled in the Mella region over the 15th and 16th of March 
2008. The purpose of the sampling is to use geochemical methods to provide an indication of the 
nature of the interaction between rivers and the shallow aquifer. 

Surface water sampling locations were initially selected based on ease of access to Duck River 
and its major tributaries. Sites on Duck River were selected upstream and downstream of 
tributaries (where access was possible) and from river sections that represented flows through 
distinct geologic environments. Surface water sampling locations were also selected based on 
proximity to groundwater sampling sites. 

Groundwater monitoring wells, located in close proximity to Duck River that were screened over 
distinct lithologies, were sought to characterise the chemical signature of potential sources of 
groundwater discharge to Duck River and its tributaries. 

Water samples were collected for laboratory analysis of radon-222, strontium concentration and 
strontium isotope (87/86) ratios following standard laboratory protocol. Electrical conductivity, pH 
and temperature were measured onsite using a calibrated field chemistry kit. 

Surface water and groundwater sampling locations and results of chemical analyses are 
presented in Appendix D. 

2.4.2 Groundwater dating 
In order to provide an alternative estimate of recharge and to investigate rates of surface water 
and groundwater exchange, groundwater was sampled from selected wells to determine 
groundwater age via CFC (chlorofluorocarbon) analysis following standard laboratory protocols. 
Groundwater monitoring wells located within 150 m of Duck River were sampled on March 15th 
2008. Sampling locations are provided in Appendix D.
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3 BACKGROUND 

3.1 Study Area 
The Mella catchment area is located in far northwest Tasmania, covering an area of about 
339 km2 between the towns of Smithton and Trowutta (Figure 2).  At the time of project inception, 
the southern boundary for this catchment loosely bordered an area of intensive groundwater 
development on the Mella Plain, to the immediate south and west of Smithton.  The Mella Plain is 
approximately 6 km square and was once occupied by the Mowbray and Broadmeadows 
Swamps, before artificial drainage networks were constructed in the 1920s to enable irrigated 
agriculture from 1940s onwards (Gulline, 1959).  These swamps were maintained by surface 
runoff in winter and year-round discharge from numerous mound springs, the latter of which still 
exist today. 

After discussions with technical experts at the workshop held in June 2007, the TGR project team 
has redefined and expanded the Mella catchment boundary to fit the Duck River surface water 
catchment (only approximate on the eastern side, see Figure 2).  This change has the following 
benefits; 

• firstly, it provides a more defensible boundary for the numerical groundwater flow model 
that is to be developed for the catchment (as it has been categorised as a Class C 
catchment), and  

• secondly, the resulting model will better enable the integration of surface water and 
groundwater management in the future. 

The groundwater resources of the Smithton region first received attention in the late 1950s as 
Gulline (1959) responded to concerns of increasing pressure on the resources caused by 
irrigation activity.  Despite further expansion of the irrigation industry since the 1950s, primarily 
associated with dairying, it wasn’t until 2004 that another detailed hydrogeological investigation 
was undertaken around the Mella irrigation district (Davidson et al., 2007).  This recent study, 
which was undertaken by the University of Tasmania, was the first to quantitatively assess the 
hydrogeology and hydrochemistry for the Mella area.  Consequently, Davidson et al. (2007) has 
been used as the primary reference for the current project. 

3.2 Climate 
Mean annual rainfall in the Mella catchment varies from about 1,100 mm/yr near the coast to 
almost 1,600 mm/yr on the southern margin (Figure 2).  Annual rainfall data was obtained by 
SILO data drill for Montugu 03, the point nearest to the centroid of the Mella catchment (Figure 2). 
It is presented in Figure 3 and reveals several extended periods of generally above-average and 
below-average annual rainfall (average 1,140 mm/yr).  The cumulative deviation from mean 
annual rainfall trend shown in Figure 3 indicates a period of below-average annual rainfall from 
most years between 1930 and 1950, followed by a period when most years experienced above-
average annual rainfall up to the early 1980s.  A series of alternating drier and wetter periods of 
6-8 years duration has occurred since about 1981. 
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There is no reliable historical evaporation data for the catchment, however SILO2 provides a 
mean annual Class A pan evaporation (Epan) rate of 1055 mm/yr for the period 1900-2005.  To 
convert this value into an actual evapotranspiration (ET) rate (i.e., incorporating both evaporation 
from within and above the soil, and transpiration from plants) requires the following expression: 

  ET = fc . cp . Epan       (1) 

where fc is known as the crop coefficient, and varies from 0 to 1 depending on crop type and 
season; and cp is the pan coefficient, typically around 0.5.  The South Australian Department of 
Primary Industries and Resources (www.pir.sa.gov.au) use the methodology of Allen et al. (1998) 
to present monthly crop coefficients for a range of different crop types in the southern 
hemisphere.  Using this data, a crop coefficient of 0.8 seems to be a reasonable average across 
all seasons for a mix of grasses, native shrubs and irrigated crops.  Assuming the value of fc = 0.8 
represents an average for all land uses in the Mella catchment, ET is estimated to be about 
422 mm/yr. 

3.3 Topography and Soils 
The adopted boundary for this catchment extends some 25 km inland from the coast, and as a 
result ground surface elevation varies by more than 250 m.   However, the valley of the Mella 
catchment is generally below 50 mAHD in elevation, and the bordering Christmas Hills (west) and 
Scotchtown Hills (east) rarely exceed about 80 mAHD.   

Soil orders have been mapped using the Australian Soil Classification layer for Tasmania 
supplied by DPIW (Figure 4).  This map reveals the northern two thirds of the catchment is 
dominated by Podosols (soils that typically form in coastal sedimentary environments with B 
horizons dominated by the accumulation of organic matter, aluminium and/or iron) and the 
southern one third is dominated by Hydrosols (soils with prolonged seasonal saturation). The 
latter suggests this part of the catchment is seasonally inundated, as once occurred in the lower 
parts of the catchment before artificial drainage was implemented. Refer to the Key to Soil 
Orders3 for further information about soil characteristics. 

It should be noted however, that the layer presented in Figure 4 was constructed from line work 
for Land Systems developed by the Tasmanian Department of Agriculture between 1978-1989 
using geology, vegetation and climate data rather than soil surveys per se.  Nevertheless, field 
observations in many areas have revealed that it is a reasonable representation of the actual 
conditions, particularly in the north and northwest of the State where many of this study’s 
catchment are situated (pers. comm. Simon Lynch, DPIW 2007). There has also been observed 
agreement between this layer and the more spatially confined Soils Reconnaissance map that 
was supplied originally by DPIW. 

Both potential and actual acid sulphate soils have been identified in the catchment at Mella and 
Montagu (see localities on Figure 2). In these areas, the presence of marine sediments that were 
historically inundated and have been subsequently drained for agriculture are conditions highly 
conducive to the formation of pyrite and the creation of acid discharge. Gurung (2001) estimates 

                                                      

2 Sourced by HydroTas from http://www.nrw.qld.gov.au/silo/; note all ET data is “patched” prior to 1968  

3 Key to Soil Orders can be found at http://www.clw.csiro.au/aclep/asc_re_on_line/soilkey.htm  
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acid sulphate soils occupy about 1000 ha around Mella, contributing to high soil acidity, and poor 
drainage water quality (low pH, high sulphate and dissolved metals concentrations), which can 
lead to fish kills and threatens other biota in streams. 

3.4 Land Use 
Figure 5 presents the range of current land uses in the Mella catchment.  This map indicates that 
almost the entire eastern two thirds of the catchment is classified as environmental and the 
western third is production forestry.  Environmental is defined in BRS (2002) as “environmental 
and indirect production uses (eg prevention of land degradation, wind-breaks, shade and shelter).  
Remnant native cover is also scattered throughout the catchment, principally along water courses 
and the break of slope between Christmas Hills and the valley floor. 

The region is regarded as one of the prime dairying regions in Tasmania, and hence large areas 
of land (particularly around Mella and along the main roads in the region) are used for irrigated 
pasture production.  Davidson et al. (2007) estimated the main irrigation area covers 
approximately 17 farms averaging 200 hectares each.  The region also supports an important 
horticultural industry, with widespread vegetable production.  Irrigation was historically delivered 
via water cannons, but more recently centre pivots have been installed where high-yielding wells 
have been drilled.  The irrigation region does not appear in Figure 5 because it is not classified as 
irrigated by the landuse coverage that was used to generate the map (it is classified as 
environmental). 

3.5 Geology 
The Mella catchment is located on the eastern limb of the regional north-plunging Smithton 
Syncline, the core of which is a range of folded and faulted Cambrian rocks consisting of 
siltstones and sandstones (Scopus Formation).  This range is called Christmas Hills and forms 
the western boundary of the Mella catchment, as well as the eastern boundary to the adjacent 
Togari groundwater model catchment.  A schematic east-west cross section through the Smithton 
Syncline is presented in Figure 6. 

The remaining surface geology within the Mella catchment is dominated by shallow Quaternary 
deposits of alluvial and near-shore marine origins in the valley, with a suite of down-thrown late 
Proterozoic – early Cambrian basement rocks to the east (Figure 7, with full lithology descriptions 
provided in Appendix E). These rocks form the Scotchtown Hills and predominantly consist of 
basalts and volcaniclastic sediments of the Neoproterozoic Togari Group.  Further to the east are 
siltstones of the Mesoproterozoic Rocky Cape Group. 

The catchment area is covered by Tasmanian Department of Mines Geological Survey 
Sheet No. 21, and the Explanatory Report for this sheet provides detailed accounts of the 
stratigraphy and structure across the Smithton region (Brown, 1989).  A summary of the near-
surface stratigraphy around Mella has been compiled in Table 1 based on descriptions from 
Brown (1989) and numerous other works summarised in Davidson et al. (2007). 

