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Cover photo 

View west towards the proposed quarry site, showing stockpiled screened dolomite after extraction 
and on-site crushing during a bulk sampling trial. The excavator is near the bulk sample pit. 

The ground surface (35.5mAHD) is essentially flat; the open surface drain crossing left to right in the 
foreground is one of a series of drains at a (LiDAR-derived) gradient of 1:1,300 (0.050) leading to the 
Montagu River 500m to the north (right of photo). The white patches this side of the stockpiles, and in 
the drain in the foreground, is dolomite bedrock. Dolomite also crops out in the shallow (0.5m deep) 
drain which contains the straightened Montagu River. The rock everywhere in this area is high 
strength, with no or sealed fractures.  The Quaternary-age alluvium and marsh deposits in the district 
and shown on the published Roger 1:25,000 geological map are absent, or less than 0.5m thick. 

Photo: Bill Cromer, 1 May 2023 
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SUMMARY 

 
 

A desk-top review supported by a May 2023 site inspection and water sampling event, and a follow-up 
November 2023 water sampling event, has assessed groundwater conditions at and near a proposed  
dolomite quarry on mining lease 2115P/M near Roger River West in northwestern Tasmania. 

The proposed quarry will nominally be about five metres deep, with a 4ha extraction footprint at end of 
life. The site is on almost flat ground 500m south of the Montagu River, which in this section of its 
course has a High integrated  conservation value. It rates a Very High classification for its immediate 
and potential Conservation Management Priority. 

Dolomite bedrock crops out at the surface. There is no surface evidence of karst features in the 
vicinity. However, karstic features might be encountered during operations because a water bore 
drilled in November 2023 by the landowner about 300m northeast of the current trial pit reportedly 
intersected a dry, gravel-filled cavity at 4 – 5m below ground. 

Conceptual hydrogeological models have been compiled for local-, intermediate- and regional-scale 
groundwater movement.  Quarrying will potentially affect only local-scale groundwater, but there is no 
site-specific information on directions of flow and depth to the water table in the vicinity of the quarry. 
However, it is likely that excavation to 5m depth will encounter groundwater.  

A nation-wide assessment by the Bureau of Meteorology has classed the area as an aquatic surface-
based groundwater dependent ecosystem of high potential. 

A 1000t bulk sampling pit has recently been blasted and excavated for crushing trials. Water sampling 
from the pit in May 2023 suggested that the explosives used may affect background groundwater 
quality by elevating nitrogen compounds, pH, electrical conductivity, and calcium, magnesium and 
sulfate levels.  Follow-up sampling in November 2023 of the pit then flooded with runoff/groundwater 
returned much lower concentrations of the same analytes.  

Extractive operations will be confined to November through to April, and it is likely the pit will contain 
pre-mining accumulated groundwater and surface runoff which will need to be removed before 
operations start. Water may also enter the pit during mining, at variable rates. Cresswells Transport 
Pty Ltd and the landowner have entered into a Compensation Agreement enforceable under 
ML2115P/M whereby for the duration of mining operations the landowner has agreed to take all water 
from the pit for his irrigation system. 

There will be no direct discharge of pit water to the Montagu River. 

A groundwater management plan (including installing and sampling two monitoring bores), and a karst 
management plan, are recommended. 

On this basis, the proposed quarry should proceed from a hydrogeological perspective,  
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1 INTRODUCTION 
 
1.1 Background 
 
Cresswell’s Transport Pty Ltd (“Cresswells”) proposes a 20,000m3pa dolomite quarry on mining lease 
ML2115P/M near Roger River West, about 25km south of Smithton in northwestern Tasmania 
(Figures 1, 2 and 3). Quarrying will be to depths up to 5m, over a footprint of up to 4ha. 

This hydrogeological report is intended to accompany an Extractive Industry Environmental Effects 
Report (EER) for the activity. It describes existing local-, intermediate- and regional-scale groundwater 
conditions (including karst) at and near the proposed quarry, assesses risks to groundwater from 
operations, and proposes a groundwater and karst management plan (EPA 2022). 
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Figure 1. Location of Cresswells Transport proposed dolomite quarry on mining lease 
2115P/M off Donalds Road near Roger River West. 
Source of base map: www.thelist.tas.gov.au   
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Figure 2. Location of the proposed dolomite quarry in relation to mining lease 2115P/M, roads, 
drainage, cadastre and topography.  
Contour interval 10m. Lines A – A’ and B – B’ are cross section lines for the conceptual hydrogeological models in Section 3.3 (note 
the lines extend off the map). 
Source of base map: www.thelist.tas.gov.au  
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Figure 3. Aerial imagery of the district.  
Contour interval 10m. Lines A – A’ and B – B’ are cross section lines for the conceptual hydrogeological models in Section 3.3 (note 
the lines extend off the map). 
Source of image: www.thelist.tas.gov.au  
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1.2 Brief for this report 
The site-specific Brief for this report is outlined in an EPA Table of Issues responding to Cresswells 
draft EER dated 13 December 2022 (Williams, 2022). The groundwater section of the Table of Issues 
is repeated here as Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Extract from undated Tasmanian EPA Table of Issues Version No. 1 in response to 
Cresswells draft EER Version 1 (ie Version 2) of the Donalds Road Quarry, Roger River West. 
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1.3 Groundwater investigations for this report 
Investigations in relation to the Brief for this report included desk-top studies and field work. 

The desk-top studies comprised on-line searches for relevant hydrogeological reports, water bore 
records, geological maps, and karst hydrology and management, and produced LiDAR-generated 
cross sections1. 

Discussions were also held with consultant geologist Ken Morrison, who produced the Year 1 Annual 
Report (Morrison 2022) for operations on exploration licence EL9/2020, and who re-visited the 
proposed quarry site in June 2023 and provided additional information for the current report. 

The field work included a 1 May 2023  inspection (in the company of the proponent) of the bulk 
sampling test site at the proposed quarry.  The inspection included surface water and groundwater 
sampling, for laboratory analysis by Australian Laboratory Services (ALS) in Melbourne. 

A second surface water and groundwater sampling event occurred on 14 November 2023. The 
sampling was undertaken by consultants Environmental Services & Design (ES&D) on behalf of 
Cresswells, and compared water qualities six months apart. On the same date, Spaulding Drillers 
(commissioned by the owner of the property) was drilling a groundwater extraction bore in the vicinity, 
and an opportunistic water sample from the bore was collected and analysed.    

 

1.4 Previous hydrogeological and related investigations 
Apart from the first annual report for Cresswells exploration activities (Morrison, 2022), a  search of 
Mineral Resources Tasmania publication database found no previous relevant investigations specific 
to the immediate area of the proposed dolomite quarry. 

 

1.4.1 Mines Department regional groundwater survey (1959) 

Gulline (1959) produced the first review of groundwater in the Smithton District. The work preceded 
much of the subsequent water bore drilling and most of it is general in nature.  The only comment 
relevant to the current report was that the Edith Creek, Copper Creek and Irishtown district  “have 
good underground water prospects but up to the present no boring has been required possibly 
because other sources have given an adequate supply.” (page 44).  

In relation to the Smithton Dolomite, Gulline (page 35) states: “Bore records show that underground 
water is struck in the weathered rock under recent deposits, but up to 50 feet into solid rock were 
bored in some cases before a satisfactory supply was obtained.”  

 

1.4.2 Groundwater bore records and regional maps (1960s, 2006)  

Following on from Gulline (1959), Matthews (1961, 1962, 1964, 1965, 1966) summarised the results of 
drilling for water in northwestern Tasmania (including the Smithton district).  The summaries provide  
good information about groundwater prospectivity in various rock types, including the Smithton 
Dolomite. The information is now digitised as records in the DPIPWE Groundwater Access Information 
Portal. 

 
1 Laurie Veska Geological Services produced tabulated LiDAR-generated grid coordinates and elevations from 
which were produced the conceptual hydrogeological cross sections in this report.  

https://wrt.tas.gov.au/groundwater-info/
https://wrt.tas.gov.au/groundwater-info/
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Some of the same records have been brought together on the Northwest Tasmania Groundwater Map 
(Matthews and Latinovic, 2006a), and the Northwest Tasmania Groundwater Quality Map (Matthews 
and Latinovic, 2006b). The information is of limited use for the Cresswells quarrying proposal, because 
drilling for groundwater has been a relatively recent activity in the southern extremity of the Smithton 
Basin. Twelve bores are recorded within a few kilometres of the site, but eight on Donalds Road 
postdate the publication of the groundwater map and groundwater quality maps, and two (and possibly 
all) of the remaining four are listed as decommissioned or abandoned.  

