
Dartbrook  
Underground Mine



Prepared by: 

For:



Dartbrook Mine 
Annual Review 2018   29 March 2019 
for AQC Dartbrook Management Pty Limited Page i  

Ref: 190329 Dartbrook Mine Annual Review 2018 

Note. 

a) The Annual Review is an ‘environmental audit’ for the purposes of section
122B(2) of the Environmental Planning and Assessment Act 1979. Section 122E
provides that a person must not include false or misleading information (or
provide information for inclusion in) an audit report produced to the Minister in
connection with an environmental audit if the person knows that the information
is false or misleading in a material respect. The maximum penalty is, in the case
of a corporation, $1 million and for an individual, $250,000.

b) The Crimes Act 1900 contains other offences relating to false and misleading
information: section 192G (Intention to defraud by false or misleading
statement—maximum penalty 5 years imprisonment); sections 307A, 307B and
307C (False or misleading applications / information/documents—maximum
penalty 2 years imprisonment or $22,000, or both).
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This section provides an overview of Dartbrook operations during the reporting period, outlines 
the purpose of this Annual Review and provides contact details for relevant site personnel.   
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Ref:  190329 Dartbrook Mine Annual Review 2018 HANSEN BAILEY 

Table 3 
Development Consent and Mining Lease requirements for Annual Review 

Document Where Addressed 

DA 231-07-2000, Condition 9.2 Environmental Reporting  

Annual Environmental Management Report (AEMR)  
(a) The Applicant shall, throughout the life of the mine and for a period of at least 

three years after the completion of mining in the DA area, prepare and submit 
an Annual Environmental Management Report (AEMR) to the satisfaction of the 
Director-General and DMR. The AEMR shall review the performance of the 
mine against the Environmental Management Strategy and the relevant Mining 
Operations Plans, the conditions of this consent, and other licences and 
approvals relating to the mine. To enable ready comparison with the predictions 
made in the EIS, diagrams and tables, the report shall include, but not be limited 
to, the following matters:  

This document  

(i) an annual compliance audit of the performance of the project against 
conditions of this consent and statutory approvals;  

This document 

(ii) a review of the effectiveness of the environmental management of the 
mine in terms of EPA, DLWC, DMR, MSC and SSC requirements;  

Section 5 

(iii) results of all environmental monitoring required under this consent or 
other approvals, including interpretations and discussion by a suitably 
qualified person;  

Sections 6 - 9 
Appendix B - F 

(iv) identify trends in monitoring results over the life of the mine;  
Sections 6 - 9 

Appendix B - F 
(v) an assessment of any changes to agricultural land suitability resulting 

from the mining operations;  
Section 6.12 

(vi) a listing of any variations obtained to approvals applicable to the subject 
area during the previous year;  

None 

(vii) subsidence during the preceding twelve months;  Section 6.12 
(viii) socio-economic impact of the development including the workforce 

characteristics of the previous year;  
Section 9 

(ix) the outcome of the water budget for the year, the quantity of water used 
from water storages and details of discharge of any water from the site;  

Section 7  
Appendix G 

(x) rehabilitation report;  Section 8 
(xi) environmental management targets and strategies for the next year, 

taking into account identified trends in monitoring results; and  
Section 11 

(xii) a report on the surveillance of any prescribed dam on the site to the 
satisfaction of the DSC.  

Section 7.3 

(b) In preparing the AEMR, the Applicant shall:   
(i) consult with the Director-General and DMR during preparation of each 

report for any additional requirements;  
Section 5 

(ii) comply with any requirements of the Director-General or other relevant 
government agency; and  

Section 5 
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This section provides a summary of leases, licences and approvals that regulate the operations 
at Dartbrook Mine.   
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Note: * Application lodged with DRG 
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* Generally not applicable during Care and Maintenance operations 
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This section provides a summary of the operations undertaken during the reporting period. 
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Mining Act 1992.
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“…an independent engineering assessment 
to be made...at periods not exceeding three years of the dams and holding structures 
associated with the rejects disposal project...”
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This section includes a list of actions requested by regulatory agencies following the previous 
Annual Review and a summary of where each is addressed in this document.

Section 8
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This section describes Dartbrook Mine’s environmental monitoring, management and 
performance for the reporting period.  Environmental management actions to be implemented 
in 2019 are also described, as required.  
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* Dust gauges damaged during October 2018; results not available 
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* Representative of Private Receiver 
^ Internal Management Site 
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Threatened Species Conservation Act 1995
Biodiversity Conservation Act 2016

Thesium australe

Cymbidium canaliculatum

 Environmental Protection and Biodiversity Act 1999
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Miniopterus schreibersii oceanensis

Myotis macropus

Chthonicola sagittata

Hieraaetus morphnoides

Rhipidura rufifrons

Hirundapus caudacutus
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This section describes the objectives for water management and performance at Dartbrook 
Mine during the reporting period.  
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* Updated to correct Water Source by DoI-Water in 2018 
** Calculated from NSW Water Accounting System Reporting 
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Note: * Maintained at <50-70% as standard practice to ensure sufficient capacity for storm events. 
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Bore 
Bore 
Type 

Aquifer 
Monitored 

Details 
Parameter / 
Frequency 

DDH183 Bore 

Monitor the Kayuga and Wynn 
Seam aquifers.      

Monitored on a six-
monthly basis for 
water depth, pH, EC & 
additional suite 
parameters. 

DDH193 Bore 

DDH212a Bore Wynn Seam 

Regolith Monitoring Bores 

CAS2 Bore 

Regolith – shallow 
overburden 

Monitor the regolith overlying and 
in the vicinity of the Wynn and 
Kayuga longwall panels.  

Monitored on a six-
monthly basis for 
water depth, pH, EC & 
additional suite 
parameters. 

CAS4 Windmill 

TLON1 Windmill 

BEL1 Well 

Athlone Bore 

JLON1 Windmill 

GW038582 Bore 

Belgrave Bore 

REA Monitoring Bores 

RDH508 Bore 

Hunter River 
Alluvium 

These bores are located west of 
the REA. 
Monitoring bores RDH508 and 
RDH509, located on the eastern 
side of the Hunter River alluvium 
to detect any seepage from the 
REA.   

Monitored on a six-
monthly basis for 
water depth, pH, EC & 
additional suite 
parameters. 

RDH509 Bore 

RDH510 Bore 

RDH511 Bore 

Note:  Bore = Monitoring bore and not a current water supply. 

See SWMP for additional suite of parameters.  
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Source: AGE (2019) 
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7.2.3 Hunter River Alluvium 

Water Levels 

Graph E-1 in Appendix E shows groundwater levels from Hunter Alluvium monitoring bores 
JOR1, FRA1, KAI1, KAI2 and WAL2.   

During the reporting period, groundwater levels in FRA1 and KAI1 decreased by 2.02 m, and 
0.01 m respectively.  These observations were within historical levels and did not exceed the 
SWMP trigger levels.  Monitoring of KAI2 recommenced during 2018, with observed 
groundwater levels similar to those previously recorded at this bore (see Graph E-1 of 
Appendix E). 

The depth to groundwater levels measured within JOR1 during April and October 2018 were 
11.93 m and 11.06 m respectively, exceeding the SWMP trigger level of 10 m.  These lower 
groundwater levels correspond to the sharp decline in average rainfall since early 2017, shown 
by the falling CRD trend on Figure 12. 

Despite a falling CRD trend, the groundwater levels measured within WAL2 recovered slightly 
in 2018 to be within SWMP target values. 

Water Quality  

Graphs E-2 and E-3 in Appendix E show water quality measurements from Hunter River 
Alluvium monitoring bores JOR1, FRA1, KAI1, KAI2 and WAL2.   

pH measured at JOR1, FRA1, KAI1, KAI2 and WAL2 generally ranged between 6.9 to 7.3 
during the reporting period.  These measurements were within the historical ranges and did 
not exceed the SWMP trigger levels.   