The Neoproterozoic Smithton Dolomite, which is the main aquifer in the region (see next section), 
underlies up to about 30 m of Quaternary swamp-derived peat and fossiliferous marine sand on 
the Mella Plain (Davidson et al., 2007).  Further south, as the ground elevation increases and 
becomes more undulating, this Quaternary veneer thins and comprises alluvial sands and clays. 
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Whilst the Smithton Dolomite and younger rocks of the Smithton region are considered to be only 
mildly deformed (Davidson et al., 2007), the contact between the Smithton Dolomite and older 
rocks in the southeast of the Mella catchment area is controlled by the Roger River Fault (refer to 
Everard et al. (in press) for further information). 

Numerous dykes have been mapped in the Mella region using either aeromagnetic surveys or 
observations (Davidson et al, 2007).  These dykes occur to the immediate west and southwest of 
Smithton, where both magnetic WNW-trending and mafic N-trending features up to 5 m in width 
have been identified.  The role of these dykes in constraining groundwater flow is likely to be 
important, and will be explored in following sections. 

Table 1  Summary of near-surface stratigraphy for the Mella catchment (after Brown, 
1989; and numerous other works reported in Davidson et al., 2007). 

Formation Age Approx. 
Maximum 
Thickness (m) 

Description 

Quaternary 
sediments 

Quaternary 
Holocene <65 Ka 

1-5 Swamp-related peat, marl, intervening 
aeolian and beach-dune sands in the north 

Quaternary 
sediments 

Quaternary 
Pleistocene 

1-21 Quartz-rich, fossiliferous marine sand in the 
north; sands, gravels and clays of alluvial 
and lacustrine origin in the south 

Scopus Formation Cambrian 75-300 Unconformably overlies SRS in far west 

Salmon River 
Siltstone 

Late 
Neoproterozoic – 
early Cambrian 

320 (regionally) Intercalated siltstone and shale, 
Conformably overlies SD in west 

Smithton Dolomite Neoproterozoic 
580-545 Ma 

1500 (regionally) Massive crystalline dolomite (upper) to 
carbonaceous dolomicrite (lower) 

 

3.6 Hydrogeological Units 
The following hydrogeological maps sheets from Mineral Resources Tasmania cover the Mella 
catchment; 

• Groundwater Prospectivity of Tasmania 1:500 000; 

• Map 3 – Hydrogeological Inventory 1:100 000; 

• Northwest Tasmania Groundwater Map 1:250 000; and 

• Northwest Tasmania Groundwater Quality Map 1:250 000. 

These maps provide broad generalisations on the common aquifer types and groundwater 
characteristics for the regions they cover.  However, whilst the maps indicate the aquifer type 
nearest to ground surface, they do not demonstrate the presence nor type of deeper aquifer.  
Furthermore, the maps present well yields and salinities for wells completed at any depths without 
differentiating between aquifers.  Thus, their usefulness is limited, especially in catchments such 
as Mella where the main aquifer is not at the surface. 

The principal groundwater resource in the Mella catchment is the regionally unconfined karst 
aquifer of the Smithton Dolomite.  This aquifer is extremely heterogeneous, with a broad range of 
measured well yields and aquifer transmissivities.  Davidson et al. (2007) identified a high-yielding 
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region within the Mella irrigation district coincident with the greatest density of active artesian 
groundwater mound springs.  Well yields in this region are typically 20-25 L/s, and results from a 
rising head aquifer test indicate that transmissivity is very high (14,100 m2/day). Outside of this 
high-yielding region, well yields are typically less than 2 L/s and transmissivity is much lower, 
ranging between 140-678 m2/day (3 tests).  Only one estimate of storage coefficient was 
estimated from these aquifer tests, and the value (1 x 10-3) was considered unreliable due to the 
close proximity of the observation well for the test (Davidson et al., 2007).  Nevertheless this 
storage value, in conjunction with anecdotal evidence from drilling, suggests the Smithton 
Dolomite aquifer is locally confined throughout the main irrigation area.  The confined conditions 
observed here are possibly due in part to the overlying clayey Quaternary deposits, but are most 
likely due to relatively impermeable crystallized layers of dolomite overlaying the permeable 
fractured layers in which most groundwater wells are completed. 

Three new monitoring wells were installed within the Smithton Dolomite as part of Stage 3 of the 
project (see Figure 2 and Appendix B). Two of these (M-1 and M-2) were installed in the high 
yielding zone as identified by Davidson et al. (2007). At M-1, the Smithton Dolomite was confined 
by overlying mudstone. At M-2, the Smithton Dolomite was cavernous with only a thin cap of 
confining clay (<0.5 m). The cavities at M-2 appeared to be in filled with sediments. M-4 was 
located to the south of Smithton and only small airlift yield (1-2 L/s) was encountered here. 

The Cambrian siltstones of the Salmon River Siltstone formation, and to a lesser degree the 
Scopus Formation, have in some instances provided reasonable well yields on the eastern flanks 
of Christmas Hills.  However, groundwater storage and flow in these siltstones occurs primarily 
within joints and bedding planes (Gulline, 1959) so well yields are highly variable.  Similar 
conditions were present at M-3b, a new monitoring well that was installed in Cambrian 
siltstone/mudstone near Smithton.  Davidson et al. (2007) also notes that these aquifers have 
vastly different potentiometric heads compared to those in the Smithton Dolomite, inferring that 
the two aquifers are not well connected. 

Aquifer recovery testing was conducted in all the newly installed monitoring wells.  Data could not 
be analysed at M-1 and M-2 because the water level recovered too quickly for any trend to be 
established (i.e. the aquifer was highly transmissive). At the other wells, aquifer recovery testing 
returned an hydraulic conductivity (k) of 0.18 m/day at M-3b and 0.16 m/day at M-4 (Appendix C). 

The shallow Quaternary deposits throughout the Mella valley can also host localised aquifers, 
where impervious layers lead to perched water tables (Gulline, 1959).  These groundwater 
resources are considered to be volumetrically insignificant, but may play an important role in 
recharging the underlying dolomite aquifer (discussed further below). 

Histograms of all recorded well yields and salinities for water wells in the Mella catchment are 
shown in Figure 8.  The majority of wells are completed in either the Smithton Dolomite or 
surrounding Precambrian-Cambrian rocks, and most of these wells yield less than 5 L/s 
(Figure 8a).  Nominal well yields are also displayed on Figure 7.  The irrigation region can be 
seen in the dense cluster of high-yielding wells at Mella. Variable yields are encountered 
throughout the plains, probably due to the karstic nature of the dolomite, although they are higher 
than yields in the surrounding hills. Groundwater quality is generally very good, with most of the 
recorded salinities being less than 1000 mg/L (Figure 5).  Gulline (1959) however notes that much 
of the groundwater is unsuitable for washing purposes due to high iron content.  Water 
temperatures associated with artesian supplies from the Smithton Dolomite are generally about 
20 oC when sampled at ground surface. 
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3.7 Surface Water – Groundwater Interaction 
Rivers in the Mella catchment are likely to be losing in the upper reaches and gaining in the lower 
reaches (pers. comm. workshop, 2007).  A plot of surface water elevations for the Duck River and 
nearby groundwater levels (within 4 km of the River) reveals that for most of the river length the 
two systems have mostly similar heads, with the exception of 2 outliers, and are therefore likely to 
be connected (Figure 9). 

More detailed analysis of surface water – groundwater interactions was carried out during stage 3 
of the project. Surface water and groundwater was sampled at a number of sites throughout the 
catchment for radon-222 (222Rn), strontium isotopes (87Sr/86Sr) and strontium concentration 
(Appendix D). Results are presented in Figure 10.  

The radon-222 activity of water in Duck River was typically higher than background activities 
(~0.2 Bq/L; Figure 10a) indicating that groundwater discharge was active over most of its length 
during the sampling period. Low radon-222 activities in surface water do not signify losing river 
conditions, they simply indicate there was minimal groundwater inflow to this section of the river 
during the sampling period.  

The decrease in radon-222 activity coinciding with a decrease in surface water salinity (as EC), at 
22,000 m upstream from the coastline (Figure 10a), signifies an influx of a different source of 
water to Duck River. The low salinity is characteristic of groundwater residing in the 
Neoproterozoic, and the low radon-222 is characteristic of the water flowing along the tributary 
(Roger River) at about 23,000 m from the coastline (Figure 10a). This suggests that groundwater 
from Neoproterozoic terrain in the highlands drains into Roger River and Spinks River, which 
subsequently flows into Duck River. 

The increases in salinity (as EC) in the Duck River as it flows toward the coast (Figures 10a) is 
likely to be predominantly derived from groundwater discharge, as evidenced by typically elevated 
radon-222 activities in river water and the gradual decrease in the strontium isotope ratios 
(87/86 Sr) as river water flows toward the coast (Figure 10b). Evaporative concentration of salts is 
unlikely to be a major factor causing the increases in Duck River salinity due to the relatively high 
flow rates, over the sampling period.  

Strontium isotope ratios (87/86 Sr) are used to infer the origin of groundwater or surface water 
sources, which contribute to stream flow, with 87/86 Sr ranging between 0.7087 and 0.7097 
indicative of meteoric origins and higher or lower 87/86 Sr indicative of non-meteoric origins 
(Pritchard, 2006). 87/86 Sr can also indicate the rock type from where groundwater is sourced. 
For example, groundwater that resides in basalt aquifers has lower 87/86 Sr signatures than 
water from other volcanics. In Figure 10b, high 87/86 Sr in Duck River (> 0.7120) indicates the 
source of groundwater discharge is possibly silicate or granitic terrain and is not represented by 
groundwater sampling of Tertiary sediments and Neoproterozoic terrain (~0.7090). The decrease 
in 87/86 Sr from the upper to lower parts of the Duck River shows a shift in the source of water 
contributing to river flow from the upper to lower catchment – with the lower reaches becoming 
more similar to groundwater residing in Tertiary sediments near the coast. 

