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1.  Introduction 
Parsons Brinckerhoff (PB) have been contracted by AGL Energy Ltd (AGL) to provide a 
comprehensive monitoring program to assess the groundwater and surface water resources 
and interaction in the vicinity of AGL’s deep coal seam gas (CSG) exploration site, located 
at Broke in the Hunter Valley, NSW.  The Broke CSG investigation program is part of a 
wider exploration program being conducted within the Hunter Valley under AGL’s petroleum 
exploration licence (PEL) number 267. 

The coal seams of the Wittingham Coal Measures form the main targets for CSG 
exploration at Broke.  Currently the CSG resources are being evaluated in the Blakefield 
Coal Seam at Broke through exploration gas well HB02.  The Blakefield Coal Seam lies at a 
depth of 323 to 330 metres.  As part of the monitoring program for this exploration, PB have 
designed and supervised the installation of nine groundwater monitoring bores in the vicinity 
of HB02 tapping shallower aquifers.  The monitoring bores will be used to gather baseline 
water level and water quality data from aquifers overlying the Blakefield Coal Seam through 
several groundwater monitoring rounds.  Following the baseline monitoring a pumping test 
of the coal seam, through HB02, is proposed to determine the hydraulic characteristics of 
the coal seam aquifer.  The monitoring data will be used to provide an understanding of the 
natural characteristics of all the aquifers present on site including, groundwater levels and 
groundwater chemistry.  In this way any deviation from natural aquifer conditions, resulting 
from the pumping test, will be noted, interpreted and used to further develop the conceptual 
understanding of groundwater systems and aquifer connectivity at Broke. 

The monitoring bores have been specifically designed to collect data from the alluvial and 
shallow bedrock aquifers.  The targeted aquifers include the alluvium of the Wollombi 
Creek, coal seam aquifers located within the Newcastle Coal Measures, and the Wybrow 
Coal Seam aquifer located at the top of the Wittingham Coal Measures. 

The objectives of the groundwater monitoring program are to:  

Á Provide more information on groundwater in the area by determining whether the 
aquifers are connected (or not) at various depths, and  

Á help the community understand what impacts, if any, there might be on local water 
supplies and groundwater as a result of gas exploration. 

The specifics of the proposed technical program are to: 

Á Confirm the aquifer characteristics and the primary water resources of the local area. 

Á Determine the baseline water quality, through chemical and isotope analysis, of all 
aquifers at the site by conducting water sampling during wet weather events and dry 
weather events on monitoring bores that have been drilled at shallow, medium and 
deeper locations into the different aquifers. 

Á Determine the water levels in each aquifer, and with the water quality data, determine 
the likely degree of connectivity between aquifers and develop the conceptual model of 
groundwater recharge, discharge and flow. 

Á Conduct a pump test on a gas production well (HB02) and monitor the water level 
responses in the shallow bores to determine if there is any communication between the 
producing coal seams and the shallow aquifer resource, by comparing the results to the 
pre-pumping period. 
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Á Analyse the comprehensive water quality data sets obtained during the baseline 
sampling events and then the pumping test and recovery events, to verify if there is any 
communication between the producing coal seams and the shallow aquifer resource. 

Six monitoring bores were constructed, installed and developed by Impax Drilling under PB 
supervision between 9th and 20th March 2009.  Following the initial water quality analysis 
of these bores, three additional monitoring bores were installed to measure the water quality 
in the upper portion of the alluvium at sites BM01, BM02 and BM03. These shallow bores 
were installed between 15th and 16th July 2009 by Impax Drilling. 

This report is the drilling completion report for the installation of the nine monitoring bores. 
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2.  Scope of works 
There are six primary tasks associated with the groundwater monitoring program: 

Á drilling and installation of water monitoring bores 

Á baseline groundwater sampling and laboratory analysis 

Á datalogger installation and operation/maintenance for the balance of the field program 

Á falling head tests 

Á pumping test of HB02 exploration test well 

Á final reporting. 

In relation to the first task, PB (on behalf of AGL) has designed a network of monitoring 
boreholes around gas exploration test well HB02 at Broke to monitor the aquifers at different 
depths across the local area.  The main monitoring focus is the shallow groundwater in the 
alluvium which is used for local water supply but the slightly deeper coal seam aquifers are 
also targeted. 

The following scope of works was proposed to install a suitable monitoring network onsite: 

Á Negotiate with the Department of Water and Energy (DWE) and apply for monitoring 
bore licences.  

Á Supervise borehole drilling and construction for nine bores spread between sites BM01, 
BM02 and BM03. 

Á Geologically log each bore at 1 metre intervals.  The shallow alluvial bores installed in 
the second round of drilling were logged at 20cm intervals. 

Á Monitor water quality from water bearing zones and where possible, record flows from 
individual inflow zones. 