Electrical Conductivity (EC) recorded at JOR1, FRA1, KAI1, KAI2 and WAL2 were measured 
between 477 and 4,990 µS/cm.  EC levels recorded at JOR1, KAI1 and KAI2 remained within 
historical ranges and did not exceed the SWMP trigger levels.   

EC measured at WAL2 during October 2018 monitoring was 1,936 µS/cm, with measurements 
exceeding the SWMP trigger level of 1,917 µS/cm.  

EC measured at FRA1 during the April and October 2018 monitoring were 4,990 µS/cm and 
4,760 µS/cm, respectively. Both measurements exceeded the SWMP trigger level of  
659 µS/cm. 

7.2.4 Dart Brook Alluvium  

Water Levels 

Graph E-4 in Appendix E shows groundwater levels from Dart Brook Alluvium monitoring 
bores ADN1, DAN2 and WM1A in 2018.   
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pH measurements between the range of 7.4 and 8.0 were recorded for Belgrave, RDH76 and 
GW038582.  These measurements were within historical ranges and did not exceed SWMP 
trigger levels. 

Belgrave has recorded a gradual decline in EC from 12,500 µS/cm in 2007 to 8,250 µS/cm 
during the reporting period, which did not exceed the SWMP trigger levels.  

Bore RDH76 recorded a slight decline in EC during 2018, to 5,600 µS/cm, which is consistent 
with the historic trend in EC results at the site.   
In 2018, GW038582 continued to show fluctuations in measured EC levels, a trend which has 
continued since 2009.  However, the EC measurement of 6,310 µS/cm recorded in October 
2018 did not exceed the SWMP trigger levels. 

Monitoring results for CAS2 during the reporting period have previously been discussed in 
Section 7.2.8. 

7.2.11 Annual Groundwater Assessment 

Condition 4.1(b) of DA 231-07-2000 requires the proponent to conduct an annual assessment 
of the accuracy of the groundwater model predictions contained in the Dartbrook EIS.  The 
assessment involves comparing the results of actual monitoring with predictions under the 
model.  In 2018, this assessment was carried out by Australasian Groundwater and 
Environmental Consultants Pty Ltd (AGE).  

In regards to the comparison of water levels against the predictions made in the EIS, AGE 
came to the following conclusions: 

 Monitoring results for the alluvium monitoring bores confirmed the statement in the 
Dartbrook EIS that “existing bores and wells in the alluvial lands will remain unaffected 
by depressurisation within the coal measures” (MER, 2000).  

 Variances in groundwater levels are largely attributed to below average rainfall from mid-
2001 to mid-2007.  This is confirmed by a rise in groundwater levels as a result of above 
average rainfall from mid-2007 to mid-2009, 2010 to 2012 and a general decline in 
groundwater levels in 2018 which is comparative to a decline in annual rainfall; 

 Monitoring bores in the regolith to the south-east of the completed longwall panels have 
shown a decline in groundwater levels in response to mining between 2004 and 2006. 
Monitoring data suggests these bores showed a rapid recovery to pre-mining conditions 
following the commencement of Care and Maintenance. Current trends in groundwater 
continue to generally correspond with rainfall patterns and are consistent with the 
predictions made in the EIS and MER (2000); 

 Monitoring bores in the regolith directly overlying the Kayuga longwall panels have 
shown a decline in groundwater levels in response to mining between 2004 and 2006. 
Unlike the bores to the south-east of the longwall panels, water levels have not recovered 
in the overburden directly above the Kayuga longwall panels. These groundwater levels 



Dartbrook Mine 
Annual Review 2018 29 March 2019 
for AQC Dartbrook Management Pty Limited Page 58  
 

 

Ref:  190329 Dartbrook Mine Annual Review 2018 HANSEN BAILEY 

have stabilised in bores CAS4 and TLON1 but at a lower level than pre-mining 
conditions; 

 These trends are likely to be associated with mine subsidence and surface cracking. The 
level of decline is well within the predictions in MER (2000). The water level at CAS2 has 
continued to decline following the cessation of mining. This is likely to be related to the 
position of the bore between the Kayuga Seam and Wynn Seam longwall panels and the 
predicted connective cracking that occurred as a result of mining; and 

 Groundwater levels in the coal seams have declined due to mining related 
depressurisation. However, the magnitude of the decline had been less than the 
predictions in the Dartbrook EIS.  This is due to the mining being suspended in 2006 
rather than progressing for the 20-year period that was modelled by MER (2000). Since 
the cessation of mining, groundwater levels in the coal seam monitoring bores have 
recovered to varying degrees. However, by the end of 2018, groundwater level recovery 
within these bores has stabilised to a level which corresponds with the water level in the 
flooded Wynn Seam goaf.  

In regards to water quality, AGE noted that: 

 Overall, groundwater quality trends were within the historical ranges and are remaining 
generally consistent over time. The exceptions to this as noted by AGE are for bores 
RDH510, CAD2, Athlone, GWO038412 and FRA1, which showed an upward trend in 
EC values in 2018; and 

 Exceedances of the SWMP trigger values recorded during 2018 should be investigated 
to determine the cause of these elevated results.  

7.2.12 Next Reporting Period 

It is noted that there has been no underground mining activity at Dartbrook Mine during the 
reporting period and that drought conditions have prevailed in the region throughout 2018.  It 
is also recognised that the SWMP will require review following the determination of MOD7.  At 
this time, an investigation of groundwater monitoring at the site will occur to confirm the 
appropriateness of the SWMP trigger levels.   

7.3 SURFACE WATER 

7.3.1 Environmental Management  

Dartbrook Mine’s SWMP includes strategies for the mitigation of impacts to surface water and 
groundwater resources during the Care and Maintenance period.  Multiple control strategies 
have been implemented across Dartbrook to minimise the risks associated with water pollution.  
These strategies include:   

 Separation of clean and mine water sources; 

 Use of sedimentation dams and traps to collect sediment; 

 Diversion of clean water around the site; 
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 Containment of runoff from disturbed areas; 

 Usage and re-use of potentially contaminated runoff and process water from the mine; 

 Pumping and pipeline systems to transfer water between the surface and underground 

and also between the East and West Sites; 

 Maximise water evaporation through the Evaporation Ponds; 

 Employee and contractor awareness and training in relation to spill response and 

pollution control; 

 Licensed discharge facilities to discharge excess water from the SDD into the Hunter 

River in accordance with the requirements of the HRSTS; and 

 Regular sampling and inspections of surface waters. 

Surface water samples are collected and analysed on a regular basis from storage dams and 
streams in and around the mining authorities to examine water quality.  Specifically, samples 
are collected from an upstream and downstream site in the Hunter River and the Dart Brook.  
This sampling regime is used to confirm that Dartbrook Mine is not having an adverse impact 
on the surrounding surface water catchment and streams.   

The water analyses include measurement of pH, EC, Alkalinity, Calcium, Chloride, 
Magnesium, Potassium, Sodium, Sulphates, Total Dissolved Solids (TDS) and Total 
Suspended Solids (TSS).  Selected mine water dams are also tested for reactive phosphorus, 
Methylene Blue Active Substances (foaming agents), oil and grease, and algae. 

The surface water monitoring sites at Dartbrook Mine are illustrated in Figure 13. 

All runoff from the West Site workshop and hardstand area eventually flows through the oil 
separator and into the WHD.  Water from the WHD can be pumped to the SDD or to the EHD, 
as required, to ensure that the WHD is maintained at <50 - 70 % capacity. 

All runoff from the East Site CHPP and disturbed surrounds eventually flows into the EHD.  
Water from the EHD is pumped onto the coal stockpile areas for evaporation, to the Wynn 
Seam Goaf or to the WHD, as required, to ensure the EHD is maintained at approximately 
50% capacity.   

