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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 involves the development of preliminary conceptual models.  This report is 
part of a series of nineteen reports that present the preliminary conceptual models for each of the 
study catchments, with this report representing the Smithton Syncline GMU. 

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 BACKGROUND 

2.1 Study Area 
The Smithton Syncline Groundwater Management Unit (GMU) is located in the far northwest 
corner of Tasmania (Figure 2), covering an area of 1884 km2.  This “catchment” has been 
categorised for a Class A model, which will essentially be a conceptual model with a first-order 
groundwater budget.   The Smithton Syncline GMU also includes the Mella (Class C) and Togari 
(Class B) catchments, where more data exists and there are localised issues requiring focussed 
groundwater management.  Conceptual models for Mella and Togari are presented in separate 
reports.  At the time of project inception, separate catchments were identified for the Marrawah 
and Forest-Irishtown areas, both of which were categorised as Class A catchments. However it 
was subsequently decided to amalgamate these with Smithton Syncline GMU. There is little 
benefit in having separate reports for an area that is being assessed at the same level of detail. 

2.2 Climate 
Mean annual rainfall in the Smithton Syncline GMU varies from about 1,000 mm/yr near the coast 
to 2,000 mm/yr on the southern margin (Figure 2).  Historical rainfall data for the nearest Bureau 
of Meteorology station to the centroid of the Smithton Syncline GMU provides a mean annual 
rainfall value of 896 mm/yr.  This dataset only covers 8 years from 1998-2006, which are known 
across northern Tasmania as having below-average rainfall.  Accordingly, the nearby Togari 
rainfall dataset (1900-2006) from SILO2 (Montagu_05) has been used for this report (Figure 3), 
with an annual mean of 1230 mm/yr. 

The cumulative deviation from mean annual rainfall trend shown in Figure 3 indicates a period of 
below-average annual rainfall for 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.  This 
chart also demonstrates how most years between 1998-2006 have received below-average 
rainfall. 

Class A pan evaporation data for the nearest station to the centroid of the catchment provides a 
mean annual evaporation (Epan) rate of 1039 mm/yr for the period 1900-2005 (HydroTas sourced 
from SILO).  In order 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), 
the following expression is used: 

  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 

                                                      

2 Sourced by HydroTas from http://www.nrw.qld.gov.au/silo/; note all ET data is “patched” prior to 1968  
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all seasons for a mix of grasses, native shrubs and irrigated crops.  Assuming an average value 
of 0.8 for fc across the entire catchment, ET is estimated to be about 416 mm/yr. 

2.3 Topography and Soils 
The land surface for the Smithton Syncline GMU is essentially comprised of a series of three 
broad north-south orientated plains (elevations less than 50 mAHD) with ranges of hills in 
between. The eastern boundary of the GMU is covered by the Scotchtown Hills that rise to 
generally 150 - 200 mAHD, but reach in excess of 350 mAHD in the far southeast corner.  Moving 
from east to west across the centre of the Smithton Syncline GMU, the Mella Plain forms the first 
flat low-lying region, followed by what is known as Christmas Hills, then the Togari Plain, another 
small unnamed range, then a large plain that extends to the coastline. 

Soil orders have been mapped using the Australian Soil Classification layer for Tasmania 
supplied by DPIW (Figure 4).  In general, the plains are either Podosols (Bs, Bh, or Bhs horizon) 
or Hydrosols (prolonged seasonal inundation), the ranges are either Dermosols (structured B 
horizon) or Ferrosols (high free iron in B horizon). (Refer to the Key to Soil Orders3 for further 
information about soil characteristics).  Artificial drainage networks have been constructed in both 
the Togari and Mella Plains (Figure 2) to alleviate flooding and thereby enable agricultural 
production in these areas.   

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. 

2.4 Land Use 
Northwest Tasmania is regarded as one of the State’s prime dairying regions.  Accordingly, 
irrigated pasture production and cropping currently account for some 139 km2 (i.e., 7%) of the 
entire GMU area (Figure 5).  However this area is likely to represent whole farms where irrigation 
is significant. A cursory look at the region using Google Earth® suggests the actual area over 
which water is being applied is much smaller (approximately 50 km2), which is consistent with 
estimates for the Mella (20 km2) and Togari (15 km2) catchments (Harrington and Currie, 
2008a and b). 

Forestry and remnant native vegetation account for 669 km2 (36%) and 170 km2 (9%) 
respectively. The remaining areas are primarily classified as either Grazing Natural Vegetation or 
environmental, the latter of which is defined in  BRS (2002) as “environmental and indirect 
production uses (eg prevention of land degradation, wind-breaks, shade and shelter)”. 

                                                      

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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2.5 Geology 
The Smithton Syncline is a north-plunging late-Proterozoic structure of predominantly carbonates 
and dolomites near the surface, with a core of Cambrian shales and lithic sandstone (Figure 6).  
The latter rocks form the Christmas Hills which separate the Mella and Togari catchments, as 
shown in the schematic east-west geological cross section of Figure 7 (full lithology descriptions 
are provided in Appendix A). 