Á Finalise bore construction details and ensure bores are developed for a sufficient 
period. 

Á Data analysis, communication and reporting. 

Á Prepare a drilling completion report. 
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3.  Monitoring bore site selection 

3.1 Background 

3.1.1 Geology and hydrogeology 

The exploration site at Broke is located within the Hunter Coal Field of the Sydney Basin.  
The underlying geology of the area comprises the upper portion of the Permian, Singleton 
Super Group comprising the Newcastle Coal Measures, the Watts Sandstone and the 
underlying Wittingham Coal Measures.  Together these form a large thickness of inter-
bedded sandstone, shale and coal sequences that dip shallowly to the southwest.  The 
Wittingham Coal Measures contain the greatest proportion of high grade coal and are 
currently being mined in the Bulga area to the north of Broke.  AGL’s CSG exploration site is 
located on the alluvial plain of the Wollombi Creek.  The western side of the Wollombi 
Creek valley features the outcrop escarpment of the Narrabeen Group Sandstone.  
Localised outcrops of Tertiary volcanic rock are also present in the valley, particularly 
around Broke. Figure 1 shows the geological map of the area and the location of the 
exploration gas wells and groundwater monitoring bores.  The stratigraphy of the area is 
described in Table 3-1. 

Table 3-1    Geology of the Broke Area 

Stratigraphy Lithology  

  Undifferentiated alluvium Clay, silt, sand and gravel 

  Unnamed basalt Basalt 

Patonga Sandstone 
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Apple Tree Flat Subgroup 

Conglomerate, Sandstone, 
Siltstone, Claystone, Tuff and Coal 

Watts Sandstone 
Sandstone and minor 

Conglomerate 

Denman Formation Sandstone-siltstone laminite and 
siltstone 

Jerrys Plain Subgroup Conglomerate, lithic sandstone, 
siltstone coal and minor claystone 

Archerfield Sandstone Quartz-lithic sandstone 

Bulga Formation Sandstone-siltstone laminite Vane 
Subgroup 

Foybrook 
Formation 

Conglomerate, lithic sandstone, 
siltstone coal and minor claystone 
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Saltwater Creek Formation Sandstone-siltstone laminite and 
minor coal bands 
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Derived from J Beckett 1988 

Note * The Wollombi Coal Measures have recently been renamed to the Newcastle Coal Measures 
following a re-evaluation of the correlation between the Wollombi coal measures and the Newcastle 
Coal Measures. The nomenclatures of subgroups contained within the Wollombi Coal Measures have 
yet to be evaluated by the Wollombi Coal Measures Working Party. For the purposes of this document 
the subgroups retain their original names.  

Currently, the target for CSG exploration at the HB02 site is the Blakefield Coal Seam which 
lies at 323 metres below ground level (mBGL) and forms part of the upper portion of the 
Wittingham Coal Measures.  The coal seam is 7 metres thick and has a moderate hydraulic 
permeability.  The coal seam forms part of a sequence of the inter-bedded geology the 
Wittingham and Newcastle Coal Measures which also contains numerous low permeability 
shale layers.  At Broke the thickness of cover above the Blakefield Coal Seam combined 
with the presence of low permeability layers in between the coal seams is considered 
sufficient to prevent vertical hydraulic or vapour (CSG) connectivity with overlying aquifers.  

3.1.2 Previous drilling 

Two gas exploration wells (HB01 and HB02) were previously constructed by Sydney Gas at 
Broke to investigate prospective CSG bearing zones within the underlying strata of the 
Wittingham Coal Measures.  The wells were drilled to total depths of 536 mBGL and 525 
mBGL respectively and used to investigate methane gas potential.  The Blakefield Coal 
Seam, located in the upper Wittingham Coal Measures was identified as one of a number of 
highly prospective CSG reservoirs.  Of the two exploration wells, HB02 was chosen to test 
one of the shallower prospective seams.  Hydraulic fracture stimulation was conducted on 
well HB02 within the Blakefield Coal Seam in preparation for gas production.  The test 
comprised injecting approximately 470,000 litres of water into the well with approximately 
27,000kgs of sand under pressure.  This test is designed to open up existing fractures in the 
coal, increasing the natural permeability.  The well was then pumped for approximately 6 
months at a moderate discharge rate (between 0.1 and 0.2 litres per second) to monitor 
water drawdown and gas production rates. 

As part of the background information search, 34 licensed spearpoints, wells and bores 
were identified within a 2km radius around Broke from the Department of Water and 
Energy’s (DWE) groundwater database.  The full details of the search and a map showing 
their location are provided in Appendix D.  Thirteen of the bores are licensed for stock and 
domestic use, five for irrigation use and two are DWE monitoring bores.  Fourteen of the 
bores do not have licence designations and it is likely these were initially exploration 
boreholes or have since fallen from use.  The depth of the bores varies between 0.3 mBGL 
to 80 mBGL with the majority of the bores installed within the alluvium between 7 mBGL 
and 15 mBGL.  

