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1 Introduction
1.1 Background
The NSW Office of Water initiated a drilling program to follow up on previous work at Thirlmere Lakes.
The Thirlmere Lakes Groundwater Assessment report, published in December 2010 by the NSW
Office of Water, considered regional climate data, surface water catchment gauge records and time
series groundwater hydrographs from the monitoring network in the Southern Highlands. Whilst that
report provides a baseline compilation of information which may be used to guide other longer term
investigations, the absence of groundwater information in the vicinity of the lakes was identified as a
significant data gap.
This document is a factual report on the drilling and completion of four groundwater monitoring bores
within the Thirlmere Lakes National Park.

1.2 Funding and approval documentation
Funding for the installation of the monitoring bores was provided under the Water Management
Monitoring and Information Systems Monitoring Bore Network Enhancement grant.
The following approval documentation applied to the drilling programme:
 Review of Environmental Factors (REF) Thirlmere Lakes Groundwater Drilling Project, NSW
Office of Water, dated 5 May 2011.
 National Parks and Wildlife Act 1974 s.151(1) Licence for Minor Operations, dated 12 May
2011.
 Letter correspondence dated 13 May 2011 from the NSW Office of Water to the NSW
National Parks and Wildlife Service notifying of the intention to commence works.
 ‘R9 Mole Pioneer 250 Operating Procedures Safe Work Method Statement’ prepared by the
Groundwater Drilling Unit, NSW Office of Water.
 ‘Site Specific Safety Management Plan - Thirlmere Lakes Drilling Project’ prepared by the
Groundwater Drilling Unit, NSW Office of Water.
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2 Drilling activities
The drilling program was carried out in accordance with the approval documentation identified above,
as well as the relevant parts of the ‘Minimum Construction Requirements for Water Bores in Australia
– Second Edition’ (LWBC 2003). The drilling investigations were planned to address one of the data
gaps identified in the ‘Thirlmere Lakes Groundwater Assessment’ report (Russell, et. al. 2010).
Additional scientific studies have since commenced and been reported (Pells 2010; Pells 2011a; Pells
2011b; Pells 2011c; Pells 2011d; Pells 2011e; Pells 2012; Pells and Pells 2011), that are focussed on
the geologic and hydrogeologic environment in which the lakes are situated.
This report represents a description of the drilling programme undertaken and the lithological materials
encountered. Although information relating to groundwater characteristics at the sites where the bores
were installed is included herein, at the time of writing there is insufficient information to accurately
interpret water level trends. Automatic data loggers have now been installed in all monitoring bores
and this data will be made available in the Real-time data section on the NSW Office of Water website.

2.1 Location and description
The Thirlmere Lakes are a series of five water bodies situated approximately 90 km southwest of
Sydney, and about 10 km southwest of Picton. They are a series of shallow lakes distributed within a
horseshoe bend along Blue Gum Creek, a tributary of Little River and thence Warragamba River. Blue
Gum Creek is a feeder creek for Lake Burragorang, and falls within the catchment area controlled by
the Sydney Catchment Authority. The system comprises the following lakes in order from the top of
the catchment to the downstream end: Lake Gandangarra; Lake Werri Berri; Lake Couridjah; Lake
Baraba; and Lake Nerrigorang (Figure 1).
The lakes were protected from development pressures by the establishment of Thirlmere Lakes
National Park in 1974. The National Park was subsequently included as part of the Blue Mountains
World Heritage Area.

2.2 Site selection
A total of four bores were drilled and constructed within the National Park at three sites where access
was reasonable. The drilling locations were selected on the basis of site walkovers by Hydrogeologists
from the NSW Office of Water and a Ranger from the NSW National Parks and Wildlife Service. Of
several potential sites considered, the three drilling locations were selected on the basis of the
following criteria:
 Disturbed area: Sites where previous activity had resulted in an area of cleared vegetation
were prioritised over those where vegetation clearing might be necessary. Such sites
included car park areas and locations undergoing natural bushland recovery from past uses
(e.g. the old camp ground and an old quarry).
 Accessibility: Sites were chosen to allow ready access to the truck-mounted drill rig and
ancillary support vehicles, as well as having sufficient space to be able to construct a work
compound utilising temporary security fencing.
 Proximity to lakes: The objective of the drilling was to identify the character of the alluvial
sequence and underlying sandstone in the vicinity of the lakes and therefore the likelihood of
hydraulic connection between surface water and groundwater.
Through careful selection of target sites the work requirements necessary to achieve an REF
appropriate for the National Park were minimised thereby allowing approval documentation to be
completed in a timely manner and to a high standard.
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Figure 1
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The selected sites were as follows:
 Site A (Figure 2), situated at the edge of the public car park at the junction of Slades Road
and Dry Lakes Road.
 Site B (Figure 3), located within a revegetation area (previously a car park off W.E. Middleton
Memorial Drive), near the Lake Couridjah historic pump house.
 Site C (Figure 4), positioned on previously privately-owned land within the National Park
(now owned by the NSW National Parks and Wildlife Service) that was historically used as a
camp ground.

Figure 2
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Figure 3

Drilling site B adjacent to Lake Couridjah

Figure 4

Drilling site C at the old camp ground (Racklyeft property)
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The selected drilling sites corresponded to the proximity of three of the five lakes (Figure 5); Lake
Gandangarra (Site A), Lake Couridjah (Site B) and Lake Nerrigorang (Site C). Summary bore location
details are included on the Forms A (Appendix A; Table 1). It should be noted that the position
coordinates are approximate only; accurate surveying of the bore locations has yet to be undertaken.
In addition, no detailed elevation data is available for the bores at the time of writing this report.

Table 1

Summary location details for Thirlmere Lakes National Park monitoring bores

Site

Location description

Bore

Easting

Northing

MGA
Zone

Source

A

Car park at corner of Slades Road
and Dry Lakes Road, near Lake
Gandangarra

GW075411

274232

6210996

56

GPS

B

Revegetating car park area near
historic pump house, next to Lake
Couridjah

GW075408

273776

6209604

56

GPS

GW075409/1

273770

6209571

56

GPS

GW075409/2

273776

6209571

56

GPS

GW075410

273036

6210586

56

GPS

C

Powered site at old camping ground
next to Lake Nerrigorang

These sites were selected in anticipation of obtaining geological and hydrogeological information
pertaining to the physical setting of the lakes and their relationship to the shallow and deep
groundwater systems interpreted for the area.

