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Aquifer

Underground water storage within either disturbed or undisturbed strata.

Average Recurrence
Interval (ARI)

A statistical estimate of the average period in years between the occurrence of a
flood of a given size or larger, eg. floods with a discharge as big as, or larger
than, the 100-year ARI flood event will occur on average once every 100 years.
ARI is equal to the reciprocal of annual flood risk, e.g. an AFR of 1/100 has an
ARI of 100 years.

Bord and pillar

A mining system whereby coal is extracted leaving “pillars” of untouched coal to
support the strata above.

Clean catchment
areas

Catchments in which there are no exposed surfaces containing coal or mined
carbonaceous material.

Clean water

Waters on the premises that have not come into physical contact with coal, or
mined carbonaceous material.

Coal Handling
Preparation Plant
(CHPP)

A place where coal is washed, sized and prepared for market.

Design rainfall event

A hypothetical rainfall event representing a specific likelihood of occurrence (for
example the 100 year or 1% probability rainfall event).

Dewatering

Transfer of water from underground workings to other storages.

Dirty catchment
areas

Catchments in which coal or mined carbonaceous materials are present.

Dirty water

Water on the premises that has come into physical contact with coal, or mined
carbonaceous materials.

Fractures

Cracks within the strata either natural or resulting from underground works.

Goaf

The area abandoned and left to collapse after the extraction of coal.

Groundwater

Water held in strata that is not overlying the strata of the coal seam, or within the
coal seam.

Headings

A roadway driven into the coal seam for access to underground operations by
personnel and machinery.

Hydrogeology

Movement of water through underground strata.

Infiltration

Natural flow of surface water through ground surfaces as a result of rainfall
events.

Interburden

The strata between coal seams.

Glossary

i

Net extraction

Difference between water transferred to, and from, the underground water
storage.

Overburden

The strata between the surface and the upper coal seam.

Recharge

Inflow of water from surrounding strata into underground workings through
infiltration. This can be as a result of rainfall events or from surrounding aquifers.

Reject

The by-product resulting from the processing of coal, including tailings.

Roadway

Underground tunnel constructed to enable access to working face.

Sediment-laden
water

Water that has a high level of suspended solids.

Steady state
condition

A condition in which the system has achieved equilibrium.

Strata

Geological layers below the ground surface.

Surface Water

Water that is derived from precipitation and may be stored in dams, rivers, creeks
and drainage lines. For the purposes of this Water Management Plan, surface
water also includes fresh, potable water supply from the Mid-Western Regional
Council.

Tailings

Fine reject material produced as a result of the coal processing process.

Tailings storage
facilities (TSF)

Surface facility where tailings are currently being stored.

Temporary storage

Volume of storage available within a dam between the permanent water level
and the overflow level.

Underground water

The water held in goaf within the overlying strata of the coal seam, or within the
coal seam.
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Abbreviations
AEMR

Annual Environmental Management Report

AHD

Australian Height Datum

ANZECC

Australia and New Zealand Environment and Conservation Council

ARI

Average Recurrence Interval

bgl

Below ground level

BOM

Bureau of Meteorology

CHPP

Coal Handling Preparation Plant

c/t

Cut Through

CCC

Community Consultative Committee

DA

Development Application

OEH

Office for Environment and Heritage

DOPI

Department of Planning and Infrastructure

DTIRIS

Department of Trade and Investment, Regional Infrastructure and
Services

EIS

Environmental Impact Statement

EMS

Environmental Management System

EPA

Environment Protection Authority (now OEH)

EPL

Environment Protection Licence

GHD

GHD

kL

Kilolitres

LDP

Licensed Discharge Point

m

Metres

MB

Monitoring bore

ML

Megalitres

MP

Monitoring point

NATA

National Association of Testing Authorities

NREA

Northern Reject Emplacement Area

NOW

NSW Office of Water

PA

Project Approval

Abbreviations
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POEO

Protection of Environment Operations Act 1997 (NSW)

SPCC

State Pollution Control Commission (now OEH)

REA

Rejects Emplacement Area

RTA

Transport Roads and Traffic Authority

TARP

Trigger Action Response Plans

WMP

Water Management Plan

Abbreviations

Executive Summary
The Water Management Plan (WMP) describes the management of water at Charbon Colliery in two
aspects. These two aspects are:
•

The assessment of water management risk at Charbon Colliery (Chapters 1 to 6 inclusive).

•

Operational management of water at Charbon Colliery (Chapters 7 to 9 inclusive).

Assessment of Water Management Risk
Chapters 1 to 6 of the WMP provide an explanation of the process through which the risks associated
with the management of water at the Charbon Colliery were assessed. Charbon Coal Pty Limited
(Charbon) utilised the outcomes of a hydrogeological model, water balance, water quality baseline
assessment and risk assessment to identify the major hazards and physical site parameters that
influence water management. The hazards were determined to be:
•

Isolated or continuing discharge events resulting in temporary degradation of water quality in local
creeks and tributaries, eg minor discharge of sediment laden water.