3.2 Site selection 

For this investigation, three sites were selected in the vicinity of HB02, to install monitoring 
bores.  The sites are numbered BM01, BM02 and BM03.  Location of the sites is shown in 
Figure 2. 

Sites BM01 and BM03 are located approximately 1km northeast of the town of Broke on the 
floodplain of Wollombi Creek.  The area is flat lying with open cleared areas used for 
grazing.  A shallow ephemeral creek (Yellow Rock Creek) flows southeast / northwest 
across the eastern portion of the site approximately 200m east of HB02.  



Drilling Completion Report for monitoring bores at Broke, NSW 
 
 
 

PARSONS BRINCKERHOFF  2114384D PR_4977 Page 6 
 

Sites BM01 and BM03 are located approximately 250m and 20m to the northwest of HB02 
respectively.  The sites are positioned within the anticipated pumping test response 
(drawdown) zone of HB02 so that if an impact on the shallow aquifers does occur as a result 
of the pump test then a response should be recorded in these monitoring bores.   

Site BM02 is located approximately 1km to the south west of HB02 and is immediately to 
the east of Broke.  BM02a monitors the deeper alluvial aquifer, and is positioned to provide 
a control point outside of the anticipated zone of influence of HB02 during the pumping test.  

3.3 Site set-up and restoration 

The preparation of the site for the drilling program comprised cutting back long grass to 
provide safe working areas at the three drilling locations and to provide vehicle pathways 
onto the site and in between drilling sites.  Each monitoring bore location was surveyed and 
pegged out.  Prior to drilling, Impax Drilling Ltd (Impax) enclosed each site in a fence to 
provide a safe working area.  Surface settlement pits were excavated at the down slope 
edge of each of the drilling compounds (BM01, BM02 and BM03) to capture drilling related 
water.  Sediment fencing was placed along the down-slope edge of the settlement pits, to 
trap water suspended fines from migrating out of the drilling area, should the pits overflow.  

The monitoring bores were constructed using truck mounted air-rotary drilling rigs.  Two 
drilling rigs were used with the smaller of the two undertaking the shallow alluvial bores and 
the larger undertaking the construction of the three deeper bores.  

Water disposal was organised locally by AGL contractors during drilling.  At the end of the 
main drilling program Transpacific Industries Ltd (Trans Pacific) disposed of drill cuttings 
and fluids at the base of the pits to an approved facility. 

BM01 

Site BM01 and four nested monitoring bores were located approximately 250 metres north 
of HB02.  In anticipation of the volume of water and drilling fines that could be generated 
during drilling, four large pits were excavated at the western end of the drilling compound to 
collect water.  Earth bunds and sediment fencing were placed along the down-slope edge of 
the pits to filter fine sediments from water spilling from the final settlement pit should it over 
flow. 

A significant volume of water was generated while drilling BM01b (mid-depth monitoring 
bore) and BM01c (deep monitoring bore).  The groundwater was continually tested for water 
quality parameters to ensure its suitable disposal.  AGL’s ground works contractor, Mark 
Newman, undertook the removal of 40,000 litres of this groundwater from site during the 
program.   

At the conclusion of drilling, Trans Pacific were contracted to remove the drilling fines that 
accumulated at the base of each pit and disposed of that to a licensed waste treatment 
centre.  In total 18 tonnes of material was removed from site during the initial drilling 
program.   

BM02 

Site BM02 is located north of Nelson Street on the north eastern side of Broke (about 900m 
from HB02).  A pit measuring 2m x 3m x 2m was excavated and lined with plastic to capture 
water and sediment.  A small volume (<250 litres) of sediment and water was collected from 
this excavation prior to it being backfilled after the initial drilling program. 
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BM03 

Site BM03 is located 20m northwest of HB02.  Two pits each measuring 2m x 3m x 2m, 
were excavated for the same purpose, again each lined with plastic.  At the end of the initial 
drilling program approximately 750 litres of drill cutting mud and water was removed and 
disposed of to a licensed receiver.  

Following the conclusion of drilling on the 20th March, all three sites were restored to natural 
conditions by Mark Newman.  Water and drilling fines were removed from site, and the 
water/sediment control pits were backfilled.  The newly installed boreholes were covered 
with steel monuments which were concreted into place and the ground around the drilling 
site graded and reseeded with grass.  

During the second round of drilling, a truck mounted auger was used to construct the 
shallow bores (BM01s, BM02s and BM03s).  This method of drilling greatly increased 
achievable logging accuracy to 0.2m intervals while at the same time reducing drilling spoil 
and eliminating water generated while drilling.  Consequently there was no widespread 
disturbance to the site and nominal restoration was required at each of the drilling sites. 
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4.   Approvals, licenses and permits 
As this work is a groundwater (resource) investigation program and one of the aims of the 
investigation is to determine the connectivity of deeper coal seams with shallow aquifers 
used for water supply in the area, test licences under the Water Act were obtained.   

