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1 INTRODUCTION 

1.1 Scope 
The Tasmanian Department of Primary Industries and Water (DPIW) engaged the Tasmanian 
Groundwater Resources (TGR) Partnership comprising; Resource & Environmental Management 
Pty Ltd (REM); Aquaterra Consulting Pty Ltd (Aquaterra); Hydro Tasmania Consulting Pty Ltd and 
Sloane Geoscience (SGeo) 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 Sheffield-Barrington 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 comprised a series of field investigations (groundwater level survey pre and 
post irrigation, drilling of new monitoring wells and a groundwater use survey) that were 
undertaken to improve the conceptual understanding of the Sheffield-Barrington catchment and to 
aid the development of a simple numerical model in Stage 4. A description of the methodology 
used in the field program is provided below. Collated data is attached as appendices and results 
have been included within the relevant sections 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, and in April 2008 at the conclusion of the irrigation season. Existing wells 
were accessed with permission from relevant landowners, water levels were recorded, and the 
elevation of each well was measured with a differential GPS unit. Each 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. A 
cross-validation exercise was completed after the survey using the MRT database, which allowed 
the wells to be tagged to a specific geology (Appendix A). Of the 32 wells surveyed in Sheffield 
Barrington, 30 could be identified in the database of which 29 had a known geology. The majority 
of these wells (22) were installed in Tertiary basalt or sediments. 

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 landowners asking them to supply details which would enable the 
calculation of the individual’s annual groundwater extraction. Follow-up phone calls were made to 
contact landowners that did not return a questionnaire or if the received questionnaire was 
unclear. The questionnaire and responses are supplied in Appendix B. 
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2.3 Drilling Program 
The most significant component of Stage 3 was the installation of 24 new monitoring wells across 
nine catchments in northern Tasmania to extend the existing 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 selected based on an analysis of the depths of existing wells across the catchment; 
in particular information from the most recent drilling by local landowners was used. This 
screening process aimed to avoid the possibility of the monitoring asset becoming stranded by 
falling water levels at some time in the future if development of groundwater resources continued 
at high levels. 

Three new monitoring wells were installed in the Sheffield Barrington catchment by Stacpoole 
Enterprises Pty Ltd with REM supervision in December 2007 and January 2008. 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 yielded. Reference points (top of PVC casing) were surveyed using RTK. 

2.4 Aquifer Recovery Tests 
Aquifer recovery tests were performed on all newly installed monitoring wells in June 2008 to 
calculate hydraulic conductivity (k). A logger was used to continuously record water levels (every 
2 seconds) while a volume of water was inserted to raise the water level by approximately 1 m (in 
most cases 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. 

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 over 13-14 March 2008 using standard protocols. 
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3 BACKGROUND 

3.1 Study Area 
The Sheffield-Barrington groundwater catchment area is located on the central north coast of 
Tasmania, covering an area of about 300 km2. The northern tip of the catchment starts 
approximately 5 km inland from the coast, extending approximately 34 km inland from this point 
along a north south axis. (Figure 2). Barrington, Sheffield and Gowrie Park are the major 
townships occurring within the Sheffield-Barrington catchment area.  

Over the northern one third of the groundwater catchment, the eastern boundary is defined by the 
Don River whilst over the remaining two thirds of the catchment, the eastern boundary is defined 
as the top of the ridge of Kelcey and Bonneys Tier. The catchment rises steeply south of Dasher 
River where the mountain ridges, marking the southern boundary of the catchment, rise to heights 
of more than 1,000 mAHD (notably Mt Roland). The western boundary of the groundwater 
catchment is defined by the River Forth until just after the confluence with the Wilmot River, 
thereafter it is defined by the geological contact between the Ordovician metasediments and the 
Forth metamorphics. 

Groundwater resources of the Sheffield- Barrington region were first developed in the late 1950s, 
in particular around the Barrington and Sheffield townships where various industries and sporting 
clubs sought alternatives to reticulated mains water. Most of the investigations since the mid 
1950s address individual requests from landholders concerning the potential for groundwater on 
their respective properties. Much of this work was reviewed in Moon (1984). Under the 
classification hierarchy set out by DPIW, Sheffield-Barrington is a Class B catchment for which an 
uncalibrated groundwater numerical flow model will be developed. 

3.2 Climate 
Annual rainfall in the Sheffield-Barrington catchment varies from about 1,000 mm/yr at the 
northern extent, to more than 1,400 mm/yr in the mountains along the southern margin near 
Gowrie Park (Figure 2). The catchment receives a mean annual rainfall of 1,225 mm/yr.  Annual 
rainfall data was obtained by SILO2 data drill for Mersey -03, the point nearest the centroid of the 
catchment (Figure 2). The data is presented in Figure 3 and reveals several extended periods of 
generally above-average and below-average annual rainfall.  The cumulative deviation from mean 
annual rainfall trend shown in Figure 3 indicates periods of between 6 to 12 years where rainfall 
is generally below average, followed by a periods of between 5 to 7 years where rainfall is 
typically above average. Extended periods of below-average annual rainfall occur between 1917 
to 1927, 1939 to 1945, 1956 to 1963, 1975 to 1988 and 1993 to 2005. The extended dry periods 
are often interrupted by one above average rainfall year.  

Class A pan evaporation data (HydroTas sourced from SILO3) for the nearest station to the 
centroid of the catchment for the period of record (1969 to 2006) varies from 920 mm/yr to 
                                                      

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

3 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 be ‘patched’ and not used in these analyses. 
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1090 mm/yr with the long-term average calculated to be 1014 mm/yr. Rainfall typically exceeds 
evapotranspiration for the months of April through October where the months of June, July and 
August typically record rainfall in excess of 100 mm.  

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. 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 Sheffield-Barrington catchment, ET is estimated to 
be about 406 mm/yr. 

3.3 Topography and Soils 
Across the southern half of the Sheffield-Barrington groundwater catchment, the western margin 
is defined by the River Forth, and the Don River traverses the central part of the catchment 
(Figure 2). Dissected Cambrian rocks overlain by Tertiary Basalt occur over the eastern and 
western margins, whilst Tertiary sediments form an elongated wedge over the central portion of 
the catchment. The tip of the wedge is located approximately 5 km south west of Sheffield and the 
sediments extend as far north as Barrington.  The present day drainage system was established 
immediately after the basalt extrusions and the rivers occupy deep gorges at the southern extent 
of the groundwater catchment.   

Soil orders have been mapped using the Australian Soil Classification layer for Tasmania 
supplied by DPIW (Figure 4).  The southern part of the catchment and western boundary are 
dominated by mountain Rudosols (rudimentary soil development) and Podsols (Bs, Bh, or Bhs 
horizon). Ferrosols (high free iron in B horizon) cover much of the remaining catchment with flat 
plain Podsols confined to the plains areas between the easterly flowing Dasher River and the 
northerly flowing Don River. Kandosols (where the maximum clay content in some part of the B2 
horizon exceeds 15%), occur on the lower relief areas west of Gowrie Park and also in a small 
area at the northern tip of the groundwater catchment4.  

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. 

                                                      

4 Key to Soil Orders can be found at http://www.clw.csiro.au/aclep/asc_re_on_line/soilkey.htm 
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3.4 Land Use 
Figure 5 presents the current range of land uses in the Sheffield-Barrington catchment.  Of the 
entire catchment area, almost 7% (22 km2) is used for irrigated agriculture, predominantly pasture 
production. Forestry covers 14% (42 km2) of the catchment area, mainly confined to the western 
margin, with native vegetation occurring predominantly along the southern margin of the 
catchment and covering approximately 8% (25 km2) of the area. The balance of the catchment is 
given over to other land uses, predominantly ‘Environmental’ which is defined as “environmental 
and indirect production uses e.g. prevention of land degradation, wind-breaks, shade and shelter” 
(BRS, 2002). 

3.5 Geology 
The majority of the Sheffield-Barrington catchment area is covered by Tasmanian Department of 
Mines Geological Survey Sheet No. 37 for Sheffield (Jennings, 1979). The associated 
Explanatory Report provides a detailed account of the stratigraphy and structure over the region.  
Figure 6 presents the spatial distribution of the surface geology for the Sheffield-Barrington 
catchment and a summary of the near-surface stratigraphy has been compiled in Table 1 based 
on descriptions from Jennings (1979). The stratigraphic cross section presented as Figure 7 has 
been constructed from the summaries provided in Jennings (1979) and from the schematic 
diagrams constructed during the first workshop held in June 2007.  