The general levels of the major dams are inspected weekly and the water level of the SDD, 
WHD and EHD are continuously monitored via the Dartbrook Mine CITECT system.  The SDD 
is also registered under the Dams Safety Act 1978 and as such, is subject to regular 
inspections.  Inspections during the reporting period did not identify any non-compliances.   

A five-yearly review of the SDD was carried out in 2016, as required by the DSC.  Both the 
latest Surveillance Report and the Environmental Management Plan were submitted to the 
DSC in 2016 and made available to DPE.  

In accordance with Schedule 2, Condition 9.2 (a)(xii), the five-yearly Dam Safety Committee 
Surveillance Report will be appended to relevant future Annual Review reports.  
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This section provides a summary of the rehabilitation activities and performance at Dartbrook 
Mine during the reporting period.  

Topsoil Volumes 

Topsoil Health & Suitability 
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Corymbia maculata
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This section describes any environmental incidents or non-compliances that occurred during 
the reporting period. 
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Summary of Minor Amendments to Development Consent 
Conditions during Care and Maintenance 
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Table 1  

Summary of minor amendments to Development Consent conditions 
during Care and Maintenance 

Approval 
Document 
Reference 

Development 
Consent No. 
Reference 

Existing Requirement 
Requirement During Care & 

Maintenance 

Complaints 
protocol & 

Environmental 
Management 

Strategy 

10.2a (ii) 

6 monthly complaints report 
to DoP (now DPE), MSC, 

UHSC, EPA, DPI-MR (now 
DRG) and Dartbrook 

Community Consultative 
Committee (DCCC). 

Complaints to be included in 
Annual Environmental 

Management Report and DCCC 
Meetings only. 

Community 
Consultation 

10.1 (i) 
The DCCC meet 6 times per 

year (every two months). 
Three DCCC meetings per 

annum. 

Community 
Consultation 

10.1 (ii)1 
Two company 

representatives required on 
the DCCC. 

One company representative on 
the DCCC. 

Development 
Consent 

10.2b 
Required to have two 

company persons available 
as EPA contact 24hrs day. 

One person as the EPA person 
contact. This person will be 

available via a pager system. 

Development 
Consent & 

Environmental 
Management 

Strategy 

32.f 
Review of Environmental Mgt 

Plans is required every 5 
years (2007 due). 

Continue to operate under 
existing Mgt plans without 

reviewing. Propose to modify 
these Mgt Plans should any 

activities recommence. 

Development 
Consent 

3.3 (l) 
Surface subsidence 

monitoring is required up to 3 
years following mining. 

Reduce this period due to limited 
impacts observed on the surface 

from subsidence to-date. 

Development 
Consent 

8.1a 
An Independent compliance 

audit is required every 3 
years (due 2007). 

Audit to occur, scope to be re-
defined (e.g. cannot audit against 

EIS predictions etc). 

Development 
Consent 

3.2d 

Preparation of the Water Mgt 
Plan and Soil Stripping Mgt 

Plan is required prior to 
construction of the REA. 

As the REA is not being 
constructed and there are no 
further construction activities 

proposed, a Soil Stripping 
Management Plan is not 
necessary. The Water 

Management Plan will be 
prepared prior to Care & 

Maintenance. 



Dartbrook Mine Appendix A 
Annual Review 2018 29 March 2019 
for AQC Dartbrook Management Pty Limited Page A-2 
 

 

Ref:  Appendix A Summary of Amendments HANSEN BAILEY 

Approval 
Document 
Reference 

Development 
Consent No. 
Reference 

Existing Requirement Requirement During Care & 
Maintenance 

Development 
Consent 

2.1 (e) 

A Mine Closure Plan is 
required to be prepared 2 

years prior to completion of 
mining, in consult with DoP, 
DPI-MR, DNR, MSC, UHSC 

& approved by DoP and  
DPI-MR. 

Decision and process to be 
managed through MOP. 

Environmental 
Management 

Strategy & Dust 
Management 

Plan 

6.1b (iii) 

Required to report on a 
quarterly basis the results of 
air quality monitoring data to 

DoP and MSC. 

Report on annual basis via the 
AEMR. 

Lighting and 
Landscape 

Management 
Plan 

 
Monitoring of tree screens is 
required 2 - 3 times per year. 

Monitor once per year. 

Waste 
Management 

Plan 
 

A Waste audit is required to 
be undertaken annually. 

Waste to be reported via the 
AEMR. 

Noise 
Management 

Plan 
6.4.1b 

Attended noise surveys are to 
be undertaken on a quarterly 

basis. 

DP&I advised that noise 
monitoring could be suspended 

as from 10/05/12. 

REA Surveillance 
Program 

 

Extensive monitoring 
requirements for the current 

REA (e.g. weekly 
thermocouples). 

To be managed through the MOP 
process with DRG. 

 



Meteorological Summary 
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Ref:  Appendix B Meteorology HANSEN BAILEY 

 
January 2018 

 

 
February 2018 
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Ref:  Appendix B Meteorology HANSEN BAILEY 

March 2018 

 
April 2018 
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May 2018 

 
June 2018 
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July 2018 

 
August 2018 
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Ref:  Appendix B Meteorology HANSEN BAILEY 

September 2018 

 

October 2018 
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Ref:  Appendix B Meteorology HANSEN BAILEY 

November 2018 

 

December 2018 

 



Air Quality Monitoring Summary
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Ref:  Appendix C Air Quality HANSEN BAILEY 

 
 

 
 

 
* October sample damaged; results not available 
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Ref:  Appendix C Air Quality HANSEN BAILEY 

 
 

 
*January & December 2018 results contaminated 

 

 
*January 2018 results contaminated 
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Ref:  Appendix C Air Quality HANSEN BAILEY 

 
* January, May and December 2018 results contaminated 
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Ref:  Appendix C Air Quality HANSEN BAILEY 

 
 

 
* June 2018 results contaminated 
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Ref:  Appendix C Air Quality HANSEN BAILEY 

 
* March and May 2018 results contaminated 

 

 
* October 2018 results contaminated 

 

 
* July 2018 results contaminated.  October sample damaged; results not available 



Dartbrook Mine Appendix C 
Annual Review 2018 29 March 2019 
for AQC Dartbrook Management Pty Limited Page C-6 
 

 

Ref:  Appendix C Air Quality HANSEN BAILEY 

 
 

 
* January, July and December 2018 results contaminated.  October sample damaged; results not available 

 

 
* June 2018 results contaminated. October sample damaged; results not available 
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Ref:  Appendix C Air Quality HANSEN BAILEY 

Table 1C 
Elevated & Contaminated Monthly Depositional Dust Results in 2018 

Site Date 
Insoluble  

Solids 
(g/m2/month) 

Combustible 
Matter 

(g/m2/month) 

