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1 INTRODUCTION 

1.1 Scope 
Resource and Environmental Management Pty Ltd. (REM) as part of the Tasmanian Groundwater 
Resources (TGR) Partnership was 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 a wealth of useful background geological and 
hydrogeological information, enabling the assembly of schematic cross-sections, data inventory 
spreadsheets and a bibliography. 

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

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

                                                      

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

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

2.1 Groundwater Level Survey 
The project team conducted a survey of groundwater levels in October 2007 before the irrigation 
season commenced. Existing wells were accessed with permission from relevant land owners, 
water levels were recorded, and the height of each well was measured with a differential GPS unit 
to obtain groundwater levels to an accuracy of ± 2 m. The survey was conducted by two people 
over a two-day period. The results from this survey are presented in Appendix A. 

The original intention of the project team was to only access wells of known lithology using the 
(Mineral Resources Tasmania) MRT database to target the major aquifer of the catchment. This 
was not feasible because the contact details of landowners were not up to date in the database, 
landowners were mostly unaware of the lithology in which their well was completed, and in some 
cases the GPS coordinates within the database were inaccurate. Therefore maps of the surface 
geology were used to indicate the likelihood of encountering wells within the major aquifer. There 
was also a greater probability of encountering wells completed within the major aquifer given that 
they represent the majority of wells in each catchment. A cross-validation exercise was completed 
after the survey using the MRT database (Appendix A). Of the 49 wells surveyed in the 
catchment, only 22 could be identified in the database. However the majority of these (17) were 
listed as being installed in major aquifer of the catchment (Tertiary basalt). 

A systematic error was identified in the surveyed DGPS elevations after the survey had been 
completed. The surveyed elevations were consistently higher than the digital elevation model. 
While the reason for the discrepancy could not be identified, the consistency of the error 
(demonstrated by 300 observations across Northern Tasmania) allowed for the elevations to be 
corrected by applying an offset based on the average difference between surveyed elevations 
and the DEM. This process was validated by re-surveying (with DGPS) over 100 wells in the 
Class C catchments with regular checks made against survey marks. Hence, the corrected 
elevations are considered to be sufficiently accurate to study regional groundwater processes and 
to calibrate groundwater models. 

2.2 Groundwater Use Survey 
The project team enlisted the help of the DPIW Regional Water Management officers to supply 
the names and contact details of major groundwater users within each catchment. A 
questionnaire was sent to each landowner asking them to supply details which would enable the 
calculation of the individual’s annual groundwater extraction. Follow-up phone calls were made to 
landowners that did not provide a response. The questionnaire and responses are supplied in 
Appendix B. 
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2.3 Drilling Program 
The most significant component of Stage 3 was the installation of 23 new monitoring wells across 
nine catchments in northern Tasmania to extend the existing State monitoring network. The sites 
were selected with the intention of completing wells within the primary aquifer of each catchment, 
in areas of existing groundwater use, and where there were no existing monitoring wells. Easily 
accessible crown land was sought (mostly roadside verges), which was large enough to 
accommodate a drill rig and support vehicles, and did not present a traffic hazard. Finding such 
locations was not always easy and in some situations, there had to be a compromise made 
between geological and practical considerations. After suitable sites were located, they were 
cleared for underground services and permission to undertake the work was granted from the 
relevant authority (councils, railway bodies, or landowners). Each monitoring well was drilled to a 
target depth that reflected the average depth of existing wells in the immediate vicinity of the site. 
Reference points (top of PVC casing) were surveyed with RTK. 

Three new monitoring wells were installed in the Tertiary basalt in the Inglis-Cam catchment by 
Stacpoole Enterprises Pty Ltd with REM supervision in January/February 2008. Well IC-1 was 
installed at Myalla in the northwest of the catchment. In the east of the catchment, Well IC-2 was 
installed at Elliott, and Well IC-3 was installed near Yolla. Locations are shown in Figure 2. Well 
logs and drilling notes are supplied in Appendix C. The recorded well yields are only approximate 
because the drilling set-up did not enable discharge to be accurately gauged. They are presented 
to enable a down-hole comparison to establish depths where most water was contained.  

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

2.5 Groundwater Dating 
In order to understand groundwater recharge mechanisms to the Tertiary basalts, groundwater 
was sampled from selected wells to determine the groundwater age via CFC (chlorofluorocarbon) 
analysis. Groundwater monitoring wells screened in Tertiary Basalts, installed as part of the 
drilling program (section 3), were sampled between 17 March 2008 and 4 April 2008, and 
analysed using standard laboratory procedures. 
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3 BACKGROUND 

3.1 Study Area 
The Inglis-Cam catchment area is located in northwest Tasmania, covering an area of about 
739 km2. The catchment extends from Rocky Cape in the west, to the Cam River in the east 
(Figure 2) and inland some 30 km. The eastern boundary is delineated by the Cam River, which 
is inferred to be a major sink for groundwater discharge where the river gradients are nearly at 
grade over their lower reaches (Gee, 1977). The southern and south western boundaries 
(Figure 2) are defined by the topographically elevated Campbell Range in the Takone-Oonah 
area, which forms a major surface water divide between the northerly flowing rivers Flowerdale, 
Inglis and Cam, and the westerly flowing Arthur and Hellyer Rivers (Gee, 1977). Wynyard, located 
on the north coast, is the major township occurring within the Inglis-Cam groundwater catchment 
area.   

Groundwater resources of the Inglis-Cam region were first developed in the late 1950s. Most of 
the investigations since the mid 1950s address individual requests from landholders concerning 
the potential for groundwater on their respective properties. In response to concerns of increasing 
pressure on the resources caused by irrigation activity, a further investigation of the groundwater 
resources in the Flowerdale area was carried out by Cromer in 1973. 

A single monitoring well completed within the Permian-Triassic sediments is used for assessing 
the state and condition of the groundwater resources within this catchment. The Inglis-Cam 
catchment was identified by DPIW as a Class B catchment for which a simple groundwater 
numerical flow model will be developed. 

3.2 Climate 
Annual rainfall in the Inglis-Cam catchment varies from about 1,000 mm/yr at the coast to 
1,800 mm/yr in the Campbell Range along the southern margin (Figure 2), with a mean annual 
rainfall of 1,573 mm/yr.  Historical rainfall data for the nearest Bureau of Meteorology station to 
the centroid of the Inglis-Cam catchment (Preolenna – no. 91079 until 2000, and no. 91323 since 
2000) is presented in Figure 3, which reveals fluctuating rainfall to 1966, more consistent near-
average conditions until 1991 and below average rainfall from 1995 to present. The cumulative 
deviation from the mean annual rainfall trend highlights the below average rainfall experienced in 
recent years. 

The period of record extends from 1952 to present, however gaps in the data include 1967-’68, 
1993 and 1999-2000. A four year period of below-average annual rainfall occurs between 1958 
and 1962. The record is incomplete over the next few years but in 1972, rainfall was above 
average whereas most other catchment areas along the northern coast experienced below 
average rainfall conditions up until 1982.  

Class A pan evaporation data (HydroTas sourced from SILO2) for the nearest station to the 
centroid of the catchment3 for the period of record (1967 to 2006), varies from 924 mm/yr to 
                                                      

2 SILO data is “patched” data and missing records are in filled using an algorithm and data from surrounding 
catchments. Evaporation data from 1900 to 1969 has all been ‘patched’. 
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1,085 mm/yr, with the long-term average calculated to be 999 mm/yr. Rainfall at the coast 
typically exceeds pan evaporation for the months of April through September, where the months 
of June July and August typically record rainfall in excess of 100 mm.  

In order to convert pan evaporation to an 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, which 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.pirsa.gov.au) use the methodology of Allen et al. (1998) 
to present monthly crop coefficients for a range of different crop types in the southern 
hemisphere.  Using this data, a crop coefficient of 0.8 seems to be a reasonable average across 
all seasons for a mix of grasses, native shrubs and irrigated crops.  Assuming the value of fc = 0.8 
represents an average for all land uses in the Inglis-Cam catchment, ET is estimated to be about 
400 mm/yr.  

3.3 Topography and Soils 
The adopted boundary for this catchment extends some 30 km inland from the coast, where the 
topography increases in elevation to approximately 500 mAHD . A prominent topographic feature 
in this catchment is Table Cape in the central part of the coast, north of Wynyard - a more or less 
circular volcanic plug with the northern face rising steeply from the sea to a height of 170 mAHD. 
It is approximately 1.4 km in diameter and stands about 70 m above the general level of the 
surrounding basalts. It has a large influence on local surface water flows, which flow away from 
the coast toward the Inglis River, and may therefore influence the shallow groundwater flows. The 
catchment is dissected by the Flowerdale, Inglis and Cam Rivers which flow northwards in narrow 
superimposed gorges that are nearly flat over the lowermost 13 km of their reaches.  