Table 1  Summary of near-surface stratigraphy for the Sheffield-Barrington   
   catchment (after Jennings, 1979). 

Age Formation 
Approx. 

Maximum 
Thickness (m) 

Description 

Quaternary 
Holocene 
<65 Ka 

NA NA Extensive alluvial deposits occurring along the 
major rivers.  

Miocene- 
Oligocene Tertiary Basalts Up to 275 m Terrestrial sediments interbedded with 

extensive basalt flows occurring in deep leads 

Ordovician 

Gordon Limestone 0 – 600 m  

Moina Sandstone, 245  

Roland 
Conglomerate 0-275  

Dial Conglomerate   

Cambrian Forth 
metamorphics  

4000 m 
regionally 

Igneous intrusive and thick sequences of 
greywacke, conglomerate and Breccia, Chert 
and volcanics. 
 

 

Jennings (1979) describes the underlying bedrock (Cambrian System) as a complex pile of 
greywacke sediment, volcanic material and chert about 4000 m thick, deposited in an actively 
developing basin trending in a north-westerly direction through the Sheffield area.  Ordovician 
rocks unconformably overlie the Cambrian System along the north facing slopes of Mount Claude 
on the southern margin of the catchment. The Ordovician Roland conglomerate and Moina 
Sandstone units are intersected at depth to the east of Sheffield in the vicinity of Bonnys Tier. A 
small sequence of the Gordon Limestone (described by Jennings (1979) as a massive, blue-grey, 
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fine-grained limestone with stringers of crystalline calcite up to 600 m thick) occurs to the north of 
Paloona towards Eugenana at the northern end of the catchment.  

The Tertiary Basalts cover approximately 50% of the catchment area, blanketing all older 
sequences and infilling the Paloona deep lead to the north, and the Kentish and Sheffield deep 
leads in the south of the catchment (Figure 7). Deposits in the upstream parts of these leads 
were laid down under terrestrial conditions on a surface of considerable relief, and therefore there 
is no direct correlation with the sediments in one deep lead with those sediments occurring in the 
adjacent leads. (Burns, 1964). In the central area between Sheffield and lower-Barrington, the 
basalts cap riverine clays, sand and conglomerates which were deposited in a valley dammed by 
basalt.  

Extensive alluvial deposits of Holocene age (<65 Ka) consisting of boulders and cobbles set in a 
clayey or sandy matrix, occur along the major river systems.  

3.6 Hydrogeology 
The following hydrogeological map sheets from Mineral Resources Tasmania cover the Sheffield 
- Barrington catchment; 

• Groundwater Prospectivity of Tasmania 1:500,000 

• Northwest Tasmania Groundwater Map 1:250,000 

• Map 5 – Hydrogeological Inventory 1:100,000 

These 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 identify the presence or type of deeper aquifer systems.  
Furthermore, the maps present a composite of well yields and salinity for wells completed at any 
depth with no differentiation of aquifers.  Their usefulness is therefore limited for the purpose of 
this current study. 

The principal groundwater resources in the Sheffield-Barrington catchment are found in the 
Tertiary Basalt infilling the deep leads. It is probable that the deep weathering and multiple lava 
flows have resulted in a complex aquifer system operating across this catchment. Cas and Wright 
(1995) developed a hydrogeological conceptualisation based on facies model characteristics of 
continental basaltic successions in the Mount Howitt Province in Victoria, which 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 
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 
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2. a deeper intermediate-scale groundwater flow system operating in interlayered 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) identifies 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 the Sheffield-Barrington catchment. 
The deeper intermediate-scale groundwater flow system is likely to occur in the deep leads whilst 
the shallow flow system will occur in those areas of the catchment where the basalts cap 
freshwater clays and conglomerates e.g. in the central area between Sheffield and lower 
Barrington. 

The drilling program also identified the presence of two flow systems within the Tertairy Basalt 
(see Figure 2 and Appendix C). At SB-1c and SB-2, groundwater was contained in sand layers 
within the basalt. At SB-3, groundwater was yielded from fractures in the basalt. 

DPIW records identify 351 wells in the Sheffield-Barrington catchment; however; groundwater 
salinity has been reported for only 7 of these wells. Histograms of all recorded well yields and 
salinities for water wells in the Sheffield-Barrington catchment are shown in Figure 8. 
Groundwater quality, where reported, is generally very good, <500 mg/L (Figure 5).  

The basalts are inferred to be low yielding because of the clayey texture associated with deep 
weathering. Yields are reported (‘0’ values not included) on 275 of the 351 groundwater wells. Of 
the wells where yields are reported, 82% (226 wells) report yields of less than 5 L/sec, 12% (32 
wells) report yields between 5 and 10 L/sec, and 6% (17 wells) report yields greater than 10 L/sec 
(Figure 8). Reported yields are also presented spatially in Figure 6, which shows higher yielding 
zones near Sheffield and Barrington. 

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 Sheffield-Barrington catchment.  Aquifer recovery testing was 
conducted in all the newly installed monitoring wells (Appendix D).  SB1c had an hydraulic 
conductivity of 2.2 m/day, which was similar to that recorded in the fractured basalt well at SB3b 
(2.7 m/day). A lower hydraulic conductivity was recorded at SB2 (0.3 m/day) which was 
completed in a Tertiary sand layer. 

The Ordovician Gordon Limestone consists mainly of platform carbonates and occurs throughout 
much of central Tasmania. The unit overlies the Owen Conglomerate and is reported to host 
many of Tasmania’s significant cave systems. Where conditions permit, the karst features may 
contain significant groundwater systems, however there are no reports that identify the Gordon 
Limestone as a significant aquifer system in the Sheffield-Barrington catchment.   
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3.7 Surface Water – Groundwater Interactions 
The conceptual model of the basalts proposed by Cas and Wright (1995) identifies that 
groundwater discharge will occur as springs and seeps where structural benches of unweathered 
or unfractured basalt impede movement of groundwater down-slope. In addition, the deeply-
incised nature of streams and rivers in the upper (southern) parts of the Sheffield-Barrington 
catchment suggest that they may be in close connection with the water table, allowing recharge to 
the aquifers during low water table periods, and receiving baseflow after groundwater recharge 
has occurred. 

Plots of stream elevations and nearby groundwater elevations (within 4 km of the stream) are 
provided in Figure 9 for the Don River and Dasher River. The plot for Dasher River reveals that 
over the portion of the river reach that traverses the Sheffield-Barrington catchment, groundwater 
levels are above the river elevation indicating that the stream is likely to be gaining. In the Don 
River, there appears to be a section (approximately 25 km from the coast) where there is a break 
in slope in the river transect elevation where groundwater levels and river height are almost equal 
(see dashed area in Figure 13). In this locality, it is possible that during high river flows there may 
be some exchange between groundwater and surface water, but the flow will be reversed and 
groundwater will discharge into the watercourse as river levels subside. This may be due to the 
local geological conditions at this site (Figure 6 indicates the occurrence of Tertiary sediments at 
the surface). 

Whilst the Forth River is regulated, its tributaries and springs on the eastern side of the valley are 
dependent on groundwater inflows. 

In the northern part of the catchment near Paloona, it appears that the boundary between the 
Cambrian/Ordovician and Tertiary sequences controls the discharge from the Tertiary deep leads 
to the Forth and Don River (Miladin Latinovic, pers.comm.). This was evident during the drilling 
program at SB-1c, where a confining clay layer (21-27 m deep) separated the 
Cambrian/Ordovician and Tertiary sequences, and may exert some influence over a nearby 
spring (50 m downhill from the site). 

3.8 Water Use and Management Issues 
Surface water resources have long been developed for irrigation supplies across this catchment 
with the greatest allocations (currently 3,625 ML, DPIW 2007) predominantly diverted from the 
Don River with a small amount diverted at accessible points along the River Forth over the 
western margin of the catchment. As a result of the surface water resources becoming fully 
allocated, the development of groundwater resources is increasing but is currently unregulated. 