Ash  
Component 

(g/m2/month) 
Reason for high reading 

870 11/10/18 - - - Monitoring jar damaged, October 
results not available 

885 10/01/18 10.7c 6.8 3.9 Insects, bird droppings 

885 08/02/18 4.7 1.6 3.1 Insects, bird droppings and 
vegetation 

885 09/03/18 4.9 2 2.9 Insects and vegetation 

885 11/05/18 5.3 1.7 3.6 Insects, bird droppings and 
vegetation 

885 12/12/18 9c 6 3c Insects 

897 10/01/18 4.1c 2.1 2 Insects, bird droppings and 
vegetation 

897 09/03/18 5.4 2.1 3.3 Insects, bird droppings and 
vegetation 

897 11/05/18 4.8c 3.2 1.6 Insects, bird droppings and 
vegetation 

897 12/06/18 23.7 1.4 22.3 Insects, bird droppings and 
vegetation 

897 10/07/18 4.9 1.4 3.5 Insects, bird droppings and 
vegetation 

897 10/08/18 54.8 14.6 40.2 Insects, bird droppings and 
vegetation 

897 11/09/18 6.4 2.5 3.9 Insects and vegetation 

897 11/10/18 5.5 2.4 3.1 Insects and vegetation 

897 12/12/18 30.6c 9.1 21.5c Insects and vegetation 

890a 10/01/18 5.7c 2.7 3c Insects and vegetation 

911 12/06/18 3.7c 2.5 1.2c Insects, bird droppings and 
vegetation 

D13 09/03/18 7.7c 5.8 1.9 Insects 

D13 11/05/18 8.3c 7.7 0.6 Insects, bird droppings and veg 

D14 11/10/18 5.4c 4 1.4 Insects and bird droppings 

JLON 
West 12/06/18 4.5 2.5 2 Insects and vegetation 

JLON 
West 10/07/18 3.4c 2.6 0.8 Insects, bird droppings and 

vegetation 
JLON 
West 11/10/18 - - - Monitoring jar damaged, October 

results not available 
Macair 

strip 10/01/18 4.4c 2.6 1.8c Insects, bird droppings and 
vegetation 

Macair 
strip 10/07/18 3.6c 1.7 1.9 Insects and bird droppings 
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Ref:  Appendix C Air Quality HANSEN BAILEY 

Site Date 
Insoluble  

Solids 
(g/m2/month) 

Combustible 
Matter 

(g/m2/month) 

Ash  
Component 

(g/m2/month) 
Reason for high reading 

Macair 
strip 11/10/18 - - - Monitoring jar damaged, October 

results not available 
Macair 

strip 12/12/18 17c 11.2 5.8c Insects and bird droppings 

Wattus 12/06/18 5.9c 4 1.9c Insects, bird droppings and 
vegetation 

Wattus 11/10/18 - - - Monitoring jar damaged, October 
results not available 

Note: c = contaminated sample 
 



REA Monitoring Summary 
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Groundwater Monitoring Summary
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 
Graph E-1 

Groundwater Level for Hunter River Alluvium Bores (1998-2018)  

 

 
Graph E-2 

pH for Hunter River Alluvium Bores (1998-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-3 

Electrical Conductivity for Hunter River Alluvium Bores (1998-2018) 

 
Graph E-4 

Groundwater Level for Dart Brook Alluvium Bores (1998-2018) 

  



Dartbrook Mine Appendix E 
Annual Review 2018 29 March 2019 
For AQC Dartbrook Management Pty Limited Page E-3 

Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-5 

pH for Dart Brook Alluvium Bores (1998-2018) 

 

 
Graph E-6 

Electrical Conductivity for Dart Brook Alluvium Bores (1998-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-7 

Groundwater Level for Sandy Creek Alluvium Bores (1998-2018) 

 

 
Graph E-8 

pH for Sandy Creek Alluvium Bores (1998-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-9 

Electrical Conductivity for Sandy Creek Alluvium Bores (1998-2018) 

 
Graph E-10 

Groundwater Level for Staged Discharge Dam Bore (2000-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-11 

pH and Electrical Conductivity for Staged Discharge Dam Bore (2000-2018) 

 
Graph E-12 

Groundwater Level for Coal Seam Bores (2001-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-13 

pH for Coal Seam Bores (2001-2018) 

 

 
Graph E-14 

Electrical Conductivity for Coal Seam Bores (2001-2018) 

  



Dartbrook Mine Appendix E 
Annual Review 2018 29 March 2019 
For AQC Dartbrook Management Pty Limited Page E-8 

Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-15 

Groundwater Levels for Regolith Bores (1998-2018) 

 

 
Graph E-16 

pH for Regolith Bores (1998-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-17 

Electrical Conductivity for Regolith Bores (1998-2018) 

 

 
Graph E-18 

Groundwater Level for Rejects Emplacement Area Bores (2001-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 

 
Graph E-19 

pH for Rejects Emplacement Area Bores (2001-2018) 

 

 
Graph E-20 

Electrical Conductivity for Rejects Emplacement Area Bores (2001-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 
 

 
Graph E-21 

Groundwater Level for Landowner Propoerty Bores (2001-2018) 

 
Graph E-22 

pH for Landowner Propoerty Bores (1998-2018) 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 
 

 
Graph E-23 

Electrical Conductivity for Landowner Propoerty Bores (1998-2018) 

 
  



Dartbrook Mine Appendix E 
Annual Review 2018 29 March 2019 
For AQC Dartbrook Management Pty Limited Page E-13 

Ref:  Appendix E Groundwater  HANSEN BAILEY 

Table E-1 – Groundwater Monitoring Summary 

Sample 
Location Sample Date Field EC 

(μS/cm) Field pH Depth to 
Ground (m) 

Depth to 
Standpipe (m) 

Hunter River Alluvium 
FRA1 03-Apr-18 4990 7.1 10.76 11.10 
FRA1 09-Oct-18 4760 7.3 12.37 12.72 
JOR1 03-Apr-18 2175 7.0 11.93 12.37 
JOR1 19-Oct-18 2077 7.3 11.06 11.56 
KAI1 03-Apr-18 507 6.9 11.36 11.87 
KAI1 10-Oct-18 477 7.2 11.41 11.91 
WAL2 05-Apr-18 1799 6.9 9.72 9.72 
WAL2 10-Oct-18 1936 7.2 9.92 10.02 

Dart Brook Alluvium 
ADN1 06-Apr-18 2960 7.4 7.2 7.82 
ADN1 19-Oct-18 2780 7.0 7.4 8.00 
DAN2 05-Apr-18 2059 7.0 6.61 6.61 
DAN2 02-Nov-18 1787 7.0 7.03 7.03 
WM1A 06-Apr-18 2620 7.0 7.73 8.18 

Sandy Creek Alluvium 
BRO3 05-Apr-18 1315 8.8 5.23 5.24 
BRO3 02-Nov-18 * * 5.5 5.50 
COR3 15-May-18 1892 7.9 5.24 5.61 
COR3 01-Nov-18 1830 8.1 7.11 7.45 

GWO38412 05-Apr-18 3170 7.1 5.31 6.31 
GWO38412 01-Nov-18 3600 6.8 5.9 6.75 

WM3 05-Apr-18 3480 6.7 7.63 833.00 
WM3 01-Nov-18 2520 6.8 7.98 8.75 

Coal Seams 
DDH183 06-Apr-18 7210 6.8 28.45 29.00 
DDH183 25-Oct-18 7180 7.0 28.88 29.33 
DDH193 06-Apr-18 6530 6.8 42.33 43.28 
DDH193 01-Nov-18 6430 6.8 42.25 43.20 

DDH212a 05-Apr-18 4040 8.2 27.46 28.26 
DDH212a 01-Nov-18 3630 8.1 27.53 28.33 
Kayuga 1 05-Apr-18 7750 6.8 12.84 13.27 
Kayuga 1 25-Oct-18 7630 7.0 13.15 13.47 

Regolith over Kayuga LW 
CAS2 03-Apr-18 13170 6.8 41.56 42.10 
CAS2 01-Nov-18 12920 6.9 42.43 42.97 
CAS4 05-Apr-18 10630 6.8 23.88 28.74 
CAS4 01-Nov-18 10540 6.9 28.33 28.76 
JLON1 03-Apr-18 * * * * 
JLON1 25-Oct-18 2021 9.2 12.6 13.40 
TLON1 05-Apr-18 4770 6.9 11.42 11.42 
TLON1 01-Nov-18 4240 7.1 11.52 11.62 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 
Sample 

Location Sample Date Field EC 
(μS/cm) Field pH Depth to 

Ground (m) 
Depth to 

Standpipe (m) 
Rejects Emplacement Area 

RDH508 03-Apr-18 7660 7.1 10.65 11.15 
RDH508 19-Oct-18 7980 7.3 10.71 11.31 

RDH508a 03-Apr-18 7640 7.0 18.1 18.57 
RDH508a 19-Oct-18 7780 7.1 18.08 18.58 
RDH509 03-Apr-18 5350 7.1 10.66 10.95 
RDH509 03-Oct-18 5910 7.2 10.73 0.30 

