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1 INTRODUCTION 

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

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 
details the conceptual model study of the Mole Creek catchment and is one in a series of 
nineteen reports on the preliminary conceptual model studies for each of the catchment areas. 

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 Mole Creek catchment area is located in central-north Tasmania and covers an area of about 
629 km2.  The catchment lies southwest of Deloraine (Figure 2), with a significant portion of the 
catchment taken up by the Mole Creek Karst National Park.  Included in the Mole Creek Karst 
National Park is the Marakoopa Cave block which is listed as part of the Tasmanian Wilderness 
World Heritage Area. 

Essentially, the Mole Creek catchment is a basin resulting from chemical weathering of 
Ordovician limestone.  To the north and west, the catchment is bounded by outcropping ridges of 
Ordovician sediments (Gog Range), and by the slopes of the Great Western Tiers to the east and 
south.   

The central basin region is approximately 25 km long and 12 km wide and is dominated by 
agriculture and forestry.  However, the major industry of the catchment is tourism.  The first 
European discovery of the Mole Creek karst cave system was in the 1830’s, and by the 1910’s 
numerous sites across the catchment were open to the public.   

Although it is recognised that both surface water and groundwater are the major components of a 
karstic system, anthropogenic impacts such as changes to surface water and groundwater quality 
and or quantity are likely to have an impact on the heath of the Mole Creek karstic system. 

2.2 Climate 
The mean annual rainfall in the Mole Creek catchment is 1123 mm/yr, varying from (on average) 
407 mm/month in the summer months (October through March), up to 716 mm/month during the 
winter months (April through September).  Historical rainfall data for the nearest Bureau of 
Meteorology station (91065) to the centroid of the Mole Creek catchment is presented in 
Figure 3, and indicates extended periods of both above-average and below-average annual 
rainfall.  The cumulative deviation from mean annual rainfall trend shown in Figure 3 indicates a 
period of above-average annual rainfall between 1922 and 1932, and below-average for most 
years between 1932 and 1967 and 1974 to 2007. 

Class A pan evaporation data for the nearest station to the centroid of the catchment provides a 
mean annual evaporation (Epan) rate of 1127 mm/yr for the period 1900-2005 (HydroTas sourced 
from SILO).  It should be noted that no evaporation data is available for the Mole Creek 
catchment and therefore data from the Kimberly-Deloraine catchment (the closest catchment area 
to Mole Creek with evaporation data) has been used. In order to relate 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.  Assuming an average value of 0.8 for 
fc across the entire catchment, ET is estimated to be about 450 mm/yr. 
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2.3 Topography and Soils 
The adopted boundary for the Mole Creek catchment is essentially the extent of the lower lying 
basinal area around the township of Mole Creek (around 300 m AHD).  The basin is surrounded 
by areas of high relief (including the Ordovician sediments of the Gog Ranges to the north and to 
the west, around 700 m AHD) and the slopes of the Great Western Tiers (around 1,200 m AHD) 
to the south and to the east.  These higher relief surface features form a natural boundary around 
the catchment area. 

Soil orders have been mapped using the Australian Soil Classification layer for Tasmania 
supplied by DPIW (Figure 4).  This map indicates that the north eastern quadrant of the 
catchment is dominated by Dermasols (having a structured B horizon) with the remainder of the 
catchment represented by Rudosols (found in well-drained sites with moderate to high rainfall) 
along the higher reliefs of the Gog Ranges and the Great Western Tiers. (Refer to the Key to Soil 
Orders2 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.   

2.4 Land Use 
Figure 5 presents the current range of land uses in the Mole Creek catchment.  The map 
indicates approximately 70% of the lower lying basinal area and higher relief areas of the Gog 
Ranges, is classified as ‘Environmental’ or ‘Biodiversity’ (BRS, 2002).  ‘Environmental’ is land 
assigned to environmental and indirect production uses (e.g. prevention of land degradation, 
wind-breaks, shade and shelter), Biodiversity is land assigned to the sustainable use of natural 
ecosystems.  The remainder of the catchment is comprised of forestry (20%), remnant native 
vegetation (9%) and irrigated agriculture (3.5%). 

Satellite imagery available on Google Earth® suggests there is more land dedicated to agriculture 
than indicated in Figure 5.  This discrepancy may be due to recent developments not reflected in 
the data provided.  As a result, the land use mix for estimation of diffuse recharge to the 
catchment in Section 3.1 is represented by 90% grass/cleared and 10% trees (comprising 
remnant native vegetation and plantation forestry).  

2.5 Geology 
The catchment area is covered by Mineral Resources Tasmania Digital Geological Atlas 1:25,000 
Series Mole Creek Sheet No. 4439 and Gog Sheet No. 4440. 