4.1 Borehole Licences 

On behalf of Sydney Gas, PB applied to the Department of Water and Energy (DWE) for 
test licences to construct up to 11 monitoring bores at the Broke site.  The licences were 
granted under Part 5 of the Water Act 1912.  Copies of the test bore licences are provided 
in Appendix A. 

The monitoring bore details are summarised in Table 4-1. 

Table 4-1    Bore licences 

DWE Licence No. No. of 
locations 
approved 

Local Bore 
ID 

Site 
Location  

Lot DP Bore 
Type 

20BL172038 5 bores BM01s 
BM01a 
BM01b  
BM01c 

BM01 21 758164 MB 

20BL172117 3 bores BM02s 
BM02a 

BM02 21 758164 MB 

20BL172037 4 bores BM03s 
BM03a 
BM03b 

BM03 11 758164 MB 

MB – monitoring bore 

Supply of the driller’s Form As (Appendix C) and the initial water level and water quality 
data to DWE is all that is required to be compliant with the DWE licence conditions. 

4.2 Safety Management Plan (SMP) 

The installation of monitoring bores was conducted in accordance with the Safety 
Management Plan developed for the Broke site by AGL.  Two documents cover the health, 
safe and environmental working procedures at the Broke site: 

1. Health, Safety and Environment Guidelines Handbook for contractors working on 
Hunter Gas Pilot Exploration Program. 

2. Hunter Gas Pilot Exploration Program Emergency Response Plan.  

All field work undertaken at the Broke site was covered under the aforementioned 
documents including exploratory drilling and subsequent groundwater monitoring.  Prior to 
the start of field works at Broke, PB and Impax Drilling staff were inducted to the site. 



Drilling Completion Report for monitoring bores at Broke, NSW 
 
 
 

PARSONS BRINCKERHOFF  2114384D PR_4977 Page 9 
 

Impax Group Ltd also developed a site specific a Site Specific Safety and Environment 
Management Plan for each of the drilling locations with PB field staff inducted to their 
drilling sites prior to work commencing.  

4.3 PB Health, Environment and Safety Plan (HESP) 

PB developed site specific HESPs for the supervision of drilling work and monitoring 
activities at Broke and the subsequent monitoring rounds on site: 

Á Health, Environment and Safety Plan (HESP) AGL - Broke Pilot Site Drilling (Feb, 2009, 
and July 2009). 

Á Health, Environment and Safety Plan (HESP) AGL - Broke Pilot Site Groundwater 
Monitoring (Feb, 2009).  
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5.  Drilling program 
Final bore locations are shown on Figure 2 with the geological bore logs for each monitoring 
bore provided in Appendix B and the driller’s Form As in Appendix C.  A summary of the 
important completion details and initial water levels are provided in Table 5-1. 

Table 5-1    Summary of Bore Completion Details 

Bore 
number 

Bore Depth 
(mBGL) 

Screened 
Interval 
(mBGL) 

Aquifer Monitored 

Initial 
Water 
Level 

(mTOC) 
BM01s 6.6 1.5-6 Shallow alluvium 2.47 
BM01a 10 6-10 Deep alluvium 2.5 
BM01b 68 56-68 Shale and sandstone 3.55 
BM01c 220 160-220 Wybrow coal seam 4.95 
BM02s 7.5 1.5-6 Shallow alluvium 3.26 
BM02a 13 7-13 Deep alluvium 3.58 
BM03s 5 1.5-5 Shallow alluvium 2.82 

BM03a 10 4.5-10 Intermediate and 
deep alluvium 3.15 

BM03b 96 (backfilled 
to 74) 68-74 Shale and minor 

sandstone 4.94 

5.1 Borehole geology and completion details 

5.1.1 Monitoring location BM01 

BM01s 

Borehole BM01s was drilled into the shallow alluvium to a final depth of 6.5mBGL on the 
15th July using a truck mounted solid flight auger (100mm diameter). 

The upper portion of the soil profile comprised slightly silty, slightly sandy clayey loam to a 
depth of 1m.  Below this depth orange/grey mottled clay is present to 2.5mBGL and grades 
to a light brown and light grey clay at 3mBGL.  From 3mBGL the clay is wet and became 
increasingly gravelly with medium sized well rounded clasts of mixed lithologies.  From 
3.5mBGL soft, sandy clay is encountered until 4.5mBGL.  Below 4.5mBGL an orange 
gravelly sand is present that contains well rounded medium sized gravel of mixed 
lithologies.  The bore was terminated at 6.5mBGL. 