Quaternary sediments blanket most of the Smithton Syncline GMU, with a thickness of typically 
5 - 10 m. They consist of primarily coastal sands and gravels in the north, and alluvium in the 
south.  The ridges consist of more-resistant basalts, volcaniclastic sediments and shales of the 
Neoproterozoic Togari Group.  Tertiary basalt caps parts of the surface geology in the east, 
southwest and northwest. Tertiary non-marine sediments occur in the far south.  A thin Tertiary 
marine limestone also lies beneath the Tertiary basalt in the west near Marrawah. 

The Welcome and Smithton (Brown et al., 1989) geological quadrangle sheets have recently 
been recompiled into the Geology of Northwest Tasmania 1:250 000 map (MRT, 2005).  This 
map forms the basis for the stratigraphic descriptions summarised in Table 1. 

Table 1  Summary of near-surface stratigraphy for the Smithton Syncline GMU. 

Formation Age Approx. 
Maximum 
Thickness (m) 

Description 

Qps Quaternary 
Holocene 

20 Coastal sand and gravel 

Qh Quaternary 
Pleistocene 

5-10 Sands, gravels and clays of alluvial and 
lacustrine origin in the south 

Tb Tertiary unknown Tholeiitic to alkalic basalt 

Tm Tertiary unknown Marine limestone 

Ts Tertiary unknown Non-marine sands, gravels, clays and silt 

Scopus Formation Cambrian 75-300 Sandstone and shale 

Smithton Dolomite Neoproterozoic 
580-545 Ma 

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

Spinks Creek 
Volcanics      
(Togari Group) 

Neoproterozoic unknown Tholeiitic basalt; also turbiditic mudstone, 
siltstone and lithiwacke 

 
The main structural feature of the Smithton Syncline GMU is the Roger River Fault which runs 
approximately north-south along the eastern boundary of the Mella Plain. 

2.6 Hydrogeology 
The following hydrogeological map sheets from Mineral Resources Tasmania cover the Smithton 
Syncline GMU; 

• Groundwater Prospectivity of Tasmania 1:500 000; 

• Map 3 – Hydrogeological Inventory 1:100 000; 

• Northwest Tasmania Groundwater Map 1:250 000; and 
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• 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 aquifers.  
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 areas such as the 
Smithton Syncline GMU where the main aquifer is not at the surface. 

The Black River Dolomite is a silicified Precambrian dolomite approximately 1 km thick and 
underlies the Smithton Dolomite (Figure 7).  A 600 m thick layer of basalt, volcaniclastics and 
shale separates the two dolomite units.  The degree of hydraulic connection between the dolomite 
units is unknown, but faulting suggests that some connection is likely.  In the southern part of the 
Welcome River catchment near Redpa, groundwater is sourced from Black River Dolomite. Yields 
are variable with some of the higher yielding wells supporting irrigation (Miladin Latinovic pers. 
comm., 2008). Water is also sourced from this aquifer in the east of the catchment in the vicinity 
of Forest. 

The principal groundwater resource in the Smithton Syncline GMU is the Neoproterozoic 
Smithton Dolomite.  This aquifer is extremely heterogeneous, with a broad range of aquifer 
transmissivities measured in the Mella catchment from 140 - 14,000 m2/day (Davidson et 
al., 2007). No aquifer tests are reported for the remainder of the Smithton Syncline GMU, 
however the range of measured well yields (discussed below) reveals similar aquifer 
characteristics to the Mella sub-catchment.  The Smithton Dolomite is considered to be karstic in 
the top 100 m, but the inter-granular porosity is very low. 

Almost half of the recorded well yields from Smithton Dolomite wells are greater than 5 L/s 
(Figure 8a, labelled as Precambrian).  Very few wells have groundwater salinity recorded, but 
those that do have less than 500 mg/L (Figures 5 and 8b).   The dolomitic aquifer is generally 
confined by overlying Quaternary sediments and the occurrence of crystallised dolomite at the top 
of the Precambrian sequence. However it may be locally unconfined. 

The Cambrian siltstones of the Scopus Formation can also supply reasonable well yields (up to 
15-20 L/s) in the Christmas Hills (Figure 8a).  However, groundwater storage and flow in these 
siltstones occurs primarily within joints and bedding planes (Gulline, 1959), consequently well 
yields are highly variable. The degree of hydraulic connection between the Scopus Formation, 
and the Smithton Dolomite aquifer is unknown. 

Tertiary basalts constitute other important aquifers in the region at Marrawah in the west and 
Forest-Irishtown in the east. Water is predominantly yielded from weathered basalts, sealed by 
clay and solid basalt (Gulline, 1959). The basalt aquifers are generally low yielding (Figure 8a).  
The degree of hydraulic connection between these aquifers and the Smithton Dolomite is 
currently unknown. 