                                                      

2 Key to Soil Orders can be found at http://www.clw.csiro.au/aclep/asc_re_on_line/soilkey.htm  
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The Mole Creek catchment is located at the northern extent of the Great Western Tiers.  The 
Tiers are a dominant geological feature of Tasmania and are comprised primarily of Jurassic 
dolerites.  The geology of the study catchment area comprises mainly karstic Ordovician 
limestones and dolomites, and Permo-Triassic sediments, generally trending in a north-west 
south-east or east-west direction. 

The surficial geology of the catchment (Figure 6 – refer to Appendix A for geological 
descriptions) is strongly correlated with the Tertiary and Quaternary periods of glaciations, which 
resulted in fluvial and colluvial deposition.  These depositional areas are most evident in the lower 
relief basinal area of the catchment, with Tertiary basaltic gravels prominent in the western area.  
A summary of the near-surface stratigraphy around Mole Creek has been compiled in Table 1 
and is based on descriptions from Kiernan (1989), Burrett and Goede (1987) and Burrett et al 
(1989).  Figure 7 depicts a geological cross-section from Jennings (1961), which runs in a south-
north direction from the Fisher River, through Lienna towards Mt Roland in the north.  The right-
hand side of this section is relevant to the Mole Creek Catchment,  

Table 1.  Summary of near-surface stratigraphy for the Mole Creek catchment 

Formation Age 

Approx. 

Maximum 

Thickness  

(m) 

Description 

NA 
Quaternary Holocene 

<65 Ka 
>30 

Glacial sediments including till and interglacial 

deposits 

NA Tertiary 120 Tertiary basalt and related pyroclastic rocks 

NA Jurassic 10 - 320 Dolerite with granophyre in places 

Parmeener Supergroup Permian ~30 
Glaciomarine sandstone, mudstone and 

limestone 

Gordon Group Ordovician 1000 Shallow marine limestone with siltstone 

 

Siliceous rocks of the Eldon Group, including shallow marine quartz sandstones and shales, 
overlie the Ordovician marine limestones.  The siliceous sediments are overlain by flat-lying 
marine and freshwater Permo-Triassic sediments, which form topographic benches along the 
escarpment of the Tiers.  The sediments are intermittently intruded by sill-forming Jurassic 
dolerites. Where overlying sediments have eroded away, flat dolerite surfaces remain at the top of 
the Tiers. 

Late Cambrian siliceous sandstones and mudstones of the Owen Group underlie the Ordovician 
limestones.  These hard siliceous sediments have been exposed in the Mole Creek area by 
dissolution of the surrounding limestone, and form the crests of anticlinal structures.  These 
physically and chemically resistant sediments are the major factor in controlling the direction of 
subsurface drainage in the limestone.   

The karstic landforms (Ordovician limestone) of the Mole Creek catchment are highly developed 
and are likely to influence surface water drainage.   
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2.6 Hydrogeology 
The following hydrogeological maps sheets from Mineral Resources Tasmania cover the Mole 
Creek catchment: 

• Northwest Tasmania Groundwater Map 1:250 000 

• Northwest Tasmania Groundwater Quality Map 1:250 000. 

• Maps No 5 and 10  – Hydrogeological Inventory 1:100 000 

These maps provide a broad generalisation 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 or type of deeper aquifers.  
Further, the maps present well yields and salinities for wells completed at any depth without 
differentiating between aquifers.  Their usefulness is therefore limited, especially in catchments 
where the main aquifer is not at the surface. 

The principal groundwater resource in the western half of Mole Creek catchment is the karst 
aquifer of the Ordovician Limestone (Gordon Group).  The western portion of the catchment 
comprises karst flow paths and cave systems that are better developed than in the east.  This 
aquifer is extremely heterogeneous, with a broad range of measured well yields ranging from less 
than 1 L/sec to more than 20 L/sec (Figure 8). Dye tracer testing of the limestone and dolomite 
aquifer indicates a complex series of interconnecting cave networks (Jennings et al, 1967).  
These cave networks provide an active subterranean stream conduit system and are 
characterised as highly connected and highly transmissive (up to 10,000 m2/day, Jennings et al, 
1967). 

The principal groundwater resource in the eastern half of Mole Creek catchment, where the 
Quaternary sediments are thicker, are the sedimentary Permian units which in some places, are 
interbedded with layers of marine limestone (Gordon Group). This unit has similar maximum 
yields but a higher success rate than the Ordovician limestone. 

Although the Ordovician limestone and Permian aquifers are the principal groundwater resources 
in the Mole Creek catchment area, numerous groundwater wells intersect the Quaternary, 
Tertiary sediments and Tertiary Basalts aquifers.  In general, these wells are lower yielding 
(particularly the wells intersecting the Quaternary sediments), with the majority of wells producing 
less that 5 L/sec (Figure 8).  It should be noted that in the higher relief areas of the Gog Ranges, 
where basalt plateaus dominate the landscape, wells intersecting the Tertiary basalts are used as 
the primary source of water supply. 