Records from these twelve bores are presented in the current report. 

 

1.4.3 Mineral exploration drilling (1968) 

Various company reports describe previous exploration activities in the general area of the Arthur 
River. Pacific-Nevada Mining Pty Ltd explored for copper and gold in Proterozoic rocks, and reported 
(Westbrook 1999) the logs of three diamond holes drilled to depths of 25m in 1998 south of and within 
1.5 – 3km of the Cresswells site. The holes were collared in a veneer of Quaternary marsh deposits, 
and all three intersected weathered material interpreted as basalt. Dolomite was not reported on any 
of the logs, which is interesting because three (numbered 41356, 41357 and 42645 In Table 2) of the 
twelve groundwater bores mentioned above (Section 1.4.2) are in the vicinity and all three reported 
dolomite to 60m. 

 

1.4.4 Cresswells Year 1 exploration report on EL9/2020 (2022) 

As part of Year 1 exploration activities, Cresswells drilled 20 exploration holes to depths of 7 – 18m 
(average 15m) on the perimeter of a 150m square in the southwestern corner of mining lease 
2115P/M within EL9/2020 (Morrison, 2022).  

Dolomite bedrock was present as scattered flat-lying exposures over the site.  The dolomite was open 
at depth and extended north and east.  

Eighty two dolomite samples were laboratory-analysed and grades ranged from an estimated 94.6 – 
98.6% MgCO3 + CaCO3. Sufficient resource was present to justify bulk sampling to evaluate material 
handling properties.  The bulk crushing of 1,000t followed in early 2023 as a Year 2 exploration 
activity. 

 

1.4.5 Spaulding Drillers groundwater bore (November 2023) 

This bore (referred  to in this report as the ”Owner’s bore”) was drilled under Permit 1443 by Spaulding 
Drillers on 13 – 14 November 2023 about 300m northeast of the proposed dolomite quarry (GDA94 
330165mE, 5453416mN; Figures 5, 6, 8 and others). The bore was drilled entirely in variously hard 
and fractured dolomite to a (driller’s) reported depth of 126m. A “cavity gravelly” was intersected 
between 4m and 5m depth, with no groundwater.  Groundwater was encountered from about 15m 
onwards, with the air-lifted flow remaining in the 2 – 3L/s range until 30 – 40L/s was encountered in 
the 120 – 126m interval at the base of the hole.  

It is understood the bore will be used for irrigation by the landowner. 

https://nre.tas.gov.au/Documents/NW-groundwater-map.pdf
https://nre.tas.gov.au/Documents/NW-groundwater-map---quality.pdf
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2 HYDROGEOLOGY OF THE CRESSWELLS SITE 
 
2.1 Physical description 
 

2.1.1 Topography, relief, and surface drainage 

2.1.1.1  Topography and relief 

The area surrounding the Cresswells site (Figures 5 and 6) comprising the flood plain of the Montagu 
River is essentially flat, at elevations between about 34 – 38mASL The proposed quarry site is at 
about 35.5mASL, with a surface gradient of 0.050 north to the river. Low, un-named hills to the east, 
north and west rise to about 150mASL. 

 

2.1.1.2  Surface drainage 

Three scales of surface drainage systems are recognised in Tasmania (including the Smithton district): 

• on a regional scale, the Cresswells site lies within the Montagu CFEV2 Catchment of 581km2.  

• on a subregional scale, the Cresswells site lies within the Upper Montagu CFEV 
Subcatchment of 129km2 (Figures 5 and 6)  

• on a local scale, mining lease 2115P/M straddles CFEV Sub-subcatchments 166726 of 
113ha, and  166176 of 622ha, and the proposed quarry site is wholly within the latter (Figures 
5 and 6). 

Within 166176, surface drainage from the proposed quarry is to the Montagu River, about 500m north 
of the quarry site. This section of the river is rated High with respect to its Integrated Conservation 
Value (Figures 5 and 6), and Very High to its immediate and potential Conservation Management 
Priority. 

There is an extensive system of subparallel open drains throughout the immediate area but none of 
them extends into the quarry site. There are no other drainage lines in the vicinity. 

Because of the general connectivity between surface water and groundwater, there is a direct one-to-
one correspondence between surface water catchments, subcatchments and sub-subcatchments, and 
regional-, intermediate- and local-scale groundwater systems (Section 3.3). 

 

2.1.2 Rainfall and evaporation3 

Mean annual rainfall for Edith Creek (10km north northeast of the Cresswells site) is 1212mm, ranging 
from 44mm in February to 174 in August. Annual evaporation is estimated to total 905mm, with 
monthly totals ranging from about 130mm in January, to 20mm in July (Table 1 and its graph). 

 
2 CFEV = Conservation of Freshwater Ecosystem Values. A DPIPWE database provides conservation evaluations for 
freshwater dependent ecosystems in catchments and subcatchments, and the smallest division of catchment, 
CFEV River System Catchments (RSCs; in this report called sub-subcatchments). 
3 In the absence of evaporation data for Edith Creek and the Smithton district generally, evaporation is estimated 
from Bureau of Meteorology monthly contours for Australia. 

http://www.bom.gov.au/climate/maps/averages/evaporation/
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Table 1. Rainfall statistics for Edith Creek, 10km north northeast of the Cresswells 
site.  
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2.2 Geology 
2.2.1 Regional geological setting 

The Cresswells site lies at the southern extremity of the Smithton Basin – geologically, the Smithton 
Synclinorium4 – which includes Neoproterozoic5 and Cambrian rocks in a V-shaped area extending 
about 40km south through Smithton from Bass Strait, and a similar west-east distance from Marrawah 
to Forest (Figure 7). 

The Neoproterozoic rocks include clastic carbonate rocks (including the Smithton Dolomite) 
interbedded with basalts and related volcaniclastic sequences. They are gently folded in a broad 
syncline with a north-south axis, so the rocks dip both easterly and westerly. They are underlain by the 
older Proterozoic Rocky Cape Group sandstones and siltstones.  A major structural feature in the 
synclinorium is the Roger River Fault, which trends SSW – NNE near the Cresswells site, and which is 
interpreted as a thrust fault dipping steeply east (Everard et al, 2007). 

Large tracts of Quaternary (mostly Holocene?) age alluvium and marsh deposits are shown on the 
published geological maps6 of the district, obscuring the older bedrock (mostly dolomite) across the 
low-laying areas bordering the Montagu and Duck Rivers. The thickness of the deposits is not known 
in detail, but cobble beds up to 5m thick occur in several locations along and north of the Arthur River, 
and near Smithton up to 21m of sediments are present in the lower Duck River (Everard, 2007). 

 

2.2.2 Geology at and near the Cresswells site 

Quaternary (Holocene?)-age alluvium and marsh deposits are shown on the published geological map 
(Figure 8) across the flat ground in the vicinity of mining lease 2115P/M. However, these materials are 
less than 0.5m thick, or are absent altogether, at the proposed quarry site, and along parts of Donalds 
Road, and in the nearby Montagu River. Instead, Smithton Dolomite occurs as patchy outcrops and 
subcrops  of hard, pale grey-cream, high-strength, slightly weathered flat-lying rock with sealed vertical 
fractures (Plates 1 – 4).  

The 2022 exploratory drilling of the proposed quarry site [Figure 8, and Morrison (2022)] established a 
vertical dolomite thickness of at least 18m in the immediate vicinity.  

The recent Owner’s bore about 300m northeast of the proposed dolomite quarry was drilled entirely in 
dolomite to a depth of 126m (Section 1.4.5). 