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. 

A map of all recorded well yields is shown in Figure 6. The map indicates a high yielding zone at 
Mella where there has been significant development of groundwater resources. The north-west of 
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the catchment also looks to be reasonably high yielding, but there is little information regarding 
this zone. Yields are variable, but mostly low, elsewhere. 

2.7 Surface Water – Groundwater Interaction 
Given the predominantly flat and highly-dissected nature of the Smithton Syncline GMU, 
interactions between groundwater and surface water are likely to be an important component of 
the catchment water balance.  The largest river systems in the region are the Welcome River, 
Montagu River and Duck River (Figure 2). 

Surface water and groundwater were found to be closely connected in the Duck River (Harrington 
and Currie, 2008a). Radon-222 activity of water in Duck River was typically higher than 
background activities, indicating that groundwater discharge was active over most of its length.  
Results from surface water modelling (Section 2.10, Appendix B) also suggest there is significant 
groundwater discharge to the Duck River, with more than 50 % of the flow being derived from 
baseflow. It is also likely that the river is losing (i.e. recharging the aquifer) along certain reaches, 
particularly in the south of the catchment. 

There was limited data available for the Montagu River (Harrington and Currie, 2008b), but 
surface water – groundwater interactions are likely to be similar to those conceptualised in the 
Duck River system. Surface water modelling (Section 2.10, Appendix B) indicates that 
groundwater discharge is significant with 50 % of the flow in the Montagu River being derived 
from baseflow. 

Although data is sparse, the surface elevation for the Welcome River is considerably (often 5 m) 
higher than nearby groundwater elevations (Figure 9).  This plot suggests the Welcome River 
may be a poorly connected losing system – an observation that contradicts recent surface water 
modelling results (Section 2.10, Appendix B).  The modelling indicates that 48% of the average 
total daily flow at the catchment outlet (154 ML/day) is derived from baseflow (i.e., 73 ML/day).  
Therefore, either the limited data plotted in Figure 9 is spurious, or the locations where 
groundwater discharges into the Welcome River are not represented. 

2.8 Water Use and Management Issues 
Groundwater use was estimated to be 4,500 ML/yr in Mella and 3,500 ML/yr in Togari (Harrington 
and Currie, 2008a and b).  These estimates were derived by calculating a total water requirement 
for irrigation in each catchment and subtracting current surface water allocations. The total water 
requirement was based on an assumed irrigation application rate of 2.6 ML/ha/yr applied over all 
irrigated land. This rate was supported by a survey of current irrigators conducted during stage 3 
of the project. 

Using a similar approach for the entire Smithton-Syncline GMU, the total annual water 
requirement for irrigation is 13,000 ML/yr (2.6 ML/ha/yr over 50 km2). Current surface water 
entitlements within the Smithton Syncline GMU amount to 25,495 ML/year for the Welcome River, 
but not the Duck nor Montagu Rivers (DPIW, 2007). Thus groundwater use for irrigation outside 
the Mella and Togari catchments appears to be negligible, although such extraction does occur in 
these regions. 

More than 60 wells are used for irrigation at the Woolnorth dairy complex, north of the Welcome 
River. Groundwater is also pumped for irrigation from the Black River Dolomite in the southern 
part of this catchment near Redpa (Miladin Latinovic pers. comm., 2008). An estimate of 
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groundwater use in these areas can be derived by assuming that the ratio of groundwater use to 
the area of irrigated land is constant throughout the region. In the Mella and Togari sub-
catchments, groundwater is extracted at a rate of 8,000 ML/yr and applied over 35 km2. By 
extrapolating this water use to an irrigated area of 50 km2, an estimated total extraction of 
11,500 ML/yr is derived for the entire Smithton Syncline GMU. 

The primary groundwater resource management issues for the Smithton Syncline GMU are likely 
to be associated with concentrated pumping of groundwater for irrigation, and the interactions 
between shallow groundwater and natural and anthropogenic drainage.  Groundwater 
contamination from dairy effluent may also be an issue. 

2.9 Groundwater and Surface Water Monitoring 
DPIW currently monitor four observation wells in the Smithton Syncline GMU at Montagu, South 
Forest, Togari and Trowutta (Figure 2).  Hydrographs for all but the South Forest well are 
presented and discussed in the Mella or Togari conceptual model reports, but they are also 
reproduced herein for completeness. These hydrographs are based on manual readings with a 
limited number of observations.  Hence there are some limitations in using this data to analyse 
features such as recovery levels or recharge pulses.  Continuous logged data is available for the 
same wells since 1995, but this data is patchy with no observations between 2000 and 2003. 

The Montagu well is completed in Precambrian slate (Ezzy, 2004) near the boundary between 
Christmas Hills and the Quaternary marine sands (Figure 6).  The hydrograph for this well 
(Figure 10a) exhibits minor seasonal fluctuations, at least up until year 2000.  Ezzy (2006) 
reports that a new stock bore was drilled nearby (30 m apart) 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 since 2002.  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 shown in Figure 3.  Therefore, the observed declines in water level 
may be exacerbated by reduced vertical recharge associated with below average rainfall. 