3.8 Water Use and Management Issues 
Anecdotal evidence of a survey conducted with 10-12 irrigators in the late 1990s suggests 
groundwater extraction at the time was on the order of 500-600 ML/yr (pers. comm. Lloyd 
Matthews, 2007). 
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Based on the Tasmanian Dairy Industry website4, the annual irrigation requirement for the 
Smithton area is 2.6 ML/ha/yr.  Davidson et al. (2007) estimate the current area being irrigated is 
about 3,600 ha.  However this area is considered to be too high (pers. comm. D. Krushka, DPIW 
2007) and simple observation from Goolge Earth® indicates the area is more like 2,000 ha.  
Applying 2.6 ML/ha/yr over the latter equates to an annual water application rate of 5,200 ML/yr.  
Current surface water entitlements for the Mella catchment including all of the Duck River and its 
tributaries amount to 1,070 ML/year (DPIW, 2007).  The remaining volume (i.e., 4,130 ML/yr) is 
therefore assumed to be derived from groundwater abstraction.  Most farms also extract 
groundwater for on-demand stock supply and dairy wash down purposes, so the estimated total 
volume of groundwater extraction is about 4,500 ML/yr. 

A groundwater use survey was conducted during Stage 3 of the project. Of the ten groundwater 
users identified by the local DPIW Regional Water Management Officer, five responses were 
received (Appendix A). The calculated water application rates from the survey were highly 
variable (0.8 – 7.6 ML/ha). Thus it is inappropriate to scale-up the average rate (4.1 L/s) to 
represent catchment-wide groundwater usage.  The assumed rate of 2.6 ML/ha is in line with 
surveyed responses from five respondents in Togari (the catchment immediately adjacent to 
Mella where similar irrigation practices are applied) so the previous estimate of 4,500 ML/yr 
appears to be reasonable. 

The survey does, however, demonstrate that individual groundwater use can be extensive with 
high application rates (7.6 ML/ha). Increasing groundwater salinity was reported in the north of 
the catchment to the point where the groundwater is unsuitable for irrigation purposes. This could 
potentially be a result of extraction leading to salt water intrusion. 

The impacts of the swarm of dykes near Smithton on groundwater flow are currently unknown 
and may present future management issues.  However, the primary groundwater resource 
management issues for this catchment are likely to be associated with water quality deterioration 
as a result of excessive fertiliser application and/or potential contamination from dairy effluent.  

Gurung (2001) speculates that high groundwater usage in Mella may lower the shallow 
groundwater level, thereby oxidising pyritic sediments to exacerbate problems caused by acid 
sulphate soils. However this is considered unlikely given the dolomite aquifer is confined in the 
main irrigation area. It is suggested that surface drainage features are the dominant mechanism 
controlling acid discharge from problem areas. 

Historical groundwater development in the area, most significantly the main irrigation district, has 
reportedly led to well interference, resulting in the depletion of shallow stock and domestic wells.  
Groundwater pumping has also been attributed to the formation of sinkholes during the late 1990s 
(pers. comm. M. Latinovic, 2008).  Both of these issues warrant further investigation and careful 
management in the future. 

Another resource management issue that is receiving increasing recognition on mainland 
Australia is the protection of groundwater dependent ecosystems.  The mound springs within the 
Mella region, and the peat swamps they have produced, are likely to be important refuges for 
many aquatic and benthic communities.  Whilst an initial literature search has failed to identify 

                                                      

4 http://intodairy.com.au/pasture 
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reports of such biodiversity in the area, future groundwater management must ensure the flow 
and quality of the springs is not adversely affected by anthropogenic impacts. 

3.9 Groundwater and Surface Water Monitoring 
Mineral Resources Tasmania (MRT) currently monitor two observation wells in the Mella 
catchment, one named Montagu at Scopus in the northwest, and the other at Trowutta in the 
southeast (Figure 7).  Unfortunately neither of these wells are completed in the Smithton 
Dolomite; the Montagu well is in Precambrian slate (Ezzy, 2004) near the boundary between 
Christmas Hills and the Quaternary marine sands, while the Trowutta well appears from maps to 
be located within the Spinks Creek Volcanics (Togari Group sediments) but is actually completed 
in Rocky Cape Group Precambrian slate (Ezzy, 2004). 

Hydrographs for the two monitoring wells are presented in Figure 11.  The cumulative deviation 
from mean annual rainfall trend from Figure 3 is also shown on the hydrographs for the full period 
of water level records.  The Trowutta well (Figure 11a) demonstrates large seasonal fluctuations, 
typically of about 4-5 m.  Two possible explanations can be posed for this type of high-amplitude 
fluctuation; firstly it may reflect high rates of vertical recharge in the winter followed by subsequent 
lateral discharge in the summer, or secondly it may reflect pumping impacts on the water table 
during summer.  A combination of these two explanations is also possible, and if the aquifer was 
confined in this area (unknown) a low storage coefficient would help to explain the large 
fluctuations.   Ezzy (2006) attributed the observations for the latter part of the record (December 
2003 to July 2005) to local pumping. 

Another feature of the Trowutta hydrograph is that despite the large seasonal fluctuations and the 
extended period of below-average rainfall between 1996-2006, recovered groundwater levels 
changed by little more than a metre over this period (Figure 11a).  This suggests the fractured 
rock aquifer (at least locally) may not depend on vertical rainfall recharge, but instead is confined 
and receives recharge from a distal source. 

The Montagu hydrograph (Figure 11b) exhibits comparatively less seasonal fluctuation, at least 
up until year 2000.  Ezzy (2006) reports that a new stock bore was drilled nearby (30 m) in 2000, 
and two new irrigation bores were drilled only 800 m away in 2005 to supply centre pivot 
irrigators.  These installations help to explain the dramatic decline in water levels from about 2002 
onwards.  However, the slope of the recovered water levels during this period is not dissimilar to 
that of the cumulative deviation from mean annual rainfall trend.  Therefore, the observed 
declines in water level may be exacerbated by reduced vertical recharge associated with below 
average rainfall. 

The only groundwater monitoring for the Smithton Dolomite is historical.  Gulline (1959) reported 
that although no long term monitoring was occurring in the 1950s, continued use of groundwater 
in dry conditions caused no permanent reductions in the water level.  More recently, groundwater 
level measurements taken from 61 wells in June 2004, October 2004 and February 2005 enabled 
Davidson et al. (2007) to construct three separate potentiometric surface maps for Mella irrigation 
district.  These maps revealed that immediately after the cessation of pumping for the season 
(i.e., in February) there were some obvious drawdown effects, but overall the regional 
groundwater flow direction (north-easterly) was maintained throughout the period of observation. 
Davidson et al. (2007) also observed an area of more pronounced drawdown in the northeast of 
the irrigation area (near Smithton), which they interpreted as boundary effects caused by the dyke 
swarm in this area (section 3.5). 
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Surface water monitoring on the Duck River (station ID 14214, Figure 2) was undertaken by 
DPIW between 1966-2007. Both seasonal stage and daily stream flow was measured at this site, 
with mean results of 0.35 m and 520 ML/day respectively. 

3.10 Surface water modelling 
DPIW recently commissioned HydroTas Consulting (HTC) to develop surface water models for 
over 50 catchments throughout Tasmania.  These models have been used to estimate baseflow 
at selected points in the groundwater catchments investigated in the current study.   

The surface water models were developed using the Australian Water Balance model algorithm.  
Each catchment was split into a number of sub-areas, and the runoff was routed through these 
sub-areas.  The models are able to run in “natural” mode (no water allocations) or “current mode” 
(water extracted for all current licensed allocations).  They used rainfall and evaporation from the 
SILO database as inputs, and were calibrated to historical flow data where available in the 
catchment.  Where no flow data was available, parameters from similar catchments were used.  
For a detailed description of surface water modelling methodology refer to individual catchment 
reports or Hydro Tasmania Consulting (2007). 

The surface water and groundwater catchments differ and in most cases a number of surface 
water catchments cover a single groundwater catchment.  Baseflow was therefore estimated for 
the portion of the surface water catchment that intersected with the groundwater catchment. 

The process for estimating baseflow from the surface water models was: 

• Determine the area of the surface water catchment intersecting the groundwater 
catchment, and use this to calculate a catchment area factor, CAF such that, 
 
CAF = (intersecting area)/(total surface water catchment area) 

• Determine the average annual rainfall over the entire surface water catchment and the 
intersecting catchment area and use this to calculate a rainfall adjustment factor, RAF, 
such that, 
 
RAF = (average annual rainfall over intersecting area)/(average annual rainfall over total 
surface water catchment) 

• Use the surface water model to calculate 106 years of daily flow data at the outlet of the 
surface water catchment (Qoutlet). 

• Factor the output from the surface water model by the CAF and RAF to get the runoff 
from the portion of the catchment that intersects with the groundwater model: 
 
Qintersecting catchment = Qoutlet*CAF*RAF 

• Run a digital filter for baseflow separation over the flow data.  The filter used was the 
Lyne and Hollick Filter (Hydrologic recipes, p78), with a filter parameter of 0.925 which is 
recommended for daily data. 

• Calculate the monthly and daily average baseflow indices for the intersecting catchment 
(average baseflow/average surface flow). 
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It should be noted that quickflow and baseflow derived using this method “…should not be 
regarded as the true amounts of surface and subsurface flow from the catchment.  The methods 
are simply consistent, robust and expeditious techniques for numerically separating streamflow 
data in rapid and slow response.  Only when additional information is available such as from 
tracer studies can physical interpretations be put on the filtered responses.” (Grayson et al, 1996) 

Modelled stream flow for the Mella catchment suggests the Duck River has an average total flow 
of about 501.9 ML/day and an average baseflow of 282.3 ML/day (Appendix F). 
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4 GROUNDWATER INFLOWS 

4.1 Diffuse Recharge 
Groundwater recharge to the Smithton Dolomite in the Mella area is thought to occur primarily via 
rainfall recharge in the surrounding fractured-rock hills and subsequent lateral inflow beneath the 
Quaternary sediments (Gulline, 1959; Davidson et al., 2007; pers. comm. Lloyd Matthews, 2007).  
Gulline (1959) also suggests that recharge may occur through the sands in the lower parts of the 
catchment. 