Consulting geologist Ken Morrison inspected the site and sampled stockpiles on 23 May 2023. He 
provided the following comments7 about rock properties and fracturing in the bulk sampling pit (Plate 
5): 

“Three joint-controlled fracture directions are prominent in the western wall of the pit; two sub vertical 
and one sub horizontal. Several compass readings on each gave the following average orientations 
(converted to true north bearings): 

1. Strike 320 Dip 80 to NE 
2. Strike 230 Dip 75 to SE 
3. Strike 340 Dip 05 to NE 

 
4 A synclinorium is a relatively large-scale synformal syncline (ie a trough) with smaller superimposed folding. 
5 The Neoproterozoic Era is the youngest era of the Proterozoic (formerly Precambrian) eon. It extends from about 
1,000 million years ago, to about 540 million years ago at the beginning of the Cambrian Period. 
6 The Roger, Togari and Mella 1:25,000 digital geological map sheets published by Mineral Resources Tasmania. 
7 Email K. Morrison to W. C. Cromer Pty Ltd, 25 May 2023. 
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The residual water level in the pit was about 4 metres below surface at the time and there was no 
evidence of ground water transmitting through the open fractures at that depth. However, surface rain 
water was trickling down some of the open sub vertical fractures and slowly recharging the pit water. Not 
all fractures are open. Particularly in the sub horizontal set annealed insipient joints are more common than 
open fractures. It is not possible to tell if the open fracture have been enhanced by blasting, or even by 
stress release from the wall bounding the excavated void. 

 
In the southern wall of the pit there is a sub vertical crush zone of brecciated dolomite fragments, quite 
tightly packed and not making water. This structure is interpreted as an annealed fault zone about 50 cm 
wide. Individual rock fragments look very fine grained and tightly packed, with no evidence of textural 
porosity or permeability. Any ground water below the depth of the pit will be transmitted through fractures.  
There is no evidence of karst features in the pit, which is consistent with the drilling results. The dolomite 
(strictly it should be called dolostone) is very consistent in texture, colour, fragment shape and softness.  No 
cherty or shaley bands were noted in pit outcrop or on the stockpile, in contrast to some of the other 
Proterozoic dolomites quarried in Tasmania.” 

 
 

2.2.3 Local karst features in the Smithton Dolomite 

On a regional scale, the Smithton Dolomite is variously rated High or Medium with respect to its CFEV 
Karst Integrated Conservation Value. The district surrounding the Cresswells site is in the Roger River 
– Ekberg 2 Karst System, and the CFEV rating is Medium (Figure 9). 

Sinkholes8 are common east of the proposed quarry, but there is no surface expression of them in 
mining lease 2115P/M (Figures 10 and 11). The difference may be at least partly explained by 
different lithologies or degrees of dolomite purity9 in the Smithton Dolomite. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
8 The term “sinkhole” in this report means the same as “doline”. Both are roughly circular surface depressions with 
internal drainage, at any scale but in the Roger River West district up to about 50m across. 
9 Dolomite is less soluble than limestone: the areas of sinkholes in Figures 10 and 11 may reflect rocks with less 
magnesium content compared to those further to the west. 
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Figure 7. Simplified regional geological map of far northwestern Tasmania, showing the Smithton 
Synclinorium.   
Source: Figure 1 of Everard et. al. (2007). The red rectangles are (from north to south) 1:25,000 scale geological map 
sheets Roger, Sumac and Dempster.  The approximate location of Cresswell’s Transport proposed dolomite quarry has 
been added. 
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2.3 Groundwater 
2.3.1 Regional groundwater bores 

The DPIPWE Groundwater Access Information Portal records about 800 water bores drilled in the 
Smithton Basin – most of them since the 1950s (Figure 12; and Section 1.4.2). 

 

2.3.2 Groundwater occurrence in the district 

Twelve water bores have been drilled within about 5km of the Cresswells site (Figure 13). Eight bores 
are within 1.5 – 3km along Donalds Road leading west from Roger River Road. Four have been drilled 
in the past year.  

All twelve bores reportedly intersected dolomite (Table 2). The average depth was 45m (range 18 – 
66m), and yields ranged broadly from 1 – 45L/s (average 15L/s).  The higher yields10 are some of the 
highest reported from water bores in Tasmania, and are interpreted as due to secondary porosity in 
karstic features. The standing water level (approximating the water table depth) reportedly ranged 
from 4 – 15m, but these probably immediately follow drilling and may not have stabilised.   

Groundwater quality on drilling ranged from 233 – 720mg/L of Total Dissolved Solids (TDS), roughly 
equating to electrical conductivities (EC) in the  360 – 1,100µS/cm range11.  

 

2.3.3 Groundwater occurrence at the Cresswells site 

2.3.3.1  Evidence from rotary-percussion drillholes RR1 – RR20 

Locations of the 2022-drilled holes RR1 – RR20 are shown in Figures 14 and 15.  

RR3, RR5, RR6 and RR16 were terminated at shallower-than-intended depths of 10.8m, 10.8m, 7.2m 
and 18m respectively, when groundwater produced sticky wet drill returns unsuitable for sampling 
(Morrison, 2022, p6). No groundwater was reported from the remaining 15 holes to depths ranging 
from 10.8– 18m. The holes were backfilled on completion, so depths to groundwater could not be 
measured during the site inspection on 1 May 2023. 

It is inferred  from this drilling that groundwater exists probably at depths less than 7m or so at the site. 

 

2.3.3.2  Bore BH1 

Uncased bore BH1 is located in the extreme northwestern corner of mining lease 2115P/M (Figures 
14 and 15). It was reportedly drilled in 2022, as an exploratory hole for Cresswells proposed 
operations.  No groundwater was encountered during drilling to its final depth of 18m. 

On 1 May, 2023, the water table was 4.0m below ground 

 
10 Reported by the driller, and usually not pump-tested.  The yields were probably obtained by air-lifting from the 
hole, may have been limited by the volume capacity of the air compressor, and in karst may in practice be 
sustainably higher than reported.  Secondary porosity is porosity developed after the formation of a rock type, and 
includes fractures, faults, karst openings. 
11 EC (µS/cm) = TDS (mg/L) divided by 0.65 

https://wrt.tas.gov.au/groundwater-info/
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Plate 1. View northwest along the Montagu River from the small bridge on Donalds Road, about 1km 
east of the Cresswell site (near the tree line at left middleground).  Smithton Dolomite crops out in its 
bed, at ground level, here and elsewhere along its artificially straightened course. (Photo: 1 May 2023) 
 

Plate 2. View looking west over the Cresswell site. Smithton Dolomite crops out at ground level 
throughout the immediate area. The staff is one metre long. (Photo: 1 May 2023) 
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Plates 3 (left) and 4 (below). Vertical 
photos of outcropping  Smithton 
Dolomite at the Cresswell site. The 
rock is high-strength and slightly 
weathered, with sealed subvertical 
fracturing. The staff is one metre 
long. (Photos: 1 May 2023) 
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Plate 5 (above).  The bulk sampling pit on1 May 2023, looking southwest. Two metres of the staff 
project above the 2m deep water. The strong fracturing of the dolomite is due to blasting. The two 
dark circular areas at water level in the photo centre may be due to dislodgment of joint blocks, but 
the right hand one has some depth to it and it may be a small  karst feature.  The evidence is 
inconclusive.  (Photo: Bill Cromer). 
 
Plate 6 (below).  The bulk sampling pit on 14 November 2023, looking east from the same location as 
Plate 5. It is likely the full water level is mainly due to surface runoff from surrounding ground. (Photo: 
Maja Aspaas, ES&D).  
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Figure 10. Hillshading in the vicinity of the proposed dolomite quarry, showing karstic features 
(sinkholes) in the Smithton Dolomite near the Roger River Road-Donalds Road intersection, but an 
apparent absence of similar features near the proposed quarry. 
Source of base image: www.thelist.tas.gov.au   
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Table 1 shows that the 382mm of monthly rain recorded in August 2013 at Edith Creek was the highest 
since records began in 2011. This followed 228mm in July 2013, also a 90%ile rain month. 
Source: Google Earth  
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Figure 13.  Locations of water bores drilled in the vicinity of mining lease 2115P/M. Bore numbers 
correspond to those in Table 2.  Source: DPIPWE https://wrt.tas.gov.au/groundwater-info/ 
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Table 2. Summary of published results of drilling for water in the vicinity of the Cresswells site. Bore 
numbers correspond to those in Figure 13. Depth is m, Initial yield is L/s, SWL = standing water level (m), TDS = 
total dissolved solids (mg/L). Source: DPIPWE https://wrt.tas.gov.au/groundwater-info/  
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2.3.3.3  Water in the bulk sampling pit 

Approximately 2m depth of water was present in the bulk sampling pit during the site inspection on 1 
May 2023, and the water level was 2.1m below ground (Plate 5). The water level was at the ground 
surface in mid-November 2023 (Plate 6). It is not clear whether these levels represent a fluctuating 
water table, or whether the water is all or part groundwater because the pit had been subject to rain 
runoff before the visits. 