The South Forest well is also completed in Precambrian slate (Ezzy, 2004) of the 
Mesoproterozoic Rocky Cape Group.  The hydrograph for this well (Figure 10b) reveals seasonal 
fluctuations of typically 2-3 m between 1991-1997, and 1-2 m from 1997 to present.  The period of 
lower recovered groundwater levels observed since 1997 corresponds exactly with a period of 
consecutive years when below-average annual rainfall was recorded nearby (Figure 3). 

The Togari well is completed in the Smithton Dolomite and has provided routine water level data 
since 1991 (Figure 10c). This hydrograph reveals a consistent behaviour of seasonal oscillations 
of about 1 m up until 2001.  Since then, the seasonal fluctuations have increased to about 3 m.  
This relatively recent change is likely to be reflecting local pumping and recharge (Ezzy, 2006). 
The decline in rainfall does not appear have affected recovery levels during winter. 

The Trowutta well appears to be located within the Spinks Creek Volcanics (Togari Group 
sediments) but is actually completed in Precambrian slate of the Mesoproterozoic Rocky Cape 
Group (Ezzy, 2004).  The hydrograph for this well (Figure 10d) demonstrates large seasonal 
fluctuations, typically about 4-5 m.  Two possible explanations can be provided 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 
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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 10d).  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. 

Eight new monitoring wells were installed in this region during Stage 3 of the project (Figure 2). 
Well logs are supplied in the Mella and Togari conceptual model reports. 

DPIW have monitored seasonal river stage and daily stream flow at six sites within the Smithton 
Syncline GMU over the last 50 years.  A summary of the data collected from these sites is 
presented in Table 2. 

Table 2 Summary of historical surface water monitoring sites in the Smithton 
Syncline GMU (source: DPIW). 

Station ID Period Mean Seasonal River Level 
above local datum (m) 

Mean Daily Stream Flow 
(ML/day) 

Arthur River 159 1954-1995 0.97 4785 

Edith Creek 14239 1990-2000 0.17 27 

Montagu River 3576 1998-2001 0.11 - 

Montagu River 14200 1964-1994 1.19 321 

Roger River 3522 1998-2001 0.29 - 

Welcome River 14223 1981-2007 0.30 131 

 

2.10 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 to: 
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• determine the area of the surface water catchment intersecting the groundwater 
catchment, to calculate a catchment area factor (CAF) where:  

o CAF = (intersecting area) / (total surface water catchment area); 

• determine the average annual rainfall over the entire surface water catchment and the 
intersecting catchment area, to calculate a rainfall adjustment factor (RAF) where: 

o 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 derive runoff from 
the portion of the catchment that intersects with the groundwater model, where: 

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; and 

• calculate the monthly and daily average baseflow indices for the intersecting catchment 
(average baseflow / average surface flow). 

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 (Appendix B) suggests that the portion of total flow in the Duck River which 
derives from the Smithton Syncline GMU, is 501.9 ML/day of which 282.3 ML/day is average 
baseflow. For the Montagu River, an average total flow of 309.1 ML/day and baseflow of 
154.1 ML/day from the groundwater catchment were calculated. For the Welcome River, an 
average total flow of 154 ML/day and baseflow of 73 ML/day from the groundwater catchment 
were calculated. 
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3 GROUNDWATER INFLOWS 

3.1 Diffuse Recharge 
Diffuse groundwater recharge to the Smithton Dolomite in the Smithton Syncline GMU is likely to 
occur via either (or both) of the following mechanisms; 

• Infiltration of rainfall in the fractured-rock hills and subsequent lateral inflow beneath the 
Quaternary sediments, 

• Infiltration of rainfall recharge through the Quaternary sediments into the Smithton 
Dolomite. 

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.  
The current project has used two methods to estimate recharge for the Smithton Syncline GMU.  
The first method is known as the steady state Chloride Mass Balance (CMB) which 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 environment4, 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) 

The four Statewide groundwater monitoring wells in the Smithton Syncline GMU (section 2.9) 
have been sampled for chloride analysis on a total of 102 occasions between 1991 - 2006.  The 
mean Cl concentration from all analyses was 75 mg/L, while the median concentration was 
49 mg/L (range 18 - 370 mg/L).  Adopting a range of 49 - 75 mg/L as the Cl concentration in 
recharge water, and a mean annual rainfall of 1230 mm/yr, the Cl concentration in precipitation is 
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 values for rainfall chloride derives a 
range of recharge rates of 82 - 251 mm/yr. 

One limitation with using chemical or isotopic approaches (including the CMB method) to estimate 
recharge for a confined aquifer is that the derived rate applies to the recharge area, which for the 
Smithton Dolomite may actually be on the exposed fractured-rock ridges.  Therefore, up-scaling  
the above CMB recharge rates to estimate a whole-of-aquifer recharge volume requires an 
estimate of the area through which the recharge occurs, and this is currently unknown (although 
assumed to be the entire catchment area). 