In the Flowerdale River area located on the western margin of the groundwater catchment, the 
more elevated parts of the catchment represent a dissected undulating Tertiary basalt surface, 
which decreases in altitude from 300 – 350 m AHD in the south west to 150 m AHD in the north 
west (Cromer,1973). 

In the north west corner of the catchment, the Rocky Cape Sisters Hills (composed primarily of 
quartzite) rise steeply from the coast to an elevation of approximately 300 m AHD. In the south 
west of the catchment, the land surface rises steeply to a maximum elevation of 550 m AHD. The 
eastern part of the catchment is characterised by rolling slopes composed primarily of decayed 
basalt which extend from the river and coastal flats to an elevation of 175 m AHD. 

Soil orders have been mapped using the Australian Soil Classification layer for Tasmania 
supplied by DPIW (Figure 4).  This map reveals that Ferrosols (uniform soils with high free iron 
oxide) cover approximately 70 % of the catchment in the western and eastern parts on low hills, 
while the major soil type over the more hilly central part of the catchment (approximately 20 %) is 

                                                                                                                                                               

3 Evaporation data used from Cam-Emu-Blyth catchment station. 
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Dermosols (strong texture contrast soils with low free iron). Undulating plains with Ferrosols cover 
the remaining 10 % of the catchment and are confined mainly to the southern margin.  

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 
catchments 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. 

3.4 Land Use 
Figure 5 presents the current range of land uses in the Inglis-Cam catchment.  Intensive dairying 
occurs across large areas of the region with the bulk of agricultural development taking place over 
the eastern portion of the catchment between the Inglis and Cam Rivers. Other agricultural 
development occurs along the fertile terraces of the Flowerdale River. Irrigated pasture area is 
estimated from Figure 5 to cover approximately 7% (51.7 km2) of the catchment area.  The 
western portion of the catchment is given over to forestry development (309 km2 or 42%).  Native 
cover occurs over the remaining portion of the catchment, in particular the elevated regions along 
the south and western margin of the catchment. Combined, forestry and remnant native 
vegetation cover 46% (343.8 km2) of the catchment. 

3.5 Geology 
The Inglis-Cam catchment area is covered by 1:63,360 Tasmanian Department of Mines 
Geological Survey Sheet No. 22 (Table Cape) and 28 (Burnie), with the Explanatory Reports 
(Gee, 1971 and 1977) for these sheets providing detailed accounts of the stratigraphy and 
structure across the region.  A summary of the near-surface stratigraphy across the Inglis-Cam 
catchment is presented in Table 1, based on descriptions from Gee (1971 and 1977). 

Figure 6 presents the spatial distribution of the surface geology across the Inglis-Cam catchment. 
The stratigraphic cross section presented as Figure 7 has been constructed from the summaries 
provided in Gee (1971 and 1977), and from the schematic diagrams constructed during the first 
workshop held in June 2007. 

West of the Flowerdale River the geology is composed primarily of a complex sequence of folded 
Precambrian bedrock consisting of quartzites and siltstones which form the Sisters Hills. A major 
east-west fault bisecting the Precambrian bedrock, extends from Jacobs Boat Harbour west 
towards Black River in the adjoining Mella/Smithton catchments. Minor dolerite intrusions that 
occurred during the Jurassic period are found in the south western part of the catchment at 
Takone, and between Henrietta and Oonah. 

The Wynyard Tillite, the lowermost formation in the Permian sequence, consists of layers of tillite, 
pebbly mudstone and pebbly siltsone, laminated sandstone and siltstone and some breccias, 
which typically occur in layers up to 10 m in thickness. In the south west of the catchment, the 
Wynyard Tillite is overlain by pebbly siltstone (Inglis Siltsone), the Preolenna Coal Measures (in 
the Flowerdale River, south of Preolenna), and fluvial sandstone (Flowerdale Sandstone). 
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The Tertiary sequence is represented by the marine Table Cape Group, minor lucustrine clays 
and extensive quartz gravels. Substantial deposits of quartz gravel and sand occur in an elongate 
south west trending belt 5km long in the central catchment, and are also exposed in the Inglis 
River valley where thicknesses of up to 60 m are reported.  

 

Table 1  Summary of near-surface stratigraphy for the Inglis-Cam catchment (after  
   Gee, 1971, 1977). 

Age Formation 
Approx. 

Maximum 
Thickness (m) 

Description 

Quaternary 
Holocene 
<65 Ka 

NA NA Dune sand, river and marine gravel sand and 
clay. 

Quaternary 
Pleistocene 

NA NA Terrestrial sands and gravels deposited on 
raised coastal erosional platforms 

Miocene- 
Oligocene 

Tertiary Basalts 

Typically 200 m, 
but has been 
reported up to 
400 m in places 

Extensive basalt flows from volcanic centre at 
Table Cape separated by bands of sediments 
up to 2 m thick. Fluvial quartz gravel deposited 
in main pre-basalt valley. Sandstone and 
limestone accumulated in shallow water littoral 
environment. 

Jurassic Dolerite NA Minor intrusions of dolerite found in the south 
west. 

Permian 

Flowerdale 
Sandstone 240 m  

Accumulation of glacial marine sediments 
(Wynyard Tillite) in an erosional trough, Marine 
pebbly siltstone (Inglis Siltstone) fluvial 
sandstone (Flowerdale sandstone) and coal 
measures. 

Preolenna Coal 
Measures 

65 m Preolenna 
Flowerdale area 

Inglis Siltstone 135 m 

Wynyard Tillite 325 m 

Meso- 
Proterozoic 

Keith 
Metamorphics 

2000+ m 
regionally 

Penguin Orogeny accompanied by intrusion of 
albite dolerite and local metamorphism. 
Deposition of thick sequence of siltstone and 
orthoquatzite in Properozoic geosyncline. 

Rocky Cape 
Group 

 

 

This sedimentary sequence is blanketed by of Tertiary volcanic that trend northeast, coincident 
with the palaeo-drainage direction, and covers approximately 50% of the catchment. In the 
deeper palaeo-channels, the basalts are typically 200 m in thickness but are reported to reach 
thicknesses of up to 400 m in places. Four major lava flows have been identified (although there 
have most likely been more) that are separated by thin sedimentary sequences up to 2 m in 
thickness that were deposited during lulls in the volcanic activity (Mathews, 1964). The Tertiary 
Basalts form the main aquifer in the region (see next section) with seeps and springs found where 
the base of the Tertiary sequence is in contact with the underlying Permian and Precambrian 
rocks (Cromer, 1973)  

Quaternary alluvial sands and silts occur in sections of major rivers and also as thin veneers on 
the older deposits on the coastal platforms (Gee, 1977). 
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3.6 Hydrogeology 
The following hydrogeological maps sheets from Mineral Resources Tasmania cover the Inglis-
Cam catchment; 

• Groundwater Prospectivity of Tasmania 1:500 000 

• Northwest Tasmania Groundwater Map 1:250 000 

• Map 4- Hydrogeological Inventory 1:100 000 

The maps provide broad generalisations on the common aquifer types and groundwater 
characteristics for the region covered.  However, whilst the maps indicate the aquifer type nearest 
to ground surface, they do not indicate if deeper aquifer systems are present nor type of aquifer.  
Furthermore, the maps present a composite of well yields and salinity for wells completed at any 
depth with no differentiation of aquifers. 

The principal groundwater resource currently used in the Inglis-Cam catchment is the Tertiary 
Basalt aquifer.  Storage within the aquifer system occurs in both the fracture network and 
vesicules which may vary in size from less than a millimetre to tens of metres (where volcanic 
gases may have been trapped until the lava cooled and fractured, allowing the gas to escape). 
Consequently the system is considered to be a dual porosity aquifer, with movement of 
groundwater occurring through the jointing and fracture network connecting the myriad of 
vesicules. The variability in porosity and fracture network is likely to result in this aquifer being 
extremely heterogeneous, with a broad range of well yields and aquifer transmissivities (Cromer, 
1973). 

No reports or references were found relating to aquifer hydraulic properties for this catchment. It 
is reasonable to assume that the basalts will have a high degree of anisotropy and heterogeneity 
similar to nearby catchments such as Wesley Vale, leading to a wide range of transmissivities. 
Therefore it is reasonable to assume that transmissivities in the order of 2.5 – 40 m2/day as 
reported by Cromer (1993) for the Thirlstane Basalt in Wesley Vale, would not be uncommon in 
the basalts found across the Inglis-Cam catchment.  Aquifer discharge testing was conducted in 
newly installed monitoring wells (Appendix D).  IC1 had an hydraulic conductivity (k) of 
0.9 m/day, while a lower k was recorded at IC3b (0.06 m/day). Both wells were completed in 
fractured basalt. 