Groundwater recharge rates can be estimated using a range of methods, from simple and crude 
water balance calculations to sophisticated and expensive isotope and tracer dating techniques.  
Davidson et al. (2007) have estimated recharge for the Mella irrigation district at 
19200-65700 m2/day using a Darcy flow approach, although the units for this estimate suggest 
the calculation may be incomplete. 

The current project has used three alternative methods to estimate recharge for the Mella 
catchment.  The first method is known as the steady state Chloride Mass Balance (CMB) and has 
been applied successfully to a range of climatic and hydrogeological settings around the world 
over the last 40 years.  The method, which assumes the chloride ion behaves conservatively in 
the sub-surface environment5, is based upon conservation of mass between the chloride 
deposited at the land surface in rainfall and the chloride reaching the water table as groundwater 
recharge.  This mass balance can be expressed as follows: 

Recharge rate x [Cl] in recharge = Precipitation rate x [Cl] in precipitation  (2) 

Davidson et al. (2007) report chemical analyses for 18 groundwater samples collected from wells 
and springs in the irrigation district during October 2004.  These samples represent groundwater 
from a range of depths within the aquifer, including relatively shallow wells of 20 m depth or less, 
through to deep wells of up to 44 m and 73 m depth.  Despite this range of depths, all samples 
returned chloride concentrations within in the range 34-73 mg/L.   

Adopting this range of values for the Cl concentration in recharge water, and a mean annual 
rainfall of 1,140 mm/yr, leaves the Cl concentration in precipitation as the only variable required to 
obtain an estimate of recharge rate.  In the absence of chemical analyses for local rainfall 
samples (no reports found), the Cl concentration in precipitation must be estimated.  Numerous 
previous studies of near-coastal aquifers on mainland Australia have measured rainfall Cl at 5 –
 10 mg/L.  Using this range of rainfall Cl values gives a range of recharge rates of between 
78-335 mm/yr. 

One limitation with using chemical or isotopic approaches (including the CMB method) to estimate 
recharge rates for a locally confined aquifer, such as the Smithton Dolomite in Mella, is that the 
derived rate applies to a recharge area up-gradient, which in this case may actually be in the 

                                                      

5 Conservative behavior of chloride is usually a valid assumption as the chloride ion rarely participates in 
water-rock interactions, except in situations when the water is approaching, at or above saturation with 
respect to halite. 
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surrounding hills.  Therefore, scaling-up the CMB recharge rates to estimate a whole-of-aquifer 
recharge volume requires an estimate of the area through which the recharge occurs.  We have 
assumed that diffuse recharge occurs throughout the Christmas and Scotchtown Hills portions of 
the catchment (70 km2 and 90 km2 respectively) as well as the entire Mella plain (approx. 180 km2 
defined by the Quaternary sediment extents in Figure 7).  Applying the average of the CMB-
derived recharge rates (i.e., 207 mm/yr) across the combined area of 339 km2 yields a recharge 
volume of about 70,000 ML/yr. 

There is also some uncertainty with regard to the recharge rates calculated using the chloride 
mass balance approach. Changes to land use (such as forestry) may affect the interpretation 
since the method relies on the assumption that the loading of chloride from rainfall is in steady-
state with the chloride loading to groundwater. 

The second method employed by this project to estimate recharge utilises an empirical 
relationship derived by Zhang et al. (1999, 2001) for estimating evapotranspiration under different 
land use combinations and annual rainfall.  The relationship, which has recently been calibrated 
for Australian catchments (Table 2), is: 

 

(3) 

 
where ET is actual evapotranspiration, P is annual rainfall, E0 is a rainfall scaling parameter, and 
ω is a parameter related to plant available water.  This relationship is plotted in Figure 12 using 
the parameters provided in Table 2. 

“Excess water” can be defined as the difference between rainfall and evapotranspiration or 
equally, by assuming negligible change in groundwater storage, the sum of groundwater recharge 
and surface water runoff. Whilst only “grass/cleared” and “tree” curves are plotted in Figure 12, 
the excess water for any catchment containing a mix of these two extreme land uses can be 
estimated simply by linear scaling. 

For the Mella catchment, we used the long-term average rainfall value of 1140 mm/yr 
(section 3.2) and a land use mix of 65% grass/cleared and 35% trees (comprising remnant native 
vegetation and plantation forestry, Figure 5) to estimate the annual excess water as being 
280 mm/yr for the catchment.  By assuming most of the surface water runoff from the catchment 
is that which discharges via the Duck River, the modelled average annual surface runoff from this 
system (198 mm/yr, Appendix F) was subtracted from the excess water value to obtain a 
recharge estimate of 82 mm/yr.  This value is only about one third of the average recharge rate 
estimated using the CMB method, possibly reflecting the different scales over which each method 
applies.  

Subtracting the excess water value of 280 mm/yr from mean annual rainfall provides an estimate 
of ET for the catchment of around 860 mm/yr, which is substantially higher than the indicative 
value of 422 mm/yr derived in Section 3.2 from SILO data. Such a discrepancy reflects the level 
of uncertainty when estimating ET and recharge by these methods. 
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Table 2 Calibration parameters for Australian catchments plotted on curves in Figure 12, 
derived by Zhang et al. (1999, 2001). 

Factor Grass/Cleared Trees 

E0 1400 1800 

w 0.5 4 

 

 

 

 

 

 

 

 

 

 

 Figure 12 Empirical curves derived by Zhang et al. (1999, 2001), plotted for Australian 
catchments using parameters from Table 2. 

The third technique utilised by this project, to estimate rates of groundwater recharge was based 
on the analysis of chlorofluorocarbons (CFC-11 and CFC-12) in groundwater. CFC-11 and 
CFC-12 concentrations in groundwater were compared to historic atmospheric concentrations to 
establish the year that water precipitated from the atmosphere and began recharging the 
groundwater system. The recharge rate (R mm/yr) is given by the following relationship: 

where z represents the height of the water column above the sampling point (screened interval of 
well) in millimetres, θ represents the porosity of the aquifer material (dimensionless fraction of 
volume of voids versus the total volume of the porous material) and T represents the apparent 
age of the groundwater in years. In the absence of actual porosity measurements, it has been 
assumed that the mudstones and dolomites have a porosity of 0.1 (10%). 

Two monitoring wells in the Mella catchment were sampled for CFCs in triplicate. Both of these 
were located within 150 m of Duck River. There was poor reproducibility between triplicate 
samples for one of the monitoring wells (M-4) indicating that the groundwater is likely to have 
been contaminated with substances (such as fertilisers or pesticides associated with agricultural 
practices) that mask the actual CFC concentrations in groundwater at this location. There was 
good reproducibility of CFC ages for one well (M-3b), which indicated groundwater recharge rates 
were less than 162±24 mm/yr in this area. 
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Table 3 summarises the recharge estimates. Based on the average rates derived by the three 
methods used, 150 mm/yr over a combined area of 339 km2 is the assumed recharge for the 
Mella catchment (50,850 ML/y) that will be carried through for the purpose of defining a 
preliminary water budget. In reality however, it is plausible that recharge varies by at least a factor 
of four over the catchment, with lower rates occurring in areas of perennial, deep-rooted 
vegetation (western part of catchment) and/or clayey soils, and higher rates occurring in areas of 
open pasture, irrigation and/or sandy soils. Superimposed on these differences is rainfall, which 
varies from about 1100 mm/year at the coast to 1600 mm/year at the south of the catchment 
(Figure 2). 

Table 3  Summary of diffuse recharge estimates for the Mella catchment. 

Method (Source) Recharge Rate (mm/yr) 

Steady-state Chloride Mass Balance (current project) 78-335 

Annual excess water less stream flow Zhang et. al. (current project) 82 

Chlorofluorocarbons (current project) 162±24 

Assumed recharge for preliminary water budget 150 

 

4.2 Point Source Recharge 
Whilst the Smithton Dolomite is known as a karst aquifer, it does not outcrop and accordingly has 
no documented occurrences of sinkholes or other surface expressions.  However, the 
unconformity at the base of the Quaternary deposits is likely to be highly karstified, in which case 
any vertical recharge through the overlying Quaternary sediments could be focused into localised 
parts of the Smithton Dolomite.  Davidson et al. (2007) noted that the potentiometric heads in the 
Smithton Dolomite and Quaternary aquifers, at least in parts of the Mella irrigation district, were 
similar indicating a high degree of connectivity between the two. 

Another possible source of localised recharge is via deep drainage returning to the aquifer 
beneath irrigation.  Given that the most concentrated area of irrigation in the Mella catchment 
overlies the peat swamps, this mechanism of recharge is considered insignificant. 

4.3 Recharge from Losing Streams 
Groundwater recharge via infiltration from the Duck River and other less significant streams is 
likely occur in the south of the catchment (section 3.7). The plot of stream and groundwater 
elevations shown earlier (Figure 9) does not necessarily support this hypothesis, as groundwater 
elevations 10-15 km from the coast are higher than the Duck River.  However, it must be noted 
that this plot uses groundwater elevation data from wells located up to 4 km away from the river, 
and therefore cannot accurately be used to predict stream – groundwater connectivity.  
Furthermore, the digital elevation model used to create both data series has a vertical resolution 
of ±5 m. 