                                                      

4 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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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 3), 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 11 using 
the parameters provided in Table 3.  

Table 3 Calibration parameters for Australian catchments plotted on curves derived 
by Zhang et al. (1999, 2001). 
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Figure 11 Empirical curves derived by Zhang et al. (1999, 2001), plotted for Australian 
catchments using parameters from Table 3. 
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and stream flow. Whilst only “grass/cleared” and “tree” curves are plotted in Figure 11, the 
excess water for any catchment containing a mix of these two extreme land uses can be 
estimated simply by linear scaling. 

For the Smithton Syncline GMU, the long-term average rainfall value of 1230 mm/yr for Togari 
(section 2.2), together with a land use mix of 55% grass/cleared and 45% trees (comprising 
remnant native vegetation and plantation forestry, Figure 5), was used to estimate the annual 
excess water as being 295 mm/yr for the catchment.  By assuming most of the surface water 
runoff from the catchment is that which discharges via the Welcome River, Montagu River and 
Duck River, the combined average annual runoff from these systems (171 mm/yr, Appendix B) 
was subtracted from the excess water value to obtain a recharge estimate of 124 mm/yr. 

Table 4 summarises the recharge estimates. The mid-point (166.5 mm/yr) of the range derived 
(82 - 251 mm/yr) is the assumed recharge for a preliminary water budget of the catchment. 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 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 1000 mm/year to 2000 mm/year throughout the 
catchment (Figure 2). 

Table 4 Summary of diffuse recharge estimates for the Smithton Syncline 
catchment. 

Method (Source) Recharge Rate (mm/yr) 

Steady-state Chloride Mass Balance (current project) 82-251 

Annual excess water less stream flow Zhang et. al. (current project) 124 

Assumed recharge for preliminary water budget 166.5 

 

3.2 Point Source Recharge 
Whilst the Smithton Dolomite is known as karst aquifer, it only outcrops in a very small area of the 
Smithton Syncline GMU and accordingly, has no documented occurrences of sinkholes or other 
surface expressions.  However, an 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.   

3.3 Recharge from Losing Streams 
Groundwater recharge via leakage from any or the main rivers (Welcome, Montagu and Duck) is 
most likely to occur in the upper (i.e., southern) portion of the GMU where surface water 
elevations are greater than groundwater elevations.  Analysis of this hypothesis is currently not 
possible due to the absence of any detailed water level monitoring data from locations near rivers.  
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4 GROUNDWATER FLOW 

4.1 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 surface) contour map.  As the majority of wells do not have surveyed 
elevations, the groundwater elevations were calculated by initially constructing a depth to water 
level surface, then subtracting it from a gridded topographic surface.  This approach provided only 
40 data points for the entire Smithton Syncline GMU, which were predominantly located either in 
the Mella or Togari irrigation areas (Figure 12).  The resultant groundwater elevation contours are 
thus very approximate. 

4.2 Groundwater Flow Direction 
Directions of groundwater flow can be inferred from the potentiometric contours plotted in 
Figure 12.  These directions vary considerably depending on location within the catchment, but 
the following general trends can be observed; 

• The direction of regional groundwater flow is from south to north, i.e. from recharge areas 
in the fractured basement rock hills to discharge points along the north coast; 

• Around each of the main river valleys, groundwater flows from the boundary rocks on 
either side of the valley towards the rivers; 

• Groundwater elevation gradients tend to reflect a subdued form of the topographic 
surface, with the steepest gradients occurring in higher relief areas adjacent to the plains. 

4.3 Flow rates 
By assuming that groundwater movement through the catchment occurs via inter-granular flow 
under laminar conditions, the simplest form of Darcy’s Law5 could be applied to estimate the 
average linear groundwater flow velocity.  However, given the coarseness of groundwater 
elevation contours (Figure 12) and limited knowledge of aquifer hydraulic parameters 
(section 2.6), a reliable estimate of groundwater flow rates is not yet possible. 

                                                      

5 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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5 GROUNDWATER OUTFLOWS 

5.1 Lateral Discharge 
Given the general direction of south-to-north groundwater flow in the Smithton Syncline GMU 
(previous section), it is likely that groundwater discharges laterally from the Smithton Dolomite 
aquifer into Bass Strait.  The rate of groundwater discharge can be estimated using conventional 
flow net analysis6, however this approach requires a detailed understanding of aquifer hydraulic 
parameters and groundwater elevations, which are currently unavailable for the entire GMU.  

For the purpose of constructing a preliminary water balance for the current project, the combined 
discharge rate for the Mella and Togari sub-catchments (i.e., 7,300 ML/yr) has been adopted, and 
arbitrarily increased by 50% to account for discharge from the western-most plains of the 
Smithton Syncline GMU.  Hence, lateral groundwater discharge from the entire GMU is estimated 
to be about 10,950 ML/yr. 