Groundwater development occurs along the major deep leads, Paloona in the north and Kentish 
and Sheffield in the south of the catchment. There is very little development of groundwater 
resources in the south eastern part of the catchment where there are likely to be thin sediments 
overlying the Cambrian bedrock. DPIW Tasmania records identify 351 wells across the Sheffield-
Barrington catchment, however it is uncertain if all the wells are operational or used to meet 
irrigation demand.   

In the absence of any other information, it is assumed that all wells where the estimated yield is 
greater than 1 L/sec (155 wells) are used to abstract groundwater for irrigation supplies. 
Assuming the average well yield across the Sheffield-Barrington catchment is 5 L/sec (Figure 8) 
and the well is pumped for 12 hrs per day over a 100 day irrigation season, the estimated 



Conceptual Model Report for Sheffield - Barrington 

PAGE             10

 

abstraction per well is calculated to be 21.6 ML/yr. If all 155 wells are operational then the 
estimated total groundwater abstraction is 3,300 ML/yr. 

A groundwater use survey was conducted during Stage 3 of the project. Of the five groundwater 
users identified by the local DPIW Regional Water Management Officer, only one landowner was 
able to be contacted and willing to provide information to the project team- the School Farm at 
Sheffield. Some additional information was provided by two other landowners during the 
groundwater level survey, however the collated data (Appendix B) is insufficient to be scaled-up 
to provide an improved estimate of total groundwater extraction for this catchment. 

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 hot spot 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 (GDEs) and discharge to rivers.  

Future groundwater resources management in the area needs to focus on regulating groundwater 
abstraction, and minimising any adverse impact that may occur as a result of interception of 
groundwater flows/discharges that may support GDEs. 

3.9 Groundwater and Surface Water Monitoring 
DPIW currently monitors one observation well completed in the Sheffield - Barrington catchment 
(Barrington, Feature ID 16536). The well is completed in the Tertiary Basalt (Ezzy, 2004).  

The manual groundwater level readings were taken twice annually with continuously logged data 
collected since December 2003. A linear regression best-fit line through the long-term manual 
water level data shows a net decline of 1.5 metres over the last thirteen years. However, this 
trend line is influenced by the greater seasonal amplitude between maximum recovery and 
maximum drawdown over the past 6 years (Figure 10). In general, groundwater levels recover 
each season to their pre-pumping levels illustrating that over the period of record, there has been 
no real decline in groundwater levels despite below average rainfall since 1993. Such behaviour 
could be indicative of an aquifer that is recharged quickly to capacity with additional rainfall 
discharging laterally to surface water (a ‘fill and spill’ aquifer).  The greater seasonal amplitude 
may be indicative of increased pumping in the general vicinity of this monitoring well in response 
to less rainfall. 

Figure 11 compares the six-monthly rainfall against the standing water level for the Barrington 
monitoring well. The increased seasonal amplitude in water levels appears to be a result of 
reduced summer rainfall in recent years. 

There is a number of surface water monitoring stations on the River Forth. The relevant one for 
the Sheffield Barrington catchment, not impacted by upstream diversions, is at Paloona Bridge 
(Hydro Tasmania station number 386). This station has a relatively short record spanning the 
period 03/06/1961 through to 23/01/1975. 
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3.10 Surface water modelling 
DPIW recently commissioned HydroTas Consulting (HTC) to develop surface water models for 
over 50 catchments throughout Tasmania.  These models have been used to estimate baseflow 
at selected points in the groundwater catchments investigated in the current study.   

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

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

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

• Determine the area of the surface water catchment intersecting the groundwater 
catchment to calculate a catchment area factor (CAF) such that; 

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

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

RAF = (average annual rainfall over intersecting area) / (average annual rainfall over total surface 
water catchment) 

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

• Factor the output from the surface water model by the CAF and RAF to derive 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 
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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 that portion of the Sheffield-Barrington catchment where runoff is likely 
to enter at the River Forth found an average daily total flow of about 134 ML/day, with an average 
daily baseflow of 67 ML/day (Appendix F). 
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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 Sheffield-Barrington, rainfall 
varies from about 1000 to 1400 mm/year (Figure 2). In basalt aquifers, recharge is likely to be 
dominated by distinct (but large) areas where it occurs rapidly due to the presence of columnar 
jointing and interconnected vesicles. 

Groundwater 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 environment5, is based upon 
conservation of mass between the chloride deposited at the land surface in rainfall and the 
chloride reaching the water table as groundwater recharge.  This mass balance can be expressed 
as follows 

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

Chemical analyses of groundwater samples from the Barrington monitoring well (Feature ID 
16536) indicate a Cl concentration range of 7 to 16 mg/L over the period of record with an 
average of 10.6 mg/L. These Cl concentrations are low; however; they are consistent with values 
reported across other catchments for wells completed in the Tertiary Basalt aquifer. Adopting 
10.6 mg/L as the Cl concentration in recharge water, and a mean annual rainfall of 1,225 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 5 mg/L for Cl in 
rainfall and the other parameters for Cl in groundwater and average rainfall identified above, 
derives a recharge rate of 578 mm/yr (i.e. 47% of precipitation). 

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

  

(4) 

                                                      

5 Conservative behavior of chloride is usually a valid assumption as the chloride ion rarely participates in 
water-rock interactions, except in situations when the water is approaching, at or above saturation with 
respect to halite. 
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where ET is actual evapotranspiration, P is annual rainfall, E0 is a rainfall scaling parameter, and 
ω is a parameter related to plant available water.  This relationship is plotted in Figure 12 using 
the parameters provided in Table 2.  

 

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 12 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 12, the 
excess water for any catchment containing a mix of these two extreme land uses can be 
estimated simply by linear scaling. 

For the Sheffield - Barrington catchment, the long-term average rainfall value of 1,225 mm/yr 
(section 3.2) was used, together with a land use mix of 78% grass/cleared and 22% trees 
(comprising remnant native vegetation and plantation forestry (Figure 5), to estimate the annual 
excess water as being 364 mm/yr for the catchment.  The modelled annual average runoff from 
the western margin of the catchment to the River Forth (82 mm/yr, Appendix F) was subtracted 
from the excess water value to obtain a recharge estimate of 282 mm/yr.  

A third method used to estimate recharge adopts a simplistic approach where the excess of 
winter rainfall over evaporation is determined from the climate data, and assumes 50% is direct 
runoff and 50% infiltrates to the groundwater system. If there is more detailed information about 
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infiltration over various soil types or runoff from slopes within the catchment, the the relative 
percentages of runoff and infiltration can be varied.  

In the Sheffield-Barrington catchment, the net rainfall excess for the months of April through to 
October is 529 mm. Assuming 50% runoff and 50% infiltration, the estimated recharge across the 
catchment is 265 mm/yr. 

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, 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 basalt, 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 the Tertiary basalts have a porosity of 0.2 (20%). 

Three monitoring wells in the Sheffield-Barrington catchment were sampled for CFCs in triplicate. 
Groundwater sampled from one monitoring well (SB-1) near Lower Barrington was contaminated 
with substances (such as fertilisers or pesticides associated with agricultural practices) that mask 
the actual CFC concentrations in groundwater in this area. The two monitoring wells sampled 
south-west of Sheffield had groundwater dated to be of older than 1965 for SB-2 and 1989 for SB-
3b. This corresponds to recharge rates of < 207±28 mm/yr for SB-2 and < 571±63 mm/yr for SB-
3b. 

In addition to providing an alternative estimate of diffuse recharge, the CFC analyses were used 
to test whether a ‘fill and spill’ conceptual model could be applied to the Tertiary basalt/sediments 
aquifer at Sheffield-Barrington (Section 3.9).  A conventional, regional groundwater flow model 
would have a constant age gradient with depth due to even recharge. A ‘fill and spill’ model would 
have younger water with high recharge rates at shallow depths due to the continual flushing in 
local flow systems, and much older water with lower indicative recharge rates at depth where 
flushing occurs over longer timescales in regional flow systems. 