2.3 Drilling methodology and bore construction
In total approximately 190 linear metres of drilling was completed as part of the programme using
several different methods, including air rotary, mud rotary and wireline coring. For the shallow (alluvial)
holes (GW075409/1, GW075410 and GW075411), wireline coring was adopted for the purpose of
obtaining sediment core samples that could be utilised for university research projects. These HQ core
holes were then reamed out using a mud rotary method to allow construction of monitoring bores at
each location.
Drilling commenced at Site B (adjacent to Lake Couridjah), as the centrally located target. Following
completion of the bores at Site B, drilling was undertaken at Site C (adjacent to Lake Nerrigorang),
and then at Site A (adjacent to Lake Gandangarra). Registered groundwater works numbers were
allocated to the monitoring bores in the sequence in which they were drilled (Table 2).

Table 2
Site

Location

Hole identifier

Depth
drilled (m)

Method

Depth completed
(m)

A

Near Lake Gandangarra

GW075411

28

HQ core / Rotary mud

28

B

Next to Lake Couridjah

GW075408

20

Rotary air

Decommissioned

GW075409/2

100

TUBEX / Rotary air

100

GW075409/1

24

HQ core / Rotary mud

15

GW075410

18

HQ core / Rotary mud

17.5

C

6

Summary drilling details for Thirlmere Lakes National Park monitoring bores

|

Next to Lake Nerrigorang

NSW Office of Water, February 2012

Thirlmere Lakes drilling report

Figure 5
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The initial attempt to drill the deep hole through the unconsolidated sequence at the Lake Couridjah
site resulted in significant caving of the sediments at a depth of around 20 m below ground level
(mbgl). That hole (GW075408) was abandoned and decommissioned by backfilling with natural drill
cuttings. The lithological information from the decommissioned hole has been included herein for
completeness of record.
Once the rig had been shifted approximately 5 m from the original hole location, drilling restarted using
TUBEX (a modified air rotary method with steel casing support to prevent hole collapse). After the hole
had reached a depth where consolidated material was encountered (below around 35 mbgl), drilling
was continued using the air rotary method (without casing support). Samples at 1 m intervals were
collected and laid out for geological logging for the entire depth of the hole, and airlift measurements
were taken at the change of every drill stem once groundwater had been intersected to identify
increases in flow associated with the presence of the regional sandstone aquifer. This second hole
was successfully drilled to the target depth of 100 m. The hole was then lined with PVC screens and
casing, gravel packed, developed by airlifting for 2 hours and fitted with a recessed protector to
complete the deep groundwater monitoring bore (GW075409/2).
Following the successful completion of the deep bore, the rig was again shifted a short distance and
drilling commenced on the adjacent shallow bore using a HQ-sized wireline coring technique. Core
recovery from the unconsolidated sediments was variable, and largely dependent on the proportion of
silt and clay within the drilled interval. Wireline coring continued to the depth at which weathered
sandstone was identified – in this case 24 m. Core samples were retained for later study. Once the
coring equipment was removed, the hole was partially backfilled to 15 m depth, which was interpreted
to approximate the contact between alluvial soils and weathered sandstone. The HQ hole was then
reamed out to 15 m using a mud rotary method with fluid circulating through a shale shaker setup and
baffled mixing tank. Samples of the drill cuttings from the reamed hole were collected at 1 m intervals.
The shallow monitoring bore (GW075409/1) was completed with a recessed protector following
installation of PVC screens and casing, gravel packing and airlift development for 2 hours.
The drilling rig was then relocated to the camp ground site (Racklyeft property) and set up for wireline
coring. Coring was undertaken to a depth of 17.9 mbgl, and then reamed out for the full interval using
a mud rotary method. Core samples were retained for later study. Samples of the drill cuttings from
the reamed hole were collected at 1 m intervals. Due to minor hole collapse following drilling, the PVC
screens and casing were installed to a final depth of 17.5 mbgl. The lined hole was then gravel packed
and developed by airlifting for 2 hours before completion with a steel standpipe protector.
The rig was relocated to the Slades Road car park site and wireline coring completed to 27.9 mbgl.
Core samples were retained for later study. The hole was reamed out to the same depth using a mud
rotary method and samples of the drill cuttings were collected at 1 m intervals. The hole was then lined
with PVC screens and casing, gravel packed and developed by airlifting for 2 hours before completion
with a steel recessed protector at the ground surface.
All monitoring bores were constructed using Class 18 ultraviolet-stabilised polyvinyl chloride (PVC) 80
mm diameter casing and screens. This diameter PVC was used as it allows better access for water
quality sampling using small submersible pumps than does casing of 50 mm diameter. All joints were
glued and screwed. The filter pack used in all of the bores was washed, gravel graded to between 3
and 6 mm. Impermeable seals placed above the filter pack material were formed from “Pel-Plug”;
small diameter, rounded, formed bentonite pellets. This product was used to reduce the risk of
bridging and ensure an adequate seal was formed in the annulus of each bore. Screen intervals and
bore construction are shown in Table 3 and completion details provided in Appendix A.
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Table 3

Summary completion details for Thirlmere Lakes National Park monitoring bores

Site

Hole identifier

Completed depth
(m)

Screened interval
(m)

Gravel packed
interval (m)

Surface
fitting

A

GW075411

28

14.5 – 26.5

3 – 27.5

Recessed

B

GW075408

N/A

N/A

N/A

N/A

GW075409/2

100

72 – 84

60 – 100

Recessed

GW075409/1

15

3 – 13

2 – 15

Recessed

GW075410

18

2.5 – 14.5

2 – 17.5

Standpipe

C

A standpipe protector was constructed at Site C to allow for future location of the monitoring
installation (Figure 6). It is understood that native species are being allowed to naturally revegetate the
open space area that was once used as a camping ground (B. Owers, NSW National Parks and
Wildlife Service, pers. comm.). As such, the use of an elevated stickup at this location will provide for
future identification of, and access to, the bore amongst regrowing, and potentially visually obstructive,
vegetation.