GDA94 
330000mE 
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B’ 
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A’ 

Approx. metres 

Grid North 

500 0 

GDA94 
5453000mN 

MONTAGU 
RIVER 

Figure 14. Water sample locations (yellow and white circles) during the site inspection of 1 
May 2023 and (except for the Pond) the follow-up sampling event of 14 November 2023. 
Also shown are exploration rotary-percussion drill holes RR1 – RR20 (red circles) drilled 
February 2021 (Morrison, 2022). Mining lease 2115P/m is bordered in red. 
Lines A – A’ and B – B’ are cross section lines for the conceptual hydrogeological models in Section 3.3 (note the 
lines extend off the map). 
Source of base image: Google Earth (image date 30 December 2015) 
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Figure 15. Water sample locations (yellow circles) during the site inspection of 1 May 2023, and 
exploration rotary-percussion drill holes RR1 – RR20  (red circles) drilled February 2021 (Morrison, 
2022). The red line is the border to 2115P/M. 
Lines A – A’ and B – B’ are cross section lines for the conceptual hydrogeological models in Section 3.3 (note the lines extend 
off the map). Source of base image: Google Earth (image date 30 December 2015) 
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2.3.3.4  Water in the Owner’s bore 

The standing water level in the Owner’s bore was 4m below ground an unspecified time after drilling 
was completed on 14 November 202312. This level is at the top of the 4 – 5m depth interval described 
as a gravelly cavity by the drillers, and which was dry during drilling. This in turn suggests that parts of 
the dolomite mass are impermeable, and are locally confining of groundwater which rises to the 
piezometric surface when drilling penetrates water-bearing zones and creates a pathway to higher 
levels. 

 

2.3.4 Water sampling at and near the Cresswells site, May/Nov 2023 

2.3.4.1  Water sampling events 

On 1 May 2023, four opportunistic water samples were collected at the Cresswells site (Figures 14 
and 15) for laboratory analysis: groundwater from BH1 (“BH1”), surface water from the Montagu River 
(“Montagu River”), water from the bulk sampling pit (“Pit Water”), and ponded surface water (“Pond”). 

On 14 November 2023, consultants ES&D (commissioned by Cresswells) re-sampled BH1, Montagu 
River and Pit Water, and also the nearby “Owner’s bore” being drilled by Spaulding Drillers the same 
day.  The Pond was not re-sampled in November. 

Photographs of the sample sites (with the exception of the Owner’s bore) and water field parameters 
for May and November 2023 are shown in Figure 16. 

On both occasions, samples were submitted to Australian Laboratory Services (ALS) in Springvale, 
Melbourne for analysis. Laboratory results are presented in Attachments 1 and 2, and are compared in 
Table 3 and the variation diagrams of selected analytes in Figure 17. 

Observations from the field parameters, Table 3 and Figure 17 are summarised below (some results 
are rounded). 

 

2.3.4.2  BH1 (groundwater, May and November 2023) 

The laboratory pH’s for both events are similar at about 6.8 (the low field pH of 4.0 in May was 
anomalous).  The laboratory EC’s are very different: 904µS/cm in May and half that in November. The 
field Redox reduced forty-fold, from 395mV to 9mV. 

Sulfate decreased 10-fold (234mg/L to 26mg/L) from May to November, and although ammonia 
increased five-fold to 0.51mg/L, nitrate decreased five-fold (0.65mg/L to 0.11mg/L) and total 
phosphorus more than halved to 0.22mg/L. 

Detectable trace dissolved metals remained relatively constant, except for arsenic, zinc and iron, all 
three of which more than halved over the six months between sampling events. 

BH1 (and the Owner’s bore) returned detectable hydrocarbons. In BH1, TPH/TRH (TPH 470µg/L C10-
C36, TRH 610µg/L >C10-C40) halved and decreased by about two thirds respectively between May 
and November. The hydrocarbons are probably related to lubricants added during drilling. 

 

 
 

12 Text message to William C Cromer Pty Ltd from Spaulding Drillers, 21 November 2023. 
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2.3.4.3  Montagu River (surface water, May and November 2023) 

The Montagu River water quality remained largely unchanged between the two sampling events. 
pH and EC were 6.4 and 6.5, and 194µS/cm and 154µS/cm respectively.  

The largest differences were a halving of sulfate (10mg/L to 4mg/L), but increases in dissolved 
metals (six-fold for aluminium to 0.06mg/L, and three-fold for iron to 0.17mg/L) and total metals 
(three-fold for aluminium to 0.34mg/L, and a doubling for iron to 0.64mg/L) 

 

 

Figure 16. Photographs of water sample locations of the site inspection of 1 May 2023, and field 
parameters for 1 May and 14 November 2023 sampling events. 
 

Sample “Pond” (ie 
ponded surface water 

after rain) 

Field parameters 1 May 2023 
pH  
EC (µS/cm) 
Redox (mV) 

Temp (0C) 

6.3  

Turb (NTU) 

550  
321  
176  
14.7  

Crushed and screened 
dolomite stockpiled 
from bulk sample pit 

Sample “BH1” (bailed from below 
water table at 4.0mbg) on 1 May 

2023. Water table on 14 Nov 
2023 was 1.3mbg. 

Field parameters 14 Nov 2023 
pH  
EC (µS/cm) 
Redox (mV) 

Temp (0C) 

6.4 

Turb (NTU) 

488  
9  
ND  
13.8  

Sample “Montagu 
River” 

Field parameters 14 Nov 2023 
pH  
EC (µS/cm) 
Redox (mV) 

Temp (0C) 

7.6  

Turb (NTU) 

179  
51 
10  
16.0  

Sample “Pit 
Water” 

Field parameters 1 May 2023 
pH  
EC (µS/cm) 
Redox (mV) 

Temp (0C) 

8.6  

Turb (NTU) 

1340  
203  
0  
14.5  

Field parameters 1 May 2023 
pH  
EC (µS/cm) 
Redox (mV) 

Temp (0C) 

4.0  

Turb (NTU) 

880  
395  
1000 (bailed)  
14.9  

Field parameters Owner’s 
bore 14 Nov 2023 
pH  
EC (µS/cm) 
Redox (mV) 

Temp (0C) 

7.6  

Turb (NTU) 

836  
67  
<1000  
16.8  

Field parameters 1 May 2023 
pH  
EC (µS/cm) 
Redox (mV) 

Temp (0C) 

5.4  

Turb (NTU) 

203  
317  
0  
11.3  

Field parameters 14 Nov 2023 
pH  
EC (µS/cm) 
Redox (mV) 

Temp (0C) 

8.3  

Turb (NTU) 

463  
97  
19  
19.8  
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2.3.4.4  Pit Water (surface and groundwater, May and November 2023) 

There were large differences in a range of analytes in the Pit Water between May and November. 
Most concentrations decreased, which may be because the flooded pit (Plate 6) contained mostly 
surface runoff from rain events. 

The most notable difference were: 

• a halving of EC from about 1,300µS/cm to 400µS/cm, 

• a ten-fold decrease in sulfate from 188mg/L to 18mg/L, 

• a thousand-fold decrease in ammonia from 18mg/L to 0.02mg/L, 

• a ten-fold decrease in nitrate from 26mg/L to 2mg/L, and 

• a twenty-fold decrease in both total Kjeldahl nitrogen and total nitrogen, from 20mg/L to 1mg/L 
and 47mg/L to 3mg/L respectively. 

 

2.3.4.5  Pond (surface water, May 2023) 

The May 2023 Pond water analysis is interpreted as reflecting water derived from rain and surface 
runoff in contact with crushed dolomite near the stockpiles.  

Compared to the Montagu River sample, it had elevated (neutral) pH, elevated but the second-lowest 
EC of 537µS/cm, and elevated nutrients. 

 

2.3.4.6  Owner’s bore (groundwater, November 2023) 

In November 2023, the Owner’s bore was the most elevated of all samples in pH (7.7), EC 
(778µS/cm), ammonia (1.3mg/L), total phosphorus (1.5mg/L)sulphate (63mg/L), chloride (45mg/L), 
and a range of total (but not dissolved) metals. The total metals are interpreted as originating from the 
finely-crushed dolomite generated during down-the-hole hammer drilling. 