The CFC analyses at Sheffield-Barrington provides some support to a ‘fill and spill’ model. There 
were high recharge rates evident in the fractured basalt system at SB-3b (< 571 ± 63 mm/yr), 
which is likely to be a localised rather than regional flow sytem. Lower recharge was evident in 
the Tertiary sand layer at SB-2 (<207 ± 28 mm/yr), which is more likely to be a regional flow 
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system. These differences are supported by aquifer recovery testing with the hydraulic 
conductivity being much higher in SB-3b. 

A summary of the recharge estimation methods and results for the Sheffield - Barrington 
catchment is presented in Table 3.  The large range in recharge estimates reflects 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 four methods applied in this catchment, the CMB and CFC method provide point estimates, 
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 (see Harrington et al., 2002 for further 
explanation). 

Table 3  Diffuse recharge estimates for the Sheffield-Barrington catchment. 

Method (Source) Recharge Rate (mm/yr) 

Steady-state Chloride Mass Balance (current project) 578 

Annual excess water less stream flow Zhang et. al. (current project) 282 

Excess winter rainfall less evaporation 265 

Chlorofluorocarbons (current project) <207±28 to 571±63 

Assumed recharge 274 

 

The CMB method results in a recharge estimation across the catchment of up to 54% of annual 
rainfall. The high recharge rate derived using this method results from the high average annual 
rainfall and low chloride concentrations reported for single groundwater monitoring well sampled 
in this catchment, which may be part of a localised flow system. 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. There 
is thus a low level of confidence in the estimated recharge rate derived using the CMB method in 
this instance. 

The recharge estimates obtained using both the approach of Zhang and the net excess winter 
rainfall assuming 50% infiltration, are in reasonable agreement and more indicative of recharge 
within the regional flow system identified by the CFC analysis. Therefore the average of these 
methods (274 mm/yr or 22% of rainfall) will be carried through for the preliminary water budget. In 
reality however, it is plausible that recharge varies by at least a factor of four over the catchment, 
with lower rates occurring in areas of perennial, deep-rooted vegetation 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 that formed as gases escaped when the lava was cooling may sometimes occur in 
basalts. Whilst rare, these vents may offer potential point-source recharge pathways similar to 
runaway holes in karst terrain. 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. 
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4.3 Recharge from Losing Streams 
Groundwater inflows from surface water features such as the River Forth or Don River will only 
occur if nearby water tables fall below the stage of the river.  At a point approximately 25 km 
along the Don River transect (section 3.8 Figure 9) the data indicates a change in river grade. At 
this locality groundwater levels are very close to the river surface elevation suggesting that there 
is a potential for the river to recharge the groundwater system. Elsewhere across the catchment 
the available data indicates that groundwater elevations are above the river elevations suggesting 
that the rivers and creeks are likely to be gaining i.e. receiving discharge from groundwater. 

Hydro Tasmania has modelled stream flow for that portion of the Sheffield-Barrington catchment 
where runoff is likely to enter at the River Forth and found that the average daily total flow is about 
134 ML/day, with an average daily baseflow of 67 ML/day (Appendix F).  These modelling results 
suggest that the River Forth is predominantly a gaining river, with an average of 55% of its daily 
flow derived from groundwater along the river reach which forms part of the western boundary to 
the Sheffield-Barrington catchment. 
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5 GROUNDWATER FLOW 

5.1 Groundwater Level Contours 
MRT’s drillhole database for water wells contains records of the latest depth to water level 
measured at each well, in addition to an attribute that states “geology of the main aquifer”.  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 (DTEM) data. The surface represents a composite/average surface for aquifers 
within the Tertiary basalt and Tertiary sediments. 

The resultant contours are shown in Figure 13 and reveal a range in potentiometric surface 
elevations from around 150 mAHD near the northern boundary to 550 mAHD in the vicinity of 
Gowrie Park at the southern extent of the catchment. The inferred potentiometric surface 
contours for this groundwater system suggest a steep hydraulic gradient in the southern part of 
the catchment, which flattens out through the central and northern part of the catchment.  

The groundwater level dataset was enhanced by a survey of groundwater levels conducted in 
October 2007 and April 2008. The project team was able to access 32 wells across the catchment 
(Appendix A). Seven of these wells were not completed in Tertiary units (Mathinna sediments, 
Cambrian or Permian aquifers), yet there is assumed to be some hydraulic connection, albeit 
limited, across these different units for the purpose of defining a conceptual model. The new data 
allowed for the refinement of groundwater level contours as shown in Figure 14. The new 
contours confirmed the generalised interpretation in Figure 13, yet more detail is evident with a 
groundwater divide identified between the Don and Dasher Rivers. A strong topographic influence 
on groundwater levels is also evident, which supports a model of lateral groundwater discharge to 
streams.  

The survey also allowed for the quantification of groundwater level change that occurred between 
October 2007 and April 2008. As indicated in Figure 14, most water levels declined by less than 
5 m during summer, which did not allow for the delineation of new water level contours. However 
a significant water level decline of more than 10 m was noted in two wells to the south of 
Sheffield. Both of these wells were used only for stock and domestic purposes and there did not 
appear to be significant groundwater extraction for irrigation in this localised area; so it is probable 
that aquifer storativity is low in this area. 

5.2 Groundwater Flow Direction 
The potentiometric surface contours in Figure 14 can be used to infer general directions of 
groundwater flow, as follows: 

• groundwater flow is generally from north to south aligned with the general direction of the 
Paloona Deep lead in the north- which is to some extent controlled by the position of the 
underlying Cambrian/Ordovician units (see section 3.7)- and the Kentish and Sheffield 
deep leads in the south; and 
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• a groundwater flow divide occurs between the River Forth, the Don River and the Dasher 
River through the central and southern part of the catchment. While most groundwater 
flow within the basalt is to the north, the divide suggests that some flow is directed south 
and east to the Dasher River, and some flow is directed west to the River Forth. 

Most of the southern boundary of the Sheffield-Barrington catchment is considered to be closed 
from a geological perspective (Figure 6) because of the elevated mountains around Gowrie Park, 
but the possibility of lateral groundwater inflow across this boundary associated with any deep 
regional groundwater system(s) cannot be excluded. It is the possibe that groundwater will exit 
this catchment as lateral flow following the deep lead drainage system along the western margin. 
The elevated regions of Bonneys Tier and The Badgers along the eastern margin with the 
adjoining Spreyton groundwater catchment, are likely to prevent lateral discharge from the 
Tertiary basalts and sediments occurring over this margin. However the possibility that lateral 
inflow from deeper regional groundwater systems may occur, cannot be dismissed.  

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 Law6 can be applied to estimate the average 
linear flow velocity. However, there are no published transmissivities for the Tertiary Basalt 
aquifer in the Sheffield-Barrington catchment although aquifer transmissivities are likely to be 
similar for those reported for the Thirlstane Basalt for the Wesley Vale groundwater catchment 
area (section 3.6). The highly variable porosity associated with alternating 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. 

 

                                                      

6 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 shown in Figure 14 
suggest that groundwater discharges to the Don River from the majority of the catchment. Over 
the north-western part of the catchment, groundwater is inferred to move laterally into the 
adjoining Leven-Forth-Wilmot catchment along the deep lead drainage channels. The rate of 
groundwater discharge over the north-western part of the catchment has been estimated using 
conventional flow net analysis7 and is in the order of 1,990 ML/yr.  

Over the south-eastern portion of the catchment, groundwater is inferred to flow along the 
Sheffield deep lead towards the Don River  

6.2 Groundwater Extraction 
Whilst not metered, groundwater abstraction for irrigation and industrial purposes in the Sheffield 
- Barrington catchment has been estimated at 3,300 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 
406 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 Sheffield - Barrington catchment would require a 
detailed knowledge of the rooting depths of local plant species and their annual rate of 
groundwater use.  Whilst this information is not readily available to the current project, the areas 
of the catchment in which this process may be important are shown by way of yellow dots on 
Figure 13.  These are well locations where the depth to water has been recorded and is less than 
3 m below ground level. The map indicates that shallow groundwater exists throughout the 
catchement. It is also likely that shallow groundwater exists elsewhere (e.g. along drainage lines 
higher in the catchment). While the water levels used may be affected by locally confining 
conditions, Figure 13 suggests that ET losses are significant. 