Cromer (1973) reports the primary hydrological properties (formed at the same time as the rock), 
and secondary features (formed during weathering), both play important roles in controlling 
groundwater movement within the basalts. The primary vesicularity, which on weathering 
produces an interlocking network of cavities (‘honeycomb basalts), and also the development of 
deep, crumbly, highly permeable soils which permit the rapid infiltration of water, have resulted in 
the basalts forming the most significant aquifer in this region.  

It is highly likely that the deep weathering and multiple lava flows have resulted in a complex 
aquifer system operating across this catchment. For a similar aquifer system in Victoria, Cas and 
Wright (1995) developed a hydrogeological conceptualisation based on facies model 
characteristics of continental basaltic successions that identified two main groundwater systems: 

1. a local-scale unconfined groundwater flow system operating in the shallow profile of soil 
and weathered or highly fractured basalt. Being a weathered mantle, the aquifer 
geometry is largely controlled by topography.  Shallow groundwater flow is also a function 
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of topography and dominated by local-scale flow systems having flowpaths typically less 
than 5 km. This means that groundwater divides for this shallow aquifer tend to 
correspond with surface water divides. Groundwater recharged from the hills or ridges, 
flows down-slope largely constrained by the contact between the weathered material and 
relatively fresh and unfractured basalt. Groundwater discharge occurs as springs or 
seepage areas lower in the valley floor.  Mid-slope springs can occur where structural 
benches of unweathered or unfractured basalt impede this down-slope movement; and 

2. a deeper intermediate-scale groundwater flow system operating in inter-layered and 
fractured horizons within the basaltic sequence. These aquifers can range from being 
semi-confined to confined in nature. Vertical columnar jointing or fracturing can provide in 
part a degree of interconnection between permeable horizons. Deeper aquifers are found 
in the buried weathered horizons, the vesicular and highly fractured components of basalt 
flows and interbedded fluvial deposits. These aquifers can be separated and confined by 
relatively thick sequences of massive, poorly fractured basalt.  

Ezzy (2004 and 2006) identified both intermediate and local flow systems in the Tertiary Basalts 
found across the Northern Tasmania region, and therefore it is reasonable to assume that the 
broad aquifer characteristics and hydrogeological conceptualisation described by Cas and Wright 
(1995) are equally applicable to the Tertiary Basalt aquifers of Tasmania. The springs and seeps 
reported by Cromer (1973) in the Flowerdale catchment also support a multi-aquifer model with 
both shallow and intermediate flowpaths.  

The seeps and springs reported by Cromer(1973) further support the inference from Gee(1971) 
that the rivers across this catchment are a discharge point for groundwater, especially in the lower 
reaches of the catchment where the river gradients are nearly flat. 

Well logs obtained from the drilling program in Stage 3 of the project support the above 
conceptualisation (Appendix C). A mantle of basalt-derived soil and clay with weathered basalt 
was found to overlie more consolidated, fractured basalt. It appeared most groundwater was 
contained within these fractures, with some iron-staining and mineralisation present. 

Records held by MRT identify 420 groundwater wells in the Inglis-Cam catchment, however 
salinity has been reported for only 24 (about 6%) of these wells. Histograms of all recorded well 
yields and salinities for groundwater wells in the Inglis-Cam catchment are shown in Figure 8. 
Groundwater quality, where reported, is generally very good (<500 mg/L). However one well 
(west of Wynyard, Figure 5), has a reported groundwater salinity of greater than 1,000 mg/L. This 
may be due to its proximity to the ocean, or because it was installed in the Permian sequence. 
Low salinities (<500 mg/L) were found in each of the monitoring wells installed during Stage 3.   

Yields have been reported for 392 of the 420 recorded groundwater wells. Eighty seven percent 
(367) of the wells had yields less than 5 L/sec, five percent (20 wells) had yields between 5 and 
10 L/sec, with three percent (6 wells) greater than 10 L/sec. Recorded yields are also presented 
in Figure 6, which suggests that yields are variable across the region - probably a reflection of the 
fractured nature of the primary aquifer. It should be noted that these yields may not necessarily 
represent the maximum capacity of the resource, and may reflect the historical preference for use 
of groundwater for stock and domestic purposes rather than irrigation. 
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3.7 Water Use and Management Issues 
Surface water resources have long been developed for irrigation supplies across this catchment 
with the greatest allocations (currently 18,640 ML) diverted from the Inglis, Cam and Flowerdale 
Rivers. As a result of the surface water resources becoming fully allocated, the development of 
groundwater resources is increasing but is currently unregulated, with many users relying on 
groundwater to supplement surface water resources (e.g. fill dams etc). 

In the absence of any metered information, groundwater use estimates for this study were derived 
by assuming that all wells where the estimated yield is greater than 1 L/sec (190 wells) are used 
to abstract groundwater for irrigation or domestic supplies. Assuming the average well yield 
across the Inglis-Cam catchment is 5 L/sec, and the well is pumped for 12 hrs per day over a 100 
day irrigation season, the estimated abstraction per well is 21.6 ML/yr. If all 190 wells are 
operational then the estimated total groundwater abstraction is 4,100 ML/yr. 

A groundwater use survey was conducted during Stage 3 of the project. Of the seven major 
groundwater users identified by the local DPIW Regional Water Management officer, five 
responses were received (Appendix B). While not all groundwater use is accounted for in this 
survey, it suggests that the above estimate is too high. Firstly, the largest groundwater users in 
the catchment have been accounted for and their combined annual extraction is only 350 ML. 
Secondly, if the average application rate from the survey of 3.5 ML/Ha/y (excluding an 
unrealistically high value) is applied over the entire irrigated area for Inglis-Cam (52 km2), then 
total water use for irrigation (including surface water) would be 18,000 ML/yr. This amount is fully 
accounted for by the surface water entitlements, which suggests that current groundwater 
extraction is probably less than 1,000 ML. 

The primary groundwater resource management issues for this catchment are likely to be 
associated with water quality deterioration, as a result of excessive fertiliser application related to 
the various agricultural pursuits across the catchment. The variability in aquifer yields throughout 
the catchment may promote hotspot areas where well interference issues are likely to be of 
concern to users. Climate variability, under a scenario of reduced rainfall (and therefore reduced 
recharge), is likely to result in greater use of the groundwater resource, which will impact on 
groundwater levels, groundwater dependent ecosystems and discharge to rivers. If groundwater 
use is high, there is likely to be less discharge to rivers causing reduced surface water flows, and 
local dewatering of wetlands causing stress to ecosystems.  

Future groundwater resources management in the area needs to focus on regulating groundwater 
abstraction, and minimising any adverse impacts associated with reduced hydraulic pressures. 

Whilst an initial literature search has failed to identify any reports of significant groundwater 
dependent ecosystems (GDEs) in the area, future groundwater management must ensure the 
flow and quality of the groundwater discharge supporting GDEs is not adversely affected by 
anthropogenic impacts. 

3.8 Groundwater and Surface Water Monitoring 
DPIW currently monitors groundwater levels in one observation well in the Inglis-Cam catchment, 
identified as Calder (Feature ID 16533) near the Inglis River (Figure 9). Records indicate that this 
monitoring well is completed in Permian mudstone rather than the Tertiary Basalt (Ezzy, 2004).  
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A continuous water level record exists for this site spanning the period December 2003 to March 
2006 (Appendix E). Manual water level readings have been recorded since 1991, with readings 
generally taken twice per year in April and again in October, although there are some gaps in the 
record. Ezzy (2006) reports that the continuous groundwater level monitoring record has been 
significantly affected by sampling events disrupting baseline flow into the well, making it difficult to 
identify baseline conditions during the monitored period. The recovery period is between 10-30 
days following purging of the well to take samples for analysis of groundwater quality . 

The long-term hydrograph for this monitoring well is presented as Figure 9.  The cumulative 
deviation from mean annual rainfall trend from Figure 3 is also shown on the hydrographs for the 
full period of water level records. The long-term manual water level readings for this monitoring 
well show a net rising trend. Without corroborating evidence from other observation wells in the 
catchment it is difficult to determine the primary driver behind the steady rise in groundwater 
levels observed in this monitoring well, and whether this rising trend is widespread across the 
aquifer, or confined to a localized area around this monitoring point. An artesian bore has been 
recently drilled into Permian tillite 1 - 3 km further north towards Wynyard. 