The groundwater sample returned detectable hydrocarbons: TPH/TRH (TPH 310µg/L C10-C36, TRH 
420µg/L >C10-C40). Like the groundwater in BH1, the hydrocarbons are probably related to lubricants 
added during drilling. 
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Table 3. Comparative summary of laboratory analyses of water collected from the vicinity of the 
Cresswells site on 1 May and 14 November 2023.  The full laboratory reports are included in 
Attachments 1 and 2. Red-bordered cells enclose an analyte at a site which differ by more than about 
100% between the two sampling events. 
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Figure 17. Variation diagrams of selected 
analytes from BH1, Montagu River, Pit 
Water, Pond, and the Owner’s bore. 
Derived from Table 3 and Attachments 1 
and 2. 
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3 DISCUSSION 
 
3.1 Groundwater fundamentals 
 
3.1.1 Groundwater flow systems 

Based on general hydrogeological principles, and records of drilled bores, at all scales the 
sedimentary and volcanogenic rocks of the Smithton Synclinorium are mostly fractured, hard-rock, 
unconfined aquifers. However, there are likely to be exceptions to this general comment:  

• unconfined intergranular conditions will exist in the veneer of Quaternary surface alluvium and 
marsh deposits, and where bedrock is deeply weathered13, and  

• confined and probably localised conditions may exist where water in fractures is not in 
hydraulic continuity with adjacent groundwater with a water table under atmospheric 
conditions, because the bulk rock is impermeable (ie fractions in this part of the rock are either 
sealed, or absent). 

In unconfined, fractured rock environments, Figure 18 illustrates different components of the land-
based part of the hydrological cycle14 at the scale of a single catchment or smaller. Effective rain 
(precipitation less evapotranspiration) flows overland to surface streams, or in recharge areas 
infiltrates (at a rate determined by soil and rock permeability) through the unsaturated zone to the 
water table.  An important aspect of Figure 18 is the interconnectivity between surface water and 
groundwater. 

 

 

 

 

 

 

 

 

 

 

 
 

13 For example, the logs of exploration drillholes BU-001, BU-002 and BU-003 1.5 – 3km south of mining lease 
2115P/M (Figure 5) show clayey materials to depths of about 23m. It is noted in Section 1.4.3 that the materials in 
all three holes were interpreted as basaltic, which is at odds with the dolomite reported to depths of up to 60m in 
nearby groundwater bores 41356, 41357 and 42645 (Table 2 and Figure 13). 
14 The hydrological cycle is the circulation of water in various phases through the atmosphere, over and under the 
earth, to the oceans, and back to the atmosphere. The cycle is solar-powered. Because water is a solvent it 
dissolves elements, and geochemistry is a fundamental part of the cycle, which is a flux for water, energy, and 
chemicals. Water enters the land-based cycle as precipitation; it leaves as surface streamflow (runoff) or 
evapotranspiration. The route which groundwater takes from a recharge point to a discharge point is a flow path.  

Figure 18.  Aspects of the land-based hydrological cycle 
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The fundamentals of groundwater movement in an unconfined, gravity-driven groundwater flow 
system (GFS)  are depicted schematically in Figure 19. Important points are: 

• the hydraulic heads in recharge areas are relatively high and decrease with depth.  In 
discharge areas, the energy and flow conditions are reversed; heads are low and increase 
with depth. In between, the throughflow is almost horizontal as shown by the steeply dipping 
equipotential lines.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• the concept of a groundwater flow system (GFS15) is fundamental to understanding 
groundwater conditions in the vicinity of mining lease 2115P/M. Given the very low relief of the 
immediate area, and the higher relief of the surrounding hills, it can be expected that the near-
surface dominant groundwater flows to depths of a few metres or so will be as local systems, 

 
15 Sophocleous (2004) cited in Figure 19 defines a GFS as “a set of groundwater flow paths with common recharge 
and discharge areas. Flow systems are dependent on the hydrogeologic properties of the soil/rock material, and 
landscape position. Areas of steep or undulating relief tend to have dominant local flow systems (discharging to 
nearby topographic lows such as ponds and streams). Areas of gently sloping or nearly flat relief tend to have 
dominant regional flow systems (discharging at much greater distances than local systems in major topographic 
lows or oceans).”  A three-dimensional closed groundwater flow system that contains all the flow paths is called 
the groundwater basin.   

Figure 19. Fundamentals of groundwater hydrology in a gravity-driven groundwater system. Vertical 
exaggeration for the top section is about 5.  
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with almost horizontal flow lines. Groundwater gradients across these almost flat areas 
bordering the Montagu River will be very low, and since groundwater flow rate and volume 
(throughflow) are proportional to gradient, these will be very low as well. Depending on water 
table fluctuations, groundwater flow directions may also fluctuate, or be stationary. 

• Recharge on more elevated areas will discharge to un-named minor streams. Some of the 
recharge will penetrate to depths of perhaps 10 – 50m or so, and will travel beneath the local-
scale groundwater flow lines towards Montagu River and its larger tributary creeks. This scale 
of groundwater movement is regarded as intermediate.   

• Still deeper groundwater infiltration results in regional systems discharging to the Arthur River, 
and west to the coast.   

 
3.1.2 Scale of local, intermediate, and regional groundwater flow systems  
The scale of GFSs depends on topography and geology, with local, intermediate and regional systems 
defined by the sizes of sub-subcatchments, subcatchments and catchments respectively of surface 
drainage systems.  

A suggested scale of GFSs for the southern parts of the Smithton Basin (and probably elsewhere in 
Tasmania) is shown in Figure 20, together with adopted response times (travel times) for groundwater 
flow through each system. The indicative scale of local systems is nominally less than a kilometre or 
so, intermediate systems to 1 – 10km, and regional systems to >10km.   

The response times (travel times) are similarly in proportion, but these are only conceptual since they 
depend on groundwater gradients and bulk rock permeability – both of which may change over orders 
of magnitude at all scales.  

Response (travel) times for groundwater to move through a small local system may be measured in 
years to decades, through intermediate systems in decades to centuries; and through regional 
systems in centuries to millennia (Figures 20 and 21). 

 

3.1.3  Groundwater independent ecosystems (GIEs)   
Rain falls on an unconfined aquifer across its full areal extent. This situation applies throughout the 
district. 

On unconfined aquifers, on relatively higher ground (interfluves) between adjacent watercourses, 
infiltrating rain moves vertically down through the soil profile towards the water table and downgradient 
away from the interfluve to join local, intermediate or regional GFS’s. The water is entering the 
systems and “recharging” them. 

Flora and fauna inhabiting the land and soil profile in interfluves receive intermittent water from direct 
rain, and from infiltrating rain which evaporates, evapotranspires, is temporarily stored in the 
unsaturated zone, and leaves the area as groundwater. 

Such areas have a groundwater deficit and a relatively deep water table.  

The flora and fauna may depend on the rain, but they do not depend on the groundwater. 

Groundwater recharge zones host groundwater independent ecosystems (GIEs). 
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Figure 20. Conceptual sizes and response (travel) times for groundwater in 
Tasmanian local-, intermediate- and regional- GFS’s. Blue dashed lines are 
some idealised groundwater flow lines.  Adapted from Hocking et. al. (2015; Table 1 
and Figure 15)  
 

Figure 21. A schematic diagram showing that inferred travel times for 
groundwater flow (blue lines) in interbedded unconfined and confined 
conditions may range from days to millennia depending on the travel distance. 
Source: https://en.wikipedia.org/wiki/Groundwater  
 

https://en.wikipedia.org/wiki/Groundwater
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3.1.4 Groundwater dependent ecosystems (GDEs)   
Groundwater from recharge areas has travelled via gravity through local, intermediate or regional 
GFS’s towards lower-lying discharge areas, and if sufficient head is available the water moves 
upwards through the soil profile to evaporate and evapotranspire.  

Such lower-lying areas have a groundwater excess and a relatively high water table.  If upward flow 
rates exceed evaporation and evapotranspiration, the water table rises to or above the land surface 
where it forms wetlands, or contributes to creek and river flows. 

Flora and fauna inhabiting the land surface and soil profile in lower-lying areas receive intermittent 
water from direct and infiltrating rain (the former evaporates or evapotranspires, and the latter leaves 
the area), but also from upwards moving groundwater. 

The flora and fauna may depend on the rain, but they also depend on the groundwater. 