5.2 Groundwater Extraction 
Groundwater abstraction for irrigation, stock supplies and industrial purposes in the Smithton 
Syncline GMU is estimated to be about 11,500 ML/yr (section 2.8). This estimate should be 
considered preliminary. 

5.3 Evapotranspiration from Shallow Water Tables 
Given the high mean annual rainfall and swampy (albeit drained) landscape in many parts of the 
Smithton Syncline GMU, evapotranspiration from shallow water tables is likely to constitute an 
important component of the local groundwater balance. 

Estimates of evapotranspiration (ET) rates presented earlier in this report, including that of 
416 mm/yr from pan evaporation data (section 2.2) and 935 mm/yr from the relationship of Zhang 
et al. (1999, 2001) (section 3.1), 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 entire Smithton Syncline GMU 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 12.  These points mark well 
locations where the depth to water has been recorded and is less than 3 m below ground level. 
While the water levels used to indicate areas of potential shallow watertables may be affected by 
locally confining conditions, the map indicates that shallow groundwater exists in the northern part 
of the Mella sub-catchment, and that ET losses could be significant here. It is likely that shallow 
groundwater exists elsewhere (e.g. along drainage lines higher in the catchment). 

                                                      

6 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], i is hydraulic gradient [-] and w is aquifer width [L]. 
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5.4 Groundwater Discharge to Streams 
Annual rates of groundwater discharge to the Welcome, Montagu and Duck Rivers have been 
estimated using modelled daily flows at the catchment outlet (Appendix B) and equate to 
26,771 ML/yr, 56,278 ML/yr and 103,118 ML/yr respectively.  Thus the total rate of groundwater 
discharge to surface water for the entire Smithton Syncline GMU is estimated to be about 
190,000 ML/yr. 

The locations where groundwater discharge occurs is unknown and warrants further investigation 
via run-of-river sampling for chemical and isotopic tracers. 
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6 CONCEPTUAL MODEL 

6.1 Block Diagram 
A three-dimensional conceptual model has been built for the Smithton Syncline GMU (Figure 13) 
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 (as selected for the Togari and Mella sub-
catchments).  This depth was chosen because the majority of existing groundwater wells are less 
than 100 m deep, and the Smithton Dolomite extends to depths of over 1000 m (section 2.5). 

The key features of the Smithton Syncline conceptual model are provided below: 

• The productive dolomitic aquifer system is considered to be two hydrogeological units 
that are possibly connected. The upper unit, Smithton Dolomite, is the region’s most 
productive aquifer and extends 50 m in a south to north direction and up to 35 km in an 
east to west direction at the coast, with a thickness of potentially up to 1500 m, and has 
karst features in the top 100 metres. It is the major aquifer in the central part of the 
catchment at Mella and Togari. The deeper unit, Black River Dolomite, is silicified and 
forms the major aquifer in the east (Forest) and west (Repda) of the catchment where it 
outcrops; 

• The groundwater flow system is considered to range from intermediate to regional scale, 
extending from recharge areas along the outcropping fractured rock at the edges of the 
syncline, through to the central part of the GMU and to the coast where some 
groundwater discharge occurs as throughflow and discharge to rivers; and 

• The dolomitic aquifer is generally confined by overlying Quaternary sediments and the 
occurrence of crystallised dolomite at the top of the Precambrian sequence. However it 
may be locally unconfined. 

6.2 Preliminary Water Budget 
Using the calculations derived in previous chapters, Figure 13 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 14 to establish a catchment groundwater balance.  The water budget has 
indicated that: 

• The groundwater system is recharged predominately through rainfall infiltration which is 
mainly discharged as baseflow to rivers (and probably ET although this component 
remains unquantified); 

• The current water budget indicates a surplus of water, but this is most likely an artefact of 
the errors associated with the calculations. In particular, recharge was assumed to occur 
over the entire catchment area but the dolomitic aquifer is generally confined. It is 
therefore likely that recharge occurs over a smaller area and is volumetrically less 
significant than the preliminary water budget suggests. Furthermore, ET could not be 
quantified; 
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• The volume of extraction relative to rainfall recharge is considered to be small, but overall 
extraction is greater than 10 GL/yr, which places this region in a moderate category of 
threat 

This budget is considered to be very approximate and should not be used for any purpose other 
than to inform the project team of where efforts should be focussed for the upcoming field 
program.  

6.3 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 the sustainable yield for 
management purposes. 

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

The preliminary conceptual model (Figure 13) and groundwater budget (Figure 14) highlight key 
components of the water balance that need to be better defined for the Smithton Syncline GMU.  
The first of these is groundwater extraction, as the estimated annual rate of 11,500 ML/yr is based 
on a number of assumptions and simplifications.  It is recommended that a field survey of 
groundwater users be conducted over the entire catchment to refine this estimate. 