Figure 6

Photographs of completed bores

Locations are GW075411 near Lake Gandangarra (at left); GW075409/1 and GW075409/2 next to Lake Couridjah (middle); and
GW075411 next to Lake Nerrigorang (at right)

Recessed protectors were used at Sites A and B to eliminate traffic or pedestrian hazard. As Site B is
subject to pedestrian traffic (including horses), and Site A is exposed to both pedestrian and vehicular
traffic, the use of recessed protectors was warranted. These comprise a buried steel casing to which a
round steel cover is welded (such headworks are commonly referred to as “gatic” covers), and which
is secured into the ground with a concrete surround.
A metal plaque has been affixed to each of the protectors to identify the relevant bore number and
screened interval.
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2.4 Geophysics
Geophysical logs were run on completed bores GW075409/2, GW075410 and GW075411 using
electromagnetic induction and natural gamma radiation probes (Appendix B).
The electromagnetic (EM) induction log for bore GW075409/2 clearly illustrates the presence of the
TUBEX steel casing to a depth of 35 mbgl. Above the steel casing (i.e. at depths shallower than 35
mbgl), the gamma log exhibits a high degree of variability, but with a generally low baseline count.
This suggests that alluvium and weathered sandstone at this location is relatively ‘clean’ (well sorted
with minor clay), however the variability of the trace indicates that the fines content fluctuates
considerably. Below 35 m depth, the EM log exhibits peaks consistent with those recorded by the
gamma probe. Elevated gamma (and EM) measurements are observed at depths of around 46, 57
and 90 mbgl, consistent with shale bands identified in the drilled samples. Other elevated
measurements at 68 and 78 mbgl appear to coincide with a pebbly sandstone horizon and a fractured,
iron cemented band (possibly evidence of faulting), respectively. The higher gamma results could be
due to the presence of a clay-rich material at these depths which might correspond to a sediment
matrix within the pebbly horizons, and possibly fault infill material at the 78 mbgl depth.
The logs for GW075410 and GW075411 exhibit similar trace patterns for both the EM and gamma
record. On the basis of the gamma log, the sedimentary sequence at both of these locations appears
to have higher clay content overall than at the site of GW075409/2 (as inferred from the higher
baseline gamma level of the plots). It also appears that there is less variability in clay content
throughout.
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3 Geology
The Thirlmere Lakes area drilling investigations reported herein were situated within the area covered
by the Wollongong-Port Hacking 1:100,000 Geological Sheets (Geological Survey of NSW 1985), and
the Southern Coalfield 1:100,000 Geological Map (Moffitt 1999). The following discussion is drawn
largely from those sources, as well as the accompanying map notes (Sherwin and Holmes 1986;
Moffitt 2000). The units that have been mapped by the Geological Survey of NSW (Figure 7) in the
area of the National Park are dealt with in the following sections.
Figure 7

Note:
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3.1 Coal measures and Narrabeen Group
The Thirlmere Lakes National Park is underlain by regionally significant strata including Permian
Illawarra Coal Measures and lower to middle Triassic sedimentary successions. These are not
mapped in outcrop in the immediate area of the National Park, but are exposed not too distant from
the lakes in river valleys incised through the younger Triassic sequence. The Permian coal measures
are overlain by the late Permian to middle Triassic Narrabeen Group sequence, also not mapped in
the immediate area. More detail on these strata is available from the references cited.

3.2 Hawkesbury Sandstone
The Hawkesbury Sandstone (mapped as Rh, refer Figure 7) overlies the Narrabeen Group and
represents a regionally significant drilling target across a considerable portion of the Sydney Basin.
This unit is attributed a middle Triassic age. The generalised description of the formation is ‘medium to
coarse grained quartz sandstone, very minor shale and laminite lenses’ (Geological Survey of NSW
1985). More detailed information on the facies assemblage within the Hawkesbury Sandstone has
been reported (Conaghan 1980). The deep bore at Site B (GW075409/2) investigates the water
bearing characteristics of the top 100 m of this formation.

3.3 Wianamatta Group
The Wianamatta Group (mapped as Rw, refer Figure 7) comprises shale, laminite and sandstone
(Moffitt 1999).

3.4 Alluvium
The alluvium in the Thirlmere Lakes catchment (mapped as Kal, refer Figure 7) has been identified as
being of late Cretaceous to early Tertiary age (Sherwin 1986) due to its physical setting in relation to
the Tasman rifting of the east coast. In general, the unconsolidated sediments are described as
‘laterized sandy alluvium’ (Geological Survey of NSW 1985), although several shallow (2 m deep)
auger holes drilled in a borrow pit within the lakes catchment encountered light greyish brown, stiff,
clayey sand (Sherwin 1986). The sand fraction identified in the samples from that work was quartzose,
medium to coarse grained and subangular. Mottling was observed from around 0.5 m depth and
friable reddish brown ironstone was also identified. Drilling results at Sites A, B and C provide
additional information as discussed below

12
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4 Drilling results
4.1 Geological logs
Geological logging of the drill cuttings and HQ core from the current investigation programme
identified that the subsurface predominantly comprises clayey and silty sands, underlain by variably
weathered sandstone and fresh sandstone at depth (Appendix C; Table 4).