6.4 Groundwater Discharge to Streams 
As discussed previously and demonstrated in Figures 9, 13 and 14, the observed groundwater 
elevations near the Don River, Dasher River and River Forth support a model of active 
groundwater discharge to these features.   

                                                      

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] (assumed 20 m2/day, see section 2.6), i is hydraulic gradient [-] (taken as 0.034 
from Figure 13) and w is aquifer width [L] (8 km and 16.3 km for northern & south eastern areas). 



Conceptual Model Report for Sheffield - Barrington 

PAGE             21

 

Of the above rivers, the only one for which baseflow estimates exist is the River Forth.  Modelled 
daily average total flow at the catchment outlet is 134 ML/d and daily average baseflow is 
67 ML/day (Appendix F, HydroTas, 2007).  This value equates to a groundwater discharge from 
the Sheffield–Barrington catchment to the River Forth of about 24,500 ML/yr.  
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7 CONCEPTUAL MODEL 

7.1 Block Diagram 
A three-dimensional representation of the conceptual model of the Sheffield-Barrington catchment 
has been built (Figure 15) using a Digital Elevation Terrain Model (DETM) for the topographic 
surface and the inferred depths on the main aquifer system from the cross-section (Figure 7). 
The key features to the Sheffield-Barrington conceptual model are provided below: 

• The basalt aquifer system is contained within the deep leads in this catchment and 
comprises multiple aquifers (up to four, synonymous with the easily distinguishable lava 
flows), which extend some 40 km along a north-south axis and are around 6 km wide; 

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

• Groundwater flow in the Tertiary Basalts appears to be controlled to a large extent by the 
Kentish and Sheffield deep leads in the southern part of the catchment, which ultimately 
converge with the Paloona deep lead north of Sheffield Township; 

• Shallow groundwater systems with localised flow towards the main drainage lines are 
also prevalent throughout the catchment; and 

• The basalt aquifer(s) range from semi-confined to confined, especially where the 
intervening sediments are predominantly clay, or where there are thick sequences of 
massive, poorly fractured basalt. 

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 catchment groundwater balance.  This budget is considered to be very approximate 
and should not be used for any purpose other than to inform the project team of where efforts 
should be focussed for the upcoming field program, and to provide a starting point for the model 
design and calibration.  

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

• A significant proportion of the groundwater from the shallow aquifer system is inferred to 
discharge to the creeks and rivers that bisect the catchment, especially in the lower 
reaches of the catchment;  

• Some groundwater flow in the Paloona deep lead (Figure 6) is inferred to move laterally 
out of the catchment to discharge at the coast;  



Conceptual Model Report for Sheffield - Barrington 

PAGE             23

 

• 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, an estimate of groundwater outflow to streams only 
exists for the Forth River when there would be significant discharge to both the Don and 
Dasher Rivers. Furthermore, ET losses have not been quantified and these are likely to 
be significant; and 

• The volume of extraction relative to rainfall recharge is considered to be small which 
places this catchment area as a low category of threat, although an improved estimate of 
groundwater extraction is desired to confirm this. 

7.3 Knowledge Gaps and Uncertainty 
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 

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

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 Sheffield-
Barrington 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.   

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 systems contained in the various basalt sequences and 
separated by the fluvial deposits act independently, or are interconnected between permeable 
horizons. 

Although four different methods were employed to estimate diffuse groundwater recharge rate, 
the estimated recharge rate derived using the CMB method is considered to be the least reliable 
(section 4.1). Results are presented in Table 3 with the suggested estimated recharge for this 
catchment in the range of 265 –282 mm/yr.  

Field surveys or metering across representative groundwater users should be carried out to assist 
in quantifying groundwater abstractions through the area.  

There is no information concerning the occurrence (if any) of important GDEs within this 
catchment. Whilst this is not an issue that impacts on the development of a numerical 
groundwater flow model for this catchment, long-term management strategies will need to make 
provision for a water entitlement to be maintained to meet environmental needs. 
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8 RECOMMENDATIONS FOR FURTHER FIELD 
STUDIES 

Based on the available data, the following fieldwork is recommended for the Sheffield - Barrington 
catchment via future funding opportunities. 

• A run-of-river surface water – groundwater interaction study along the Don River and 
River Forth to assist in identifying reaches of the watercourse where groundwater 
discharge is occurring. However, this would need to be prioritised against data gaps 
identified across other catchment areas as part of this study.  

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

• A more comprehensive survey of representative groundwater users to better quantify 
groundwater use through the catchment.  

• Ongoing monitoring of groundwater levels of quality. 
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Appendix A 

Groundwater level survey data 



Sheffield Barrington Groundwater Level Survey
Date SWL  Date SWL  DTW (m) DTW (m) RSWL (mAHD) RSWL Change in 

Pre‐Irrigation Post‐Irrigation Easting Northing Pre‐Irrigation Post‐Irrigatoin Pre‐Irrigatoin Post‐Irrigation RSWL (m)
Sheffield‐Barrington 22/10/2007 15/04/2008 432289 5410579 583.90 4.70 6.92 579.20 576.98 ‐2.22 Domestic and stock bore. 1982 Yes Three close Tertiary Basalt

Sheffield‐Barrington 22/10/2007 15/04/2008 433274 5412713 528.20 2.30 11.50 525.90 516.70 ‐9.20 Domestic bore 15097 Yes Three wells close Tertiary Basalt

Sheffield‐Barrington 22/10/2007 15/04/2008 435747 5418198 193.30 2.72 3.10 190.58 190.20 ‐0.38 stock and domestic bore, iron staining 17116 Yes Tertiary Basalt
Sheffield‐Barrington 22/10/2007 15/04/2008 437173 5416629 371.00 39.00 40.60 332.00 330.40 ‐1.60 domestic bore 17134 Yes Tertiary Basalt

Sheffield‐Barrington 22/10/2007 15/04/2008 438295 5418323 347.20 1.86 2.80 345.34 344.40 ‐0.94 domestic bore 4297 Yes Cambrian
Sheffield‐Barrington na 14/04/2008 438796.50 5416924.90 317.60*** na 8.43 na 309.17 na New monitoring well SB3b,_McNabs_Rd,_West_Kentish_X‐

roads
Tertiary Basalt

Sheffield‐Barrington 21/10/2007 15/04/2008 438829 5415146 329.90 10.98 15.05 318.92 314.85 ‐4.07 Domestic bore 1956 Yes Several wells close Tertiary Basalt

Sheffield‐Barrington 22/10/2007 14/04/2008 439121 5422896 248.02 5.77 7.15 242.25 240.87 ‐1.38 domestic 15077 Yes Two right next to each otherCambrian
Sheffield‐Barrington 21/10/2007 14/04/2008 439559 5429855 249.47 15.85 15.64 233.62 233.83 0.21 irrigation well, pumping during measure 1789 Yes Four close Tertiary Basalt
Sheffield‐Barrington 22/10/2007 15/04/2008 439795 5423020 262.99 7.61 8.57 255.38 254.42 ‐0.96 domestic. 4152 Yes Tertiary Basalt

Sheffield‐Barrington 21/10/2007 14/04/2008 439835 5429178 251.80 4.54 9.95 247.26 241.85 ‐5.41 Stock and domestic 1793 Yes Three close Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 440129 5415314 305.80 4.55 13.15 301.25 292.65 ‐8.60 Domestic bore. Groundwater had pH of 9.5. Yield 600 g/h. 

reported that water was sitting in gravels below basalt
1915 Yes Tertiary Basalt

Sheffield‐Barrington na 14/04/2008 440451.60 5428422.30 242.66*** na 8.55 na 234.11 na New monitoring well SB1c Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 440498 5433047 172.14 9.10 8.10 163.04 164.04 1.00 Domestic Sometimes Stock 2065 Yes Tertiary Basalt
Sheffield‐Barrington 22/10/2007 na 440605 5417725 243.40 0.00 243.40 243.40 0.00 Irrigation bore. Tape wouldn't fit. But extraction is 5000 g/h 

for 1 month.
1900 Yes Tertiary Basalt

Sheffield‐Barrington 21/10/2007 14/04/2008 440677 5428775 237.05 9.15 10.83 227.90 226.22 ‐1.68 domestic. 4311 Yes Mathinna Sediments