Long-term Tertiary basalt monitoring wells in the adjoining catchment (Cam-Emu-Blyth) have 
shown little change in water levels in recent years despite declining rainfall. Such behavior could 
be explained by a “fill and spill’ groundwater model for the shallower sub-regional flow systems - 
i.e. rapid infiltration of rainfall recharge occurs to a maximum level (sustained through capillary 
rise) at which point any subsequent infiltration is lost as discharge to the surrounding rivers and 
streams. During Stage 3 of the project, three new monitoring bores were installed in Tertiary 
Basalt within the catchment (Figure 2). 

Seven surface water monitoring stations occur throughout the Inglis-Cam catchment (Figure 2) 
each with records spanning different time intervals. Seasonal stage and daily stream flow has 
been recorded for each monitoring site and a summary of the results is presented in Table 2. 

Table 2  Summary of stream gauging data across the Inglis-Cam catchment 

Station name Station ID Period of 
record 

Mean river level 
(m) 

Mean daily flow 
(ML/day) 

Camp Creek 14201 1978-80 0.7 17 
Seabrooke Creek 14202 1977-79 - 39 

Cam River 14212 1968-97 0.7 444 
Flowerdale River 14215-1 1967-2007 0.4 289 
Flowerdale River 14215-2 2004-2007 0.4 155 
Elliot Research 14218 1976-89 0.1 0.5 

Seabrooke Creek 14220 1989-96 0.2 49 
 

3.9 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 
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catchment.  Where no flow data was available, parameters from similar catchments were used.  
For a detailed description of surface water modelling methodology, refer to individual catchment 
reports or Hydro Tasmania Consulting (2007). 

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

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

• Determine the area of the surface water catchment intersecting the groundwater 
catchment, 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 for the Inglis-Cam catchment suggests the Inglis and Flowerdale Rivers 
have a combined average total flow of 717.42 ML/day and an average baseflow of 419.9 ML/day 
(Appendix G). 
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4 GROUNDWATER INFLOWS 

4.1 Diffuse Recharge 
Diffuse recharge from rainfall will vary spatially and temporally according to the rainfall intensity 
and distribution, soil type, geology, land-use and topography. In Inglis-Cam, rainfall varies from 
about 1000 to over 1800 mm/year (Figure 2). In basalt aquifers, recharge is likely to be 
dominated by distinct (but large) areas where it occurs rapidly. Cromer (1973) suggests the loose 
friable soils and interconnected vesicles promote rapid recharge to the basalt aquifer. 

Recharge rates can be estimated using a range of methods, from simple water balance 
calculations,  to sophisticated and expensive isotope and tracer dating techniques.  The current 
project has used four methods to estimate recharge. 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 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  (3) 

There are no monitoring wells completed in the Tertiary Basalts of the Inglis-Cam catchment, with 
only one monitoring well completed in the Permian mudstone (Ezzy, 2004). Chloride sampled 
from monitoring wells in the Tertiary Basalts across other catchments ranges from less than 9 to 
45 mg/L from sampling events in 2004 and 2005, but is generally less than 20 mg/L (Ezzy 2005 
and 2006). 

Adopting this range of values for the Cl concentration in recharge water, and a mean annual 
rainfall of 1573 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 a rainfall Cl concentration of 5 mg/L (to compensate for parts of the catchment at greater 
distances from the coast) in combination with a range of 9-20 mg/L for Cl concentration in 
recharge water derives a recharge rate of 393 to 874 mm/yr (25 to 56% of rainfall). 

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: 

 

                                                      

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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(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 10 using 
the parameters provided in Table 3.  

Table 3  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 10 Empirical curves derived by Zhang et al. (1999, 2001), plotted for Australian 
    catchments using parameters from Table 3. 

“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 10, the 
excess water for any catchment containing a mix of these two extreme land uses can be 
estimated simply by linear scaling. 

For the Inglis-Cam catchment, the long-term average rainfall value of 1,573 mm/yr was used, 
together with a land use mix of 53% grass/cleared and 47% trees (comprising remnant native 
vegetation and plantation forestry (Figure 5), to estimate the annual excess water as being 
467 mm/yr for the catchment.  The recharge estimate was derived using the modelled runoff from 
the catchment that discharges via the Flowerdale and Inglis Rivers (total flow – baseflow). By 
assuming most of the surface water runoff from the catchment is that which discharges via the 
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Flowerdale and Inglis Rivers (some water discharges via the Cam River, but this quantity is 
unknown and assumed to be small), the modelled annual average runoff from this system 
(147 mm/yr, Appendix G) was subtracted from the excess water value to obtain a recharge 
estimate of 320 mm/yr (20.3% of rainfall).  

A third method used to estimate recharge adopts a simplistic approach where the excess of 
rainfall over evapotranspiration is determined from the climate data (typically this occurs during 
winter months),  and it is arbitrarily assumed that 50% of the excess rainfall is direct runoff and 
50% infiltrates to the groundwater system. In this case the reference evapotranspiration was used 
from a SILO patched-point dataset. If there is more detailed information about infiltration over 
various soil types or runoff from slopes within the catchment, the relative percentages of runoff 
and infiltration can be varied. It is also possible that recharge occurs in months where rainfall is 
less than evapotranspiration.   

In the Inglis-Cam catchment, the net rainfall excess for the months of April through to October is 
587 mm. Assuming 50% runoff and 50% infiltration, the estimated recharge across the catchment 
is 293 mm/yr (18.6% of average annual rainfall for the catchment).   

Interestingly, the recharge figure using this simple approach, assuming 50% runoff and 50% 
recharge, approximates the average excess water (AEW) value derived using the methodology of 
Zhang et. al. (1999 and 2001). This simple approach, whilst not particularly robust, can be applied 
across these catchments as it can be inferred from the low chloride concentrations reported in the 
groundwater that infiltration of rainfall is rapid, and the groundwater system is within close 
proximity to the recharge zone(s) 

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

where z represents the height of the water column above the sampling point (screened interval of 
well) in millimetres, θ represents the porosity of the aquifer material (dimensionless fraction of 
volume of voids versus the total volume of the porous material) and T represents the apparent 
age of the groundwater in years. In the absence of actual porosity measurements, it has been 
assumed that the Tertiary basalts have a porosity of 0.2 (20 %). 

Three monitoring wells in the Inglis-Cam catchment were sampled for CFCs in triplicate. There 
was poor reproducibility between triplicate samples for two of the monitoring wells (IC-1c and IC-
2), indicating that groundwater is likely to have been contaminated with substances (such as 
fertilisers or pesticides associated with agricultural practices) that mask the actual CFC 
concentrations in groundwater in these areas. There was good reproducibility of CFC ages (older 
than 1965) for one well (IC-3b), which indicated groundwater recharge rates were less than 197 ± 
28 mm/yr in this area. 

A summary of the recharge estimation methods and results for the Inglis-Cam catchment is 
presented in Table 4.  The range in recharge estimates reflects uncertainty in the parameters 

zR
T
θ

=
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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 four methods 
applied in this catchment, the CMB and CFC technique provides a point estimate, while the other 
method (Zhang, 1999 excess water) is a whole-of-catchment scale estimate.  Furthermore, the 
CMB and CFC methods apply to the point in the landscape up-gradient of the well where the 
water sample first entered the aquifer (Harrington et al., 2002). The 50 % runoff and 50 % 
infiltration approach is not particularly robust, but does provide additional levels of confidence that 
the values derived using the other three methods are not extreme. 

Table 4  Diffuse recharge estimates for the Inglis-Cam catchment. 

Method (Source) Recharge Rate (mm/yr) 

Steady-state Chloride Mass Balance (current project) 393-874 

Excess winter rainfall less evaporation 293 

Annual excess water less stream flow Zhang et. al. (current project) 320 

Chlorofluorocarbon analysis (current project) < 197 

Assumed recharge for preliminary water budget 300 

 

All four methods result in a similar estimated recharge for the catchment of between 197 and 
393 mm/yr (about 20% of average annual rainfall). However the upper estimate (874 mm/yr) 
derived using the CMB method appears to be unrealistically large in comparison to the other 
methods. Hence it was not used to calculate the average recharge rate (300 mm/y) that will be 
used to construct a preliminary water budget. 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. 

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, and higher 
rates occurring in areas of open pasture, irrigation and/or sandy soils. 

4.2 Point Source Recharge 
Large vents formed as gases escaped when the lava was cooling may sometimes occur in 
basalts and if extensive may act as point sources for recharge similar to runaway holes in a karst 
terrain where the limestone is exposed at surface.  Other potential point-source recharge 
pathways include deep drainage returning to the aquifer beneath inefficient irrigation systems, 
however this has not been reported previously and is therefore difficult to quantify. 