Table 4
Site

Hole identifier

Depth
(mbgl)

Description

A

GW075411

0-1

No Sample

(HQ core)

1-3

Clayey sand

3-6

Clay

6-20

Sandy clay

20-22

Clayey sand

22-25

Clay

25-26

Sandy clay

26-28

Sandstone

Weathered sandstone

Hawkesbury Sandstone

GW075408

0-3

Clayey sand

Colluvium

Colluvium

(Drill cuttings)

3-6

Sand

6-20

Clayey sand

Weathered sandstone

Hawkesbury Sandstone

GW075409/2

0-1

Loam

Colluvium

Colluvium

(Drill cuttings)

1-2

Silty sand

2-4

Clayey sand

4-7

Silty sand

7-8

Sand

8-11

Sandy clay

11-15

Gravelly clay

15-37

Sandy clay

Weathered sandstone

Hawkesbury Sandstone

37-44

Sandstone

Sandstone

44-47

Shale

Shale

Shale

47-100

Sandstone

Sandstone

Hawkesbury Sandstone

GW075409/1

0-1

No sample

(HQ core)

1-10

Sandy clay

10-14

Sandy clay

Weathered sandstone

14-24

Sandstone

Sandstone

GW075410

0-1

No sample

(HQ core)

1-10

Silty sand

10-17

Clayey sand

B

C
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Logged material

Interpreted
stratigraphy

Alluvium

Weathered sandstone

Colluvium

Hawkesbury Sandstone

Alluvium
Weathered sandstone

Hawkesbury Sandstone
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As a result of the unconsolidated sediments being generated from the weathering products of
sandstone in surrounding areas and transported to the vicinity of the lakes, the distinction between
weathered and transported sandstone-derived alluvium or colluvium and weathered alluvial sandstone
was difficult and highly subjective. Samples of these materials have been collected for future research.
Interpretation of the lithological samples from the shallow bores suggests that the weathering profile is
likely to extend between 6 and 28 mbgl. Relatively fresh (perhaps slightly weathered) sandstone was
identified in the core from bore GW075409/1 at 24 mbgl, whereas moderately weathered sandstone
was observed in the core from bore GW075411 at 28 mbgl. In contrast, relatively fresh sandstone was
encountered in the drill chip samples from bore GW075409/2 below a depth of 37 mbgl, which
suggests that the weathering profile may be highly variable throughout the area. Extremely weathered
sandstone was logged in the core from bore GW075410 at a depth of 18 mbgl, but less weathered
(fresher) material was not indentified in that hole.

4.2 Bore yields
Groundwater was intersected at all three drilling sites. Yields for the shallow groundwater system were
not recorded due to the drilling method used, but are expected to be low based on the lithologies
encountered. For the deep groundwater system (GW075409/2 at Site B), yields ranged from 0.2 litres
per second (L/s) at around 32 m depth, gradually increasing to 10 L/s at 70 to 75 m depth (Appendix
C).

4.3 Standing water levels
On completion, the groundwater level within the deep bore rose to around 17 mbgl, indicating a
significant pressure head exists within groundwater from the fractured sandstone interval against
which the screens were positioned. In comparison, standing water levels measured from the three
completed bores intersecting the shallow groundwater system were between 8 and 13 mbgl.
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5 Water level monitoring
Manual measurements of groundwater levels within the installed monitoring bores commenced as
soon as practicable after the target drilling depths had been reached. The hydrograph of manual
measurements (Figure 8) illustrates that a period of equilibration occurred following drilling of the
bores (i.e. prior to 28 June 2011). Water levels have stabilised from the measurements taken in late
June 2011.

Figure 8

Plot of manual depth to water level measurements following drilling
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The complete manual monitoring round undertaken on 28 June 2011 commenced the record of
relative standing water level information for all of the bores. Additional manual monitoring was
undertaken on 17 August 2011, 22 September 2011 and again on 13 October 2011. Subsequently,
standing water level measurements have been obtained during site visits for logger downloading on
20 October 2011, 1 November 2011 and 18 January 2012 (Table 5).
The relationship between shallow and deep groundwater systems can be interpreted from the drilling
results pertaining to Site B (bores GW075409/1 and GW075409/2). Comparison of the manual
standing water level measurements suggests that the water table at shallow depth is positioned
almost 8 m above the potentiometric surface level of the deep groundwater system. From this
relationship a downward gradient can be seen to exist.
The limited measurement record suggests that slight declines in stabilised water levels have occurred
between June and November 2011. Slight recovery can be observed in some instances between
November 2011 and January 2012. There is as yet insufficient information to determine a clear longer
term trend. The automatic water level logging equipment that has been installed by the NSW Office of
Water will provide a more detailed record of groundwater behaviour and trends.
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Table 5

Manual monitoring record for Thirlmere Lakes National Park bores
Site

Hole identifier

Standing water
level (mbgl)

Time

Date

A

GW075411

12.74

12:46

28-JUN-2011

12.82

16:00

17-AUG-2011

12.885

15:20

22-SEP-2011

12.96

10:40

13-OCT-2011

12.97

09:15

20-OCT-2011

12.99

12:00

1-NOV-2011

13.01

12:30

18-JAN-2012

8.35

13:09

28-JUN-2011

8.45

15:40

17-AUG-2011

8.532

14:15

22-SEP-2011

8.64

11:06

13-OCT-2011

8.63

10:15

20-OCT-2011

8.69

10:50

1-NOV-2011

8.73

12:00

18-JAN-2012

16.99

13:13

28-JUN-2011

17.12

15:25

17-AUG-2011

17.215

14:08

22-SEP-2011

17.19

11:09

13-OCT-2011

17.15

10:15

20-OCT-2011

17.30

10:50

1-NOV-2011

17.28

12:15

18-JAN-2012

9.19

13:32

28-JUN-2011

N/A

N/A

17-AUG-2011

9.355

14:45

22-SEP-2011

9.45

11:30

13-OCT-2011

9.42

11:00

20-OCT-2011

9.50

11:30

1-NOV-2011

9.37

11:30

18-JAN-2012

B

GW075409/1

GW075409/2

C
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6 Water quality sampling
Groundwater quality samples were collected following airlift development of each hole and were
forwarded to the Water Environmental Laboratory at Wolli Creek for analysis. Samples of the surface
water bodies in existence at the time of the drilling programme were also collected at accessible
locations for comparison purposes. In each instance two clean, plastic bottles were filled to the top
and air bubbles excluded from the sample. One sample from each pair was acidified for metals
analysis. All samples were clearly labelled with a unique identification prior to transport to the
laboratory.
The sample taken from Lake Couridjah was collected adjacent to the public swimming beach on the
east side of the lake using a plastic jug (Figure 9). Due to the hazards posed by the saturated peat
and mud fringing Lake Werri Berri, access to the surface water body was not possible. Instead a hole
was dug into the peat at the northeastern end of the lake, as close as possible to the standing water
(Figure 10). The paired samples from that lake were collected by repeatedly filling the jug with
seepage water emanating from the peat on the sides of the hole. Care was taken not to introduce
large quantities of organic matter into the samples as filtering could not be undertaken. Following
sample collection, the hole was backfilled to reinstate the ground surface. The sample from Lake
Gandangarra was collected from the southwestern side of that lake (Figure 11).