Limited reliable and comparable data are available for assessment of piezometric heads in both 
the Quaternary and Tertiary sedimentary aquifers, and the Ordovician limestone and dolomite 
aquifers of the Mole Creek catchment.  However, based on the information that is available, 
(standing water level data from the MRT groundwater well database) it is likely that the aquifers 
are not well connected. 

The Quaternary and Tertiary deposits throughout the Mole Creek area can also host localised 
aquifers, where impervious layers lead to perched watertables (Kiernan, K. 1989).  These 
groundwater resources are considered to be volumetrically insignificant, but may play an 
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important role in recharging the underlying limestone and dolomite aquifer (discussed further 
below). 

Histograms of all recorded well yields and salinities for water wells in the Mole Creek catchment 
are shown in Figure 8.  Again, limited data is available on the quality of the groundwater in the 
catchment, however the Tasmanian Groundwater Quality map indicates that in general, the 
quality is very good, with most wells returning salinities <500 mg/L. A map of all recorded well 
yields is shown in Figure 6, which shows higher yielding wells in the eastern half of the 
catchment where the majority of wells are installed in Ordovician limestone and Permian aquifers. 

2.7 Surface Water – Groundwater Interaction 
The Mole Creek catchment area comprises a significant number of permanent surface water 
bodies and courses.  The Mersey River is one of the major surface water features in the district, 
flowing along the western margin of the catchment at the base of the Western Tiers, and then 
along the northern boundary formed by the Gog Ranges before flowing north to Devonport where 
it discharges to Bass Straight.  Surface water flowing north from the middle and lower slopes of 
the Great Western Tiers drains to springs at the foot of the Tiers through the karstic features. 

The Meander River is another major surface water body in the catchment, which flows to the 
north and is located in the eastern portion of the catchment.   

Groundwater will discharge into these rivers and any other surface water systems when hydraulic 
gradients permit.  A plot of stream and adjacent groundwater elevations (Figure 9) suggests that 
the Meander River may be losing water to the surrounding Mole Creek catchment.  However, it 
should be noted that this is based on only one data point and therefore cannot be considered as 
representative of the whole catchment area.  Rather, it is likely that this system is gaining, similar 
to the system represented in the Kimberly-Deloraine catchment which forms the northern 
boundary of the Mole Creek catchment.  In this catchment, data indicates that groundwater levels 
are higher than surface stream levels, and therefore that the Meander River is a gaining system 
across the southern quadrant of the catchment.  The Mersey River was not included in this 
analysis as no local groundwater elevation points were available. 

In general, karstic systems have highly interconnected surface water and groundwater. Further 
information on the nature of surface water and groundwater interaction in the Mole Creek karstic 
system is available in Eberhard (1993), which outlines tracing studies carried out as part of a 
three year intensive investigation program. 

2.8 Water Use and Management Issues 
Surface water resources, particularly the karst springs, have long been developed for domestic 
supplies in this district.  In recent times, demand for additional water supplies has been 
competitive but regulated.  The current total level of surface water entitlements for the Mole Creek 
Catchment area is approximately 10,480 ML/yr (DPIW, 2007).  This value includes entitlements 
for both the Mersey and the Meander surface water systems.   

As a result of the surface water resources becoming closer to full allocation, the development of 
groundwater resources is increasing, yet is currently unregulated.  More than 20 high-yielding 
groundwater wells (> 5 L/sec) are currently used in the catchment.  Whilst the majority of these 
wells are believed to abstract groundwater from greater than 50 m below ground level, the 
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volumes abstracted could be significant (approximately 1,000 ML/year). This estimate assumes 
20 wells which yield 5 L/s are pumped for 100 hours per week for 6 months a year. 

Due to the importance of the karstic environment in the Mole Creek catchment area (ie. the 
protected areas of the Mole Creek Karst National Park and the Tasmanian Wilderness World 
Heritage Areas), and the sensitivity of the karstic formations to changes in water quality and 
volumes the management of both the surface water and groundwater resources in the area is 
fundamental for conservation purposes.  

Future water resources management in the area needs to focus on regulating groundwater 
abstraction, both in terms of remaining within acceptable rates of abstraction (not to be confused 
with the term sustainable yield), and minimising any adverse environmental impacts that could 
occur as a result of altering the relationship between groundwater and surface water. 

In addition to maintaining sustainable water use, the sensitive nature of the karst landforms and 
associated cave ecosystems and groundwater dependent ecosystems, needs to be considered 
when implementing and/or applying any new management strategies. 