Recharge from the Duck River cannot be quantified without calibrated flow gauging stations along 
the watercourse and a detailed surface water balance.  If the data is available it would enable 
closure on what is potentially a very important component of the catchment groundwater balance. 
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4.4 Lateral Groundwater Inflow 
The boundary for the Mella catchment has been defined (Section 3.1) using the surface water 
catchment for the Duck River, although not precisely along the eastern margin.  Assuming the 
water table (or potentiometric surface once the aquifer becomes confined) follows a subdued form 
of the topography, the boundary for the Mella catchment is essentially a groundwater flow divide.  
If this is the case, then lateral groundwater inflow to the catchment can be considered negligible. 

It has been suggested by geomorphologists that karst features may facilitate some water transfer 
from the Arthur River (south of the catchment) into the Duck River catchment (pers. comm. 
J. Deakin, DPIW 2007).  Whilst this is plausible, no groundwater data is available to support or 
refute this hypothesis. 



Conceptual Model Report for Mella 

PAGE            19 

 

5 GROUNDWATER FLOW 

5.1 Water Table Contours 
MRT’s drillhole database for water wells contains records of the latest depth to water level 
measured at each well, as well as an attribute that states “geology of the main aquifer”.  From this 
database, all wells that have Precambrian or Cambrian listed as the geology of the main aquifer 
and a depth to water level measured within the last 20 years were selected to construct a water 
table (potentiometric) contour map.  As the majority of wells do not have surveyed elevations, the 
potentiometric contour map was produced by initially constructing a depth to water level surface, 
then subtracting it from a gridded topographic surface.  The resultant contours are shown in 
Figure 13 and reveal a range in potentiometric surface elevations from around 200 mAHD in the 
south near Trowutta to less than 10 mAHD at the coast. 

In the south of the catchment there is a large fault that separates the Smithton Dolomite from the 
rocks that form the Scotchtown Hills.  Groundwater elevations change dramatically across this 
fault zone (as reflected by missing contours between 130 m and 30 m) suggesting the two 
different geologies may be separate aquifers with limited connectivity. 

5.2 Groundwater Flow Direction 
Directions of groundwater flow can be inferred from the potentiometric contours plotted in 
Figure 13.  These directions vary considerably depending on location within the catchment, but 
the following general trends can be observed; 

• In the far south, although data points are sparse, the contours indicate groundwater flow 
away from surface water courses (i.e. losing streams), in directions ranging from westerly 
to north-easterly. 

• In the centre of the catchment, groundwater flows from the boundary rocks on either side 
of the valley towards the east and west, with the likely confluence being at the Duck 
River. 

• Through the Mella irrigation district, where the greatest density of wells occurs, 
groundwater flow direction is north-easterly, consistent with the interpretation of Davidson 
et al. (2007).  

• At the northern end of the catchment groundwater flow direction appears to be generally 
towards the coast, but is strongly influenced by (and towards) the Duck River. 

The contours shown in Figure 13 are too coarse to observe any possible compartmentalisation of 
groundwater flow around dykes in the north east of the catchment, as postulated by Davidson et 
al. (2007).  To study the impacts of these features would ideally require the construction of 
purpose-built monitoring wells on either side of a dyke, thereby enabling hydraulic tests and/or 
applied tracer tests. 
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5.3 Flow rates 
By assuming groundwater movement through the catchment occurs via inter-granular flow under 
laminar conditions6, the simplest form of Darcy’s Law7 can be applied to estimate the average 
linear groundwater flow velocity.  However, given the huge range of aquifer transmissivities 
derived by Davidson et al. (2007) (section 3.6) and the large range in hydraulic gradients that 
could be calculated from the contours in Figure 13, the groundwater flow velocity will likely range 
over many (at least four) orders of magnitude and thus does not warrant further calculation. 

 

                                                      

6 This assumption may not be valid in the high-yielding part of the Mella irrigation district where Davidson et 
al. (2007) report karst conduits provide the primary permeability. 

7 Darcy’s Law can be expressed as v = K.i/η, where v is the average linear flow velocity [LT-1], K is aquifer 
hydraulic conductivity [LT-1], i is hydraulic gradient [-] and η is aquifer porosity [-]. 
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6 GROUNDWATER OUTFLOWS 

6.1 Lateral Discharge 
Given the shape and distribution of the inferred potentiometric contours shown in Figure 13 it is 
likely that groundwater discharges laterally to the sea.  However, the role of a swarm of dykes 
near Smithton in preventing or at least compartmentalising flow to the sea is unknown (Davidson 
et al., 2007).  Assuming these features have no significant impact on the total catchment 
discharge to the sea, the rate of groundwater discharge has been estimated using conventional 
flow net analysis8 and is on the order of 3650 ML/yr. 

6.2 Groundwater Extraction 
Whilst not metered, groundwater extraction for irrigation, stock-supplies and industrial purposes in 
the Mella catchment has been estimated at 4,500 ML/yr (section 3.8). It is unknown what 
proportion, if any, of this volume is returned to the aquifer via deep drainage or to streams via 
surface runoff. 

6.3 Evapotranspiration from Shallow Water Tables 
Given the high mean annual rainfall and swampy (albeit drained) landscape in the north of the 
catchment, evapotranspiration from shallow water tables in the Quaternary aquifers is likely to 
constitute an important component of the local groundwater budget. 

Estimates of evapotranspiration (ET) rates presented earlier in this report, including that of 
422 mm/yr from pan evaporation data (section 3.2) and 860 mm/yr from the relationship of Zhang 
et al. (1999, 2001) (section 4.1), only apply to the ground surface and shallow soils.  Where water 
tables are close to the ground surface, typically within 2 - 3 m, ET losses will be much higher. To 
estimate this flux for the Mella catchment would require a detailed knowledge of the rooting 
depths of local plant species and their annual rate of groundwater use.  Whilst this information is 
not readily available to the current project, the areas of the catchment in which this process may 
be important are shown by way of yellow dots on Figure 13.  These are well locations where the 
depth to water has been recorded and is less than 3 m below ground level. The map indicates 
that shallow groundwater exists throughout the catchment and ET could be high. These water 
levels may be affected by locally confining conditions, but  

6.4 Groundwater Discharge to Streams 
Groundwater discharge to the Duck River and other streams is likely to be important in the lower 
(i.e., northern) half of the catchment (section 3.7).  HydroTas has modelled stream flows for the 
Duck River at the catchment outlet and found the average total daily flow is about 502 ML/day 
and the average daily baseflow is about 282 ML/day.  The latter estimate equates to an annual 
baseflow of about 103,118 ML/yr.   

                                                      

8 Flow net analysis is an application of Darcy’s Law: Q = T.i.w, where Q is the groundwater flux [L3T-1], T is 
aquifer transmissivity [L2T-1] (assumed 500 m2/day for the northern part of Mella, see section 3.6), i is 
hydraulic gradient [-] (taken as 0.002 from Figure 13) and w is aquifer width [L] (10 km). 
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Groundwater also discharges continuously to man-made drains in the Mella area via the artesian 
mound springs.  Estimates of the flow rates from these springs are likely to exist, but no records 
have been found to date. 
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7 CONCEPTUAL MODEL 

7.1 Block Diagram 
A three-dimensional conceptual model has been built for the Mella catchment (Figure 14) using a 
Digital Elevation Model (DEM) for the topographic surface.  Following recommendations from the 
workshops in June 2007, the base of the conceptual model is taken as being 100 m below the 
lowest ground level in the catchment.  This nominal depth was chosen because the Smithton 
Dolomite aquifer is very deep (section 3.5) and has near-vertical east and west boundaries. 

The key features of the Mella conceptual model are provided below: 

• The productive dolomitic aquifer system can be considered as a single hydrogeological 
unit that extends 30 kilometres in a south to north direction and 10 kilometres in an east 
to west direction, with a thickness of (potentially) up to 1,500 metres, and karst in the top 
100 metres; 

• The groundwater flow system is considered sub-regional in scale, extending from 
recharge areas along the outcropping fractured rock at the edges of the catchment 
through to the coast where some groundwater discharge occurs as throughflow and 
discharge via rivers; and 

• The dolomitic aquifer is regionally unconfined but can be confined locally by overlying 
Quaternary sediments and the occurrence of crystallised dolomite at the top of the 
Precambrian sequence. 

The conceptual model shown in Figure 14 will form the initial framework for a numerical 
groundwater flow model that is to be developed for the catchment during Stage 4 of the project. 

7.2 Preliminary Water Budget 
Using the calculations derived in previous chapters, Figure 14 has annotations of preliminary 
estimates for the main components of the water balance, and an indication of where in the 
catchment they may occur.  This data is also summarised as either groundwater inflows or 
outflows in Figure 15 to establish a catchment groundwater balance. The water budget has 
indicated that: 

• The groundwater system is recharged predominately through rainfall infiltration to the 
surrounding fractured rock hills, and is discharged as baseflow to rivers (and probably ET 
although this component remains unquantified); 

• The current water budget indicates a deficit of water, but this is most likely an artefact of 
the errors associated with the calculations. In particular, point source recharge (such as 
irrigation returns) and stream losses could not be quantified due to insufficient data, and 
these inflows are considered to be important components of the groundwater budget; and 

• The volume of extraction relative to rainfall recharge is considered to be low which places 
this region in a low category of threat. 
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A numerical groundwater flow model will be developed for the Mella catchment. The model is 
likely to provide an improved estimate of the magnitude of the water balance components. 

7.3 Knowledge Gaps and Uncertainty 
The preliminary water budget is considered to be very approximate and should not be used for 
any purpose other than to provide a starting point for the numerical model setup and calibration.  
In particular it should not be used for defining existing levels of use or sustainable yield for 
management purposes. 

Each of the estimated inflows and outflows listed in Figure 15 also have an assigned confidence 
level.  This rating is subjective, however it does provide insight to where the greatest sources of 
error exist in the preliminary water budget.  For example, lateral inflow and groundwater 
abstraction are considered comparatively small components of the water budget in this catchment 
and thus have low uncertainty (i.e., high confidence).  Conversely, stream losses, point source 
recharge and ET from shallow water tables are considered important components of the water 
budget but could not be quantified due to insufficient data.  Overall however,  

A summary of all data sources available for the preparation of this conceptual model report is 
provided in the Data Inventory in Appendix G. 