Sheffield‐Barrington 22/10/2007 14/04/2008 440854 5424303 242.52 Flowing_ flowing na na na Did not stop flowing last summer 1830 Yes Two close (200m) Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 440986 5426919 255.60 12.86 13.82 242.74 241.78 ‐0.96 Domestic  31071 Yes Two close Cambrian
Sheffield‐Barrington 22/10/2007 14/04/2008 441194 5418887 241.99 13.86 14.68 228.13 227.31 ‐0.82 Domestic Bore 1690 Yes Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 441554 5416757 275.25 5.43 7.46 269.82 267.79 ‐2.03 Stock and domestic bore 1870 Yes Tertiary Basalt

Sheffield‐Barrington 21/10/2007 14/04/2008 441869 5430440 234.56 1.63 3.25 232.93 231.31 ‐1.62 Domestic. 15079 Yes Tertiary Basalt
Sheffield‐Barrington na 15/04/2008 441917.04 5417001.25 274.65 na 5.05 na 269.60 na Tertiary Basalt

Sheffield‐Barrington 22/10/2007 15/04/2008 442022 5419569 230.76 1.27 1.27 229.49 229.49 0.00 Stock and domestic ‐ used to fill dam 1855 Yes Tertiary Sediments

Sheffield‐Barrington 21/10/2007 14/04/2008 442074 5432059 217.79 14.68 17.70 203.11 200.09 ‐3.02  Domestic. 2025 Yes Cambrian
Sheffield‐Barrington na 14/04/2008 442080.80 5417696.10 263.74*** na 8.75 na 254.99 na New monitoring well SB2,_West_Kentish_Road Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 442310 5430219 236.25 7.34 14.86 228.91 221.39 ‐7.52 Domestic 1701 Yes 500m away Tertiary Basalt
Sheffield‐Barrington 22/10/2007 na 442417 5418210 246.75 Flowing_ na 246.75 na Very Slowly flowing. 1985 Yes Several close Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 442540 5410787 383.30 5.70 8.03 377.60 375.27 ‐2.33 bore next to dairy. No pump. Iron oxide in water. 15072 Yes Mathinna Sediments

Sheffield‐Barrington 21/10/2007 15/04/2008 442892 5414577 250.00 16.64 33.70 233.36 216.30 ‐17.06 Domestic Bore 31458 Yes Tertiary Basalt

Sheffield‐Barrington 22/10/2007 14/04/2008 443124 5423506 227.15 16.13 16.45 211.02 210.70 ‐0.32 30661 Yes Two close Tertiary Sediments

Sheffield‐Barrington 21/10/2007 14/04/2008 443349 5416555 306.80 1.08 13.69 305.72 293.11 ‐12.61 domestic bore 0 No Four close (400m) Tertiary Basalt

Sheffield‐Barrington 22/10/2007 15/04/2008 444122 5419461 273.84 0.48 0.83 273.36 273.01 ‐0.35 Abandoned 1904 Yes Four close (350m) Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 444434 5415919 280.40 9.64 14.30 270.76 266.10 ‐4.66 stock and domestic bore, high in Ca 1688 Yes Permian
Sheffield‐Barrington 22/10/2007 15/04/2008 444819 5421306 309.00 1.80 4.72 307.20 304.28 ‐2.92 Domestic 2066 Yes Two close (200m) Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 445456 5417757 265.00 10.00 10.93 255.00 254.07 ‐0.93 domestic bore 0 No Three close (450m) Tertiary Basalt
Sheffield‐Barrington 21/10/2007 14/04/2008 447305 5417072 279.30 1.19 2.68 278.11 276.62 ‐1.49 abandoned bore, no pump 1728 Yes Tertiary Basalt

* 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
*** New monitoring wells surveyed with RTK

Geology**Catchment MGA94, Z55 Corrected Elevation 
(mAHD)*

Comments MRT 
Database

Status Identified in 
MRT Database

Comments for Database 
Comparison



 

 

Appendix B 

Groundwater Use Survey



Groundwater use survey: Sheffield‐Barrington

Contact details
Crop 
irrigated

Area 
Irrigated 
(Ha)

No of 
bores 

used for 
irrigation

Pumping 
rate (L/s)

Hours per 
week 

irrigated
Irrigation 
Season

Length of 
season 
(months)

Length of 
season 
(weeks)

Years 
spent 

irrigating 
w GW

Changes 
in GW 
quality

Changes in 
bore 

performance

Total 
annual 

extraction 
(ML)

Calculated 
Application 
rate (ML/ha) Comments

Sheffield School 
Farm, ph: 
64911302

pasture 20 2 10 168 mid‐Nov 
to mid‐
March

4 17 12 some 
algae 

build‐up

no 210 2.6 Pumps wells constantly to fill a 
dam, from which is irrigated at 
approximately 3 ML/week. 
Therefore calculated application 
rate is 2.6 ML/ha

Not supplied pasture 1 6.25 14.3 build‐up 
of iron 
oxide

no 65 Irrigation bore identified during 
GWL survey at 442540E 
5410787N. Irrigates for 120 days 
for 24 h/d @ 5,000 gph

Not supplied pasture 1 6.25 4.4 no no 17 Irrigation bore identified during 
GWL survey at 440605E 
5417725N. Irrigates for 1 month 
at 24 h/d @ 5,000 gph



 

 

Appendix C 

Drilling notes and well logs



Drilling Notes: 

Sheffield-Barrington 

SB-1a: Drilled 9/12/07-10/12/07 

The site is located on the southeastern roadside verge of Lake Paloona Rd, 450 m west of the 
B14. Drilling could not continue past 30.2 m due to collapsing/broken ground and had to be 
backfilled. SB-1c was drilled as a replacement. 

SB-1c: Drilled 10/1/08-12/1/08 

The site is located on the southern verge of Coopers Place at Lower Barrington. The hole was 
drilled with air to a depth of 40 m. The screens were set (17-23 m) in a layer of sand, which 
contained 1-2 L/s of water, below the weathered basalt and above the Cambrian and Ordovician 
siltstones and conglomerates. A small water cut was encountered within the Cambrian/Ordovician 
unit and had to be sealed off with grout. A spring was noted approximately 50 m downhill from the 
site and may be related to the Tertiary aquifer where the screens were set. 

SB-2: Drilled 8/12/07-9/12/07 

The site is located on the western verge of West Kentish Rd between Cables Rd and Braids Rd. 
The hole was drilled with air to a depth of 60.8 m. Most groundwater was contained within a layer 
of sand at the base of the basalt. The well was completed in this zone with the screens set from 
47-59m. 

SB-3b: Drilled 6/12/07-8/12/07 

The site is located 10 m south of the crossroads at West Kentish. The hole was drilled with air to 
a depth of 69.5 m. The well was completed within basalt with the screens set at 56.5-68.5 m. 
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SB-1a (Abandoned)

RC Air Hammer

DPIW Tasmania
FQ-01

Sheffield Barrington
Stacpoole Enterprises Pty Ltd

10/12/07 ( not completed)

30.2

3.69

439399 5429196

17/12/07
GDA94 Zone 55

na

09/12/07
120 mm

A Walsh 10/12/07

Hole backfilled: unable
to run pre-collar to
sufficiently screen off
silt and loose sands.

Hole relocated to SB-1c

CLAY: Reddish brown loam/clay, medium to high plasticity

BASALT: Brown clay with gravelly basalt, medium to high plasticity

BASALT: Silty clay with blue/grey basalt, very broken ground (scree)

BASALT: Weathered basalt, creamy clay with reddish brown shale

SANDY SILT: Light beige sandy silt, moist soft, low to moderate
plasticity

SAND: Grey fine to  medium grained quartz sands, moderate to poorly
sorted, dry/loose
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22m, no
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sandy silt

Dcurrie
Text Box
V Waclawik                                  12/06/08
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SB-1c

Air Hammer

DPIW Tasmania
FQ-01

Lower Barrington, Tasmania
Stacpoole Enterprises Pty Ltd

12/12/07

40

8.55

242.66 (top of PVC)

440452 5428422

15/04/2008
GDA94 Zone 55

na

10/12/07
120 mm

D Currie 12/12/07

Flush mounted well
cover

Cement 0-13m

Bentonite seal 13-15m

Slotted 0.15mm
aperture screens 17-
23m, Gravel Pack 15-
24m

Casing sump 23-24m

Cement seal 24-40m

Production casing: CN
CL12 PVC 50 mm I.D.