Figure 9
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Figure 10 Sample location at north end of Lake Werri Berri

Note: Due to safety issues, a sample was collected from a hole dug into the peat that was backfilled after sampling.

Figure 11 Sample location at southern end of Lake Gandangarra
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Field electrical conductivity and pH measurements were taken from the surface water samples at the
time of collection (Table 6). These are of similar ranges to the field groundwater testing results.

Table 6

Summary field measurements for surface water samples

Surface water sample location

Date

Time

EC

pH

Lake Couridjah

24-JUN-2011

15:35

313

5.39

Lake Werri Berri

24-JUN-2011

15:54

515

5.07

Lake Gandangarra

24-JUN-2011

16:30

179

6.39

Note:

Electrical conductivity (EC) is reported in micro Siemens per centimetre (µS/cm); pH is reported in units.

The visual appearance of the Lake Couridjah samples were clear, consistent with the location and
nature of the surface water at that location. The water from Lake Werri Berri was stained and dark,
consistent with the mode of collection and organic material entrained in the samples. The water from
Lake Gandangarra was observed to exhibit an oily sheen on the surface when in the collection jug and
this is likely to have been released from the decaying roots of reeds and rushes which formed a mat
around the edge of the lake at the time of sampling.
The following suite of analytes were requested for both groundwater and surface water samples:
 Electrical conductivity (EC) and pH.
 Soluble calcium (Ca), potassium (K), soluble magnesium (Mg), sodium (Na).
 Bicarbonate alkalinity (HCO3), carbonate alkalinity, chloride (Cl), nitrate, sulphate (SO4).
 Hardness.
 Boron, total iron, soluble silica.
At the time of writing the results of analytical testing have been reported for the three shallow
groundwater bores (GW075409/1, GW075410 and GW075411), and for the three lake samples
(Appendix D; Table 7). No results for the deep bore groundwater sample have been received.

Table 7

Sample identifier

Ca

Mg

Na

K

HCO3

Cl

SO4

EC

pH

GW075409/1

4.4

7.3

35

1.4

6.8

79

10

316

6.3

GW075410

0.89

0.61

21

0.54

5.4

26

6

126

6.1

GW075411

9.4

4.4

78

1.9

130

44

17

387

6.5

Lake Gandangarra

0.94

1.9

22

6.5

14

29

7.8

176

6.5

Lake Couridjah

1.1

2.3

46

4.4

3.4

79

9

319

6.1

Lake Werri Berri

9.5

8.4

72

2.2

1

120

41

538

4.9

Rain water (Turner 1984)

0.02

0.04

0.18

0.04

0.04

0.25

0.03

n/a

n/a

Sea water (Hem 1985)

410

1350

10500

390

142

19000

2700

n/a

n/a

Note:
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When plotted on a Piper diagram (Figure 12) the analytical results are of similar water type to rain
water. Field measurements indicate predominantly slightly acidic water in both lake and bore samples,
with generally low salinity (Figure 13). No clear relationship can be identified at this stage.

Figure 12 Piper diagram of selected water quality analytical results

Figure 13 Bivariate plot of EC (µS/cm) and pH field measurements from NSW Government monitoring
bores and lakes
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7 Discussion
Groundwater monitoring bores have been installed at three sites within the Thirlmere Lakes National
Park. Approximately 190 linear metres of drilling was successfully completed. One bore was drilled to
100 m passing through the alluvium and into the Hawkesbury Sandstone. Strata samples were
collected so that they can be used in any future research projects. Detailed water quality data is
available for the three sites and nearby lakes.
Groundwater level data was collected at the time of drilling and shortly thereafter. Survey levelling has
not yet been completed. Automatic water level equipment has been installed in all monitoring bores
which will be used to collect longer term water level trend information. Additional works relating to the
monitoring of lake levels and rainfall within the lakes catchment will be required to complete the
hydrological picture.
The Thirlmere Lakes catchment is predominantly underlain by unconsolidated sediments (alluvium or
colluvium), the depth of which is not well understood. The results of the drilling suggest
unconsolidated sediments at the sites investigated may be up to 15 m in thickness, however the
delineation of the base of the sediments is difficult and subjective. It is probable that colluvium (slope
wash material) exists in most areas near the outcropping sandstone cliffs bounding the lakes rather
than alluvium deposited by fluvial action.
Beneath the sediments, the Hawkesbury Sandstone occurs in the lakes catchment. The sandstone
encountered was weathered at the top of the sequence and exhibited a high clay content. The
sandstone was saturated with most flow occurring in fractures.
The drilling near Lake Couridjah (Site B) shows the existence of both a shallow and deep groundwater
system. The shallow system at this site occurs within the upper 15 m of sediment, and is expected to
have some connection to the nearby lake. The deep system at the site occurs within the sandstone,
with the main water bearing zone corresponding to fracturing at around 75 mbgl. The deep system has
a standing water level at around 17 mbgl, which is about 8 m below the standing water level of the
shallow system at that site.
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Appendix A – Groundwater Drilling Unit Forms ‘A’
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Appendix B – Geophysical logs