The preliminary conceptual model (Figure 14) and groundwater budget (Figure 15) highlight at 
least two key components of the water balance that need to be better defined for the Mella 
catchment.  The first of these is evapotranspiration from shallow water tables.  As discussed in 
section 6.3, estimating this flux is not straight forward.  Rather than applying some theoretical 
evaporation numbers from the literature to different parts of the catchments, it is recommended 
that the imminent numerical model be used to simulate this process and thereby identify its likely 
magnitude and importance on the catchment groundwater balance. 

Secondly, the locations and rates of groundwater recharge by (and discharge from) the Duck 
River warrant further investigation. The estimated baseflow for the Duck River is model-derived 
(Appendix F) and does not specify where in the catchment groundwater discharge is most 
important.  

7.4 Implications for Numerical Model Development 
It is recommended that the Mella catchment be modelled as a single layer system of 100 m depth.  
The lack of any time series groundwater monitoring data for the Smithton Dolomite aquifer in the 
Mella catchment means that calibration of a numerical model is going to be difficult.  The only 
reliable time-series calibration criteria is likely to be the modelled Duck River stream flows. 
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8 RECOMMENDATIONS FOR FURTHER FIELD 
STUDIES 

Based on the evaluation of existing data, the following types of field work are recommended for 
the Mella catchment in future: 

• Routine monitoring of groundwater levels in the new observation wells; 

• Aquifer pump-testing of existing and/or new well(s) to determine the impacts of dykes on 
groundwater compartmentalisation near Smithton; 

• Survey and gauge flow rates of the main mound springs in the Mella Irrigation District; 

• Repeat the run-of-river surface water – groundwater interaction study along the Duck 
River during spring time with concurrent stream flow gauging to assess recharge from the 
Duck River; and 

• Groundwater dating to: 

a) test the hydrogeological model of Davidson et al. (2007), especially with respect 
to proposed circulation depths; and 

b) provide an improved understanding of recharge processes and rates. 
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Cumulative deviation from mean annual rainfall and 
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Cumulative deviation from mean annual rainfall and 
standing water level for Mella catchment

(Montagu, Well ID. 16532) 10b
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Appendix A 

Groundwater use survey: questionnaire and results 



 

 

 
 

 
Tasmanian Groundwater Usage Questionnaire 

Mella Catchment 
 
 

1. Do you irrigate with groundwater? 

2. What crop types do you irrigate with groundwater?  

3. Over what area in acres or hectares do you irrigate with groundwater? 

4. How many bores do you use for irrigation? 

5. At what rate, in gallons per hour or litres per second, do you pump from your 
bore(s)? 

6. On average, how many hours per week do you irrigate during the irrigation 
season? 

7. What are the start and end dates of a typical irrigation season? 

8. For how many years have you been irrigating with groundwater? 

9. Over time, have you noticed any change in groundwater quality? If yes, please 
explain. 

10. Over time, have you noticed any change in the performance/water level of your 
irrigation bore? If yes, please explain. 

 

 Name: 

Address: 

Phone: 

Optional 



Groundwater Use Survey: Mella

Landowner Crop irrigated

Area 
Irrigated 

(Ha)

No. of 
bores used 

for 
irrigation

Pumping 
rate (L/s)

Hours 
per week 
irrigated

Irrigation 
Season

Length of 
season 

(months)

Length of 
season 
(weeks)

Years 
spent 

irrigating 
w GW

Changes in 
GW quality

Changes in 
bore 

performance

Total 
annual 

extraction 
(ML)

Calculated 
Application 
rate (ML/ha) Comments

1 pasture / brassicas 60 2.0 23 143.5 November to 
mid-March 5 19.5 12 no no 453 7.6

2 pasture 121 4.0 18-24 November to 
April 15 no no

No contact details or 
pumping rates provided

3 pasture / fodder crops 40 1.0 25 70 mid-November 
to end-February 3.5 15.2 5? yes (see 

comments) 96 2.4

Water has become salty to 
the point of being now 

unusable (5564 ppm in Feb 
08). Will discontinue water 

use in the future

4 pasture 109 3 21 20 December to 
early April 4.3 18.4 10 no no 83 0.8

5 pasture 70 2.0 150 November to 
early March 4.50 19.5 5 no no 410 5.9

Applies 3 ML/night, every 
night, during irrigation 

season.
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Drilling notes and logs



Drilling Notes: 

Mella 

M-1: Drilled 25/2/08-26/2/08 

The site is located on the northern verge of Hardmans Rd, 2 km from Mella Rd to the west of 
Smithton. The hole was drilled with air to 42 m, a shallower than expected depth because initially 
there was no data available for nearby wells in the database (the nearest wells in database were 
>5km away). Therefore a conservative estimate was made. However whilst drilling, local 
landowners and Keyran Spaulding (drilling contractor) said nearby wells (<1km) were completed 
<42m deep. The well was completed within high yielding Smithton dolomite (screens set at 30-
42 m) which was overlain by mudstone and sediments. The groundwater had an EC of 1560 
μS/cm and a pH of 7.26 upon airlifting. 

M-2: Drilled 26/2/08-27/2/08 

The site is located on the western verge of Mella Rd, 2.2 km from the Bass Highway to the west 
of Smithton. The hole was drilled with air to 30 m. The well was completed within Smithton 
dolomite, which was cavernous and high yielding at this location. The cavernous nature of the 
geology meant that an open hole could not be maintained after drilling and the screens were set 
at 13-19 m, above backfill from 19-30 m. The groundwater had an EC of 987 μS/cm and a pH of 
7.95 upon airlifting. 

M-3b: Drilled 27/2/08-28/3/08 

The site is located on the western verge of Kubanks Rd, approximately 80 north of the Duck 
River, Smithton. The hole was drilled with air to 50 m. Smithton dolomite was not encountered at 
this site. Rather, the geology consisted of 5 m of Quaternary sediments that was above 
mudstone, inferred to be Cambrian, which contained water within fractures. Screens were set at 
37-49 m. The groundwater had an EC of 1039 μS/cm and a pH of 8.5 upon airlifting. 

M-4: Drilled 29/2/08-1/3/08 

The site is located on the southern verge of Lades Rd, 20 m from the Duck River, to the south of 
Smithton. The hole was drilled with air to 43 m. The well was installed within Smithton dolomite 
with screens set at 30-42 m to straddle two water cuts at 34-35 m and 42 m. The groundwater 
had an EC of 1177 μS/cm and a pH of 8.11 upon airlifting. 
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DPIW Tasmania
FQ-01

Hardman's Rd, Smithton, Tasmania
Gerald Spaulding Drillers Pty Ltd

26/02/08

42

2.54

11.56 (top of PVC)

336036 5477649

18/04/2008
GDA94 Zone 55

na

25/02/08
140 mm

D Currie 12/03/08

Flush mounted well
cover cemented in
place

Production casing: CN
Class 12 PVC, 50 mm
I.D.

Backfill 0.5-19m

Cement 19-22m

Bentonite seal 22-
27.6m

Slotted 0.15mm
aperture Screens 30-
42m, Gravel Pack 27.6-
42m

TOPSOIL: dark brown fine sandy loam, organic matter and iron rich

SILTY SAND: silty fine sand, grey with shells, calcareous

SILTY SAND: as above with dark grey mudstone

MUDSTONE: dark grey and white mudstone, fractured

MUDSTONE: fractured grey mudstone, large chips up to 100mm, some
vuggy dolomite

SAND: fine brown sand

DOLOMITE: light grey and tan dolomite

SAND: yelleo/brown sand

DOLOMITE: dark grey dolomite, fractured

DOLOMITE: grey, light grey and minor tan dolomite

DOLOMITE: light grey dolomite, less calcareous than above

4
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Gerald Spaulding Drillers Pty Ltd
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30

2.91

20.22 (top of PVC)

335567 5473779

18/04/2008
GDA94 Zone 55

na

26/02/08
140 mm

D Currie 12/03/08

Flush mounted well
cover cemented in
place

Production casing: CN
Class 12 PVC, 50 mm
I.D.

Backfill 0-9.5m

Cement seal 9.5-10.5m

Bentonite seal 10.5-
12.3m

Slotted 0.15mm
aperture Screens 13-
19m, Gravel Pack 12.3-
19m

Backfill 19-30m

SAND: fine grey sand

SAND: fine red sand (Iron Oxide rich, probably precipitates at water
table at 3m)

SAND: fine grey sand

SANDY CLAY: stiff grey clay with fine sand

LIMESTONE: beige limestone- vuggy with quartz planes

DOLOMITE: fractured crystalline grey dolomite

DOLOMITE: grey and tan dolomite and fine brown sand. Cavities at 17-
19m, 21-24m, 26.5-30m. Cavities tend to be filled with sediment
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water table
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main water
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21-24m,
26.5-30m

hole
collapsed
to 19m
after rods
tripped out

Dcurrie
Text Box
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DPIW Tasmania
FQ-01

Kubanks Rd, Smithton, Tasmania
Gerald Spaulding Pty Ltd

28/02/08

50

2.52

9.47 (top of PVC)

340873 5475215

18/04/2008
GDA94 Zone 55

na

27/02/08
140 mm

D Currie 12/03/08

Flush mounted well
cover cemented in
place

Production casing: CN
Class 12 PVC, 50 mm
I.D.