CLAY: Red/brown clay loam

BASALT: Red/brown clay loam and black basalt grains

BASALT: Light brown clay with basalt (iron-stained, moderately
weathered). At 16m- small band of cream coloured clay (Kaolinite),
potentially confining layer.

SAND: Medium-fine sand (cream coloured) with minor black basalt
grains

CLAY: Dark grey/black clay, high plasticity

SILTSTONE: Pink siltstone and clay

CONGLOMERATE: Pink conglomerate/quartzite and minor pink
sandstone
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with top
22m cased

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

RC Air Hammer

DPIW Tasmania
FQ-01

Sheffield Barrington, Tasmania
Stacpoole Enterprises Pty Ltd

09/12/07

60.8

7.98

263.74 (top of PVC)

442081 5417696

09/12/07
GDA94 Zone 55

na

08/12/07
120 mm

A Walsh 17/12/07

Flush mounted well
cover

Cement 0-42

Bentonite seal 42 - 46

Slotted 0.15mm
aperture screens 47-59

Gravel Pack 6-60.8

Casing sump 59-60

Production casing: CN
CL12 PVC 50 mm I.D.

CLAY: Brown, loamy clay, medium plasticity

BASALT: Brown, loam and basalt, low to medium plasticity

BASALT: As above with increasing basalt

BASALT: Grey/black basalt

BASALT: As above with grey silty clay, low plasticity

BASALT: Grey/black basalt

BASALT: As above with grey silty clay and mudstone sediments (minor
fizz with HCI)

BASALT: basalt with grey fine grained sands, well sorted
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SB-3

RC Air Hammer

DPIW Tasmania
FQ-01

Sheffield Barrington, Tasmania
Stacpoole Enterprises Pty Ltd

08/12/07

69.5

8.58

317.60 (top of PVC)

438797 5416925

08/12/07
GDA94 Zone 55

na

06/12/07
120 mm

A Walsh 17/12/07

Flush mounted well
cover

Cement 0-49

Bentonite seal 49-53.5

Slotted 0.15mm
aperture screens 56.5-
68.5
Gravel Pack 53.5-69.5

Casing sump 68.5-69.5

Production casing CN
CL12 PVC 50 mm I.D.

BASALT: Light brown, clayey loam and minor basalt

BASALT: Dark blue grey to black

BASALT: Predominately black basalt with some weathered (dark
reddish/brown/purple basalt with green specks) sections at 18-22m, 24-
26m, some minor milky to crystaline olivine. Could be the agglomerate
referred to by Moon (1984).
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Appendix D 

Aquifer recovery 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: 7:55

Well No. / Name: SB1C Depth to equilibrium water level (m RL): 8.55 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 0.2 0.4 0.6 0.8 1.0

Y t
(m

)

Time (mins)

Prepared by paulhowe, 26 June 2002
Revision B 1/07/2008 \ SB1C_bra_VW_check.xls \ B&R (Solution)

rc = casing radius 0.025 If Lw < H

rw =
radial distance between 
undisturbed aquifer and well 
centre

0.06
ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + A+B . ln[(H-Lw)/rw] . (Le/rw)

-1}-1

Le = length of intake 6

H = saturated thickness of aquifer 275 = 3.25 m

Lw = distance b/n water table and 
bottom of intake 14.45

Re = effective well radius 1.55

t = time 0.3 If Lw = H
Yo = initial drawdown 0.303 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

0.021
= Lw < H m

Le/rw  = 100

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

4.4
Reduced by: James Fox Date:

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

0.75
Checked by: Vic Waclawik Date: 24/06/2008

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

4.1

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

= 1.51E-03 m/min Reduced by: James Fox Date:
= 2.171 m/d

Checked by: Vic Waclawik Date: 24/06/2008

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 \ SB1C_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: 7:55

Well No. / Name: SB2 Depth to equilibrium water level (m RL): 8.75 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 \ SB2_bra_VW_check.xls \ B&R (Solution)

rc = casing radius 0.025 If Lw < H

rw =
radial distance between 
undisturbed aquifer and well 
centre

0.06
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 275 = Lw = H m

Lw = distance b/n water table and 
bottom of intake 50.25

Re = effective well radius 10.99

t = time 1.5 If Lw = H
Yo = initial drawdown 0.611 ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + C . (Le/rw)

-1}-1

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

0.06
= 5.21 m

Le/rw  = 200

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

6.0
Reduced by: James Fox Date:

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

1.2
Checked by: Vic Waclawik Date: 24/06/2008

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

5.7

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

= 2.10E-04 m/min Reduced by: James Fox Date:
= 0.302 m/d

Checked by: Vic Waclawik Date: 24/06/2008

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 \ SB2_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: 7:55

Well No. / Name: SB3B Depth to equilibrium water level (m RL): 8.43 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 \ SB3B_bra_VW_check.xls \ B&R (Solution)

rc = casing radius 0.025 If Lw < H

rw =
radial distance between 
undisturbed aquifer and well 
centre

0.06
ln(Re/rw) =   {1.1 . [ln(Lw/rw)]-1 + A+B . ln[(H-Lw)/rw] . (Le/rw)

-1}-1

Le = length of intake 11.9

H = saturated thickness of aquifer 275 = 4.19 m

Lw = distance b/n water table and 
bottom of intake 59.97

Re = effective well radius 3.97

t = time 0.2 If Lw = H
Yo = initial drawdown 1.305 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

0.04
= Lw < H m

Le/rw  = 198.3333333

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

5.9
Reduced by: James Fox Date:

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

1.2
Checked by: Vic Waclawik Date: 24/06/2008

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

6.5

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

= 1.92E-03 m/min Reduced by: James Fox Date:
= 2.763 m/d

Checked by: Vic Waclawik Date: 24/06/2008

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 \ SB3B_bra_VW_check.xls \ B&R (Solution)



 

 

Appendix E 

Geological descriptions for Figure 6



Symbol Description
Qha Stream alluvium, swamp and marsh deposits.

Qpao Older alluvium of river terraces.
Qptb Basalt talus.
Qptd Talus consisting dominantly of dolerite boulders.
Qpto Quartz sandstone and conglomerate talus derived from Owen Group correlates.
Qptoc Talus derived from Ordovician conglomerate.

Qxt Landslide deposits predominantly derived from weathered Tertiary rocks.
Tb Basalt.

Tbh Hawaiite.
Tbr Transitional olivine basalt.
Tbw Predominantly deeply-weathered basalt.
Ts Dominantly non-marine sequences of  gravel, sand, silt, clay and regolith.

Tsco Sub-basalt conglomerate, quartz-stone or claystone.
Ksm Quartz melasyenite.
Jd Dolerite and related rocks
Pfh Quartz sandstone and shale, carbonaceous in places, and minor conglomerate.
Plb Poorly sorted pebbly mudstone, sandstone and minor conglomerate marine fossils present in 

places
Pu Upper glaciomarine sequences of pebbly mudstone, pebbly sandstone and limestone.
Dc Terrestrial cavern fillings
Ol Dark grey limestone, dolomite, calcareous mudstone, minor quartz sandstone and black clay 

weathering products. In part fossiliferous ( Gordon Group and correlates).
Osm Pale grey to pink, commonly cross-bedded quartz sandstone, coarse and pebbly in places, 

tubicular trace fossils on some horizons. Ordovician fossils in places. Moina Sandstone and 
correlates.

Osmc Siliciclastic pebble conglomerate.
Ccwc Chert, pale to dark grey, faintly banded to massive or brecciated. Includes Barrington Chert 

and correlates. Part of Cleveland-Waratah Association.
Cda Dominantly andesitic lavas, breccias, volcaniclastic rocks and possible intrusives. Typically calc-

alkaline, commonly feldspar-pyroxene-phyric.
Cdaib

Andesitic - monzodioritic intrusives with biotite, hornblende, pyroxene, feldspar and quartz. 
Typically massive, pink to brown-weathering. Includes Beulah ?granite? and related rocks.

Cdq Quartz-feldspar-phyric volcanic, volcaniclastic and intrusive rocks of Eastern Quartz-Phyric 
Sequence and correlates.