47

|

NSW Office of Water, February 2012

Thirlmere Lakes drilling report

48

|

NSW Office of Water, February 2012

Thirlmere Lakes drilling report

49

|

NSW Office of Water, February 2012

Thirlmere Lakes drilling report

50

|

NSW Office of Water, February 2012

Thirlmere Lakes drilling report

Appendix C – Geologists logs
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Appendix D – Laboratory analytical report
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Glossary of terms
The glossary presented here has been compiled from various sources to assist in the understanding
of technical hydrogeological descriptions. The definitions provided are not rigorous, but are designed
to foster the understanding of concepts amongst those untrained in the hydrogeology field. To
facilitate this, similar or related topics have been grouped under one heading.
Abstraction...............................the process of withdrawing groundwater from an aquifer, usually by
pumping.
Acidity.......................................the concentration of free hydrogen ions in solution below pH 7 which
increases in corrosivity with decreasing pH.
Aeolian......................................fine grained sediments deposited following transport by wind action.
Alkalinity...................................the concentration of free hydrogen ions in solution above pH 7.
Alluvial, Alluvium.....................sediment deposited by a stream of running water, in particular along
river beds or flood plains.
Anion.........................................a negatively charged ion in solution.
Annulus ....................................the space between installed casing and the wall of the hole in which it
is placed.
Aquiclude .................................a body of soil or rock through which virtually no groundwater can be
transmitted.
Aquifer ......................................a body of saturated rock or soil containing a system of interconnected
voids from which significant quantities of groundwater may be
abstracted.
Aquitard ....................................a saturated body of soil or rock of low permeability, through which
some transmission of groundwater may occur.
Archaean ..................................an eon of geologic time between around 4,000 million to 2,500 million
years ago (see Precambrian, see Eon).
Arenite ......................................a well sorted sandstone of relatively simple mineralogical composition
without a significant matrix component.
Artesian ....................................the circumstance where a piezometric surface exists at an elevation
above the land surface, which allows groundwater to flow without the
need for pumping.
Basalt ........................................fine grained dark rock of volcanic origin with high percentages of iron
and magnesium.
Baseflow ...................................the part of stream discharge not attributable to direct runoff from
precipitation but usually derived from the release of groundwater from
storage. Also called ‘base flow’.
Bore...........................................a work that is constructed with a lining of tubing, usually steel or PVC,
which allows the inflow of groundwater for the purposes of abstraction
or monitoring.
Cainozoic..................................an era of geologic time extending from approximately 65 million years
ago to the present and including the Tertiary and Quaternary Periods
(see Era).
Cambrian ..................................a period of geologic time between around 540 and 490 million years
ago (see Period).
Carboniferous ..........................a period of geologic time between approximately 360 and 300 million
years ago. This period is commonly subdivided into Mississipian from
360 to 320 million years, and Pennsylvanian from 320 to 300 million
years (see Period).
Casing.......................................the tubing installed into the ground to allow access to groundwater.
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Cation........................................a positively charged ion in solution.
Clustered Bores.......................a multiple bore installation comprising adjacent piezometers drilled
and screened at varying depths to intersect different aquifers or
aquifer levels. Often alternatively referred to as ‘nested bores’.
Colluvial, Colluvium ................sediment deposited at the bottom of a cliff or slope.
Confined Aquifer .....................an aquifer contained by an overlying, relatively impermeable layer,
which induces complete saturation at greater than atmospheric
pressure. Groundwater will rise to a level above the confining layer if
the aquifer is penetrated.
Conglomerate ..........................a sedimentary rock comprising cemented gravels and cobbles.
Cretaceous ...............................a period of geologic time between approximately 146 and 66 million
years ago. This period is subdivided into Lower, from 146 to 100
million years, and Upper from 100 to 66 million years (see Period).
Development ............................the removal of fine particles from the aquifer immediately surrounding
a groundwater installation and the simultaneous induced compaction
of filter media in the annulus around the casing. Development is
commonly accomplished using airlifting, surging or jetting within the
casing.
Devonian...................................a period of geologic time between approximately 416 and 360 million
years ago. This period is subdivided into Lower, from 416 to 398
million years, Middle, from 398 to 385 million years, and Upper from
385 to 360 million years (see Period).
Dewatering ...............................the removal of water from an aquifer or groundwater system in excess
of the natural recharge which induces a decline in the water table or
potentiometric surface.
Drawdown ................................the induced lowering of the water table or potentiometric surface by
the action of abstracting groundwater from an aquifer.
Electrical Conductivity (EC) ...a measure of the ability of water to conduct an electric current
between immersed electrodes. The value measured relates to the
nature and amount of salts present in the sample and increases with
increasing concentration. Usually quoted in micro Siemens per
centimetre (µS/cm), EC may be approximated from the relationship:
EC (µS/cm) = TDS (mg/L) / 0.68
where EC is not directly measured (see Total Dissolved Solids).
Eluvial .......................................material resulting from the weathering of a consolidated sediment or
rock that has not been transported from the site of formation.
Eocene ......................................an epoch of geologic time between approximately 56 and 34 million
years ago (see Epoch).
Eon ............................................the largest geologic timeframe subdivided into Eras.
Epoch........................................a geologic timeframe smaller than Periods and subdivided into
Stages.
Era .............................................a geologic timeframe smaller than Eons and subdivided into Periods.
Evaporation..............................the loss of water from an exposed surface induced by the action of
solar radiation.
Evapotranspiration..................the loss of water from an area of land through the transpiration of
water by plants and evaporation from the soil.
Excavation................................a work of any dimension larger than about one metre in diameter
which is usually unlined but is constructed to a depth that intersects
groundwater.
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Facies........................................the features characterising the mode of origin of a unit in a particular
environment.
Fluvial, Fluviatile......................having originated by deposition within riverine environments (see