2.9 Groundwater and Surface Water Monitoring 
The statewide groundwater monitoring network currently has one groundwater observation well in 
the Mole Creek catchment (Chudleigh - 16538, 2006).  The water level in this well has been 
monitored bi-annually since 1991, with standing water levels ranging from 1.7 to 10.5 metres 
below ground level (m bgl).  Figure 10 presents the hydrograph for the Chudleigh observation 
well and shows a clear response to seasonal variations in rainfall.  In general, water levels have 
been recorded in March and September with lower standing water levels recorded following the 
summer months (March) and higher levels evident following the winter months (September).  No 
long-term increasing or decreasing trend in standing water level is evident.  A logger has been 
recently installed in the well to provide continuous data. 

Surface water monitoring on the Meander River (station ID 18224, Figure 2) was undertaken by 
DPIW between 1983 and 1991.  Both seasonal stage and daily stream flow was measured at this 
site, with mean results of 1.27 m and 480 ML/day respectively. 

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). 
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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, 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, 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 derive 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). 

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 suggests the Mole Creek catchment contributes an average surface flow of 
568 ML/day to the Mersey River, of which 343 ML/day is baseflow. The catchment also 
contributes 326 ML/day to the Meander River, of which 152 ML/day is baseflow (Appendix B).   
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3 GROUNDWATER INFLOWS 

3.1 Diffuse Recharge 
Groundwater recharge is believed to occur throughout the Mole Creek catchment, primarily as a 
result of subsurface drainage (point source recharge) through karstic structures (such as 
sinkholes).  However, diffuse recharge is also likely to be a source of aquifer recharge.  Diffuse 
recharge can be estimated using a range of methods, from simple and crude water balance 
calculations to sophisticated and expensive isotope and tracer dating techniques.   

No previously published values for diffuse recharge could be found for the Mole Creek catchment.  
For the purpose of this study, three alternative estimates based on Chloride Mass Balance, Water 
Table Fluctuation (WTF) and the empirical relationship derived by Zhang et al (1999, 2001) have 
been applied for recharge estimation.  The first 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 environment3, 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.  Changes to land use (such as forestry) may also 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.  This mass balance can be expressed 
as follows: 

Recharge rate x [Cl] in recharge = Precipitation rate x [Cl] in precipitation  (3) 

Laboratory analysis of groundwater samples collected from the Chudleigh groundwater well (Id.  
16538) reported Cl concentrations ranging from 7 to 16 mg/L (11.6 mg/L average).  Adopting this 
range of values for the Cl concentration in recharge water, and a mean annual rainfall of 
1123 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.  Previous studies of in-
land aquifers (more than 50 km from the coast) on mainland Australia have measured rainfall Cl 
at 1 - 5 mg/L.  Using this range of values and an average groundwater chloride concentration of 
11.6 mg/L, derives a recharge rate range from 97 mm/yr to 484 mm/yr (i.e. 8 % to 43 % of total 
annual precipitation). 

The second approach employed by this project to estimate recharge is known as the Water Table 
Fluctuation (WTF) method.  Where seasonal fluctuations in the water table of shallow unconfined 
aquifers can be measured, the amplitude of the fluctuations can be converted into a recharge rate 
simply by multiplying by the specific yield of the aquifer.  Using the range of seasonal fluctuations 
observed in monitoring well hydrographs for the area of 0.5 – 5 m (Figure 10), and assuming 

                                                      

3 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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unconfined behaviour4 with an average specific yield of 0.1 (note that the specific yield for a 
karstic dolomite or limestone is highly variable), results in recharge rates of 50 - 500 mm/yr.   

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

 

(4) 

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 2. 

Table 2 Calibration parameters for Australian catchments plotted on curves derived 
by Zhang et al.  (1999, 2001) 

Factor Grass/Cleared Trees 

E0 1400 1800 

W 0.5 4 

 

 

 

 

 

 

 

 

 

 

Figure 11 Empirical curves derived by Zhang et al. (1999, 2001), plotted for Australian 
catchments using parameters from 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 stream flow.  Whilst only “grass/cleared” and “tree” curves are plotted in Figure 11, the 

                                                      

4 The assumption of unconfined behaviour for the Ordovician limestone may not always be valid. 
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excess water for any catchment containing a mix of these two extreme land uses can be 
estimated simply by linear scaling. 

For the Mole Creek catchment, the long-term average rainfall value of 1123 mm/yr (section 2.2) 
together with a land use mix of 71% grass/cleared and 29% trees (comprising remnant native 
vegetation and plantation forestry (as discussed in Section 2.4) was used to estimate the annual 
excess water as being 288 mm/yr for the catchment.  By assuming most of the surface water 
runoff from the catchment is that which discharges via the Mersey and Meander Rivers, the 
modelled annual average runoff from this system (231.7 mm/yr, Appendix B) was subtracted 
from the excess water value to obtain a recharge estimate of 57 mm/yr. 