A single water cut was encountered at 3.5mBGL and the bore was constructed with 50mm 
UPVC casing slotted between 1.5mBGL and 6mBGL and a 0.5m sump was constructed at 
the base of the bore.  A gravel pack was installed to 1mBGL above the slotted casing and 
the annulus sealed with bentonite/cement to the surface.  A painted steel monument was 
concreted in place to protect the UPVC standpipe above ground. 

The borehole was developed by airlift for one hour and a static water level of 1.58mBGL 
was recorded during the first monitoring round following drilling. 

 

 



Drilling Completion Report for monitoring bores at Broke, NSW 
 
 
 

PARSONS BRINCKERHOFF  2114384D PR_4977 Page 11 
 

BM01a 

Borehole BM01a was drilled to maximum of 10 metres below ground level and was 
completed in alluvium using a truck mounted air rotary drilling rig.  Drilling commenced and 
was completed on 11th March 2009.  

The superficial geology encountered included: clay and silt deposits between ground level 
and 4 mBGL.  Silty and clay bound gravel was encountered from 4 mBGL and 6 mBGL.  
Gravel with some silt layers was encountered between 6 mBGL and 9 mBGL.  The top of 
the weathered sandstone is present from 9 mBGL and the borehole terminated at 10 mBGL 
within sandstone.  

A single water cut was encountered at 5 mBGL.  The borehole was completed with 80 mm 
ID UPVC casing screened between 6 mBGL and 10 mBGL.  A pea gravel filter pack was 
placed opposite the screen portion of the casing and a 0.5m bentonite plug used to seal off 
the gravel pack before the bore annulus backfilled with natural material.  A painted steel 
monument was concreted in place to protect the UPVC standpipe above ground. 

The borehole was developed by airlift for approximately 3 hours while monitoring the water 
quality.  The static water level of 2.5 metres below top of standpipe was recorded after a 24 
hour recovery period following bore development.  

BM01b 

Borehole BM01b was drilled to a final depth of 66 mBGL and was completed in the 
Newcastle Coal Measures, using a truck mounted air rotary drilling rig and completed on the 
18th March 2009. 

The drilling initially progressed through approximately 12 metres of alluvium comprising 4 
metres of sandy clay followed by 7 metres of sandy gravel.  A thin (<1 metre thick) coal 
seam was intercepted at the bedrock/alluvium interface, followed by siltstone for 5 metres.  
Between 17 mBGL and 38 mBGL the strata comprised a grey, fine grained conglomerate 
containing well rounded mixed lithic clasts, grading into sandstone in the lower 6 metres of 
the sequence.  Inter-bedded grey shale and fine grained sandstone dominate the strata from 
38 mBGL until 49 mBGL, after which, the shale contains increasing carbonaceous material 
possibly from thin coal seams.  From 66 mBGL a light brown sandstone is present until the 
end of the hole at 69 mBGL. 

Minor water cuts were intercepted at 51 and 53 mBGL and estimated to yield between 0.1 – 
0.2 litre per second (l/s) from air lifting.  Significant water was present in water cuts between 
61 and 66 mBGL with flows estimated up to 1 l/s.  The bore was constructed with 80mm ID 
UPVC casing and screened between 56 mBGL and 68 mBGL.  A pea gravel filter pack was 
placed opposite the screen portion of the casing and a 1.0m bentonite plug used to seal off 
the gravel pack before the bore annulus backfilled with natural material.  A painted steel 
monument was concreted in place to protect the UPVC standpipe above ground. 

The borehole was developed for approximately 2 hours and until stable the water quality 
conditions were observed.  After development the final water level was measured at 3.55 
metres below the top of standpipe.  
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BM01c 

Construction of the deep monitoring borehole (BM01c) commenced on the 9th March with 
the hole completed and installed on the 20th March 2009.  It was drilled to a depth of 220 
mBGL and completed in the Wybrow Coal Seam.  A truck mounted air-rotary drilling rig was 
used to construct the bore. 