Alluvial).
Geological Time Scale ............the subdivision of millions of years of geologic time into Eras, Periods
and Epochs, allowing the interpretation of stratigraphic relationships
between rocks.
Gneiss/Schist...........................metamorphic rock comprising coarse alternating bands of quartz, mica
and silicate minerals.
Granite ......................................coarse grained plutonic rock comprising quartz and silicate minerals of
varying colour.
Gravel Pack ..............................graded sand or gravel placed in the annular space of a groundwater
installation to protect the screens or slotted casing adjacent to
selected aquifer horizons. Also commonly called ‘filter pack’.
Greywacke................................sandstone containing rock fragments and clay minerals.
Groundwater ............................water contained within the voids and spaces in rocks or soils. Also
commonly called ‘ground water’.
Head ..........................................the energy contained within a column of water resulting from elevation
or pressure. The static head is the height at which the surface of a
column of water could be supported against the action of atmospheric
pressure. Also specified as ‘hydraulic head’ or ‘static head’.
Holocene...................................an epoch of recent geologic time including the last 12,000 years (see
Epoch).
Hydraulic Conductivity (K) .....the rate of horizontal groundwater flow through a unit area (1 x 1) of
an aquifer under a unit hydraulic gradient (δh / δl = 1). Hydraulic
conductivities are reported as metres per day (m/d) [L/T]. Values
commonly range between 0.02 and 40 m/d for unconsolidated sand
aquifers, less than 0.5 m/d for sandstone, and below 0.0001 m/d for
clays or shale (see Hydraulic Gradient).
Hydraulic Gradient ..................the slope of the water table or potentiometric surface. The hydraulic
gradient is determined from the decline in groundwater level (δh) at
two measuring points divided by the distance between them (δl).
Indurated ..................................the hardening of a layer of soil through the application of heat or
pressure, or by cementation.
Infiltration .................................the process by which water at the land surface passes into the soil
and descends through the unsaturated zone.
In situ ........................................literally ‘at the site’.
Jurassic ....................................a period of geologic time between approximately 200 and 146 million
years ago. This period is subdivided into Lower, from 200 to 176
million years, Middle, from 176 to 161 million years, and Upper from
161 to 146 million years (see Period).
Limestone.................................a sedimentary rock consisting of carbonate minerals and formed by
chemical precipitation or accumulation of shells and skeletons of
organisms.
Lithic .........................................a characteristic of sedimentary rock where fragments of rocks formed
elsewhere have been incorporated into the formation.
Mesozoic...................................an era of geologic time between approximately 251 and 66 million
years ago and including the Triassic, Jurassic and Cretaceous
Periods (see Era).
Metasediments.........................all metamorphosed sedimentary rock such as slate and quartzite.
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Miocene ....................................an epoch of geologic time between approximately 23 and 5 million
years ago (see Epoch).
Mud Cake..................................the layer of solidified drilling polymer or other drilling fluid additive
used to support the borehole in soft ground. If not removed by
development, the mud cake can restrict the flow of groundwater into
the screened section (see Development).
Nested Bores ...........................a groundwater installation comprising a single large diameter hole
containing multiple piezometer casings screened at varying depths to
intersect different aquifers or aquifer levels. The construction of
nested bores requires the accurate placement of individual filter packs
and bentonite seals to isolate each of the aquifers intersected.
Observation Bore ....................an installation constructed for the purpose of monitoring variations in
parameters such as water levels and pressure changes, usually
during a pump-out test.
Oligocene .................................an epoch of geologic time between approximately 34 and 23 million
years ago (see Epoch).
Ordovician ................................a period of geologic time between approximately 488 and 444 million
years ago. This period is subdivided into Lower, from 488 to 472
million years, Middle, from 472 to 461 million years, and Upper from
461 to 444 million years (see Period).
Palaeocene...............................an epoch of geologic time between approximately 66 and 56 million
years ago (see Epoch).
Palaeochannel .........................a river channel or drainage line incised into an ancient land surface
that has been subsequently infilled by the deposition of younger
sediments.
Palaeozoic ................................an era of geologic time between approximately 542 and 251 million
years ago and including the Cambrian, Ordovician, Silurian, Devonian,
Carboniferous and Permian Periods (see Era).
Perched Aquifer.......................an aquifer in which infiltrating water remains separated from an
underlying main body of groundwater, with an unsaturated zone
existing between the two. Usually perching occurs due to the
presence of an intermediate impermeable or low permeability layer.
Where the perched aquifer is unconfined, a perched water table
exists. Also sometimes referred to as a ‘perched water table’.
Period........................................a geologic timeframe smaller than Eras and subdivided into Epochs.
Permeability .............................the relative ease with which a porous medium can transmit a fluid.
Permian.....................................a period of geologic time between approximately 299 and 251 million
years ago. This period is subdivided into Cisuralian, from 299 to 271
million years, Guadalupian, from 271 to 260 million years, and
Lopingian from 260 to 251 million years (see Period).
pH ..............................................a measure of the acidity or alkalinity of water. It is related to the free
hydrogen ion concentration in solution: pH = 7 is neutral; pH < 7
acidic; pH > 7 alkaline.
Phanerozoic .............................an eon of geologic time between approximately 542 million years ago
and the present (see Eon).
Phyllite ......................................medium textured metamorphic rock which tends to break into layers or
slabs.
Piezometer ...............................a pipe in which the elevation of the groundwater level can be
determined.
Pleistocene...............................an epoch of geologic time between approximately 2.6 million and
12,000 years ago (see Epoch).
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Pliocene ....................................an epoch of geologic time between approximately 5 and 2.6 million
years ago (see Epoch).
Polymictic.................................composed of a variety of different types of fragments. Particularly
applies to sedimentary rocks such as conglomerates.
Porosity ....................................the percentage of a rock or soil that is represented by open voids or
spaces.
Porphyry ...................................a rock with an appreciable number of large mineral clasts in a fine
grained matrix.
Potentiometric Surface ...........an imaginary surface representing the level to which groundwater will
rise under the existing hydraulic head. Also referred to as ‘piezometric
surface’.