RDH509a 03-Apr-18 * * 15.02 15.28 
RDH509a 03-Oct-18 * * 15.08 15.36 
RDH510 03-Apr-18 9200 7.0 10.96 11.56 
RDH510 03-Oct-18 8950 7.0 11.19 11.69 

RDH510a 03-Apr-18 9440 6.9 10.86 11.31 
RDH510a 03-Oct-18 9600 7.1 11.09 11.49 
RDH511 03-Apr-18 5440 8.0 8.44 8.44 
RDH511 03-Oct-18 5500 8.0 8.47 8.47 

RDH511a 03-Apr-18 6810 7.4 8.45 8.45 
RDH511a 03-Oct-18 6910 7.4 8.48 8.48 

Property Subsidence Management Plans 
Belgrave 06-Apr-18 8250 7.6 8.36 8.36 
Belgrave 25-Oct-18 * * * * 

GWO38582 06-Apr-18 8870 7.4 6.63 6.93 
GWO38582 25-Oct-18 6310 7.6 7.4 8.12 

Other Monitoring Bores 
Athlone 06-Apr-18 11280 6.8 7.52 7.52 
Athlone 25-Oct-18 11020 7.0 7.92 8.22 

Bel1 07-Apr-18 9530 7.3 3.91 3.91 
Bel1 25-Oct-18 9650 7.9 4.62 4.62 

CAD2 05-Apr-18 * * 12.42 12.70 
CAD2 01-Nov-18 5900 6.1 12.84 13.04 

DDH124 05-Apr-18 * * 14.64 15.26 
DDH124 24-Oct-18 * * 14.7 15.28 

DDH212b 05-Apr-18 3980 8.1 27.36 28.06 
DDH212b 01-Nov-18 3610 8.2 27.44 28.14 
DDH212c 05-Apr-18 3970 8.1 27.24 27.84 
DDH212c 01-Nov-18 3700 8.2 27.34 27.94 

* Dry or unable to be monitored 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

Table E-2 – Statistical Analysis of Groundwater Quality Monitoring Data 

Sample 
Location Parameter Minimum Mean Maximum Variance 

Hunter River Alluvium 
JOR1 pH 7.0 7.2 7.3 0.3 
JOR1 EC 2077.0 2126.0 2175.0 98.0 
WAL2 pH 6.9 7.0 7.2 0.3 
WAL2 EC 1799.0 1867.5 1936.0 137.0 
KAI1 pH 6.9 7.0 7.2 0.4 
KAI1 EC 477.0 492.0 507.0 30.0 
FRA1 pH 7.1 7.2 7.3 0.2 
FRA1 EC 4760.0 4875.0 4990.0 230.0 

Dart Brook Alluvium 
DAN2 pH 7.0 7.0 7.0 0.0 
DAN2 EC 1787.0 1923.0 2059.0 272.0 

WM1A** pH 7.0 7.0 7.0 0.0 
WM1A** EC 2620.0 2620.0 2620.0 0.0 

ADN1 pH 7.0 7.2 7.4 0.4 
ADN1 EC 2780.0 2870.0 2960.0 180.0 

Sandy Creek 
GWO38412 pH 6.8 7.0 7.1 0.3 
GWO38412 EC 3170.0 3385.0 3600.0 430.0 

BRO3** pH 8.8 8.8 8.8 0.0 
BRO3** EC 1315.0 1315.0 1315.0 0.0 
COR3 pH 7.9 8.0 8.1 0.2 
COR3 EC 1830.0 1861.0 1892.0 62.0 
WM3 pH 6.7 6.7 6.8 0.1 
WM3 EC 2520.0 3000.0 3480.0 960.0 

Coal Seams 
DDH183 pH 6.8 6.9 7.0 0.2 
DDH183 EC 7180.0 7195.0 7210.0 30.0 
DDH193 pH 6.8 6.8 6.8 0.0 
DDH193 EC 6430.0 6480.0 6530.0 100.0 

Kayuga 1 pH 6.8 6.9 7.0 0.2 
Kayuga 1 EC 7630.0 7690.0 7750.0 120.0 

DDH212(a) pH 8.1 8.1 8.2 0.1 
DDH212(a) EC 3630.0 3835.0 4040.0 410.0 

Regolith 
CAS2 pH 6.8 6.9 6.9 0.1 
CAS2 EC 12920.0 13045.0 13170.0 250.0 
CAS4 pH 6.8 6.9 6.9 0.1 
CAS4 EC 10540.0 10585.0 10630.0 90.0 

TLON1 pH 6.9 7.0 7.1 0.2 
TLON1 EC 4240.0 4505.0 4770.0 530.0 
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Ref:  Appendix E Groundwater  HANSEN BAILEY 

 
Sample 

Location Parameter Minimum Mean Maximum Variance 

Rejects Emplacement Area 
RDH508 pH 7.1 7.2 7.3 0.2 
RDH508 EC 7660.0 7820.0 7980.0 320.0 

RDH508(a) pH 7.0 7.0 7.1 0.0 
RDH508(a) EC 7640.0 7710.0 7780.0 140.0 

RDH509 pH 7.1 7.1 7.2 0.1 
RDH509 EC 5350.0 5630.0 5910.0 560.0 
RDH510 pH 7.0 7.0 7.0 0.0 
RDH510 EC 8950.0 9075.0 9200.0 250.0 

RDH510a pH 6.9 7.0 7.1 0.2 
RDH510a EC 9440.0 9520.0 9600.0 160.0 
RDH511 pH 8.0 8.0 8.0 0.0 
RDH511 EC 5440.0 5470.0 5500.0 60.0 

RDH511a pH 7.4 7.4 7.4 0.0 
RDH511a EC 6810.0 6860.0 6910.0 100.0 

Property Subsidence Management Plans 
GWO38582 pH 7.4 7.5 7.6 0.2 
GWO38582 EC 6310.0 7590.0 8870.0 2560.0 
Belgrave** pH 7.6 7.6 7.6 0.0 
Belgrave** EC 8250.0 8250.0 8250.0 0.0 

Other Bore Holes 
Athlone pH 6.8 6.9 7.0 0.2 
Athlone EC 11020.0 11150.0 11280.0 260.0 

Bel 1 pH 7.3 7.6 7.9 0.6 
Bel 1 EC 9530.0 9590.0 9650.0 120.0 

CAD2** pH 6.1 6.1 6.1 0.0 
CAD2** EC 5900.0 5900.0 5900.0 0.0 
DDH124 pH * * * * 
DDH124 EC * * * * 

DDH212b pH 8.1 8.1 8.2 0.1 
DDH212b EC 3610.0 3795.0 3980.0 370.0 
DDH212c ph 8.1 8.1 8.2 0.1 
DDH212c EC 3700.0 3835.0 3970.0 270.0 

* Dry or unable to be monitored in 2018 
** One record available  

Note: Standard Deviation Calculations not undertaken due to  
reduced number of samples collected during the reporting period. 



Surface Water Monitoring Summary 
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Ref:  Appendix F Surface Water HANSEN BAILEY 

 
Graph F-1 

Quarterly Hunter River EC and pH Results 

 

 
Graph F-2 

Quarterly Dart Brook EC and pH Results  

 



Dartbrook Mine  Appendix F 
Annual Review 2018   29 March 2019 
for AQC Dartbrook Management Pty Limited Page F-2 
 

 

Ref:  Appendix F Surface Water HANSEN BAILEY 

 
 

 
Graph F-3 

Hunter River Long Term EC (1999-2018)  

 
 
 

 
Graph F-4 

Hunter River Long Term pH (1999-2018) 
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Ref:  Appendix F Surface Water HANSEN BAILEY 

 
 
 

 
Graph F-5 

Dart Brook Long Term EC (1999-2018) 

 
 
 

 
Graph F-6 

Dart Brook Long Term pH (1999-2018) 
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Introduction 
AQC Dartbrook Management Pty Limited (AQC) is the proprietor of the Dartbrook Mine, located in 
the Upper Hunter Valley of New South Wales (NSW).  Dartbrook Mine is located approximately 
10 km north-west of the township of Muswellbrook and approximately 4.5 km south-west of the 
village of Aberdeen.  AQC is a wholly owned subsidiary of Australian Pacific Coal Limited.   