4.3 Recharge from Losing Streams 
Groundwater inflows from surface water features such as the Flowerdale, Inglis or Cam Rivers 
will only occur if nearby water tables fall below the stage of the river.  Figures 11 and 12 have 
been constructed by taking the groundwater levels reported in wells within 3 km of the water 
courses, and plotting the river surface elevation and the groundwater level elevation.  For Big 
Creek, Inglis (Figure 11) and Cam (Figure 12) Rivers, the river elevations are very close to 
groundwater elevations in the lower reaches of the river, supporting the conclusions of Gee 
(1971) and Cromer (1973) that these river systems are gaining streams in their lower reaches. In 
the upper reaches of Big Creek and Dowlings Creek (Figure 11), groundwater elevations are 
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below the river stage height suggesting at this location, there is the potential for surface water to 
recharge the groundwater. 
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5 GROUNDWATER FLOW 

5.1 Water Table Contours 
MRT’s Groundwater Database contains records of the latest depth to water level measured at 
each groundwater well, including an attribute that states “geology of the main aquifer”.  Water 
levels have been recorded in a total of 204 wells in all geological settings across the catchment 
(147 wells in the Tertiary Basalt and 13 in the Tertiary Sediments). From this database, all wells 
that have “Tertiary” listed as the geology of the main aquifer and a depth to water level measured 
within the last 20 years, were selected to construct a water table (potentiometric) contour map.  
As the majority of wells do not have surveyed elevations, the potentiometric contour map was 
produced by initially constructing a depth to water level surface, then subtracting it from a gridded 
topographic surface constructed from the digital terrain elevation model data. 

The resultant contours are shown in Figure 13 and reveal a range in potentiometric surface 
elevations from around 50 m AHD in the north east near Wynyard, to 350 m AHD in the elevated 
south eastern portion of the catchment between the Inglis and Cam Rivers. There was insufficient 
information to reliably contour groundwater potentiometric levels over the western portion of the 
catchment. It is noted that as a basis for the conceptual model, interpreted groundwater elevation 
contours for the Tertiary Basalt assume some, albeit partial, hydraulic connection across regions 
where no basalt is present. A more complex and disjointed system may be in effect, but defining 
such a model would require more detailed data collection and analysis. 

The groundwater level dataset was enhanced by a survey of groundwater levels conducted in 
October 2007 as part of Stage 3. The project team was able to access 48 wells across the 
catchment for which groundwater levels were recorded, allowing for a more accurate 
potentiometric surface to be defined (Figure 14). The new contours confirmed the generalised 
interpretation in Figure 13 yet more detail is evident. The contours suggest a strong topographic 
influence on groundwater levels in the Tertiary Basalt with significant lateral discharge to streams. 

5.2 Groundwater Flow Direction 
Directions of groundwater flow can be inferred from the potentiometric contours plotted in 
Figure 14.  These directions vary considerably depending on the location within the catchment, 
but the following general trends can be observed; 

• Along the eastern margin, the contours indicate groundwater flow toward Seabrook Creek 
and Cam River, especially over the lower reaches suggesting gaining streams. 

• Similarly, the contours over the lower portion of the catchment show groundwater flow is 
generally toward the Flowerdale and Inglis Rivers, suggesting they are also gaining 
streams over their lower reaches. 
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5.3 Flow rates 
Providing groundwater flow through the catchment occurs primarily via inter-granular flow under 
laminar conditions, the simplest form of Darcy’s Law5 can be applied to estimate the average 
linear flow velocity. However, the highly variable porosity associated with alternating 
fractured/vesicular and massive basalt layers, and the variability in hydraulic gradients observed 
in Figure 13 and 14, make it 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/yr.  

                                                      

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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6 GROUNDWATER OUTFLOWS 

6.1 Lateral Discharge 
The shape and distribution of the interpreted groundwater elevation contours presented in 
Figure 13 and 14 suggest that groundwater flows from south to north in the catchment. 
Discharge occurs primarily to the main river systems over the majority of the catchment, and also 
to the sea at the coast. The rate of groundwater discharge has been estimated using conventional 
flow net analysis6 and is in the order of 4,100 ML/yr. Cromer (1973) also draws the conclusion 
that most of groundwater from the basalt is eventually delivered to the Flowerdale, Inglis and Cam 
Rivers via springs and seeps at the base of the Tertiary sequence. 

6.2 Groundwater Extraction 
Whilst not metered, groundwater abstraction for irrigation and industrial purposes in the Inglis-
Cam catchment has been estimated to be less than 1,000 ML/yr (section 3.7). It is unknown what 
proportion, if any, of this volume is returned to the aquifer via deep drainage or to streams via 
surface runoff. 

6.3 Evapotranspiration from Shallow Water Tables 
Estimates of evapotranspiration (ET) rates presented earlier in this report, including that of 
400 mm/yr from pan evaporation data (section 3.2) and 1106 mm/yr from the relationship of 
Zhang et al. (1999, 2001) (section 4.1), only apply to the ground surface and shallow soils.  
Where water tables are close to the ground surface, typically within 2 - 3 m, ET losses will be 
much higher. To estimate this flux for the Inglis-Cam catchment would require a detailed 
knowledge of the rooting depths of local plant species and their annual rate of groundwater use.  
Whilst this information is not readily available to the current project, the areas of the catchment in 
which this process may be important are shown by way of yellow dots on Figure 13.  These are 
well locations where the depth to water has been recorded and is less than 3 m below ground 
level. While the water levels used to indicate areas of potential shallow watertables 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 groundwater exists elsewhere (e.g. along drainage lines higher in the catchment).  

6.4 Groundwater Discharge to Streams 
As discussed previously and demonstrated in Figures 11 and 12, the observed groundwater 
elevations near the Inglis and Flowerdale Rivers and Big Creek support a model of active 
groundwater discharge to these features over their lower reaches. In the upper reaches of Big 
Creek and Dowling Creek, the groundwater elevation is below that of the river stage elevation, 
suggesting that at these locations the creeks may be actively recharging groundwater. 

                                                      

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] (assumed 20 m2/day, see section 2.6), i is hydraulic gradient [-] (taken as 0.022 
from Figure 12) and w is aquifer width [L] (25.5 km). 
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Of the above rivers, baseflow estimates exist for the Flowerdale and Inglis Rivers.  Modelled daily 
average total flow at the catchment outlet of the Inglis-Flowerdale is 717 ML/d and daily average 
baseflow is 420 ML/day (Appendix G, HydroTas, 2007).  This value equates to a groundwater 
discharge of approximately153,405 ML/yr to the Flowerdale and Inglis Rivers. Some water 
discharges via the Cam River, but this quantity is unknown and assumed to be small 



Conceptual Model Report for Inglis-Cam 

PAGE             22

 

7 CONCEPTUAL MODEL 

7.1 Block Diagram 
A three-dimensional conceptual model of the Inglis-Cam catchment has been built (Figure 15) 
using a Digital Elevation Model (DEM) for the topographic surface . The key features to the Inglis-
Cam conceptual model are provided below: 

• The groundwater catchment covers an area of 739 km2 and recharge to the aquifer 
system from the infiltration of rainfall occurs across the whole catchment, and is 
estimated to be about 19% of the annual average rainfall; 

• Groundwater is predominantly associated with the Tertiary basalts infilling the old palaeo-
drainage (deep lead) system where thicknesses are typically around 200 m, but 
thicknesses of up to 400 m have been reported; 

• Two basalt groundwater flow systems, similar to the Victorian model of Cas and Wright 
(1995), are considered to be operating across the catchment; 

o a shallow groundwater flow system (in the upper basalt layer(s) which generally 
blanket the catchment), largely controlled by surface topography where 
groundwater flow direction is inferred to be towards the main surface water 
drainage features; and 

o an intermediate flow system where several main aquifers, synonymous with the 
easily distinguishable volcanic eruption events, and separated by intervening 
periods of terrestrial or marine sedimentation, or thick sequences of massive, 
poorly fractured basalt.  

• In the deeply incised trenches where there is inferred to be little or no connection 
between adjoining deep leads, the aquifer(s) will most likely behave as discrete systems. 

• Discharge from the shallow aquifer system is largely towards the drainage lines that 
bisect the catchment, whilst discharge from the deep leads is inferred to occur at the 
coast. 

• The groundwater flow systems within the Tertiary Basalts are inferred to be 
predominantly sub-regional, whilst flows through the infilled deep leads are more likely to 
be regional with lateral inflows contributing from the surrounding bedrock. 

• As in the adjoining Cam-Emu-Blyth catchment, hydrographs for the shallower sub-
regional flow systems suggest a “fill and spill’ groundwater model where rapid infiltration 
of rainfall recharge occurs to a maximum level (sustained through capillary rise), at which 
point any subsequent infiltration is lost as discharge to the surrounding rivers and 
streams.  