Backfill 0-26m

Cement 26-28m

Bentonite seal 28-33m

Slotted 0.15mm
aperture Screens 37-
49m, Gravel Pack 33-
50m

SAND: Fine brown organic rich sand

CLAY: glauconitic grey clay

MUDSTONE: hard grey mudstone, fracture at 16.5m

MUDSTONE: red-brown mudstone

MUDSTONE: grey mudstone. At 20-22m: some green mineralisation +
pyrite + quartz + secondary depositional features

MUDSTONE: red-brown mudstone, hard. Some green mineralisation
and quartz at 45-47m.
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Lades Rd, Smithton, Tasmania
Gerald Spaulding Drillers Pty Ltd

01/03/08

43

2.64

13.49 (top of PVC)

339959 5469994

18/04/2008
GDA94 Zone 55

na

29/02/08
140 mm

D Currie 12/03/08

Flush mounted well
cover cemented in
place

Production casing: CN
Class 12 PVC, 50 mm
I.D.

Backfill 0-24m

Cement seal 24-26m

Bentonite seal 26-29m

Slotted 0.15mm
aperture Screens 30-
42m, Gravel Pack 29-
43m

casing sump 42-43m

SAND: grey fine sand, alluvial with charcoal

CLAY AND SILT: cream coloured clay/silt

DOLOMITE: grey and beige dolomite, broken/fractured in cream
clay/silt matrix

DOLOMITE: grey crystalline dolomite with quartz inclusions from 18m

0.5-1.0

1.0

1173
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wc
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0.25

EOH at 43m

dry up to
water cut at
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Appendix C 

Aquifer recovery testing



Aquifer Test Solutions: Slug Tests Bouwer Rice

Project Name: Development of Groundwater Models for Tasmanian Groundwater Resources Date: 05-Jun-08
Client: DPIW Time: 14:21

Well No. / Name: M3b Depth to equilibrium water level (m RL): 2.52 mTOC

Type of test: Rising head Well Completion: Fully Penetrating
Falling head Partially Penetrating

0.001
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0.100

1.000

10.000

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Y t
(m

)

Time (mins)

Prepared by paulhowe, 26 June 2002
Revision B 27/06/2008 \ M3b_bra_DC_check.xls \ B&R (Solution)

rc = casing radius 0.025 If Lw < H

rw =
radial distance between 
undisturbed aquifer and well 
centre

0.07
ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + A+B . ln[(H-Lw)/rw] . (Le/rw)

-1}-1

Le = length of intake 12

H = saturated thickness of aquifer 1500 = 3.45 m

Lw = distance b/n water table and 
bottom of intake 46.48

Re = effective well radius 2.20

t = time 1.5 If Lw = H
Yo = initial drawdown 0.483 ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + C . (Le/rw)

-1}-1

Yt =
vertical distance between the 
water level in well at time t and 
equilibrium level

0.06
= Lw < H m

Le/rw  = 171.4285714

A =
dimensionless co-efficient that 
is a function of Le/rw, and Lw < 
H

6.8
Reduced by: James Fox Date:

B =
dimensionless co-efficient that 
is a function of Le/rw, and Lw < 
H

1.4
Checked by: Dougal Currie Date: 23/06/2008

C =
dimensionless co-efficient that 
is a function of Le/rw, and Lw = 
H

8.3

K =   [rc
2 . ln(Re/rw)] 2L-1 . t-1 . ln (Yo/Yt)

= 1.25E-04 m/min Reduced by: James Fox Date:
= 0.180 m/d

Checked by: Dougal Currie Date: 23/06/2008

Ref. Bouwer H.  1989.  The Bouwer and Rice Slug Test - an Update.  Ground Water.  Vol.27, No.3.  May - June 1989.
Brown D.L. & T.N. Narasimhan. 1995. An evaluation of the Bouwer and rice method of slug test analysis. Water Resources Research. Vol. 31, No. 5, pp 1239-1246.
Kruseman G.P. and N.A. de Ridder.  1991.  Analysis and Evaluation of Pumping Test Data.  2nd Ed.  Int. Inst. For Land Reclamation and 

Improvement.  Wageningen.  The Netherlands.

Prepared by paulhowe, 26 June 2002
Revision B 27/06/2008 \ M3b_bra_DC_check.xls \ B&R (Solution)



Aquifer Test Solutions: Slug Tests Bouwer Rice

Project Name: Development of Groundwater Models for Tasmanian Groundwater Resources Date: 05-Jun-08
Client: DPIW Time: 14:21

Well No. / Name: M4 Depth to equilibrium water level (m RL): 2.64 mTOC

Type of test: Rising head Well Completion: Fully Penetrating
Falling head Partially Penetrating
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Y t
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Time (mins)

Prepared by paulhowe, 26 June 2002
Revision B 27/06/2008 \ M4_bra_DC_check.xls \ B&R (Solution)

rc = casing radius 0.025 If Lw < H

rw =
radial distance between 
undisturbed aquifer and well 
centre

0.07
ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + A+B . ln[(H-Lw)/rw] . (Le/rw)

-1}-1

Le = length of intake 12

H = saturated thickness of aquifer 1500 = 3.39 m

Lw = distance b/n water table and 
bottom of intake 39.36

Re = effective well radius 2.09

t = time 1.5 If Lw = H
Yo = initial drawdown 0.494 ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + C . (Le/rw)

-1}-1

Yt =
vertical distance between the 
water level in well at time t and 
equilibrium level

0.075
= Lw < H m

Le/rw  = 171.4285714

A =
dimensionless co-efficient that 
is a function of Le/rw, and Lw < 
H

6.8
Reduced by: James Fox Date: 13/06/2008

B =
dimensionless co-efficient that 
is a function of Le/rw, and Lw < 
H

1.4
Checked by: Dougal Currie Date: 18/06/2008

C =
dimensionless co-efficient that 
is a function of Le/rw, and Lw = 
H

8.2

K =   [rc
2 . ln(Re/rw)] 2L-1 . t-1 . ln (Yo/Yt)

= 1.11E-04 m/min Reduced by: James Fox Date: 13/06/2008
= 0.160 m/d

Checked by: Dougal Currie Date: 18/06/2008

Ref. Bouwer H.  1989.  The Bouwer and Rice Slug Test - an Update.  Ground Water.  Vol.27, No.3.  May - June 1989.
Brown D.L. & T.N. Narasimhan. 1995. An evaluation of the Bouwer and rice method of slug test analysis. Water Resources Research. Vol. 31, No. 5, pp 1239-1246.
Kruseman G.P. and N.A. de Ridder.  1991.  Analysis and Evaluation of Pumping Test Data.  2nd Ed.  Int. Inst. For Land Reclamation and 

Improvement.  Wageningen.  The Netherlands.

Prepared by paulhowe, 26 June 2002
Revision B 27/06/2008 \ M4_bra_DC_check.xls \ B&R (Solution)



 

 

Appendix D 

Surface water – groundwater interaction studies
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Figure

D.2MELLA
Surface Water - Groundwater Interactions Radon-222 Activity
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Figure

D.3MELLA
Surface Water - Groundwater Interactions Electrical Conductivity

R://GIS/Dept PIW Tas/01_GW Models/Maps/Mella/Mella_Map4.mxd

Project: FQ-01-1

BASS STRAIT
¯

Catchment Boundary
Coastline

! MRT Monitoring Bores
Geology 1:250k
Quaternary

Qh
Qpl
Qps

Tertiary
Tb

Early-Mid Cambrian
Cm

Neoproterozoic
Lsb
Lsd
Lsr
Lss
Lsv

Mesoproterozoic
Lrc

EC (uS/cm)
!C Groundwater

!P Surface water

0 2.5 5 km

Mella
Tasmania



Site code Subcatchment Easting GDA 
94 Z55

Northing 
GDA 94 Z55

Ground 
surface from 
DEM

date water comments EC pH T 87/86 Sr 2se Strontium Rn‐222 Rn‐222 
uncertainty

Stream flow 
estimate

SWL RSWL Depth 
of well

CFC‐11 
age

CFC‐12 
age

m AHD uS/cm ° C mg/L Bq/L Bq/L L/s m pvc m AHD m pvc
(M) 724 Duck River 336866.594 5453088.83 199.56 16/03/2008 GW Operating bore, owned by G 

and N Crole, 122 Scotts Rd 
Trowutta, TAS 7330

123.8 5.4 6.7 0.7089 11 0.017 11.73 0.60 2 198 ~24

M‐3b Duck River 340758.58 5475046.75 10.00 15/03/2008 GW About 100m from Duck River 893 8 8.5 0.7091 13 0.015 15.95 0.82 3.208 7.29 50.498 1983 1983

M‐3b Duck River 340758.58 5475046.75 10.00 15/03/2008 GW Radon Duplicate 17.99 0.90
M‐4 Duck River 339850.583 5469822.77 10.83 15/03/2008 GW 796 6.8 7.7 0.7089 13 0.18 38.54 1.89 2.527 8.308 43
MDR1 Duck River 340679.58 5474965.75 10.00 15/03/2008 SW Duck River 588 7.7 11 0.7120 12 0.066 0.43 0.03 880
MDR2 Duck River 341273.578 5474128.75 10.00 15/03/2008 SW Duck River 603 7.6 11 0.36 0.03 470
MDR3 Duck River 340934.579 5472491.76 10.00 15/03/2008 SW Duck River 581 7.8 11 0.45 0.03 affected by 

pumping
MDR4 Duck River 339961.583 5469708.77 10.69 15/03/2008 SW Duck River 596 7.9 11 0.7121 12 0.067 0.60 0.04 590
MR5 Duck River 339444.585 5452122.83 187.98 SW Dry Creek Bed dry
MR6 Duck River 335836.598 5452970.83 174.08 SW Dry Creek Bed dry
MR7 Duck River 333885.605 5455679.82 35.65 15/03/2008 SW Spinks Creek 136.5 7.1 12 0.7085 12 0.023 0.07 0.01 70
MDR8 Duck River 339771.583 5475491.75 10.00 16/03/2008 SW Duck River 652 7.4 11 0.40 0.03 880
MR9 Duck River 340908.579 5473189.76 10.00 16/03/2008 SW Geales Creek 516 7.4 11 0.11 0.01 20
MR10 Duck River 335512.599 5456806.81 40.00 SW Tributary to Duck River flowing
MR11 Duck River 333066.608 5455166.82 32.40 16/03/2008 SW Roger River 162.9 6.9 13 0.7084 15 0.028 0.06 0.01 120
MDR12 Duck River 334476.603 5460753.8 28.25 16/03/2008 SW Duck River 438 7.7 14 0.22 0.02 flowing
MDR13 Duck River 337185.593 5464129.79 17.26 16/03/2008 SW Duck River 526 7.7 16 0.7124 18 0.058 0.74 0.05 530
MR14 Duck River 338654.587 5463752.79 22.76 16/03/2008 SW Edith Creek 322 7.1 19 0.16 0.02 2
MDR15 Duck River 337339.592 5458621.81 38.24 16/03/2008 SW Duck River 585 7.1 10 0.7134 12 0.062 9.84 0.51 240