A summary of the recharge estimation methods and results for the Mole Creek catchment is 
presented in Table 3.  The large range in recharge estimates reflects both uncertainty in the 
parameters adopted for each method, as well as the scale of the area to which the method 
applies.  Whilst the first of these two explanations (i.e., parameter uncertainty) is obvious, the 
second factor is often not considered when applying different recharge estimation techniques.  Of 
the three methods applied in this catchment, two of these (CMB and WTF) are point estimates, 
while the other method (excess water) is a whole-of-catchment scale estimate.  And of the two 
point estimates, the WTF method provides a recharge rate that applies to the monitoring well 
location, while the CMB method applies to the point in the landscape up-gradient of the well 
where the water sample first entered the aquifer (Harrington et al., 2002). 

Table 3. Diffuse recharge estimates for the Mole Creek catchment 

Method (Source) Recharge Rate (mm/yr) 

Steady-state Chloride Mass Balance (current 
project) 

97 -  484 

Water Table Fluctuation (current project) 50 - 500 

Annual excess water less stream flow (current 
project) 

57 

Assumed recharge for preliminary water budget 270.5 

 
The WTF estimate is considered unreliable due to a possibility that the monitoring well 
hydrographs used may be representing semi-confined conditions.  The recharge estimates 
obtained using the CMB and excess water techniques are likely to be most reliable, yielding a 
range of 57 - 484 mm/yr.  To define a preliminary water budget, the mid-point of this range 
(270.5 mm/yr) was used. 

In reality, 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(south of the 
catchment- Figure 5), and higher rates occurring in areas of open pasture, irrigation and/or sandy 
soils. Superimposed on these factors is rainfall, which varies from 1200 mm/year in areas of lower 
relief to over 1800 mm/year in the south (Figure 2). 

3.2 Point Source Recharge 
Given the karstic nature of the Mole Creek catchment area, it is likely that point source recharge 
through karstic features such as sink holes is a major contributing factor to aquifer recharge, 
especially in winter months when rainfall is significant.  Although numerous point application 
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tracer tests have been undertaken on the karst systems of the Mole Creek catchment, 
consultation with Mr I. Household (DPIW Tasmania) indicates that no estimates exist on point 
source recharge rates directly to the groundwater system.   

3.3 Recharge from Losing Streams 
Section 2.7 indicated that the Meander River was considered to be a gaining system overall. 
However given the karstic nature of much of the surface geology, it is likely that recharge from 
losing streams is significant across certain reaches. Groundwater level data is too limited 
(Figure 9) to quantify these losses across the catchment for a preliminary water budget. 
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4 GROUNDWATER FLOW  

4.1 Groundwater Level 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”.  This 
information can be used along with a gridded topographic surface to construct a potentiometric 
contour map. Using this approach, typically only wells installed in the main aquifer with water 
levels recorded in the last 20 years would be used. However, recent groundwater level data for 
Mole Creek is very limited. Only 5 wells have had groundwater levels recorded since 1987 in 
total. Therefore all wells with any recorded water levels since 1980 that were installed in ‘Tertiary’, 
‘Permian’ or ‘Gordon Limestone’ units were used to construct the potentiometric contour map 
(Figure 12). Therefore these contours assume some, albeit limited, hydraulic connection across 
these aquifers.  

The contours shown in Figure 12 indicate a range in potentiometric surface elevations from 
around 365 m AHD in the northern Gog Ranges to 262 m AHD in the central basinal area of the 
catchment. Limited groundwater elevation data for the western and southern regions of the 
catchment are available, and therefore no assessment of the potentiometric surface in these 
areas can be made.  However, based on the topography of the catchment, it is anticipated that 
piezometric surfaces in these areas will be higher than in the central basinal area.   

It should be noted that the data presented in Figure 12 provides only a broad representation of 
local and regional groundwater flow directions.  A field survey of groundwater elevations would 
provide a more detailed synopsis of groundwater elevations.   

4.2 Groundwater Flow Direction 
The high relief topography surrounding the Mole Creek catchment to the north, south and west is 
likely to act as a groundwater divide.  Based on the inferred potentiometric levels discussed in 
section 3.1 and the topography of the catchment, groundwater is flowing from the Gog Ranges in 
the north of the catchment toward the central basin and the Mersey River.  In the eastern portion 
of the catchment, inferred groundwater flow is east towards the Meander River (Figure 12). 
Although no data exists for the southern region of the catchment, it is likely that groundwater is 
flowing north from the Great Western Tiers towards the central basin of the Mole Creek 
catchment.   

Similarly, in the eastern portion of the catchment groundwater is interpreted as flowing east 
towards the Meander River, creating a groundwater divide. 

Consultation with DPIW experts indicates that karstic features, such as cave systems which act 
as conduits, are better developed in the western portion of the catchment. This is likely to affect 
groundwater flow directions and velocities. 

The possibility of lateral groundwater inflow across the catchment boundaries cannot be 
excluded. 