Groundwater discharge zones host groundwater dependent ecosystems (GDEs). 

Several types of GDEs are recognised in Australia (Table 4). 

 

GDE Type Definition Characteristics 

Aquatic  

Aquatic surface-based 
ecosystems relying on 

groundwater as a primary 
water source. 

Water Source: groundwater discharging to freshwater or 
brackish water environments (rivers, streams, wetlands, 
springs, estuarine and near-shore marine environments); 
Fluctuations: seasonal or groundwater availability 
changes;  Biodiversity: diverse aquatic plant and animal 
species;  Sensitive Species: endemic or specialized species 

Terrestrial 

Terrestrial surface-based 
ecosystems dependent on 

groundwater as a vital water 
source. 

Water source: groundwater; Vegetation: forests, 
woodlands, grasslands, shrublands; Root Systems: deep-
rooted plants; Adaptations: drought tolerance, water 
storage mechanisms; Fauna Diversity: terrestrial animals; 
Varying groundwater availability supports different plant 
communities 

Subterranean 
Ecosystems existing below 

the surface, relying on 
groundwater. 

Water source: groundwater in fractures, caves, caverns, 
solution channels etc; Dark environments, lack of sunlight; 
Alternative energy sources;  Unique Fauna: specialized and 
adapted species (eg stygofauna) vulnerable to changes in 
groundwater availability and quality 

 

In the district, the dominant surface GDE is mapped as aquatic in nature, and a Bureau of Meteorology 
(BOM) national-scale assessment (Figure 22) shows mining lease 2115P/M and parts of the 
surrounding district are of “High potential” for this type.  

Terrestrial GDEs in the district are restricted to more elevated areas, and at a national-scale are also 
BOM-assessed as “High potential”.  

At a regional-scale study, the subcrop of the Smithton Dolomite is BOM-assessed as of “Unclassified 
potential” for subterranean GDEs.  

 

 

 

Table 4. Types of groundwater dependent ecosystems 
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Figure 22. Regional-scale assessment of the distribution of aquatic, terrestrial and 
subterranean GDEs in the district. Source:  GDE Atlas Map: Water Information: Bureau of Meteorology 
(bom.gov.au) 
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3.2 Local, intermediate and regional groundwater flow directions 
 
3.2.1 General inferences and observations 

Local-, intermediate- and regional-scale groundwater flow directions (Figure 23) in the southern part of 
the Smithton Basin (including mining lease 2115P/M) are inferred from topography, site observations, 
groundwater levels in bores, published surface subcatchments and sub-subcatchments from 
www.thelist.tas.gov.au, and groundwater fundamentals. In Figure 23: 

• local-scale flow (thin red arrows; only some of hundreds are shown) is in all directions in sub-
subcatchments of all sizes (Figure 5; discussed in Section 2.1.1.2) and towards the Montagu 
River and other major streams, 

• intermediate flow (thicker red arrows) is similarly in all directions, and in the vicinity of mining 
lease 2115P/M, also towards the Montagu River and other major streams, and 

• regional flow (thick, open red-bordered arrows) is mostly westwards towards the west coast. 

 
3.2.2 Uncertainty of local-scale groundwater flow directions 

3.2.2.1  Artificial drains 

Within the almost flat areas surrounding the Montagu River and the adjacent Styx Creek system 
joining the Roger River (itself a tributary of the Duck River), surface flows and probably local 
groundwater systems have been heavily modified by artificial drains. (The purpose of the drains was to 
remove floodwaters from the low-lying areas to the major creeks and streams, to provide land for 
agriculture.) 

One drain connects the Montagu River with Styx Creek, so two originally separate subcatchments are 
now joined (Figure 24). 

  

3.2.2.2  Sub-subcatchment boundaries 

The smaller sub-subcatchments depicted on Figure 23 are based on almost no topographic relief, and 
the location of their boundaries must be very approximate in some areas. In other areas – for example, 
in the intensively-drained former marshes at Togari 10km to the north northwest on the Montagu River 
– each set of artificial drainage drains defines a separate sub-subcatchment.  

While drains define surface flow directions, the directions of flow of the immediately underlying local 
groundwater systems is uncertain. This uncertainty is indicated by the question marks in Figure 23.  

 

3.2.2.3  Groundwater flow at and near the proposed quarry 

Figure 23 indicates local (and intermediate) groundwater flow is northeasterly to the Montagu River.  
However, this is uncertain. In early May 2023, the water table in bore BH1 was estimated to be at least 
3m lower than the water level in the Montagu River, and in the bulk sampling pit water level was 
perhaps a metre lower. In November 2023, the water table in BH1 was at a depth of 1.3m (Figure 16). 
The seasonal and longer variability in water table depth is unknown, but so long as the observed 
differences in water levels are maintained, shallow groundwater from mining lease 2115P/M cannot 
report to the Montagu River. 

http://www.thelist.tas.gov.au/
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 Figure 23. Inferred and approximate local, intermediate, and regional groundwater flow directions in the 
southern part of the Smithton Basin, including mining lease 2115P/M. Source for hillshading: www.thelsit.tas.gov.au.  
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It is also evident (Section 2.3.3, Table 2) that at a subregional and regional level groundwater occurs 
in fractures in the dolomite bedrock. But at the proposed quarry site, groundwater may occur locally 
only in pockets separated by almost-impermeable rock and not be connected laterally or vertically to 
other parts of the groundwater system. This inference is supported by: 

• observations that surface fractures in bedrock are mostly sealed,  
• the absence of any surface evidence of higher-conductivity karst features, 
• the difference in water levels between the bulk sampling pit, BH1 and the Owner’s bore, and 
• the reported dry gravel-filled cavity between 4 – 5m in the Owner’s bore (Section 2.3.3.4). 

Figure 24. Artificial drains in the vicinity of mining lease 2115P/M.  
Source for base map: www.thelsit.tas.gov.au.  
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Adding further to the uncertainty of local-scale groundwater conditions is that if unusually high rain 
events raise the water table closer to the surface (as shown in Figure 11) the flat-lying areas would 
have almost no water table gradient. Under these conditions, irrespective of aquifer permeability, local-
scale groundwater flow in any direction would almost not occur. 

At and near the proposed dolomite quarry, the picture emerges of a complicated local-scale 
groundwater system which for much of the time might be effectively stationary.     

 

3.2.4 Uncertainty of GDEs and GIEs at and near the proposed dolomite quarry 

Usually, a river system like the Montagu surrounded by (slightly) elevated ground would receive 
upward-moving local-system groundwater flow and be classified as an aquatic GDE. The comments in 
Sections 3.2.2 and 3.2.3 indicate that while this might sometimes be the case, it is not clear whether it 
is always or even sometimes applicable. The river running past mining lease 2115P/M is straightened 
as a shallow (<0.5m deep) artificial drain (Plate 1), and massive dolomite is exposed along at least 
part of its length. When the river system is in flood, it is very likely that the neighbouring ground is also 
temporarily under water (despite the drainage systems) which then infiltrates the subsurface so that 
the area would technically become a GIE.   

The Montagu River (and adjacent creeks and drains) may therefore alternately act as losing and 
gaining watercourses. 

 
3.3 Conceptual hydrogeological models   
Based on a consideration of Sections 3.1 and 3.2 (including Figures 22 and 23), conceptual 
hydrogeological cross sections have been drawn up along section lines A – A’ and B – B’. These are 
presented in Attachment 2. The features of the cross sections include: 

• bedrock in the district constitutes one or more unconfined hard-rock aquifers. 

• In these aquifers, groundwater moves through secondary openings (mainly joints) between 
otherwise dry bulk rock, 

• locally in the Smithton Dolomite secondary openings have become enlarged by solution to 
produce karst features including sinkholes and (presumably) underground caves and conduits, 

• groundwater at local-scale typically comprises recharge and discharge areas between 
neighbouring sub-subcatchments, creeks and artificial drains; in flat-lying areas in the vicinity 
of mining lease 2115P/M, the very low water table gradients suggest groundwater may be 
stationary or fluctuating in flow direction some of the time, 

• groundwater at intermediate-scale comprises recharge and discharge areas between 
neighbouring subcatchments and major creeks and rivulets (discharge zones), 

• groundwater at regional-scale comprises recharge and discharge areas between neighbouring 
catchments and rivers (discharge zones),  

• groundwater flow rates in most fractured rocks are judged to be very low (of the order of a few 
cm/day) and travel times are relatively long (from decades in local-scale systems, to millennia 
in regional-scale systems); these comments hold also for flow times in high permeability 
karstic features in the almost-flat parts of the district when hydraulic gradients are very low or 
approaching zero (zero gradient = zero rate of flow).  
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3.4 Surface water and groundwater quality   
 
3.4.1  Background surface water quality 
Water samples “Montagu River” (Section 2.3.4, and Table 3) are here taken to be reasonably 
representative of surface water in the river at the times of sampling (early May and mid-November).  