• Permian aquifers were not considered as part of the conceptual model due to the lack of 
groundwater use, and therefore data for this system. However, given that Permian 
geology covers more than 25% of the catchment surface and underlies the Tertiary 
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system, it is likely to exert significant hydraulic influence over the above aquifers, and  
may constitute a significant groundwater resource.   

7.2 Preliminary Water Budget 
Using the calculations derived in previous chapters, Figure 15 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 16 to 
establish a preliminary catchment groundwater budget.  This budget is considered to be very 
approximate and should not be used for any purpose other than to inform DPIW of where future 
efforts should be focussed. The water budget has indicated that: 

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

• There is likely to be a significant spatial variation in recharge rates across the catchment, 
controlled principally by the amount of weathering in the basalt which will impede 
infiltration, and the extent of jointing and fracturing which will promote rapid infiltration;   

• A significant proportion of the groundwater (estimated from river modelling) is inferred to 
discharge to the creeks and rivers that bisect the catchment, especially over in the lower 
reaches of the catchment;  

• Development of groundwater across the catchment predominantly occurs in the northern 
part of the catchment between Wynyard and the Cam River; 

• The current water budget indicates a surplus of water, but this is most likely an artefact of 
the errors associated with assumptions underpinning the estimates of the various water 
budget components. In particular, not all modelled groundwater discharge to streams was 
included and that which was, may be underestimated. Furthermore ET was not quantified 
and this may represent a significant volume of groundwater discharge. These factors 
would redress the balance if included; 

• The volume of extraction relative to rainfall recharge is considered to be small which 
places this catchment area as a low category of threat. 

7.3 Knowledge Gaps and Uncertainty 
A summary of all data sources made available for the preparation of this conceptual model report 
is provided in the Data Inventory in Appendix H. 

The above 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. 

The preliminary conceptual model (Figure 15) and groundwater budget (Figure 16) highlight at 
least two key components of the water balance that need to be better defined for the Inglis-Cam 
catchment.  The first of these is evapotranspiration from shallow water tables, however as 
discussed in section 6.3, estimating this flux is not straight forward.   
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Secondly, the locations and rates of groundwater discharge to surface water warrant further 
investigation. 

Further work to better characterise the aquifer system(s) within the Tertiary Basalts is 
recommended to determine if the basalt sequences separated by the fluvial deposits act 
independently, or are interconnected between permeable horizons. Some preliminary 
assessments could be made by evaluating the groundwater chemistry data collected to date 
using simple piper diagrams. This could be carried out during stage 3 of this project. 

Four different approaches were employed to estimate the diffuse groundwater recharge rate with 
similar results (197 to 393 mm/yr) being obtained from all four methods (Table 4).  Each method 
has its limitations (see section 4.1) and may, if anything, underestimate the diffuse recharge and 
therefore require further assessment. 

Field surveys or metering across representative groundwater users should be carried out to assist 
in quantifying groundwater abstractions throughout the area, and in locating wells that may not 
have been captured in the MRT Groundwater Database. 
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8 RECOMMENDATIONS FOR FURTHER FIELD 
STUDIES 

Based on the conceptual model diagram (Figure 15) and the preliminary groundwater budget 
(Figure 16), the following field work is recommended for the Inglis-Cam catchment. 

• A run-of-river surface water – groundwater interaction study along Big Creek and 
Dowlings Creek to identify if the reaches in the upper catchment may be recharging the 
groundwater system 

• The run of river study could be expanded to include the lower reaches of the Flowerdale 
and Inglis Rivers to assist in identifying those sections of the watercourse where 
groundwater discharge may be occurring. 

• Further testing to determine aquifer hydraulic properties in the Tertiary Basalts to better 
constrain the variability in reported aquifer hydraulic properties.   

• Ongoing water level and salinity monitoring. 
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CATCHMENT NAME: Inglis-Cam

Area: 739 km2

Mean Annual Rainfall: 1573 mm/yr

Annual Average Surface Water Discharge: 262,040 ML/yr (Flowerdale Inglis Rivers within the Inglis-Cam groundwater catchment)

comprising of

Annual Average Surface Runoff: 108,686 ML/yr (Flowerdale Inglis Rivers within the Inglis-Cam groundwater catchment)

Annual Average Baseflow: 153,354 ML/yr (Flowerdale Inglis Rivers within the Inglis-Cam groundwater catchment)

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

Lateral Inflow: negligible ML/yr 2

Recharge by:

Diffuse Rainfall Recharge: 220,000 ML/yr (300 mm/yr) 3

Point Source Infiltration: negligible ML/yr 3

Stream Losses: not quantified ML/yr 3

220,000 ML/yr

GROUNDWATER OUTFLOWS

Lateral Discharge: 4,100 ML/yr 2

TOTAL INFLOWS =

Groundwater Abstraction: 1,000 ML/yr 3

Evapotranspiration: not quantified ML/yr 1

Discharge to Streams: 153,405 ML/yr (Flowerdale & Inglis Rivers only) 3

158,505 ML/yr

GROUNDWATER BALANCE

CHANGE IN AQUIFER STORAGE:
61,495 ML/yr

FIGURE

Low Threat
Moderate Threat
High Threat

Groundwater Threat Index

Extraction

> 10 GL/yr

5-10 GL/yr

< 5 GL/yr Inglis-Cam

ΣINFLOWS - ΣOUTFLOWS =

TOTAL OUTFLOWS =

0 - 25% 25 - 75% >75%
Extraction/Recharge

PRELIMINARY
CATCHMENT WATER BALANCE FOR 

INGLIS-CAM 16
PROJECT FQ-01 August-07

Dcurrie
Stamp



 

 

Appendix A 

Groundwater level survey data 



Inglis‐Cam Groundwater Level Survey
Date SWL DTW (m) RSWL (mAHD)

Pre‐Irrigatoin Easting Northing Pre‐Irrigation Pre‐Irrigation
Inglis Cam 17/10/2007 374449 5457076 321.69 7.74 313.95 0 No One close (800m) Tertiary Basalt
Inglis Cam 17/10/2007 374781 5456605 307.72 5.07 302.65 domestic 0 No None close Tertiary Basalt
Inglis Cam 17/10/2007 375401 5457283 311.70 18.95 292.75 0 No Two close Tertiary Basalt
Inglis Cam 17/10/2007 375622 5457425 295.80 5.20 290.60 Dairy 30574 Yes Tertiary Basalt
Inglis Cam 17/10/2007 376619 5458633 264.47 14.47 250.00 Dairy 0 No One close (400m) Tertiary Basalt
Inglis Cam 17/10/2007 377937 5458985 235.24 8.83 226.41 Sock and domestic bore 0 No None close Tertiary Basalt
Inglis Cam 17/10/2007 378572 5457940 181.42 27.50 153.92 domestic ‐ could not get into well, advised the set pump at 51m Pressure = 

2.35kpa therefore water level is 23.5 meter above the pump.
5069 Yes Null

Inglis Cam 17/10/2007 378616 5450884 265.30 9.76 255.54 Domestic use. 0 No Two close Tertiary Basalt

Inglis Cam 17/10/2007 379176 5450855 278.50 9.53 268.97 Domestic use. 0 No Two close Tertiary Basalt
Inglis Cam 17/10/2007 379642 5464672 123.53 11.10 112.43 Stock and Domestic 675 Yes Tertiary Basalt

Inglis Cam 18/10/2007 382480 5466736 135.30 26.51 108.79 Stock and Domestic 0 No One close (500m) Tertiary Basalt
Inglis Cam 18/10/2007 384050 5466006 89.84 0.90 88.94 Domestic 625 Yes Precambrian
Inglis Cam 17/10/2007 384332 5462603 129.97 11.76 118.21 Domestic 1266 Yes Tertiary Basalt
Inglis Cam 17/10/2007 385112 5462927 137.13 13.80 123.33 Domestic 0 No One close (400m) Tertiary Basalt
Inglis Cam 17/10/2007 386441 5464296 22.64 5.10 17.54 domestic 0 No None close Tertiary Basalt
Inglis Cam 18/10/2007 386510 5459428 122.70 17.40 105.30 abandoned bore 30402 Yes Two close Tertiary Basalt
Inglis Cam 17/10/2007 386920 5464118 13.70 2.30 11.40 Dairy Stock & Domestic 0 No None close Tertiary Basalt
Inglis Cam 17/10/2007 387112 5447887 309.71 3.42 306.29 For domestic use and for dairy 30729 Yes Tertiary Basalt
Inglis Cam 17/10/2007 387493 5449486 250.00 3.92 246.08 Domestic use 4469 Yes Tertiary Basalt
Inglis Cam 17/10/2007 387568 5463811 21.45 7.65 13.80 Abondoned well 673 Yes Precambrian
Inglis Cam 17/10/2007 387572 5440496 399.30 4.90 394.40 Domestic Use. Reported high levels of Mg in groundwater 4467 Yes One close (700m) Tertiary Basalt