Cdqsc Lithic sandstone and minor pebble conglomerate, with clasts of felsic lava and quartzite.
Cdqsh Dominantly siltstone sequence, typically grey, thinly bedded. Part of Eastern Quartz-Phyric 

Sequence correlates.
Cdqvs Dominantly volcaniclastic sandstone with minor siltstone, typically quartz-feldspar-rich, well-

bedded. Part of Eastern Quartz-Phyric Sequence correlates.
Cdsv Marine volcano-sedimentary and sedimentary sequences of sandstone, siltstone, mudstone, 

conglomerate and breccia with some volcanic rocks, felsic to andesitic. Middle Cambrian fossils 
in places. Western Volcano-Sedimentary Sequences, including

Cdsvcs Dominantly siliciclastic conglomerate and sandstone, typically with quartzite and chert clasts. 
May include volcaniclastic detritus in places.

Cdsvgw Predominantly micaeaous greywacke and siltstone.
Cdsvsc Volcaniclastic sandstone and pebble conglomerate, typically quartz-feldspar-phyric.
Cdsvv Felsic volcanic and volcaniclastic rich horizon within Cdsv.

Cdt Felsic to intermediate volcaniclastic, volcanic and sedimentary rocks. Late Middle Cambrian 
fossils in places. Tyndall Group and correlates, including part of lower Dundas Group, 
?Huskisson Group?.

Cdtc Mainly volcaniclastic conglomerate and sandstone with minor mudstone, in Tyndall Group. 
Sparse quartzite clasts and clasts of granite in places.

Cdtca
Andesitic volcaniclastic conglomerate and sandstone. Typically crystal-rich, with plagioclase, 
pyroxene and abundant andesite lava clasts. Part of Tyndall Group correlates.

Cdtcs Unit of siliciclastic conglomerate, sandstone and siltstone within Tyndall Group
Cdtl Felsic lava, usually quartz-feldspar-phyric, within Tyndall Group.

Cdtla Aphyric banded rhyolite. Part of Tyndall Group correlates.
Cdtld Dacitic lava, typically plagioclase +/- quartz - phyric. Part of Tyndall Group correlates.
Cdtlrd Mainly rhyodacite lava, typically plagioclase-phyric. Part of Tyndall Group correlates.
Cdtsa Mainly andesitic volcaniclastic sandstone with minor siltstone and conglomerate, typically with 

detrital plagioclase and pyroxene and clasts of andesite. Some felsic detritus and quartzite 
clasts in some areas. Part of Tyndall Group correlates.

Cdtsh Interbedded siltstone, mudstone and volcaniclastic sandstone in Tyndall Group.
Cdtsq Quartz-rich volcaniclastic sandstone, typically with abundant detrital quartz and plagioclase 

crystals and quartz-phyric rhyolite clasts.
Cdtss Mainly volcaniclastic sandstone, with minor siltstone and volcaniclastic conglomerate, typically 

quartz-feldspar-rich, within Tyndall Group.
Cdtvs Dominantly crystal-rich volcaniclastic sandstone derived from andesitic and dacitic volcanics 

with interbeds of vitric and pumiceous volcaniclastic sandstone and finely banded micaceous 
siltstone.

Cgrs
Granite with strongly sericitised feldspar and biotite altered to opaques, muscovite and chlorite.

CO Undifferentiated shallow marine - non-marine siliciclastic conglomerate - sandstone sequence - 
Owen Group and correlates.

COcr Pink to white pebble-cobble to cobble-boulder siliceous conglomerate, thick-bedded to 
massive, with minor quartz sandstone lenses (Roland Conglomerate and correlates).

Cqfp Quartz and feldspar +- biotite porphyry.
Lta Amphibolite (in Proterozoic metamorphosed dominantly siliceous shelf sequences). Chlorite-

actinolite-epidote-albite schist in the Strathgordon area.
Ltpg Fine- to coarse-grained, often thinly banded, pelitic, garnetiferous  quartz-mica and mica-quartz 

schist, commonly containing phengite, biotite, almandine, albite and chlorite. Relatively high 
metamorphic grade.

Lts Dominantly quartzite
Water Water.



 

 

Appendix F 

HydroTas modelling results for the Forth River portion of the 
Sheffield-Barrington catchment



Forth Surface Water Catchment - intersection with Sheffield-Barrington GW catchment

Catchment Area intersecting with GW catchment = 72km2 out of total 1129km2
Catchment Area adjustment factor applied to flow at outlet (72/1129)
Rainfall adjustment factor applied to flow at outlet (1200/1980)

Month Date

Surface 
Flow 
(ML/d)

Baseflow 
(ML/d)

3 1/03/1900 0:00 12.17964 0.017128 Alpha 0.925
3 2/03/1900 0:00 11.68486 0.082373
3 3/03/1900 0:00 11.24051 0.203534
3 4/03/1900 0:00 10.78332 0.369267
3 5/03/1900 0:00 10.36965 0.569712
3 6/03/1900 0:00 9.966975 0.796359
3 7/03/1900 0:00 9.658267 1.042
3 8/03/1900 0:00 9.473065 1.300817
3 9/03/1900 0:00 9.291381 1.568241 Daily Averages (ML/d)
3 10/03/1900 0:00 8.896427 1.840198 Surf Flow 134
3 11/03/1900 0:00 8.320422 2.112329 Baseflow 67
3 12/03/1900 0:00 7.84008 2.380225 BFI 0.50
3 13/03/1900 0:00 7.524547 2.640387
3 14/03/1900 0:00 9.017203 2.893005

3 15/03/1900 0:00 16.39394 3.151874 Month

Surface 
Flow 
(ML/d)

Baseflow 
(ML/d) BFI

3 16/03/1900 0:00 29.18869 3.455475 1 49 24 0.50
3 17/03/1900 0:00 32.76356 3.847027 2 38 16 0.44
3 18/03/1900 0:00 20.8377 4.322906 3 38 16 0.42
3 19/03/1900 0:00 12.81066 4.828459 4 87 27 0.31
3 20/03/1900 0:00 28.18995 5.338837 5 151 59 0.39
3 21/03/1900 0:00 67.39704 5.937576 6 195 91 0.47
3 22/03/1900 0:00 81.93327 6.625172 7 234 118 0.50
3 23/03/1900 0:00 51.53697 7.277808 8 262 143 0.55
3 24/03/1900 0:00 23.05662 7.841391 9 212 121 0.57
3 25/03/1900 0:00 13.3671 8.297425 10 151 87 0.57
3 26/03/1900 0:00 10.7321 8.578838 11 104 57 0.55
3 27/03/1900 0:00 9.801442 8.705433 12 80 38 0.47
3 28/03/1900 0:00 9.675239 8.782901
3 29/03/1900 0:00 9.391224 8.839176
3 30/03/1900 0:00 8.937887 8.863579
3 31/03/1900 0:00 8.601228 8.601228
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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 G 

Data Inventory for the Sheffield Barrington Catchment 



Sheffield-Barrington

Data Available  Source / Publications Comments
Overview of Geology

Age and depositional enviroments
Burns, 1964; Jennings, 1979

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
explanatory notes have contours

thicknesses (reliable geological logs)

porosity/specific yield

hydraulic conductivity

Groundwater Monitoring

multilevel piezometers

time series gw levels ***

time series gw chem

Water table contours

Groundwater flow – direction, rates?

Surface water monitoring

time series sw flows

time series sw chem

Surface water-groundwater interaction ***

baseflow separation from sw monitoring
Y HydroTas Mersey

gw monitoring responses

Groundwater Recharge

Rainfall seasonality/history

Diffuse recharge

- relationship with soil/land use

- rainfall-gw chemistry/salinity

Localised recharge (e.g. flood or preferential)

- flood extent and duration

- bore hydrograph responses

- gw quality maps

Groundwater pumping (extraction) ***

Irrigation type/efficiency

Crop types/volumes applied

History of use

Bore density

Drawdown/recovery responses

Evapotranspiration

depth to water table

vegetation types/health

evidence of salinisation

Artificial Drainage

network

drain elevation cf. groundwater levels

Groundwater Model - type, purpose and 
necessary features

Data Inventory - Class ABC
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