The integrated environmental value of the river in this vicinity is “High” (Figure 5). 

Table 5 presents the Default Guideline Values (DGVs) for the Montagu Catchment for High Ecological 
Value (HEV) and Slightly to Moderately Disturbed (SMD) situations for aquatic ecosystems on a 
seasonal and annual basis.  

Table 6 compares the 1 May 2023 (Autumn) analysis of the river (Table 3) to those in Table 5. There 
is reasonably good agreement between the DGVs for HEV- and SMD-level ecosystems, and the 1 
May and 14 November 2023 water analyses. 

 

3.4.2  Background groundwater quality 
No data are available for groundwater quality in the district, other than: 

• the field-measured total dissolved solids (TDS; “salinity”) reported in Section 2.3.2 for the 
bores listed in Table 2 [TDS values ranged from 233 – 720mg/L of Total Dissolved Solids 
(TDS), roughly equating to electrical conductivities (EC) in the 360 – 1,100µS/cm range], 

• the regional-level summaries on the Northwest Tasmania Groundwater Quality Map 
(Matthews and Latinovic, 2006b), where the reported TDS range for dolomite is 250 – 
3700mg/L, roughly equating to electrical conductivities (EC) in the 400 – 6,000µS/cm range], 
and 

• at the Cresswell site, the May and November 2023 analyses of groundwater from BH1, and 
the November 2023 analysis of groundwater from the nearby Owner’s bore, reported in Table 
3 (selected analytes are graphically depicted in Figure 17). A difficult-to-explain observation is 
the large differences in some analytes (EC, sulfate, nutrients) in BH1 between the May and 
November 2023 sampling events. An explanation might lie in the difference in water table 
depths (4mbg and 1.2mbg) over the same period. 

Omitting the TPH/TRH in BH1 and the Owner’s bore as due to contamination introduced during 
drilling, and pending further possible sampling events, background groundwater quality for some 
analytes at the Cresswell site might reasonably be regarded as somewhere in the range exhibited by 
both bores: pH 6.5 – 8, EC 400 – 800µS/cm, Ammonia as N 0.5 – 1mg/L, Nitrate as N 0.01 – 0.1mg/L, 
Total phosphorus as P 0.2 – 1.4mg/L. Sulfate 20 – 60mg/L. 
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Table 5. DGVs summary for aquatic ecosystems in the Montagu 
River Catchment, seasonally and annually, for HEV and SMD 
ecosystems. Annual and Autumn values are here boxed in red.  
Source: Appendix A of EPA (2021). 
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3.4.3  Water quality in the bulk sampling pit 

3.4.3.1  Water quality in May 2023 

As discussed in Section 2.3.4, of the four water samples collected on 1 May 2023, the water in the pit 
had the highest field pH (8.6), the highest EC (1340µS/cm field, 1290µS/cm lab), the highest alkalinity 
(326mg/L), the second highest sulfate (188mg/L), the highest calcium, magnesium and sodium (103, 
77 and 28mg/L respectively), detectable trace dissolved metals copper, nickel, zinc and iron), the 
highest total nitrogen (46.9mg/L) and the second lowest total phosphorus (0.06mg/L). 

The high total nitrogen is interpreted as being mostly due to the ANCO explosive16 used in drillholes to 
blast the bedrock for excavation. Nitrogenous fertilisers may also be a source. 

The elevated field pH, EC, calcium and magnesium are interpreted as due to the mixed groundwater - 
surface water being in contact with finely-fractured and pulverised dolomite in the pit. 

Water in (and if pumped from) the proposed quarry may be similarly affected by blasting, but this 
inference needs to be followed up by further sampling and analysis of pit water during initial quarrying 
operations (see Section 3.4.3.2 below). 

 

3.4.3.2   Water quality in November 2023 

As discussed in Section 2.3.4.4, there were large differences in a range of analytes in the Pit Water 
between May and November 2023. Most concentrations decreased, which may be because the 
flooded pit (Plate 6) contained mostly surface runoff from rain events. 

This in turn suggests that if and when the working pit is flooded between summer mining operations, 
total nitrogen (and other analytes) levels will be similar to, or lower than those measured in November 
2023. It is also expected that in contrast to the initial blasting conditions posed by the solid undisturbed 

 
16 ANFO = Ammonium Nitrate Fuel Oil, approx. 94% NH4O3; 6% hydrocarbons (diesel, etc). Also present as minor 
constituents may be anti-caking agents (eg CaCO3, MgCO3), sensitizers (eg powdered aluminium, coating agents 
(eg paraffin wax), stabilisers (eg CaSO4). 

Table 6. DGVs for HEV- and SMD-level ecosystem guidelines, and 
selected analytes from the 1 May and 14 Nov 2023 water analyses, 
for the Montagu Catchment near mining lease 2115P/M. 
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ground when the trial pit was opened up, blasting during operations will be adjacent to open pit faces. 
This allows more efficient blasting patterns, and less explosives. 
 

 

 

3.5 Effect of proposed quarrying on groundwater and GDEs   
Quarrying is proposed to depths of about 5m below current ground level, and operations will reportedly 
occur mostly in summer months. It is likely but not certain that excavation to these depths will 
encounter groundwater. The uncertainty arises because: 

• the water level in the bulk sampling pit on 1 May 2023 may not be representative of the water 
table at the time if (as reported) surface runoff from rain had entered the excavation, and 

• the depth to groundwater in BH1 was 4mbg on 1 May 2023, and 1.2mbg on 14 November 
2023; also in November 2023, the water table in the Owner’s bore (at a very similar elevation 
to BH1 and about 300m to the east) was 4mbg.  This almost 3m difference in water table 
depths indicates that the groundwater in both bores is not directly connected, and suggests 
similar conditions might pertain during mining. In further discussion in this report, it is assumed 
that the water table fluctuates between 1mbg and 4mbg. 

Accordingly, if (as is likely) mining excavations extend below the water table, the rate of groundwater 
ingress may be variable. Blasting will fracture the bulk rock in the immediate vicinity, and may cause 
any contained groundwater to enter the pit, but if fractures (secondary openings) are tight or absent 
outside the artificially fractured zone, inflow during quarrying may be short-lived, low or absent. On the 
other hand, if karstic features (enlarged secondary openings) are encountered, groundwater inflow 
rates immediately on exposure may be high. Depending on the size of the karst feature and its 
connectivity with other such features, the inflows might be significant and maintained, or they might be 
short-lived as the local water table difference quickly reduces to zero and flow stops. 

Notwithstanding these comments, and for the purpose of site management, it is conservatively 
assumed (mostly from the hydrogeological cross sections in Attachment 2) that: 

• groundwater is present everywhere over the footprint proposed for quarrying and is in limited 
hydraulic conductivity with surface water in the Montagu River, 

• the Montagu River in the vicinity has a High integrated conservation value, and a Very High 
classification for its immediate and potential Conservation Management Priority, 

• the low lying area including the proposed quarry and the Montagu River is an aquatic 
groundwater dependent ecosystem of High potential, 

• the groundwater gradient between the proposed quarry footprint and the Montagu River is 
essentially zero most of the time, and because of this low gradient, (and irrespective of 
dolomite bulk permeability) groundwater flow to the river is mostly non-existent or extremely 
slow (ie quasi- stagnant groundwater conditions; Figure 18) ,or reversible if water table levels 
fluctuate, 

• blasting will produce highly-fractured and partly-pulverised dolomite with high exposed surface 
areas; below the water table, there may be an increase in groundwater pH, electrical 
conductivity, calcium and magnesium levels, and sulfate. Blasting will also introduce elevated 
levels of soluble nitrogen species to groundwater in the immediate vicinity, 

• the water table will be intersected during quarrying, and groundwater will need to be pumped 
from the quarry so that operations can proceed, 
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• pumping will lower the water table inside and around the quarry, drawing it down (“drawdown”) 
to produce a zone of influence within which local groundwater flow will be towards the quarry; 
outside the zone of influence, groundwater flow directions will not be significantly altered, 

• the rate of pumping required to dewater the quarry is unknown and may vary as operations 
progressively enlarge the pit. 