Inglis Cam 18/10/2007 388323 5461127 57.56 9.55 48.01 stock bore 0 No One close (600m) Permian
Inglis Cam 17/10/2007 388758 5451170 259.00 4.35 254.65 Domestic 1067 Yes A few close Tertiary Basalt
Inglis Cam 17/10/2007 388958 5447915 336.67 2.00 334.67 Domestic use. High acidity reported. Ate away copper in pipes. DTW approx‐ 

based on pressure gauge at 270kpa, pump set at 90ft.
0 No None close Tertiary Basalt

Inglis Cam 17/10/2007 389763 5443138 361.40 6.82 354.58 Domestic and Dairy bore 752 Yes Tertiary Basalt
Inglis Cam 18/10/2007 391092 5448184 246.90 4.78 242.12 Sock and domestic bore, yield 2000 g/h 31438 Yes Tertiary Basalt

Inglis Cam 19/10/2007 391823 5463911 51.80 16.85 34.95 stock/domestic bore 0 No Three close Tertiary Basalt

Inglis Cam 18/10/2007 393040 5446503 277.13 6.25 270.88 irrigation well 30712 Yes Tertiary Basalt
Inglis Cam 18/10/2007 393099 5448147 247.30 3.65 243.65 domestic 31615 Yes Tertiary Basalt
Inglis Cam 18/10/2007 393144 5450717 240.47 9.25 231.22 Stock bore. Pump active at time of measure 962 Yes Two close (200m) Tertiary Basalt

Inglis Cam 18/10/2007 393196 5451688 228.40 11.20 217.20 Domestic bore 0 No Two close Tertiary Basalt
Inglis Cam 18/10/2007 393364 5446506 288.97 16.96 272.01 Irrigation well 1060 Yes Tertiary Basalt

Inglis Cam 18/10/2007 393582 5444319 365.90 16.48 349.42 Domestic bore 30274 Yes Tertiary Basalt
Inglis Cam 18/10/2007 394703 5456991 108.60 25.25 83.35 domestic/stock bore. Yield 300 g/h 17025 Yes Permian

Inglis Cam 18/10/2007 394933 5454702 176.50 16.00 160.50 Domestic bore 4521 Yes Two close (200m) Tertiary Basalt

Inglis Cam 18/10/2007 395425 5447367 254.86 5.46 249.40 domestic 0 No One close (500m) Tertiary Basalt
Inglis Cam 18/10/2007 395548 5447420 251.45 1.12 250.33 Hand‐dug well 0 No Two close (500m) Tertiary Basalt
Inglis Cam 18/10/2007 395728 5447546 248.23 10.21 238.02 Domestic ‐ no one at home. 0 No Two close (500m) Tertiary Basalt
Inglis Cam 18/10/2007 396264 5457659 19.15 4.21 14.94 new well not yet equipt ‐ thought to get 7,000 gall/hour 0 No One close (500m) Tertiary Basalt

Inglis Cam 18/10/2007 396359 5448165 213.60 4.51 209.09 domestic bore 0 No Four close (120m) Tertiary Basalt
Inglis Cam 18/10/2007 396937 5449293 215.02 15.45 199.57 irrigation for strawberries 0 No Two close (200m) Tertiary Basalt
Inglis Cam 18/10/2007 396954 5449234 215.15 15.89 199.26 domestic 0 No Two close (200m) Tertiary Basalt
Inglis Cam 18/10/2007 397098 5447448 206.94 17.90 189.04 Dairy Stock and Domestic. 0 No None close Tertiary Basalt
Inglis Cam 18/10/2007 397205 5452165 82.95 0.00 82.95 Research Farm 0 No One close (400m) Tertiary Basalt
Inglis Cam 18/10/2007 397425 5450117 219.18 10.04 209.14 0 No Five close Tertiary Basalt
Inglis Cam 18/10/2007 398516 5450968 152.06 7.71 144.35 domestic and stock 890 Yes Tertiary Basalt
Inglis Cam 18/10/2007 399629 5455540 78.54 17.79 60.75 domestic 14931 Yes Tertiary Basalt
Inglis Cam 18/10/2007 391344 5441647 386.70 12.89 373.81 Domestic Bore. Yield 1300 g/h. 0 No Easting coordinate way out Permian

* Offset applied to correct initial elevation data (mAHD), which was surveyed using a differential GPS.  See text for more details
**  [Geology ]: Geology inferred from surrounding bores and surface geology

 [Geology]: Geology inferred from MRT borehole database

Comment for Database Comparison Geology**Catchment MGA94, Z55
Elevation (mAHD)*

Comments
Feature ID in MRT 

Database
Status Identified in MRT 

Database



 

 

Appendix B 

Groundwater Use Survey



Groundwater Use Survey: Inglis Cam

Landowner
Crop 

irrigated

Area 
Irrigated 
(Ha)

No of 
bores 

used for 
irrigation

Pumping 
rate (L/s)

Hours per 
week 

irrigated
Irrigation 
Season

Length of 
season 
(months)

Length of 
season 
(weeks)

Years 
spent 

irrigating 
w GW

Changes 
in GW 
quality

Changes 
in bore 
performa

nce

Total 
annual 

extraction 
(ML)

Calculated 
Application 
rate (ML/ha) Comments

1 pasture 1.5 1 3.8 20 Nov ‐ April 6 26 3 no no 7 4.68

Supplimentary water to top up his dam ‐ not a lot of 
water ‐ probably only about 3% dam volume would be 
groundwater. 

2

Pasture 
and 

Swedes  14 1 25.0 37.5
Jan to 
March  3 13 12 no  no 44 3.1

The bore runs into a dam ‐ spring fed. Did not get a 
percentage of Groundwater in his dam. 

3

potatoes, 
poppies, 
beans 7 2 2 and 6.7 100

November 
to April 6 26 10 no

reduced 
over last 
few years 81 12

Pumps into Dam first then irrigates from dam. (hence 
the calulated application rate is too high‐ ET and 
overflow losses not considered).

4
potatoes/
pasture 4 1

December 
to Feb 3 13 18 no no No details on extraction

5 pasture 80 3 11.25 140 3 13 221 2.8

Based on comments made during GWL survey (has 3 
bores used to irrigate 80ha. 8‐10,000 g/h for 20 h/d 
over 3 months)



 

 

Appendix C 

Drilling notes and well logs



Drilling Notes: Inglis-Cam 

IC-1: Drilled 1/2/08-3/2/08 

The site is located at a railway siding at Myalla. Permission to drill here was granted by DIER- 
they manage this section of the non-operational rail line. The hole was drilled with air to a depth 
of 36 m. The well was completed in fractured, olivine basalt, which yielded approximately 5 L/s. 

IC-2: Drilled 30/1/08-1/2/08 

The site is located on private property at 1000, Murchison Highway, Elliott (owned by Martin 
Huzzey, DPIW). The hole was drilled with air to a depth of 42 m. The well was completed in 
fractured basalt, which yielded approximately 4 L/s. 

IC-3: Drilled 24/1/08-30/1/08 

The site is located near Yolla on the eastern verge of Mt Hicks Rd, 100 m south of Dudfields Rd, 
adjacent to Camp Creek. The hole was drilled with air to a depth of 50 m. The well was 
completed in basalt, which yielded approximately 4 L/s. A groundwater connection to the nearby 
Camp Creek was noted. At the intersection of the water table at 10 m, air bubbles started to 
appear in the creek. 
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0.0
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IC-1

Air Hammer

DPIW Tasmania
FQ-01

Myalla, Inglis-Cam, Tasmania
Stacpoole Enterprises Pty Ltd

03/02/08

36

6.42

122.23 (top of PVC)

379749 5462285

18/4/08
GDA94 Zone 55

na

01/02/08
120 mm

D Currie 03/02/08

Flush mounted well
cover

Cement 0-18m

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

Bentonite seal 18-22m

Slotted 0.15mm
appeture Screens 24-
36m, Gravel Pack 22-
36m

CLAY: Brown clay and weathered basalt (bleached and iron-stained)

BASALT: hard basalt, fractured

CLAY: brown clay, plastic

BASALT: hard basalt- black, fractured - with olivine, iron staining, minor
calclite 1-2

2-4

~5

~5

280
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505

506

wc

wc

wc

wc

wc

0.8

1.5

3.0

3.0

1.5
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0.3

0.3

0.1

0.1

0.1

EOH at 36m

water
cased off

water warm
(19 deg)

fracture

fractured /
broken
ground,
water
cooler
(13.8deg)

Dcurrie
Text Box
V Waclawik                                  12/06/08
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IC-2