Dartbrook Underground Coal Mine was approved in December 1991 for longwall mining in the Wynn 
and Upper Seams. This approval authorised the development of the East Site and West Site, as well 
as an access road linking the two sites.  The East Site and West Site are also linked by the Hunter 
Tunnel, which facilitates the conveying of coal from the underground mine to the East Site.   

The East Site is located east of the New England Highway and adjacent to the Main Northern Railway 
Line. Infrastructure at the East Site consists of a Coal Handling and Preparation Plant (CHPP) and a 
Rail Loadout Facility. Construction commenced in 1993 with the removal of topsoil from the CHPP 
and coal stockpile areas. This material was largely placed to the west of the CHPP and adjacent to 
the then Eastern Holding Dam site.  

West Site Infrastructure originally consisted of the Wynn Seam Drift, Pit Top Infrastructure, 
Workshop, Store and Office as part of the original development of the mine.  However, in 2002 the 
Kayuga Boxcut was constructed west of the existing Infrastructure to allow access to the Kayuga Coal 
Seam. Topsoil was removed from footprint of the Kayuga Boxcut and stockpiled west of the boxcut. 
Some was used in landscaping and stabilising the areas of surface disturbance and some was 
stockpiled to comprise the West Site topsoil stockpile. 

 

Scope 
The purpose of this report is to address one of the conditions of the Department of Planning and 
Environment (Resources and Geoscience) (DRG) approval for the Dartbrook Mining Operations Plan 
(MOP) (Hansen Bailey, 2017).  In their letter of approval, DRG required AQC to complete a topsoil 
audit for the site in 2018 and noted that “…commentary on the health and suitability of the available 
soil is also required.”  This report seeks to fulfil that requirement. 
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Method 
Volumes of topsoil in the East Site Topsoil Stockpiles and The West Site Topsoil Stockpile have been 
determined by survey and are shown in plans within the Dartbrook MOP (Hansen Bailey, 2017). 

Test pits were dug in the topsoil stockpiles on the East Site and the West Site at locations as 
indicated in Figure 1 and Figure 2, including: 

 ET1, ET2 and ET3 (East Site); and 
 WT1, WT2 and WT3 (West Site).  

The test pits were dug with a backhoe to a depth of approximately 2 metres (the maximum safe 
working excavation depth of the machine). Samples of the soil were collected from near the surface 
to 30cm depth to reflect the aerated zone, at about 50cm to include soil likely to be subject to wet/ 
dry sequences and at depth of maximum dig to include material likely to have had anaerobic 
conditions. The continuity within each test pit was confirmed in all cases, with no foreign material or 
rock layer encountered. 

Photos were taken of each soil stockpile excavation to indicate the nature and distribution of the 
stockpiled material. Sampled soil material was field tested for colour and texture. Approximately 1kg 
samples were also taken from each test pit to fill sample bottles, that were labelled and forwarded 
to ALS Laboratory for testing of a range of parameters including: 

 pH; 
 Electrical conductivity (EC); 
 ECe; 
 Emerson Aggregate Test; 
 Texture; 
 Exchangeable Calcium (Ca) (meq/100g); 
 Exchangeable Magnesium (Mg) (meq/100g); 
 Exchangeable Potassium (K) meq/100g; 
 Exchangeable sodium (Na) meq/100g; 
 Exchangeable sodium (%); 
 Cation Exchange capacity (ECE) (meq/100g); 
 Colwell K mg/kg; 
 Nitrate -N mg/kg; 
 Total N mg/kg; and 
 Phosphorous (Bray method). 

Appropriate attention was paid to chain of custody for each sample.  
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Results 
Results from field testing of the soil samples are indicated in Table 1. 

In the field the stockpiled soil was generally a dark brown colour, mostly well structured and in the 
clayey texture groups. One sample only (WT1.2) was classified in the clay loam texture group. 

 

Table 1. -Field Testing 

Sample No Depth (cm) Colour 
(Munsell) 

Structure* Texture# Presence of 
roots 

ET1.1 5-10 7.5YR3.2 Strong MC Present 
ET1.2 40-50 7.5YR3.2 Strong MC Present 
ET1.3 170-180 7.5YR3.2 Moderate MC Not observed 
ET2.1 5-10 7.5YR3.2 Strong LMC Present 
ET2.2 50-60 7.5YR3.2 Strong LMC Present 
ET2.3 170-180 7.5YR3.3 Weak SC Not observed 
ET3.1 5-10 7.5YR3.2 Strong SiC Present 
ET3.2 40-50 7.5YR3.2 Moderate SC Present 
ET3.3 170-180 7.5YR3.2 Weak SC Not observed 
WT1.1 5-10 7.5YR3.3 Strong SC Present 
WT1.2 50-60 7.5YR3.3 Moderate FSCL Present 
WT1.3 190-200 7.5YR3.3 Strong LC Present 
WT2.1 40-50 7.5YR4.3 Strong LC Present 
WT2.2 50-60 7.5YR4.3 Moderate LMC Present 
WT2.3 190-200 7.5YR3.3 Strong LMC Present 
WT3.1 10-20 7.5YR3.3 Strong LC Present 
WT3.2 40-50 7.5YR3.3 Strong LMC Present 
WT3.3 170-180 7.5YR3.4 Strong LMC Not observed 

*Following Northcote (1979) classification 

 

Where:  

Structureless is no observable aggregation of particles; and 

Weak is where less than 1/3 material present as peds, moderate has 1/3rd-2/3rd material present as 
peds, Strong structure indicated more than 2/3rd peds present. 

# Texture Classes follow Northcote (1979) where: 

FSCL is fine sandy clay loam;  

SC is sandy clay;  

SiC is silty clay;  

LC is light clay;  

LMC is light medium clay; and  

MC is medium clay, thus representing an increasing clay content.  
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Results from the laboratory testing of the soil samples is indicated in Table 2 and Table 3. 

Table 2 East Site Soil Stockpile Test Results 

Sample ET1.1 ET1.2 ET1.3 ET2.1 ET2.2 ET2.3 ET3.1 ET3.2 ET3.3 
pH 8.0 8.6 8.0 8.3 8.8 8.1 8.4 8.5 7.9 
EC 333 176 454 361 172 484 255 155 484 
ECe 2.99 1.58 4.09 3.25 1.55 4.36 2.29 1.39 4.36 
EAT 4 4 4 4 4 4 4 4 4 
Texture CL SCL CL CL CL CL CL CL CL 
Exchangeable 
Ca meq/100g 

6.9 13.6 6.8 8.2 14.1 7.6 19.5 7.4 8.1 

Exchangeable 
Mg 
meq/100g 

2.7 8.2 3.1 2.8 10.4 3.5 5.7 4.2 3.6 

Exchangeable 
K meq/100g 

1.8 0.6 0.6 1.9 0.4 0.7 <0.2 <0.2 <0.2 

Exchangeable 
Na meq/100g 

0.8 19.2 2.3 <0.2 0.8 7.0 <0.2 <0.2 <0.2 

Exchangeable 
sodium% 

6.6 46.1 17.9 <0.2 3.2 37.3 <0.2 <0.2 <0.2 

CEC 
meq/100g 

12.2 41.7 12.9 12.9 25.8 18.7 29.1 11.7 12.6 

Colwell K 
mg/kg 

2210 <200 695 2180 <200 609 1800 <200 783 

Nitrate -N 
mg/kg 

118 17.5 197 109 12.8 229 73.5 20.5 249 

Total N 
mg/kg 

2420 2320 1840 1810 1510 1270 2570 1820 1640 

P (Bray) <1 <1 1.7 <1 1.2 <1 1.2 <1 5.0 
 

Where: 