Drilling initially proceeded through approximately 4 metres of silty clay followed by 7 metres 
of sandy gravel.  A thin seam (<0.5 metre) of weathered coal was encountered at the base 
of the alluvium below which was 7 metres of grey siltstone.  Between 18 mBGL and 38 
mBGL the strata comprised a well-rounded gravel conglomerate of chert and other mixed 
lithologies, including minor carbonaceous material.  From 38 mBGL to 63 mBGL the 
sequence is dominated by fine grained siltstones and shale, predominantly dark grey in 
colour but grading to light grey with depth.  A higher clay matrix content was noted between 
43 mBGL and 48 mBGL from increased fines in the drill cuttings.  At 63 mBGL the 
sandstone becomes coarser and the colour lighter, small amounts of dark carbonaceous 
also appeared in the drill cuttings from this depth and continue until 92 mBGL indicating the 
presence of fine coal or shale bands.  Below this depth the strata becomes significantly 
more homogenous showing massive facies characteristics.  Some carbonaceous material 
does appear in isolated layers between 105 mBGL and 112 mBGL.  At 129 mBGL a 21 
metre sequence of shale/sandstone presents softer drilling conditions most likely the result 
of higher clay content or slight weathering of the rock.  The strata between 140 mBGL and 
169 mBGL consists a massive sequences of light grey shale and fine grained sandstone.  
Between 169 mBGL and 216 mBGL the sandstone is massive, cream to light grey in colour 
and contains isolated dark shale layers, particularly in the upper 15 metres of the sequence.  
Brown, medium grained sandstone layers between 1 and 2 metres thick are also present in 
the upper 15 metres of the sequence.  

During drilling several water cuts were intercepted although the discharge of water was not 
significant.  At a depth of 210 mBGL a significant increase in water was noted.  To manage 
the increased flow a 5” ID casing was installed to 204 mBGL and the annulus was pressure 
grouted to ensure that all overlying aquifers to that depth were sealed off.  While the 
pressure grouting was allowed to set, the rig was relocated to other drilling locations.  

The geological log of from BM01c shows the interpreted formation names corresponding to 
geological units.  The Watts Sandstone is a known marker bed located at the base of the 
Newcastle Coal Measures.  This was intercepted between 156 mBGL and 210mBGL.  Below 
is the Denman Formation between 21-0 mBGL and 216 mBGL.  The Wybrow coal seam is 
located below this in the Jerrys Plains SubGroup. 

The drill rig returned on the 18th March to complete the borehole to its final depth of 220 
mBGL.  The Wybrow coal seam was intercepted at 216 mBGL and proven to a depth of 219 
mBGL.  The coal comprised two 1-1.5 metres thick coal layers separated by thin layers of 
light grey shale bands.  Below the Wybrow coal seam the strata resumed to a light grey, 
fine-grained sandstone/shale.  The borehole was terminated at 220 mBGL. 

The borehole was completed with an 80 metre length of 50mm ID class 18 UPVC slotted 
casing lowered to the base of the bore.  The screen was exposed between 160 mBGL and 
220 mBGL. A painted steel monument concreted into place covers the plastic casing above 
ground. Following development the static water level was recorded at 4.95 metres below top 
of the standpipe. 
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5.1.2 Monitoring location BM02 

BM02s 

Borehole BM02s was drilled into the shallow alluvium on the 15th July to a final depth of 
6.5mBGL using a truck mounted solid flight auger (100mm diameter). 

Topsoil comprising sandy loam is present to 60cm bgl below which is a fine grained loamy 
sand to 1.6mBGL.  From 1.6mBGL to 4mBGL there is a sandy clay becoming increasingly 
gravelly with depth and particularly from 6.5mBGL to 7.5mBGL where medium sized 
rounded clasts of mixed lithologies are encountered. 

No water cuts were encountered when the bore was constructed.  However the bore was 
completed with 50mm UPVC casing slotted between 1.5mBGL and 6mBGL and a 0.5m 
sump.  A gravel pack was installed to 1mBGL above which the annulus sealed with 
bentonite/cement to the surface.  A painted steel monument was concreted in place to 
protect the UPVC standpipe above ground. 

Although no water cuts were initially encountered during auguring water did ingress following 
the completion of the bore.  The bore was developed for an hour using air-lift and static 
water levels were recorded at 3.26 metres below top of the standpipe. 

BM02a 

Borehole BM02a was completed into the deeper alluvium on the 11th March using a truck 
mounted air rotary drill rig. 

Drilling encountered generally a fine grained sandy substrate from ground level to 
approximately 3 mBGL.  The sand became increasingly silty between 3 mBGL and 4 mBGL 
with a thin clayey sand horizon encountered between 4 mBGL and 5 mBGL.  Below 5 
metres depth the sand became increasingly coarse and from 8 mBGL, gravely sand 
dominates.  The bedrock, encountered at 13 mBGL comprised weathered shale.    

Groundwater was encountered at 3.5 mBGL with inflows determined by air-lifting increasing 
with depth with the dominant flows present within the base gravels. 

The borehole was terminated at a depth of 13 mBGL and completed with 80mm ID UPVC 
casing and screened between 7 mBGL and 13 mBGL.  A pea gravel filter pack was placed 
opposite the screen portion of the casing and a 0.5m bentonite plug used to seal off the 
gravel pack before the bore annulus backfilled with natural material.  A painted steel 
monument concreted into place covers the plastic casing above ground. 

The bore was developed for 4 hours until water quality parameters stabilised.  The final 
static water level following development was 3.58 metres below top of the standpipe. 