It should also be noted that the newly developed Meander Dam may have some impact on 
groundwater flow in the Mole Creek catchment.  However only anecdotal data is available, which 
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has not been included in the catchment evaluation.  Incorporation of quantitative data on the 
Meander Dam and its effect on surface water and groundwater interactions would improve our 
understanding of the catchment water balance and provide useful data for additional evaluation. 

4.3 Flow rates 
Groundwater flow across the catchment occurs via inter-granular flow under laminar conditions, 
and via fractures and cave networks under turbulent flow conditions.  Given the different flow 
mechanisms it is difficult to derive a single estimate or small range of groundwater flow velocities 
for this catchment.  Instead, it is only possible to suggest a range of likely velocities of between 
0.1 – 1000 m/day, based on both the simplest form of Darcy’s Law5 and an applicable Reynolds 
number6.   

Although numerous tracer studies of the karstic groundwater system in the Mole Creek catchment 
have been undertaken, no flow velocities measurements have been recorded. 

    

                                                      

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 [-]. 

6 A number that can be used to determine whether flow will be laminar or turbulent and is defined by the 
equation R = ρ.v.d/μ, where ρ is the fluid density (M/L3), v is the discharge velocity (L/T), d is the diameter of 
the passageway through which the fluid moves (L) and μ is the viscosity (M/T.L). 
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5 GROUNDWATER OUTFLOWS 

5.1 Lateral Discharge 
The shape and distribution of the interpreted groundwater elevation contours shown in Figure 12 
suggest that groundwater discharges to both the Mersey River in the north of the catchment and 
to the Meander River in the east.  The rate of groundwater discharge could be estimated using 
conventional flow net analysis7, but this was not possible due to a paucity of groundwater 
elevation data and aquifer transmissivity estimates. 

5.2 Groundwater Extraction 
Groundwater abstraction in the Mole Creek catchment is not metered.  However based on 
information obtained from the MRT groundwater well database, it is estimated that approximately 
1,000 ML/yr is abstracted (section 2.8).  It is unknown what proportion, if any, of this volume is 
returned to the aquifer or to streams via deep drainage or surface water runoff. 

5.3 Evapotranspiration from Shallow Water Tables 
Estimates of evapotranspiration (ET) rates presented earlier in this report, including that of 
450 mm/yr from pan evaporation data (Section 2.2), 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 Mole Creek 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 12.  These are 
well locations where the depth to water has been recorded and is less than 3 m below ground 
level.  While the water levels may be affected by locally confining conditions, the map indicates 
that most shallow groundwater exists sporadically throughout the catchment, and that ET losses 
could be significant. It is likely that shallow water levels exist elsewhere (e.g. along drainage 
lines). 

The water balance evaluation for the Mole Creek catchment does not include estimates of ET 
from shallow water tables due to the limitations of the quantitative data currently available.  
However, it should be noted that this process may have an impact on the water balance and 
could be quantified in a future works program. 

5.4 Groundwater Discharge to Streams 
As discussed in Section 2.7, Figure 9 indicates that the Meander River may be losing water to the 
Mole Creek catchment.  However, this figure is based on very limited data and comparison of the 
river level and groundwater elevation data is likely to result in a spurious interpretation.  It is likely 
that the Meander River is a gaining system within the Mole Creek catchment, similar to that 
observed in the Kimberly Deloraine catchment.  

                                                      

7 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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The modelled average total daily flow in the Mersey River at the outlet of this Mole Creek 
catchment is 568 ML/d, and daily average baseflow is 343 ML/d (Appendix B, HydroTas, 2007).  
Similarly, the modelled average total daily flow at the catchment outlet of Meander River is 
326 ML/d and daily average baseflow is 152 ML/d (Appendix B, HydroTas, 2007).  These values 
equate to a groundwater discharge of about 125 GL/yr from the Mersey River and 55 GL/yr from 
the Meander River. 
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6 CONCEPTUAL MODEL 

6.1 Block Diagram 
A three-dimensional conceptual model of the Mole Creek catchment has been built (Figure 13) 
using a Digital Elevation Model (DEM) for the topographic surface. The key features of the Mole 
Creek conceptual model are provided below: 

• The dominant hydrogeological feature across the catchment is the karstic Gordon 
Limestone extending across the entire catchment area.  This aquifer system is likely to be 
unconfined and produce highly variable groundwater yields 

• Groundwater is likely to flow towards the centre of the catchment, which is a topographic 
low, and discharge to streams.   

6.2 Preliminary Water Budget 
Using the calculations derived in previous chapters, Figure 13 illustrates preliminary estimates of 
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 budget.   

The preliminary water budget has indicated that: 

• There is a deficit of water, but this is most likely an artefact of the errors associated with 
the calculations, and because some important inflows and outflows were unable to be 
quantified. In particular, point source recharge and stream losses were unable to 
calculated, which are likely to be significant in the karstic zones of the catchment. 
Similarly, lateral inflows and outflows, and evapatranspiration were unable to quantified, 
which may all constitute significant volumes for a water budget; 

• The volume of extraction relative to rainfall recharge is considered to be low, which 
places this region in a low category of threat. 