EC is electrical conductivity, units μS/cm; 

EAT is Emerson Aggregate Test, measuring aggregate stability in water, classes 1-8; 

Texture Classes, CL being clay loam and SCL being sandy clay loam; 

Exchangeable Cations expressed as milliequivalents per 100g; 

CEC is cation exchange capacity, being the sum of the major cations present; 

Colwell K measures the amount of potassium available for plant uptake; 

Nitrate nitrogen measures the amount of nitrogen immediately available to plants; 

Total N is the amount of nitrogen present in the soil and includes non-available N; and 

P (Bray) is a measure of the amount of phosphorus available to plants. 
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Table 3 West Site Topsoil Stockpile Test Results 

Sample WT1.1 WT1.2 WT1.3 WT2.1 WT2.2 WT2.3 WT3.1 WT3.2 WT3.3 
pH 6.9 6.5 7.7 6.3 6.4 6.5 6.7 7.7 8.1 
EC 116 189 384 181 277 506 164 93 518 
EAT 3 3 3 3 3 3 3 3 3 
ECe 1.16 1.89 3.46 1.81 2.77 4.55 1.64 0.93 4.66 
Texture SCL SCL CL SCL SCL CL SCL SCL CL 
Exchangeable 
Ca meq/100g 

9.1 10.1 5.9 9.7 9.0 9.4 9.9 3.1 5.1 

Exchangeable 
Mg 
meq/100g 

3.0 4.0 4.2 3.7 4.1 3,5 5.1 4.4 4.1 

Exchangeable 
K meq/100g 

2.6 o.8 1.6 3.2 0.7 0.9 2.8 0.5 1.0 

Exchangeable 
Na meq/100g 

0.2 0.4 6.2 <0.1 0.4 <0.1 0.2 <0.2 0.3 

Exchangeable 
sodium% 

1.3 2.3 34.6 0.5 3.1 0.5 1.4 <0.2 2.7 

CEC 
meq/100g 

14.9 15.3 17.8 16.6 14.3 13.8 18.1 8.0 10.5 

Colwell K 
mg/kg 

1950 471 976 2180 514 655 2030 355 2670 

Nitrate -N 
mg/kg 

20.9 68.4 190 65.2 139 382 61.1 16.7 276 

Total N 
mg/kg 

2490 1880 1620 2460 1800 910 2840 1340 920 

P (Bray) <1.0 <1.0 <1.0 <1,0 2.2 <1.0 1.8 <1.0 <1.0 
 

Where: 

EC is electrical conductivity, units μS/cm; 

EAT is Emerson Aggregate Test, measuring aggregate stability in water, classes 1-8; 

Texture Classes, CL being clay loam and SCL being sandy clay loam; 

Exchangeable Cations expressed as milliequivalents per 100g; 

CEC is cation exchange capacity, being the sum of the major cations present; 

Colwell K measures the amount of potassium available for plant uptake; 

Nitrate nitrogen measures the amount of nitrogen immediately available to plants; 

Total N is the amount of nitrogen present in the soil and includes non-available N; and  

P (Bray) is a measure of the amount of phosphorus available to plants. 
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Conclusions 
Soils in the Dartbrook area have been mapped by the Soil Conservation Service (Kovac and Lawrie, 
(1991)). The footslopes of Browns Mountain, the location of the East Site infrastructure, was 
mapped as the Brays Hill Soil Landscape. The major soil types present are Red clays and Black Earths 
with the possibility for some Yellow Solodic Soil along drainage lines (likely minor). Soil was stripped 
from this soil landscape area in the initial phase of construction for the East Site, likely in 1993/94. 
The East Site topsoil stockpiles and test pits ET1, ET2 and ET3 comprise some of this material. Other 
topsoil originally stripped was used for existing stabilisation and rehabilitation purposes. The 
remaining stockpiles may therefore have been in place for about 25 years (see Figure 1). 

On the Western Site (western side of the Hunter River) the Kayuga Boxcut was constructed to 
provide access to the Kayuga Seam. This area is within the Dartbrook Soil Landscape where Brown 
Clays are predominant. Non-calcic brown clay soils also occur in mid-slope positions. The Kayuga Box 
Cut Topsoil Stockpile is likely to have been in place for approximately 15 years (see Figure 2). 

Topsoil Properties 
pH 
The East Site topsoil stockpiles had a mean pH of 8.3, range 7.9-8.8, this indicates a moderately 
alkaline soil. There appears no trend with depth of material within the stockpile. 

The West Site topsoil stockpile has on average neutral pH 7.0, range 6.3 to 8.1. At the three sites 
WT1, WT2 and WT3, the deepest samples had the highest pH. 

The pH range is satisfactory at all test pits for growth of grasses and legumes. There is unlikely to be 
problems with nutrient availability or legume inoculation. 

Electrical Conductivity 
Electrical Conductivities have been reported as EC(1:5) in S/cm. These values are converted to 
saturation extract values by a multiplier factor depending on soil texture. Saturation extract values 
ECe (dS/m) allow reference to established standards as displayed below in Table 4. 

Table 4 Saline Soils Rating 

Rating ECe (dS/m) Effect on Plants 
Non-saline <2 Salinity effects negligible 
Slightly saline 2-4 Yield reduction sensitive plants 
Moderately saline 4-8 Yield reductions in many crops 
Highly saline 8-16 Tolerant crops only yield satisfactorily 
Extremely saline >16 Very tolerant crops only yield 

satisfactorily 
 

Based on the EC values from Table 2, East Site topsoil stockpiles ranged 1.39-4.36 dS/m, with the 
mean being 2.87 dS/m. These soils are thus slightly saline on average, where three samples were 
over 4 dS/m and therefore moderately saline. These samples were from the greatest excavation 
depths in the stockpiles at 1.7-1.8m depth below stockpile surface level. It may be that leaching of 
salt from surface materials has occurred with accumulation at depth, or seepage from upslope has 
occurred, or the stockpile may have been located on a naturally saline area.  
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West Site Topsoil Stockpiles range 0.93-4.66 dS/m, with mean salinity being 2.54 dS/m, or slightly 
saline. Two samples exceeded 4 dS/m and were moderately saline. These were at depth in the 
stockpile. Similar to the Eastern Stockpiles, downward leaching of salts may have occurred since the 
stockpiles were established. 

Salinity levels of ‘slightly saline’ are quite suitable for use in rehabilitation activities at mine sites. 
While some sensitive plants such as broad leaf vegetable and flowers may not grow well, pasture 
plants are generally reasonably salt tolerant, with some grasses like Kikuyu and Rhodes Grass being 
very salt tolerant. The stockpiled topsoil will be suitable for rehabilitation programs. The base of the 
stockpiles appears to contain the saltier layers of soil. Shape and layering of the stockpiles indicates 
the stockpiles were built using scrapers. If the material was reclaimed from the stockpile for 
rehabilitation using a frontend loader and trucks, it would be effectively mixed by working the full 
face of the stockpiled soil prior to soil material being respread in rehabilitation areas. 

Emerson Aggregate Test 
Emerson Aggregate Testing of the materials indicates the stability of soil aggregates. It determines if 
slaking (surface sealing) will occur. Low Emerson Aggregate Classes (1-3) may have dispersion of clay 
materials and be susceptible to tunnelling. 

The East Site stockpile materials were assessed as Emerson Class 4. Soil aggregates of this class 
generally remain stable in water without slaking or dispersion. The soil is thus well structured and 
likely to support the establishment of common pasture species. Existing rehabilitated areas at the 
Dartbrook Reject Emplacement Area have been capped with similar material and have supported 
such pasture species for over ten years. 