5.1.3 Monitoring location BM03 

BM03s 

Borehole BM03s was drilled into the shallow alluvium on the 15th July to a final depth of 
5mBGL using a truck mounted solid flight auger (100mm diameter). 

A dark brown silty loam is present from the surface to 1mbgl. From 1mBGL light brown, 
gravelly sand grades to a light orange clayey sand at 1.4mBGL.  A water cut is encountered 
at 1.4mBGL above slightly clayey sand. Below this from 1.6mBGL to 3mBGL is light orange 
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brown silty sand.  Stiff grey clay nodules are present between 2.4mBGL and 2.8mBGL 
within a silty sand matrix.  Silty, sandy clay is present below that between 2.8mBGL and 
3.0mBGL.  Between 3mBGL and 3.5mBGL a silty sand layer separates sandy clay between 
3.5mBGL and 4.5mBGL.  Below 4.5mBGL the ground becomes increasingly gravelly with 
fine sized, well rounded clasts of mixed lithology. 

A single water cut was encountered at 1.4mBGL and the bore was constructed with 50mm 
UPVC casing slotted between 1.5mBGL and 4.5mBGL and 0.5m sump was constructed at 
the base of the bore.  A gravel pack was installed to 1mBGL above which the annulus 
sealed with bentonite/cement to the surface.  A painted steel monument was concreted in 
place to protect the UPVC standpipe above ground. 

The borehole was developed by airlift for 1 hours and a static water level of 2.82 metres 
below top of the stand pipe was recorded.  

BM03a 

A slightly deeper monitoring bore was constructed into the alluvium on the 9th March 2009.  
The bore was drilled to a depth of 10 mBGL, terminating at the bedrock.  

The drilling encountered generally sandy sediments in the upper 7 metres of the soil profile 
with a sandy silt horizon encountered between 2 and 3 mBGL.  Gravel was intercepted at 7 
mBGL and extended to clay at 9.2 mBGL.  At the base of the bore approximately 0.8 metre 
of grey clay was present above the bedrock, which was proven to be coal at 10 mBGL.  

Water cuts were intercepted at 5 mBGL with the final static water level rising to 
approximately 3.2 mBGL.  

The borehole was completed with 80mm ID UPVC casing, and screened between 4.5 mBGL 
and 10 mBGL.  A pea gravel filter pack was placed opposite the screen portion of the casing 
and a 0.5m bentonite plug used to seal off the gravel pack before the bore annulus 
backfilled with natural material.  A painted steel monument was concreted into place to 
cover the plastic casing extending above ground. 

The bore was developed for 3 hours until water quality parameters stabilised.  The final 
static water level following development was 3.15 metres below top of the standpipe. 

BM03b 

A medium depth borehole was completed at site BM03 on the 19th March 2009 using a truck 
mounted air rotary drilling rig. 

The bore progressed through 12 metres of gravelly - sandy alluvium before intercepting the 
bedrock at 12 mBGL.  The upper surface of the bedrock comprised 1 to 2 metre thick inter-
bedded layers of light grey sandstone with dark grey shale and thin coal seams.  At 22 
mBGL a 2 metre thick layer of mixed lithology conglomerate divides approximately 40 
metres of grey, coarse grained sandstone containing lithic clasts of chlorite, chert and tuff.  
The sequence becomes generally finer grained with depth with increasing frequency of dark 
grey carbonaceous shale.  At 54 mBGL 10 metres of thick, grey sandstone containing mixed 
lithic clasts was encountered.  Beneath this, from 64 mBGL a 10 metre thick sequence of 
inter-bedded carbonaceous shale, coal and sandstone is present.  Thinner sequences of 
sandstone and shale bedding are present from 74 mBGL to 90 mBGL where the final 6 
metres of drilling encountered fine grained dark brown sandstone.  The hole terminated at 
96 mBGL.  
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A water cut was intercepted at 14 mBGL corresponding with a shale/coal horizon and 
deeper at 68 mBGL associated with a dark brown shale layer.  Estimated yields from these 
intervals from air-lifting are estimated to be 0.1 l/s.  

No coal seams or significant water cuts were encountered below 74 mBGL and the bore was 
backfilled between 96 mBGL and 74 mBGL.  Slotted 80mm ID UPVC screen was installed 
between 68 mBGL and 74 mBGL.  A pea gravel filter pack was placed opposite the screen 
portion of the casing and a 1.0m bentonite plug used to seal off the gravel pack before the 
bore annulus backfilled with natural material.  A steel monument was installed over the 
upstanding casing. 

The bore was developed for 5 hours over two days.  The water quality parameters did 
stabilise although the water was noted to be turbid and coal fines were noted until the end of 
development.  The final static water level following development was 4.94 metres below top 
of the standpipe. 