 

 

Appendix E 

Geological descriptions



Symbol Description 
Qha Stream alluvium, swamp and marsh deposits.
Qhac

Alluvium and colluvium - including alluvial 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 with associated soil from underlying Proterozoi

Qhagt River terrace gravel deposits.
Qhis Paralic clay, silt, sand and minor gravel deposits of modern salt marsh and 

associated tidal flats.
Qhsc Calcareous spring mound deposits.
Qhss Siliceous spring mound deposits.
Qppl Limestone of freshwater origin (Pulbeena Limestone).
Qpsa Older stabilised aeolian sand of predominantly coastal plain, with underlying marine 

sands in places; may show relict landforms including terraces, lunettes, linear or 
barchan dunes, and beach ridges related to regressive strandlines of Last In

Tb Basalt.
Tbh Hawaiite.
Tbnh Nepheline hawaiite.
Tbnh Nepheline hawaiite.
Tbnh Nepheline hawaiite.
Tbnh Nepheline hawaiite.
Tbnh Nepheline hawaiite.
Tsgsc Siliceous gravel and coarse-grained sand deposits.
Cm Reddish-brown weathering, interbedded lithic wacke, litharenite, lithic conglomerate 

and laminated siltstone-mudstone, generally well bedded and commonly in thick fining
upward cycles, turbiditic in part; contains late Middle to early Late Camb

Lmd Dolerite dyke.
Lrc Interbedded black, grey or green, locally pyritic, laminated siltstone and mudstone, 

with rare sandstone and mud-pellet conglomerate (Cowrie Siltstone and correlates).
Lrca Laminated fine-grained quartzite and cherty siltstone, commonly pink and green in 

colour and distinctively banded, with small-scale ripple marks and cross-lamination in 
some outcrops.

Lsb Massive and minor amygdaloidal, dominantly tholeiitic basalt. (Correlate of Spinks 
Creek Volcanics).

Lsba
Massive tholeiitic basalt with ~0.6 - 0.7 wt % TiO2 (variant of Spink Creek Volcanics).

Lsbb
Massive tholeiitic basalt with ~1.0 -1.1 wt% TiO2 (variant of Spink Creek Volcanics).

Lsbc Massive tholeiitic basalt with ~1.5 - 1.8 wt % TiO2 (variant of Spinks Creek 
Volcanics).

Lsbp Massive and amygdaloidal, dominantly tholeiitic basalt, commonly with pillows 
(Correlate of Spinks Creek Volcanics).

Lsbzp Dolerite intrusive of picritic composition (subdivision of Lsbz).
Lsdl Well bedded to massive, shallow marine dolomite and dolomitic limestone, of subtidal 

to ?supratidal facies, and cherty silicified equivalents in some localities (Correlate of 
Smithton Dolomite).

Lsr Pale-weathering, thin bedded, laminated quartz siltstone with subordinate interbedded
fissile shale. Rare Cambrian fossils present. Commonly silicified (Salmon River 
Siltstone).

Lss Interbedded dolomite, chert, siltstone and mudstone (Black River Dolomite).
Lssc Interbedded, massive or banded black, white and grey chert (oolitic in part) and 

laminated siltstone, with minor dolomite.
Lssr Dolomitic breccia, with clasts of dolomite, stromatolitic dolomite and oolitic chert in 

dolomitic matrix.
Lsvw Interbedded laminated mudstone, siltstone and lithicwacke with mafic volcanic 

detritus (Keppel Creek Formation).
Lsvwd Interbeddeddolomitic siltstone and laminated dolomite (locally occurring at base of 

Keppel Creek Formation).
Lsvwm Non-volcanic units with positive magnetic signature within Keppel Creek Formation, 

probably ferruginous siltstone or ironstone, with lateritic soil development in some 
areas.

Lsvwx
Interbedded lithic wacke (massive to well bedded, turbiditic and/or mafic volcaniclastic
in part), laminated siltstone/mudstone, and minor polymict lithic conglomerate; 
includes some occurrences of coarse breccia or mixtite with clasts of mafic

Lsvx Dominantly mixtite (with clasts of basaltic and felsic volcanic rocks, dolomite, chert 
and mudstone-siltstone in a fine-grained non-doleritic matrix), with interbedded 
laminated mudstone, siltstone and calcareous siltstone (Croles Hill Mixtite)



 

 

Appendix F 

HydroTas modelling results for the Duck River 



Duck River Catchment - Flow at outlet
Area = 404 km2

Month Date

Total 
surface 
flow (ML/d)

Baseflow 
(ML/d)

3 1/03/1900 55.0 0.1 Alpha 0.925
3 2/03/1900 53.7 0.4
3 3/03/1900 52.3 0.9
3 4/03/1900 50.9 1.7
3 5/03/1900 49.6 2.6
3 6/03/1900 48.3 3.7
3 7/03/1900 47.0 4.8
3 8/03/1900 45.7 6.1
3 9/03/1900 44.5 7.3
3 10/03/1900 43.3 8.6
3 11/03/1900 42.1 9.9
3 12/03/1900 41.0 11.2
3 13/03/1900 39.8 12.5
3 14/03/1900 99.9 13.8
3 15/03/1900 396.7 15.8
3 16/03/1900 526.4 19.4
3 17/03/1900 226.6 24.7
3 18/03/1900 71.7 29.3
3 19/03/1900 233.3 33.9
3 20/03/1900 782.2 40.6
3 21/03/1900 937.4 49.6
3 22/03/1900 446.1 59.5
3 23/03/1900 189.2 68.5 Daily Averages (ML/d) Annual (ML/yr) Areal (mm/yr)
3 24/03/1900 221.9 76.7 Surf Flow 501.87 183306.99 453.73
3 25/03/1900 342.5 83.9 Baseflow 282.32 103118.28 255.24
3 26/03/1900 339.6 90.3 BFI 0.56 Runoff 80188.70 198.49
3 27/03/1900 220.1 95.8
3 28/03/1900 175.8 100.5 Flow (ML/d)
3 29/03/1900 180.3 104.7 Month Surface Baseflow BFI
3 30/03/1900 177.5 108.4 1 119.94 82.61 0.69
3 31/03/1900 172.6 111.8 2 77.89 57.68 0.74
4 1/04/1900 169.7 114.8 3 93.48 48.67 0.52
4 2/04/1900 166.7 117.4 4 165.06 74.37 0.45
4 3/04/1900 162.8 119.7 5 410.22 164.27 0.40
4 4/04/1900 159.3 121.8 6 767.95 345.85 0.45
4 5/04/1900 155.7 123.6 7 1053.75 546.65 0.52
4 6/04/1900 152.3 125.3 8 1192.77 667.99 0.56
4 7/04/1900 148.9 126.8 9 933.09 574.86 0.62
4 8/04/1900 145.6 128.1 10 630.28 408.29 0.65
4 9/04/1900 142.3 129.3 11 355.25 253.15 0.71
4 10/04/1900 159.4 130.3 12 184.89 143.64 0.78
4 11/04/1900 200.9 131.3
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Appendix G 

Data inventory



Mella

Data Available  Source / Publications Comments
Overview of Geology

Age and depositional enviroments

post-depositional history (tectonics, metamorphism)

Topography / Physiographic Setting

DEM ***
Y DPIW - electronic

- contours
Y DPIW - electronic

- point heights
raster DPIW - electronic

soil type
Y DPIW - electronic Simon Lynch

land use (i.e., native vegetation vs. dry land farming 
vs. irrigation vs. plantation forestry) Y DPIW - electronic Simon Lynch

Basic Hydrogeology

stratigraphy - no. aquifers/aquitards

thicknesses (reliable geological logs)
Y MRT TIGER database DPIW to extract from TIGER

porosity/specific yield

hydraulic conductivity

Groundwater Monitoring

multilevel piezometers
N

time series gw levels ***
Y MRT TIGER database

time series gw chem
Y MRT TIGER database

Water table contours

Groundwater flow – direction, rates?

Surface water monitoring

time series sw flows
Y Hydro Tas

time series sw chem
Y Hydro Tas

Surface water-groundwater interaction ***

baseflow separation from sw monitoring
Y HydroTas Montagu, Duck

gw monitoring responses

Groundwater Recharge

Rainfall seasonality/history

Diffuse recharge

- relationship with soil/land use
likely occurs further south at outcrop

- rainfall-gw chemistry/salinity

Localised recharge (e.g. flood or preferential)

- flood extent and duration

- bore hydrograph responses

- gw quality maps

Groundwater pumping (extraction) ***

Irrigation type/efficiency
Y primarily cannons

Crop types/volumes applied
Y LM historical survey unpublished

History of use

Bore density

Drawdown/recovery responses

Evapotranspiration

depth to water table

vegetation types/health

evidence of salinisation

Artificial Drainage

network
Y

drain elevation cf. groundwater levels
could be derived from DEM and depth to water

Groundwater Model - type, purpose and 
necessary features

Data Inventory - Class ABC.xls
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