The West Site stockpile materials are ranked as Emerson Class 3. This material slakes on wetting, 
indicating particles may have a tendency to surface seal, particularly following heavy rain. The 
material is generally suitable for soil conservation earthworks and where slight dispersion occurs can 
form contour banks and dams that will hold water. This material should be satisfactory for 
rehabilitation purposes and would likely be improved by the addition of gypsum to counter the 
tendency for surface sealing.  

Exchangeable Cations 
Mean calcium cations in East Site Soils was 10.2 meq/100g being a high Ca level. Ca/Mg ratio is 2 
which is satisfactory. Exchangeable sodium percentage was 22%. This is a high sodium percentage 
that was skewed by two very high levels recorded at test pits ET1.2 and ET2.3. The addition of 
gypsum during the rehabilitation preparation process will likely also benefit these materials. Mean 
cation exchange capacity (CEC) was 19.7 meq/100g which is in moderate rating for soils. That 
indicates this material should have a reasonable capacity to retain nutrients if fertilisers are applied. 

Calcium levels in the West Site stockpiles was 7.9 mg/kg, rating as moderate. The Ca/MG ratio was 
1.9, rating as low. Mean exchangeable sodium percentage was 5.8 that is high but skewed by a high 
level at WT1.3. This soil would also be improved by incorporating gypsum during the rehabilitation 
preparation process. Cation exchange capacity mean was 14.4 meq/100g, rating as a moderate 
capacity to retain added nutrients. 
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Colwell Potassium 
Mean Colwell K for the East Site stockpiles was 1,380 mg/kg, ranging <200 – 2,200 mg/kg. The lowest 
Colwell K levels were at intermediate depth of about 50cm. The level of Colwell K is high but as these 
are relatively clayey soils, availability may be restricted. Distribution was higher at the surface, lower 
in intermediate layers and raised at the base of the stockpiles. This may reflect long term downward 
leaching of K, with current surface level accumulation due to two years of drought conditions. 

At the West Site stockpile the mean Colwell K was 1,311 mg/kg, with range 355 to 2,670 mg/kg. The 
West Site stockpile results showed a more even K distribution than the East Site. These soils are also 
lighter textured than the East Site Stockpiles, with K more easily leached. 

Nitrate Nitrogen 
Nitrate N is a measure of how much nitrogen is available to plants. At the East Site mean Nitrate N 
was 114 mg/kg, with a range of 12.8 – 249 mg/kg. West Site Stockpiles had mean Nitrate N levels of 
135 mg/kg, with a range 16.7 – 276 mg/kg. These are adequate levels and may have built up during 
the prolonged dry period. Rehabilitation programs could use a legume component to pastures 
(clovers and Lucerne) to assist continued maintenance of adequate nitrogen levels. 

High nitrogen level following drought periods can result in prolific weed growth. Stockpiles should be 
regularly slashed to encourage thicker grass growth and stop weeds setting seed. Where weed 
growth persists, appropriate herbicide should be applied to control infestation. Control of the weed 
Galenia is particularly important in the Hunter Valley. 

Total Nitrogen 
The East Site Stockpiles had mean Total N of 1,911 mg/kg with a range 1,270 – 2,570 mg/kg. West 
Site samples indicted mean Total N of 1,806 mg/kg, ranging from 910 – 2,840 mg/kg. Soils are rated 
by Hazelton & Murphy, et al (2007) as medium in organic matter if 0.15%-0.25% of the total volume, 
or 1,500 – 2,500 mg/kg Total N. The stockpiles have reasonable levels of Total N because they 
generally consist of surface soils containing plant matter consisting of roots and leaves. The surface 
soil of the stockpile has likewise supported plant growth and accumulation of leaf and root material 
during the stockpile life. Due to drought conditions surface cover was restricted, but plant roots 
were present down to 2m depth. 

Available Phosphorus 
P (Bray) measures the phosphorus component of soils which is available to plants. Mean P (Bray) for 
East Site Stockpiles was 2.3 mg/kg ranging from <1 to 5 mg/kg. Five samples were less than 1 (limit 
of measurement). The West Site had 7 samples <1 mg/kg, with mean of two other samples being 2.3 
mg/kg. All samples are low in available phosphorus and would respond to the addition of fertiliser 
during the rehabilitation process. 
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Recommendations 
The East Site Topsoil Stockpiles and the West Site Topsoil Stockpile are composed of A-horizon soil 
stripped from the surface of previously disturbed areas and placed in the stockpiles for between 15 
and 25 years. Layering of the material indicated stockpiles were constructed using scrapers. Material 
has been placed above ground level at these locations, so it is unlikely to be affected by 
groundwater or any other seepage but rather some downward leaching of soluble salts to the base 
of stockpiles. 

The material is generally suitable for supporting pasture growth. The pH is generally slightly alkaline 
but not at a level which would limit pasture development. Salinity is generally at slightly saline levels 
only, so quite suitable for common ground stabilising grass cover species. The West Site Stockpiles 
contain slightly lighter textured soil that was rated Emerson Aggregate Test Class 3, indicating slight 
dispersion could occur with surface sealing and higher runoff. Addition of natural gypsum to the soil 
at the rate of approximately 10t/ha is recommended at the time of its use. This would also benefit 
soil structure where a high sodium percentage was indicted (such as for test pit WT1.3).  

The soils are generally fairly clayey soils, with moderate CEC’s. The soils thus have a fair capacity to 
retain added nutrients in the form of fertilisers. Soil phosphorus levels were low. Nitrate nitrogen 
levels appeared high at the time of sampling which may be because of the prevailing prolonged dry 
period (resulted in a high level of mineralisation of the organic matter present but little plant uptake 
or leaching). Similarly, potassium levels appeared adequate, but clayey soils are known to increase 
difficulty for plants to extract potassium (due to osmotic pressure). Hence, when reusing this soil, 
the application of a broad spectrum NPK fertiliser at least initially prior to sowing rehabilitated areas 
with pasture species is recommended. 

The stockpiles had medium organic matter present as indicted by Total N. Because of long term 
storage, microorganism activity has likely been restricted at depth. Application of organic solids such 
as mulched cow manure would be beneficial when reusing this soil.  

Recommendation for use of Stockpiled Topsoil in Site Rehabilitation 
1.  Reclaim material using frontend loader and truck. 
2.  Spread evenly on slope to depth of at least 10cm. 
3.  Use tyned implement to lightly cultivate on the contour to tie to subsurface material. 
4.  Incorporate fertiliser and gypsum and organic solids (weed free) prior to sowing: 

i. Fertiliser Complete such as 11:17:9 at 400kg/ha or equivalent; 
ii. Mulched cow manure at 10t/ha; and 

iii. Gypsum at 10 t/ha. 
5.  Seed Mixture: All or some of the following species could be used as they have been found to 

be successful in grazing trials on the Dartbrook REA rehabilitation. Sowing depends on season 
and long-term rehabilitation targets for each.  

Species Rate sowing (kg/ha) 
Kikuyu 5 
Rye Grass 10 
Phalaris 5 
Green Panic 5 
Couch 5 
Rhodes Grass 5 
White Clover 5 
Lucerne 5 
Medic 5 
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Photographs of Topsoil Stockpile Soil Test Pits 
 

  



15 
 

 

Photo No1. East Site Stockpile Site ET1 

 

 

Photo No.2. East Site excavation shows layering of stockpiled material (test pit ET1) 



16 
 

 

 

Photo No.3. East Site ET1 Profile 

 

Photo No.4. East Site Test Pit ET2 
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Photo No.5. East Site Test Pit ET3 

 

Photo No.6. West Site Test Pit WT 1 
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Photo No.7. West Site Soil Test Pit WT2 

 

Photo No.8. West Site Test Pit WT3 Profile 
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