Secondly, lateral groundwater discharge could only be estimated using data from the Mella sub-
catchment (and later adopted for Togari), with some allowance for the width of aquifer likely 
discharging on the northwest coast.  Further groundwater elevation surveys are required to 
develop a more comprehensive potentiometric surface. Aquifer pumping tests would also be 
useful to help quantify lateral discharge fluxes. 

There is likely to be a significant spatial variation in recharge rates across the catchment that 
could not be reflected in the preliminary water budget.  Numeric modelling of recharge may 
provide an improved estimate of this component of the water budget. 

Stream losses may also be significant in recharging the aquifer, particularly in karstic areas. Run-
of-river tracer studies with concurrent flow gauging could help identify locations where this occurs 
and to quantify stream losses. 
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7 RECOMMENDATIONS FOR FURTHER 
STUDIES 

Based on the available data, the following fieldwork is recommended for the Smithton Syncline 
GMU via future funding opportunities: 

• A survey of groundwater users across the remaining areas of the catchment (i.e. outside 
the Mella and Togari sub-catchments) to establish irrigated areas and application rates; 

• Further groundwater elevation surveys to establish a detailed water table contour map; 

• Aquifer pumping test(s) to determine transmissivity and storage coefficients; 

• A run-of-river tracer study to identify locations of groundwater inputs to the Welcome and 
Montagu Rivers; 

• On-going monitoring of groundwater levels and quality. 
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SMITHTON SYNCLINE GMU

Surface Geology and Well Yields
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Schematic geological cross-section for Smithton Syncline, showing
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FIGURE

PROJECT FQ-01 August-07

SMITHTON SYNCLINE GMU
Surface and Groundwater Elevation 9
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Cumulative deviation from mean annual rainfall and 
standing water level for Smithton 
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Cumulative deviation from mean annual rainfall and 
standing water level for Smithton 

Syncline  catchment (Togari (ID 16531)) 10c
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SMITHTON SYNCLINE GMU

Potentiometric Elevation Contours and Inferred Groundwater Flowlines
Project: FQ-01-1

BASS STRAIT
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SMITHTON SYNCLINE GMU

Conceptual Hydrogeological Model
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CATCHMENT NAME: Smithton Syncline GMU

Area: 1884 km2

Mean Annual Rainfall: 1230 mm/yr

Annual Average Surface Water Discharge: 352,459 ML/yr (Welcome, Montagu and Duck Rivers)

comprising of

Annual Average Surface Runoff: 166,401 ML/yr (Welcome, Montagu and Duck Rivers)

Annual Average Baseflow: 186,058 ML/yr (Welcome, Montagu and Duck Rivers)

CONFIDENCE IN ESTIMATE
GROUNDWATER INFLOWS (1 = Very Low, 5 = Very High)

Lateral Inflow: negligible ML/yr 4

Recharge by:

Diffuse Rainfall Recharge: 313,686 ML/yr (166.5 mm/yr) 1

Point Source Infiltration: negligible ML/yr 3

Stream Losses: not quantified ML/yr 1

313,686 ML/yr

GROUNDWATER OUTFLOWS

Lateral Discharge: 10,950 ML/yr 1

Groundwater Abstraction: 11,500 ML/yr 2

Evapotranspiration: not quantified ML/yr 2

Discharge to Streams: 186,058 ML/yr 3

208,508 ML/yr

GROUNDWATER BALANCE

CHANGE IN AQUIFER STORAGE:
105,178 ML/yr

FIGURE
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APPENDIX A 

GEOLOGICAL DESCRIPTIONS FOR FEATURES SHOWN IN 
FIGURE 6 



Symbol Description
Qh Sand gravel and mud of alluvial, lacustrine and littoral origin.
Qp Glacial, periglacial and fluvioglacial sediments including till and interglacial deposits.
Qpl Limestone.
Qps Coastal sand and gravel.
Qpt Talus, vegetated and active.
Tb Basalt (tholeiitic to alkalic) and related pyroclastic rocks.
Tm Marine limestone.
Ts Dominantly non-marine sequences of  gravel, sand, silt, clay and regolith.
Cm Polymict conglomerate, lithicwacke, siltstone and mudstone with rare marine fossils (Scopus 

Formation).
Lm Tholeiitic dolerite dykes (Rocky Cape Dyke swarm).
Lr Undifferentiated the Rocky Cape Group rocks.
Lrc Dominantly dark, laminated, commonly pyritic siltstone and mudstone (Cowrie Siltstone and 

similar sequences).
Lrs Unassigned quartzite sequences.
Lsb Tholeiitic basalt (Spinks Creek Volcanics, Bernafai Volcanics and correlates).
Lsc Basal siliceous conglomerate and sandstone (Forest Conglomerate and Quartzite, Donaldson 

Formation and correlates).
Lsd Shallow marine dolomite and minor limestone (Smithton Dolomite and correlates).
Lsr Pale-weathering, thin bedded, laminated quartz siltstone with subordinate interbedded fissile 

shale. Commonly silicified.
Lss Shallow marine dolomite, chert, shale and diamictite (Black River Dolomite, Savage Dolomite 

and correlates).
Lsv Turbiditic mudstone, siltsone, lithicwacke and diamictite with dominantly mafic detritus

Water Water.