These observations and inferences are schematically depicted in Figure 25, showing current and 
inferred operational groundwater conditions towards the end of quarry life. 

 

3.6 Groundwater and surface water risk assessment of proposed quarry 
Arising from the present report, and from a risk assessment perspective, the proposed quarrying 
operations: 

1. will possibly affect local groundwater quality if blasting and quarrying remain above the 
seasonally-high water table, 

2. will almost certainly affect local groundwater quality if blasting and quarrying occur below the 
seasonally-high water table (Issue 2a); this situation is very likely to require dewatering so that 
groundwater flow directions in the immediate vicinity of the excavation will almost certainly be 
modified (Issue 2b), and if quality-affected groundwater is pumped from the quarry and 
allowed to discharge to the Montagu River it would likely affect water quality in the river (Issue 
2c), 

3. may possibly damage karstic structures and any accompanying biota (Issue 3), 

4. are likely to contaminate groundwater if fuel spillages occur in the quarry (Issue 4), and  

5. are unlikely to affect the groundwater dependent ecosystem (assuming it exists) in the vicinity 
(Issue 5)  

The likelihood, consequences and risks associated with Issues 1 – 5 are listed in Table 7, before and 
after treatment17. Before treatment, the highest perceived risks are to localised groundwater 
contamination from explosives, and to effects on water quality in the Montagu River. After appropriate 
treatment, these higher risks reduce to Moderate in both cases.  

 

3.7 Groundwater and surface water monitoring plan 
The hydrogeological model (Attachment 2) for this site is summarised in Table 7 as: “a dolomite quarry 
up to about 5m deep covering between 2 and 4 ha (at end of life) on flat ground 500m from a high 
conservation level river. The water table fluctuates between 1mbg and 4mbg, and its hydraulic 
gradient presumably towards the river is less than 1:1000. The area is an aquatic groundwater 
dependent ecosystem of high potential. Subsurface karst features may be present and the 
subterranean GDE is of low potential.  ANFO explosives will be used in quarrying.”  

On this basis, Table 7 includes suggested treatment options to mitigate perceived risks. These 
constitute a Groundwater and Surface Water Management Plan for operations, and are summarised in 
Table 8. A karst management plan has been compiled from Table 7, and is presented in Table 9. 

 
17 It is recognised that risk assessment including likelihood and consequences is a subjective process, and different 
practitioners may assess each differently . 
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Figure 25.  Conceptual interpretation of effect on groundwater conditions of groundwater extraction from the 
quarry near the end of quarry life, assuming a 5m deep excavation over the footprint, and the need to dewater 
the pit. 
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Table 7. Risks to groundwater and the Montagu River arising from the proposed quarrying operations, 
before and after suggested treatment (management). The colour-coded likelihood – consequence – 
risk terminology is explained in the matrix beneath. 
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Table 7 (continued). Risks to groundwater and the Montagu River arising from the proposed quarrying 
operations, before and after suggested treatment (management).  
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Table 7 (continued). Risks to groundwater and the Montagu River arising from the proposed quarrying 
operations, before and after suggested treatment (management).  
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Table 7 (continued). Risks to groundwater and the Montagu River arising from the proposed quarrying 
operations, before and after suggested treatment (management).  
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Table 8. Groundwater and surface water management plan for the proposed dolomite quarry 
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Table 9.  Karst management plan for the proposed dolomite quarry 
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4 CONCLUSIONS 
This hydrogeological assessment for the proposed dolomite quarry concludes: 

• the quarry site within mining lease 2115P/M is on almost-flat ground about 0.5km south of the 
Montagu River, 

• the river integrated conservation value of the Montagu River passing mining lease 2115P/M is 
High and it has a Very High classification for its immediate and potential Conservation 
Management Priority, 

• this section of the river is an artificial drain about 5m wide and less than 0.5m deep, with 
dolomite exposed in parts of its floor, 

• dolomite is patchily exposed at the quarry site, and shallowly buried under less than 0.5m of 
dark-coloured high organic content soil, 

• the dolomite exposed at the surface is high-strength, with sealed fractures; it is unclear 
whether sealed fractures continue at depth 

• there is no surface evidence of karst features (eg sinkholes) at and near the quarry site (this 
contrasts with areas near the Rapid River Road – Donalds Road intersection several 
kilometres to the east, where sinkholes are common), 

• evidence of a karst feature closer to the Cresswell site is the dry gravel-filled cavity at a depth 
of 4 – 5mbg in the Owner’s bore drilled in November 2023 about 300m northeast of the 
existing trial pit; it would be judicious to assume that karstic features occur at the quarry site, 

• measured water table depths in the immediate area were 4mbg and 1.2mbg in bore BH1 on 1 
May and 14 November 2023 respectively, and 4mbg in the Owner’s bore on 14 November 
2023; these depths are below the level of water in the Montagu River, so local-scale 
groundwater flow towards the river was not occurring on those two dates, and may occur only 
rarely or not at all, 

• the almost-3m difference in water table depth between BH1 and the Owner’s bore on 14 
November 2023 suggests no direct hydraulic connection between them, which in turn supports 
the inference that sections of the bedrock are impermeable and act as local confining zones, 

• short-term, seasonal and annual water table variability in the immediate vicinity of the 
Cresswell site is unknown (it may be several metres), and the water table depth elsewhere 
has not been established, and, 

• local-scale groundwater flow directions in the vicinity of the proposed quarry and Montagu 
River are uncertain, and may fluctuate with changing water table conditions;  

• the area has been assigned as an aquatic surface-based groundwater dependent ecosystem 
of high potential, but the assessment by the Bureau of Meteorology was done at national level; 
local groundwater conditions remain unclear and do not necessarily support this assessment 

• with a reported nominal depth of five metres, excavation in the quarry is likely to extend below 
the seasonally-high water table, 

• explosives will be used to facilitate excavation,  
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• ANFO has been used for blasting in a recent 1000t bulk sample excavation at the site; after 
blasting and bulk sampling, surface water possibly combined with groundwater accumulated in 
the pit, and when sampled on 1 May 2023 and subsequently laboratory-tested, showed 
elevated ammonia and nitrate, pH, electrical conductivity, calcium, magnesium and sulfate; 
these analytes were at considerably reduced levels when resampled in November 2023 when 
the pit was full of rain runoff/groundwater 

• quarrying will be confined to November to April, and it is likely the pit will contain pre-mining 
accumulated groundwater and probably surface runoff which will need to be removed before 
operations start, 

• during operations the rate of groundwater inflow to the quarry will be variable and 
unpredictable, and depending on inflow rates, dewatering may be required, and 

• Cresswells Transport Pty Ltd and the landowner have entered into a Compensation  
Agreement enforceable under ML2115P/M whereby for the duration of mining the landowner 
has agreed to take all water from the pit for his irrigation system. 

A groundwater management plan is recommended to mitigate the risks to groundwater and the 
Montagu River. 

A karst management plan is recommended to mitigate the risks to karstic features which might be 
affected by quarrying. 

 

 

5 RECOMMENDATION 
From a hydrogeological perspective, the proposed dolomite quarry should proceed subject to the 
recommended groundwater and karst management plans..  
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Attachment 1 
(11 pages including this page) 

May 2023 surface water and groundwater laboratory reports 
Australian Laboratory Services (ALS) Report EM2307758 

Sample Receipt Notification (3 pages) 
Certificate of Analysis (COA; 7 pages) 
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Attachment 2 
(11 pages including this page) 

November 2023 surface water and groundwater laboratory reports 
Australian Laboratory Services (ALS) Report EM2320557 

Sample Receipt Notification (3 pages) 
Certificate of Analysis (COA; 7 pages) 
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Attachment 3 
(6 pages including this page) 

Conceptual hydrogeological models (cross sections A – A’ and B – B’) 

The locations of the two section lines are shown on the hillshade image on the following page, and 
also on various other maps in the report. Section line A – A’ is aligned WSW – ENE (not west-east and 
not orthogonal to line B – B’) to include elevated ground at both ends within a 10km length, and also 

karst features in the Smithton Dolomite near the Roger River Road-Donalds Road intersection. 
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