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 highlight existing knowledge gaps. In particular, it should not be used 
for defining existing levels of use or 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 (Appendix C). 

The preliminary conceptual model (Figure 13) and groundwater budget (Figure 14) for the Mole 
Creek catchment highlights the limited data that exists for surface water and groundwater 
interaction.  No reliable data on groundwater to surface water discharge, or surface water to 
groundwater discharge currently exists, which may affect evaluating the extent and sustainability 
of the available groundwater resource.   
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Two key components of the water balance that could be better defined for the Mole Creek 
catchment are recharge and evapotranspiration.  Although three different methods were 
employed to estimate the diffuse groundwater recharge rate, they provided a large range of 
results (Table 3).  The adopted range of recharge rates (57 - 484 mm/yr) is very broad, and 
therefore ultimately will require refinement. 

Another poorly defined component of the Mole Creek water balance is groundwater abstraction.  
Estimates derived from the MRT groundwater well database indicate that around 1,000 ML/yr is 
abstracted.  However, metered groundwater abstraction or a survey of existing groundwater users 
would improve this component of the catchment water budget. 
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7 RECOMMENDATIONS FOR FIELD STUDIES 

Based on the available data, the following fieldwork is recommended for the Mole Creek 
catchment via future funding opportunities: 

• A groundwater elevation survey in the south and west of the catchment where contours 
currently cannot be constructed (section 4.1). 

• An estimate of rainfall recharge should be attempted using water level time series data (if 
hydrograph data can be made available from shallow observation wells), and the chloride 
mass balance.  For the latter, groundwater chloride concentrations should be established 
in the recharge areas by the sampling of targeted wells and compared to measurements 
of the chloride concentration of rainfall.  An estimate of runoff in the study area through 
hydrograph analysis of the Mersey and Meander River would also allow the recharge to 
be estimated using the empirical method by Zhang et al.  (1999, 2001).   

• An estimate of actual groundwater and surface water abstraction in the catchment should 
be attempted using data on water allocations, as well as local surveys on water usage.   

• Information on aquifer properties should be obtained for the Permo-Triassic sequence 
and the Ordovician limestone.  Existing bores may be able to be used for aquifer 
discharge testing or slug tests to establish aquifer transmissivity and storativity values (if 
the well set-up allows). 

• On-going monitoring of water levels and quality. 
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River level and adjacent groundwater elevations for 
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Potentiometric Elevation Contours and
Inferred Groundwater Flowlines
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Conceptual Hydrogeological Model
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CATCHMENT NAME: Mole Creek

Area: 629 km2

Mean Annual Rainfall: 1123 mm/yr

Annual Average Surface Water Discharge: 326,534 ML/yr (Discharge to Mersey and Meander Rivers)

comprising of

Annual Average Surface Runoff: 145,735 ML/yr (Discharge to Mersey and Meander Rivers)

Annual Average Baseflow: 180,799 ML/yr (Discharge to Mersey and Meander Rivers)
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MOLE CREEK GEOLOGICAL DESCRIPTIONS 



Appendix A - Mole Creek Geological Descriptions

Symbol Description
Qh Sand gravel and mud of alluvial, lacustrine and littoral origin.
Qp Glacial, periglacial and fluvioglacial sediments including till and interglacial deposits.
Qpt Talus, vegetated and active.
Tb Basalt (tholeiitic to alkalic) and related pyroclastic rocks.
Ts Dominantly non-marine sequences of  gravel, sand, silt, clay and regolith.
Jd Dolerite (tholeiitic) with locally developed granophyre.
R

Undifferentiated Triassic fluviolacustrine sequences of sandstone, siltstone and mudstone.
Rq Dominantly quartz sandstone.
P Undifferentiated Late Carboniferous-Permian glacial, glaciomarine and non-marine 

sedimentary rocks.
Pc Freshwater sandstone with coal measures.
Pf Freshwater and paralic sandstone and mudstone with some coal measures.
Pl Lower glaciomarine sequences of mudstone, pebbly mudstone, pebbly sandstone, minor 

limestone and Tasmanite oil shale.
Pt Basal tillite.
Pu Upper glaciomarine sequences of pebbly mudstone, pebbly sandstone and limestone.
SD Undifferentiated shallow marine quartz sandstone, siltstone and shale (Eldon and Tiger 

Range Groups and correlates).
Ol Shallow marine limestone sequence with minor siltstone and sandstone (Gordon Group).
Os Shallow marine sandstone- mudstone +/- conglomerate +/- limestone sequences, typically 

grey, trace fossils and tubicular burrows in places. Ordovician fossils in places. Includes 
Moina Sandstone, Pioneer Beds, Butler Island Formation.