Precambrian.............................an eon or era of geologic time before approximately 542 million years
ago (see Era).
Proterozoic...............................an eon of geologic time between approximately 2,500 million and 542
million years ago (see Precambrian, see Eon).
Precipitation.............................the transfer of water from the atmosphere to the land surface,
predominantly as rainfall, but also includes dews, frosts, mists, snow,
sleet, hail and fog.
Production Bore ......................a bore from which abstraction of groundwater may take place, either
through pumping or artesian flow.
Pump-out Test .........................a test conducted in a production bore or other installation using a
pump to abstract groundwater. May be used to estimate the hydraulic
characteristics of the aquifer or bore. Commonly involves the use of a
production bore in association with observation bores. Also referred to
as a ‘pumping test’ or ‘test pumping’.
Quartzite ...................................metamorphosed sandstone with a glassy appearance when fractured.
Quaternary ...............................a period of geologic time between approximately 2.6 million years ago
and the present. This period is subdivided into Pleistocene, from
around 2.6 million years to 12,000 years and Holocene from around
12,000 to the present (see Period).
Recharge ..................................the addition of water, usually by infiltration, to an aquifer’s saturation
zone.
Recovery...................................the rate at which the water level in a pumped bore rises once
abstraction has ceased.
Residual Drawdown ................the difference between the original standing water level measured
prior to pumping, and the depth to groundwater at a given instant
during the recovery period following the cessation of pumping.
Rhyolite.....................................volcanic rock of varying colour with similar composition to granite.
Salinity ......................................the total soluble mineral (dissolved solids) content of water (see Total
Dissolved Solids).
Sandstone ................................sedimentary rock formed predominantly from consolidated quartz
sand where the grainsize is typically between 1/16 and 2 mm.
Saturated Zone ........................the part of a body of soil or rock in which the voids and spaces are
filled with water.
Screen, Slotted Section ..........a section of casing, usually steel or PVC, with apertures or slots cut
into the tubing to allow groundwater to flow through. Screen usually
refers to machined sections with openings that can be sized
appropriate to the aquifer matrix and filter pack grading.
Shale .........................................sedimentary rock comprising consolidated silt and clay.
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Silurian......................................a period of geologic time between approximately 444 and 416 million
years ago. This period is subdivided into Llandovery, from 444 to 428
million years, Wenlock, from 428 to 423 million years, Ludlow, from
423 to 419 million years, and Pridoli from 419 to 416 million years
(see Period).
Slate ..........................................uniformly fine grained metamorphic rock which splits easily into
smooth, lustrous plates.
Specific storage (Ss) ............... the amount of water absorbed or expelled from storage in a unit
volume (i.e. 1 x 1 x 1) of aquifer under a unit change in hydraulic head
(i.e. δh = ± 1).
Specific yield (Sy)....................the quantity of groundwater that will drain under gravity from a unit
volume (i.e. 1 x 1 x 1) of an unconfined aquifer. A unit decline in
hydraulic head under unconfined conditions results in both a reduction
in pressure and in the saturated thickness of the aquifer. Because of
this, the storativity of an unconfined aquifer is related to the specific
yield (Sy), the thickness of the saturated zone (h) and the specific
storage (Ss) according to the equation:
S = Sy + h Ss
The product of specific storage and saturated thickness (i.e. h Ss) is
generally considerably less than the value of the specific yield. Hence,
for almost all unconfined aquifers, the storativity is considered to be
equivalent to the specific yield (see Storage Coefficient, Specific
Storage).
Standing Water Level (SWL)...the depth to groundwater measured at any given time when pumping
or recovery is not occurring. Also known as the ‘static water level’.
Storage coefficient (S) ............the volume of groundwater that is expelled from or absorbed into
storage under a unit change (i.e. δh = ± 1) in hydraulic head over a
unit area (i.e. 1 x 1) of the aquifer. The storativity of a confined aquifer
is related to the specific storage (Ss) and saturated thickness (b), by
the equation:
S = b Ss
Also called ‘storativity’. (see Specific Storage).
Sustainable Yield.....................the volume of groundwater that may be abstracted from an aquifer
without detrimentally affecting existing supplies or flows to dependent
environments.
Tertiary......................................a period of geologic time between approximately 66 and 2.6 million
years ago. This period is subdivided into Palaeocene, from 66 to 56
million years, Eocene, from 56 to 34 million years, Oligocene, from 34
to 23 million years, Miocene, from 23 to 5 million years, and Pliocene
from 5 to 2.6 million years (see Period).
Total Dissolved Solids (TDS) .an expression of the total soluble mineral content of water determined
by either measuring the residue on evaporation or the sum of
analysed chemical constituents. Usually quoted in milligrams per litre
(mg/L) or the equivalent parts per million (ppm), TDS may also be
approximated from electrical conductivity (EC) measurements using
the conversion:
EC (µS/cm) x 0.68 = TDS (mg/L)
(see Electrical Conductivity).
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Transmissivity (T)....................the rate of horizontal groundwater flow through the full saturated
thickness (b) of an aquifer across a unit width (i.e. an area of b x 1)
under a unit hydraulic gradient (δh / δl = 1). Transmissivity may be
quoted as cubic metres per day per metre (m³/d/m) [L³/T/L], but is
more commonly expressed as metres squared per day (m²/d) [L²/T].
Transmissivity is related to the hydraulic conductivity of the aquifer by
the equation:
T=kb
(see Hydraulic Conductivity, Hydraulic Gradient).
Triassic .....................................a period of geologic time between approximately 251 and 200 million
years ago. This period is subdivided into Lower, from 251 to 246
million years, Middle, from 246 to 229 million years, and Upper from
229 to 200 million years (see Period).
Tuff ............................................a rock formed from compacted and consolidated volcanic fragments
and ash.
Unconfined Aquifer .................an aquifer in which the surface of the saturated zone is at atmospheric
pressure. Also referred to as a ‘water table aquifer’.
Unsaturated Zone ....................the part of a body of soil or rock separating the land surface and the
water table.
Water Cycle ..............................the three phase movement of water through the atmosphere, across
the land surface, and through soils and rocks by the processes of
evaporation, evapotranspiration, precipitation, infiltration and
migration.
Water Table ..............................the surface of a body of groundwater within an unconfined aquifer at
which the pressure is atmospheric. (see Unconfined Aquifer)
Well ...........................................a shallow work that is larger in diameter than a bore, but usually no
greater than 1.5 m wide. Commonly, wells are less than 20 m deep
and may be partially lined with concrete cylinders.
Note:
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