Conceptual Model Report for Smithton Syncline GMU 

 

APPENDIX B 

SURFACE WATER MODELLING RESULTS FOR THE WELCOME, 
MONTAGU AND DUCK RIVERS 



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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Montagu River @ Catchment Outlet

Daily Averages
Modelled

Total Flow 309.11
Baseflow 154.08
BFI 0.50

Month

Modelled 
Total 
Flow

Estimated 
Baseflow* BFI

1 43.54 28.85 0.66
2 27.49 21.34 0.78
3 24.56 18.33 0.75
4 55.75 23.37 0.42
5 184.84 59.56 0.32
6 470.78 178.80 0.38
7 785.19 376.22 0.48
8 830.80 451.53 0.54
9 581.40 328.52 0.57

10 377.02 200.39 0.53
11 209.64 101.62 0.48
12 91.13 46.94 0.52

* Estimated using Baseflow Seperation Technique
Nathan & McMahon, 1990

AverageFlows (ML/d)
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Welcome Surface Water Catchment - intersection with Smithton GW catchment

Catchment Area intersecting with GW catchment = 201km2 out of total 201km2

Month Date

Surface 
Flow 
(ML/d)

Baseflow 
(ML/d)

3 1/03/1900 0:00 0.302803 0.000426 Alpha 0.925
3 2/03/1900 0:00 0.262584 0.002009
3 3/03/1900 0:00 0.228369 0.004837
3 4/03/1900 0:00 0.1992 0.008522
3 5/03/1900 0:00 0.174268 0.012753
3 6/03/1900 0:00 0.152896 0.017287
3 7/03/1900 0:00 0.134519 0.021933
3 8/03/1900 0:00 0.118667 0.026545
3 9/03/1900 0:00 0.104952 0.031013 Daily Averages (ML/d) ML/yr
3 10/03/1900 0:00 0.093047 0.035254 Surf Flow 154 56307
3 11/03/1900 0:00 0.082684 0.039011 Baseflow 73 26771
3 12/03/1900 0:00 0.073637 0.041947 BFI 0.48
3 13/03/1900 0:00 0.065717 0.044027
3 14/03/1900 0:00 0.058766 0.045393

3 15/03/1900 0:00 0.052649 0.046166 Month

Surface 
Flow 
(ML/d)

Baseflow 
(ML/d) BFI

3 16/03/1900 0:00 0.047255 0.04645 1 12 3 0.25
3 17/03/1900 0:00 0.042486 0.042486 2 2 0 0.19
3 18/03/1900 0:00 0.038263 0.038263 3 2 0 0.21
3 19/03/1900 0:00 0.034514 0.034514 4 11 3 0.22
3 20/03/1900 0:00 0.03118 0.03118 5 57 19 0.32
3 21/03/1900 0:00 0.033995 0.033995 6 263 95 0.36
3 22/03/1900 0:00 0.10622 0.043876 7 454 214 0.47
3 23/03/1900 0:00 0.573988 0.046318 8 408 229 0.56
3 24/03/1900 0:00 2.258932 0.053087 9 322 172 0.53
3 25/03/1900 0:00 6.327584 0.074638 10 185 89 0.48
3 26/03/1900 0:00 12.32321 0.130961 11 85 37 0.44
3 27/03/1900 0:00 18.23193 0.247611 12 32 11 0.35
3 28/03/1900 0:00 22.8981 0.446835
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APPENDIX C 

DATA INVENTORY FOR THE SMITHTON SYNCLINE GMU 



Smithton Syncline

Data Available  Source / Publications Comments
Overview of Geology

Age and depositional enviroments
Geology of Tasmania (1989); Brown, 1989

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
Gulline, 1959 1200+ m stratigraphic hole

thicknesses (reliable geological logs)

porosity/specific yield
karstic dolomites have low intergranual porosity

hydraulic conductivity
low in older basalts

Groundwater Monitoring

multilevel piezometers

time series gw levels ***

time series gw chem

Water table contours

Groundwater flow – direction, rates?

Surface water monitoring

time series sw flows

time series sw chem

Surface water-groundwater interaction ***

baseflow separation from sw monitoring

gw monitoring responses

Groundwater Recharge

Rainfall seasonality/history

Diffuse recharge

- relationship with soil/land use

- 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

Crop types/volumes applied

History of use

Bore density

Drawdown/recovery responses

Evapotranspiration

depth to water table

vegetation types/health

evidence of salinisation

Artificial Drainage

network

drain elevation cf. groundwater levels

Groundwater Model - type, purpose and 
necessary features

Data Inventory - Class ABC
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