Cdq Felsic, quartz-feldspar-phyric volcanic, volcaniclastic and intrusive rocks, typically with 
granitic and porphyry bodies. Eastern Quartz-Phyric Sequence and correlates.

Cdsv
Dominantly marine volcanosedimentary sequences of sandstone, siltstone, conglomerate 
and breccia with some volcanic rocks, felsic to andesitic. Middle Cambrian fossils in places. 
Western Volcano-Sedimentary Sequences, including Yolande River Sequence, Wh

Cdt
Upper sequence of felsic to intermediate volcaniclastic, volcanic and sedimentary rocks, 
with late Middle Cambrian (Boomerangian) fossils in places. Tyndall Group and correlates, 
including ?Huskisson Group?, part of lower Dundas Group, Radfords Creek Gro

Cgr Granitic rocks, including Darwin, Murchison, Dove, Elliott Bay and South-West Cape 
Granites.

CO Undifferentiated or poorly constrained conglomerate- sandstone sequences of Late 
Cambrian to Ordovician age.

COc Mainly siliciclastic conglomerate sequences with sandstone interbeds, shallow marine to 
non-marine, pebble to boulder grade, typically thick-bedded to massive. Includes Middle 
Owen Conglomerate, Mt Zeehan Conglomerate, Roland Conglomerate.

Cqfp Quartz-feldspar porphyry.
Ltp Dominantly pelitic sequences, mainly phyllite, with greenschist facies metamorphism
Ltpg Garnetiferous pelitic schist.
Lts Dominantly quartzite.

Water Water.
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Appendix B - Modelled Daily Average Baseflow and Total flow for the Mersey and Meander Rivers

Meander Surface Water Catchment - intersection with Mole Creek GW catchment - Provided by Hydro Tas

Catchment Area intersecting with GW catchment = 248km2 out of total 1568km2
Catchment Area adjustment factor applied to flow at outlet (248/1568)
Rainfall adjustment factor applied to flow at outlet (1330/1010)

Daily Averages (ML/d)
Surf Flow 326
Baseflow 152
BFI 0.47

Month

Surface 
Flow 
(ML/d)

Baseflow 
(ML/d) BFI

1 66 24 0.36
2 86 23 0.26
3 84 28 0.33
4 142 44 0.31
5 285 104 0.37
6 471 201 0.43
7 706 324 0.46
8 806 411 0.51
9 613 328 0.53

10 356 196 0.55
11 191 93 0.49
12 87 37 0.43
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Modelled total flow produced from model run with 
catchment in its natural state. This is due to the 
highly developed nature of the catchment in its 
current condition. The model run that best represents 
the current condition uses monthly flows as an input, 
replacing the model estimates above the locations of 
the significant development.



Appendix B - Modelled Daily Average Baseflow and Total flow for the Mersey and Meander Rivers

Mersey Surface Water Catchment - intersection with Mole Creek GW catchment - Provided by Hydro Tas

Catchment Area intersecting with GW catchment = 381km2 out of total 1908km2
Catchment Area adjustment factor applied to flow at outlet (381/1908)
Rainfall adjustment factor applied to flow at outlet (1300/1400)

Daily Averages (ML/d)
Surf Flow 568
Baseflow 343
BFI 0.60

Month

Surface 
Flow 
(ML/d)

Baseflow 
(ML/d) BFI

1 219 145 0.66
2 136 101 0.75
3 135 97 0.72
4 215 116 0.54
5 535 240 0.45
6 822 449 0.55
7 1077 629 0.58
8 1166 714 0.61
9 953 615 0.65

10 718 473 0.66
11 485 316 0.65
12 316 201 0.63
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Modelled total flow produced from model run with 
catchment in its natural state. This is due to the 
highly developed nature of the catchment in its 
current condition. The model run that best 
represents the current condition uses monthly flows 
as an input, replacing the model estimates above the 
locations of the significant development.
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Appendix C - Mole Creek Data Inventory

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
Ordovician lst main aquifer, some T basalt

thicknesses (reliable geological logs)

porosity/specific yield
Ian Household karstic

hydraulic conductivity

Groundwater Monitoring

multilevel piezometers

time series gw levels ***
Y MRT 1 well

time series gw chem
Y DPIW - electronic

Water table contours

Groundwater flow – direction, rates?

Surface water monitoring

time series sw flows

time series sw chem

Surface water-groundwater interaction *** very important

baseflow separation from sw monitoring
Y Hjydro Tas

gw monitoring responses

Groundwater Recharge

Rainfall seasonality/history
Y DPIW - electronic

Diffuse recharge

- relationship with soil/land use

- rainfall-gw chemistry/salinity

Localised recharge (e.g. flood or preferential)
into karsts

- 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 CATCHMENT  CLASSIFICATION  A  -  WATER  BALANCE  AND  CONCEPTUAL  MODEL  REQUIRED

014_Data Inventory - Class ABC3
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