5.2 Field water quality 

Water parameters pH, dissolved oxygen, conductivity and temperature were recorded in 
water from each bore during drilling and during the final development of the bores.  Table 5-
2 summarises the measured water quality recorded after the monitoring bores had been 
developed.  These samples are prior to those taken for the initial baseline sampling event. 

Table 5-2    Water quality after development of the bores 

Bore 
number pH 

Conductivity 
µs/cm 

Dissolved 
Oxygen % Temp oC 

BM01s 7.86 3470 42.7  18.77  
BM01a 7.46 3590 7.6  20.24  
BM01b 8.56 5860 6  19.47  

BM01c 8.94 5800 7.49  22.19  

BM02s 7.84 2150 43.8  19.01  
BM02a 7.65 2070  7.96  19.94  
BM03s 8.62 1880  42.2  18.07  
BM03a 7.65 5800  7.96  19.94  
BM03b 8.62 5300  42.2  18.07  

Field parameters for water quality indicate the water in the shallow boreholes is generally 
less saline than in the deeper coal seams, although all water samples showed elevated 
salinity compared to fresh water levels.  Similarly the pH of the waters particularly in the 
deeper bores showed alkaline conditions, in particular BM02a and BM03b.  These results 
may reflect a temporary impact by cement from bore construction.  The water quality results 
presented above reflect conditions post drilling and as the bores are monitored during the 
successive rounds, water quality will change a little and reflect normal conditions. 

5.3 Discussion 

The results of the drilling program show that in general, the alluvium across the site is 
between 10 metres and 13 metres deep and deepest close to Broke in bore BM02a.  The 
alluvium comprises generally sandy or clayey loam in the upper metres grading to sandier 
sediments particularly around location BM02 toward Broke.  With depth the sediments 
become increasingly gravelly particularly around 7 metres depth.  The alluvium is a 
permeable aquifer and water cuts were encountered in all boreholes particularly at depths 
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associated with clay layers or with the gravels.  Static water levels are higher than water 
cuts encountered in drilling as demonstrated by depth-to-water measurements made in the 
bores after development.  Initial water quality measurements taken during and post 
development of the bores indicates that the deeper groundwater in the alluvium is brackish 
to slightly saline with conductivities between 2070 and 5800µs/cm.  The deeper water 
quality in the alluvium is affected by the underlying coaly sediments.  The shallower water 
quality in the alluvium is also brackish with conductivities between 1880 and 3470µs/cm. 

The geological logs of the bedrock from boreholes BM01b, BM01c and BM03b are 
consistent with geological logs obtained from HB01 and HB02.   

In general the vertical geological profile for the area shows conglomerate present in the 
upper portion of the bedrock profile grading to increasingly massive and finer grained 
sequences of sandstone and shales with depth.  However within the sequences, shale and 
claystone sequences are present and provide a degree of hydraulic isolation between thin 
aquifers. 

The water cuts encountered during drilling through the Newcastle and the upper Wittingham 
Coal Measures show inconsistency between sites BM01 and BM03.  In general larger 
inflows of water were present at BM01 through several water cuts.  At site BM03 very low 
flows were observed from thin coal layers at 68 mBGL.  The water quality of the coal seam 
aquifers was more saline than the alluvium with conductivity ranges between 5300 and 5860 
µs/cm.  The water is slightly alkaline with pH values between 8.51 and 9.56 although this 
may have been affected by the cementing of casings following construction. 
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6.  Conclusion 
The monitoring bore program successfully installed nine monitoring bores at Broke in the 
vicinity of gas exploration wells HB01 and HB02, three within the upper portions of the 
alluvium, three within the deeper portions of the alluvium, two in the shallow bedrock and 
one within the deep Wybrow Coal Seam.  

The drilling program identified the presence of an alluvial aquifer across the entire site to a 
depth of between 10 metres and 13 metres below ground (mBGL).  The initial water quality 
assessment of the alluvial groundwater indicated brackish water quality in the shallow 
alluvium and slightly saline conditions in the deeper alluvium.  

The shallow bedrock showed inconsistent profiles between the sites although; a general 
vertical profile of inter-bedded sequences of shale, coal and sandstone is present.  The 
sandstone and shale strata become more massive with depth which is consistent with 
previous descriptions of the Watts Sandstone and Denman Formations.  Groundwater 
encountered in the rock profile was inconsistent between the sites BM01 and BM03 with site 
BM01 containing more water bearing zones with apparent higher permeabilities in the 
geological profile.  This is not unusual for fractured rock aquifers. 

Static water levels are all less than 4 mBGL although alluvial water levels are slightly higher 
than the water levels in the sedimentary rock aquifers.  Initial water quality results indicate 
more saline conditions in the bedrock aquifers compared to the shallow and deeper portions 
of the alluvium. 
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Figure 1 - Broke Geology 
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Figure 2 - Broke topographical map 
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