Air Hammer

DPIW Tasmania
FQ-01

Elliot, Inglis-Cam, Tasmania
Stacpoole Enterprises Pty Ltd

01/02/08

42

14.63

222.22 (top of PVC)

396676 5448877

18/04/2008
GDA94 Zone 55

na

30/01/08
108 mm

D Currie 01/02/08

Flush mounted well
cover

Cement 0-24m

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

Bentonite seal 24-27m

Slotted 0.15mm
aperture Screens 29-
41m, Gravel Pack 27-
42m

Casing sump 41-42m

CLAY: Red-brown plastic clay

CLAY: brown clay

CLAY: moist red-brown clay with weathered basalt

BASALT: fractured blue/black basalt with quartz, weathering features,
iron staining and some mineralisation in fractures

~2

~2

2-4

~5
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wc
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1.5
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0.3

0.6

0.1

0.2
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0.2

EOH at 42m

damp clay
at 18m

solid rock
from 26.5m

Dcurrie
Text Box
V Waclawik                                  12/06/08
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0.0
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20.0
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IC-3b

Air Hammer

DPIW Tasmania
FQ-01

Yolla, Inglis-Cam, Tasmania
Stacpoole Enterprises Pty Ltd

30/01/08

50

0.57

226.50 (top of PVC)

393181 5448675

18/04/2008
GDA94 Zone 55

na

24/01/08
108 mm

V Waclawik 29/01/08

Flush mounted well
cover

Cement seal 0-30m

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

Bentonite seal 30-32m

Slotted 0.15mm
appeture Screens 37-
49m, Gravel Pack 32-
50m

Casing sump 49-50m

CLAY: Brown clay and grey weathered basalt

BASALT: grey basalt

BASALT: Black basalt with minor chert, slate, quartz and metasediment

BASALT: Blue-grey basalt containing quartz inclusions, weathered and
stained

BASALT: Blue-grey basalt with minor weathered quartz, basalt and
metasediment

3

2-3

3-4

3-4

3-4

3-4
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EOH at 50m

at
intersection
of water
table, air
bubbles
and
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appeared
in nearby
creek from
connecting
fractures

Dcurrie
Text Box
V Waclawik                                  12/06/08



 

 

Appendix D 

Aquifer discharge test analyses



Aquifer Test Solutions: Slug Tests Bouwer Rice

Project Name: Development of models for Tasmanian groundwater resources Date: 05-Jun-08
Client: DPIW Time: 14:21

Well No. / Name: IC1 Depth to equilibrium water level (m RL): 6.429 mTOC

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

0.001

0.010

0.100

1.000

10.000

0.0 0.5 1.0 1.5 2.0

Y t
(m

)

Time (mins)

Prepared by paulhowe, 26 June 2002
Revision B 1/07/2008 \ IC1_bra_VW_check.xls \ B&R (Solution)

rc = casing radius 0.025 If Lw < H

rw =
radial distance between 
undisturbed aquifer and well 
centre

0.0525
ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + A+B . ln[(H-Lw)/rw] . (Le/rw)

-1}-1

Le = length of intake 12

H = saturated thickness of aquifer 200 = 3.82 m

Lw = distance b/n water table and 
bottom of intake 23.211

Re = effective well radius 2.39

t = time 0.5 If Lw = H
Yo = initial drawdown 0.672 ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + C . (Le/rw)

-1}-1

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

0.031
= Lw < H m

Le/rw  = 228.5714286

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

6.4
Reduced by: James Fox Date:

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

1.5
Checked by: Vic Waclawik Date: 23/06/2008

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

7.8

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

= 6.12E-04 m/min Reduced by: James Fox Date:
= 0.881 m/d

Checked by: Vic Waclawik Date: 23/06/2008

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

Improvement.  Wageningen.  The Netherlands.

Prepared by paulhowe, 26 June 2002
Revision B 1/07/2008 \ IC1_bra_VW_check.xls \ B&R (Solution)



Aquifer Test Solutions: Slug Tests Bouwer Rice

Project Name: Development of models for Tasmanian groundwater resources Date: 05-Jun-08
Client: DPIW Time: 14:21

Well No. / Name: IC3b Depth to equilibrium water level (m RL): 0.57 mTOC

Type of test: Rising head Well Completion: Fully Penetrating
Falling head Partially Penetrating
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Prepared by paulhowe, 26 June 2002
Revision B 1/07/2008 \ IC3b_bra_VW_check.xls \ B&R (Solution)

rc = casing radius 0.025 If Lw < H

rw =
radial distance between 
undisturbed aquifer and well 
centre

0.0525
ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + A+B . ln[(H-Lw)/rw] . (Le/rw)

-1}-1

Le = length of intake 12

H = saturated thickness of aquifer 200 = 4.30 m

Lw = distance b/n water table and 
bottom of intake 48.43

Re = effective well radius 3.86

t = time 0.5 If Lw = H
Yo = initial drawdown 0.166 ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + C . (Le/rw)

-1}-1

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

0.14
= Lw < H m

Le/rw  = 228.5714286

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

6.4
Reduced by: James Fox Date:

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

1.25
Checked by: Vic Waclawik Date: 23/06/2008

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

7.5

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

= 3.81E-05 m/min Reduced by: James Fox Date:
= 0.055 m/d

Checked by: Vic Waclawik Date: 23/06/2008

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

Improvement.  Wageningen.  The Netherlands.

Prepared by paulhowe, 26 June 2002
Revision B 1/07/2008 \ IC3b_bra_VW_check.xls \ B&R (Solution)



 

 

Appendix E 

Continuous SWL data for the Calder monitoring well
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Appendix F 

Geological descriptions for Figure 6



Symbol Description
Qh Sand gravel and mud of alluvial, lacustrine and littoral origin.
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.
Jd Dolerite (tholeiitic) with locally developed granophyre.
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.
Laa Amphibolite ( Arthur Metamorphic Complex).
Lac Chloritic schist with minor phyllite, dolomite and magnesite (Arthur Metamorphic 

Complex).
Lap Phyllite with minor pelitic schist, foliated quartzite and dolomite, and rare 

conglomerate.
Lo Unmetamorphosed quartzwacke turbidite sequences ( Burnie and Oonah Formations 

and correlates).
Lob Alkali basalt and dolerite (within Burnie and Oonah Formations; includes Cooee 

Dolerite).
Lrc Dominantly dark, laminated, commonly pyritic siltstone and mudstone (Cowrie 

Siltstone and similar sequences).
Lrd Well-bedded, cross-bedded, orthoquartzite and subordinate siltstone (Detention 

Subgroup).
Lri Laminated grey siltstone, mudstone and dolomite (Irby Siltstone).
Lrj Well-bedded, cross-bedded, orthoquartzite, platy quartzite and siltstone (Jacobs 

Quartzite).
Water Water.



 

 

Appendix G 

Surface water modelling results for the Inglis and Flowerdale 
Rivers



Inglis/Flowerdale Rivers @ Catchment Outlet

Daily Averages
Modelled

Total Flow 717.42 262039.1977
Baseflow 419.86 153354.1692
BFI 0.59

Month

Modelled 
Total 
Flow

Estimated 
Baseflow* BFI

1 159.24 97.59 0.61
2 183.47 78.36 0.43
3 168.23 77.50 0.46
4 319.79 125.39 0.39
5 515.94 242.28 0.47
6 994.91 478.11 0.48
7 1335.33 768.16 0.58
8 1647.09 996.00 0.60
9 1279.13 873.77 0.68

10 938.89 639.15 0.68
11 630.64 411.31 0.65
12 387.58 219.33 0.57

* Estimated using Baseflow Seperation Technique
Nathan & McMahon, 1990

108685.03
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Appendix H 

Data Inventory for the Inglis Cam Catchment



Inglis-Cam

Data Available  Source / Publications Comments
Overview of Geology

Age and depositional enviroments

post-depositional history (tectonics, metamorphism)

Topography / Physiographic Setting

DEM ***
Y DPIW - electronic

- contours
Y DPIW - electronic

- point heights
raster DPIW - electronic

soil type
Y DPIW - electronic Simon Lynch

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

Basic Hydrogeology

stratigraphy - no. aquifers/aquitards

thicknesses (reliable geological logs)

porosity/specific yield

hydraulic conductivity

Groundwater Monitoring

multilevel piezometers

time series gw levels ***
Y MRT TIGER database

time series gw chem
Y MRT TIGER database

Water table contours

Groundwater flow – direction, rates?

Surface water monitoring

time series sw flows

time series sw chem

Surface water-groundwater interaction ***

baseflow separation from sw monitoring
Y HydroTas Inglis Flowerdale, Cam

gw monitoring responses

Groundwater Recharge

Rainfall seasonality/history
Y BOM

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.xls
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