•

Groundwater environment impact.

These chapters provide a more detailed examination of the hazards, the current management practices
utilised at Charbon Colliery to manage them, the residual risk and the management strategy required to
address these residual risks.
Operational Management of Water
Chapters 7 to 9 of the WMP outline the current water management practices in place at Charbon Colliery
to address the previously defined hazards and risks and include consideration of:
•

The requirements of Charbon Colliery Project Approval 08_0211.

•

Current operational practice at Charbon Colliery.

•

How revision of water management practices at Charbon Colliery will be addressed.

Executive Summary
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1.

Introduction

1.1

Scope

Water management is an important aspect of the environmental management program for Charbon.
Charbon has developed a Water Management Plan (WMP) for the operations at the Charbon Colliery
(shown on Figure 1-1) in accordance with the Project Approval Condition (08_0211) approved by the
Planning Assessment Commission of New South Wales on 7 September 2010.
Consequently, this WMP has been prepared in accordance with both Schedule 3, Condition 29 of the
Project Approval and ongoing consultation with the Department of Planning (DOPI), Office of
Environment and Heritage (OEH) and NSW Office of Water (NOW). The conditions of Schedule 3 are
shown in Table 1-1.
Table 1-1

Water Management Plan Requirements

Consent
Requirement

Centennial Charbon
Project Approval
08_0211, Schedule 3,
Condition 29

Condition

Where
Addressed in
this WMP

29) The Proponent shall prepare and implement a
Water Management Plan for the project to the
satisfaction of the Director-General.

This Document

29a) Be prepared in consultation with NOW and OEH,
and be submitted to the Director-General for approval
within 12 months of the date of this approval.

Section 2

29b) Include a:
•
Site Water Balance

Appendix E

•

Erosion and Sediment Control Plan

Appendix G

•

Surface Water and Groundwater Monitoring
Program

Appendix H
Appendix I

Table 1-2 provides detail of relevant commitments made by Charbon Colliery in the Statement of
Commitments. The table also details where these commitments have been addressed within this
Revised Water Management Plan.
Table 1-2

Relevant Commitments (Statement of Commitments)

Consent
Requirement

Commitment

Where
Addressed in
this WMP

Charbon Coal Pty Ltd.
Project Approval
08_0211, Appendix 3

9.4) Prepare a Surface and Groundwater Management
Plan which will include detailed water monitoring and
response protocols in consultation with the NSW Office
of Water.

This document
covers the Water
Management
element of the
Commitment.
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In addition to the above, this WMP has also taken into account the following:
•

Charbon Colliery Continued Operations Environmental Assessment (RWC).

•

Charbon Colliery Surface Water Assessment (GSSE).

•

Charbon Colliery Revised Water Balance (GHD).

•

Charbon Colliery Groundwater Assessment (GeoTerra).

•

Charbon Colliery Water Audit (GSSE).

A management plan checklist of all commitments made by Charbon within the WMP is provided in
Appendix A.
Charbon considers this WMP to be a living document that (while complete at the date of issue or
revision) may require amendment following consultation with regulatory authorities, variation to on-site
conditions, operational need, identification of environmental change, or for reasons of continual
improvement. A list of documents referenced in this WMP is provided in Appendix B with a history of the
document provided in Appendix C.

1.2

Limitations and Assumptions

In revising the WMP, a number of assumptions have been made with respect to some elements within
the water management system. The assumptions made by the Charbon Colliery in the development of
the WMP are provided in Appendix D.

1-2
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Figure 1-1

2.

Consultation

This chapter provides an overview of the stakeholders and regulatory authorities that have and will
provide comment on the Charbon Colliery Water Management Plan. The chapter also outlines what
advice has been provided to develop this plan.

2.1

Regulatory Authorities

In accordance with Schedule 3, Condition 29(a) of the Project Approval, the Charbon Site Water
Management Plan has been prepared in consultation with the NSW Office of Water (NOW) and NSW
Office of Environment and Heritage (OEH). This document was submitted to these stakeholders prior to
submission of the Charbon Colliery Water Management Plan to the Department of Planning and
Infrastructure for approval. Any response evidenced from this consultation, if received will be provided to
the Department of Planning and Infrastructure.
Extensive consultation was undertaken during the preparation of the Continued Operation of the
Charbon Colliery EA. This included a program of community and government consultation to ensure that
potential impacts and environmental issues were identified.
Charbon is open to consultation with the following regulatory authorities with respect to water
management at the Charbon Colliery:
•

Department of Planning (now Department of Planning and Infrastructure).

•

Department of Environment and Climate Change (now Office of Environment and Heritage (OEH),
Department of Premier and Cabinet).

•

Department of Primary Industries (now DTIRIS).

•

Department of Water and Energy (now Department of Primary Industries – NSW Office of Water).

•

Mid-Western Regional Council.

•

Forests NSW.

•

33 Non-Project Related Residences.

•

Community Consultative Committee (CCC).

•

Clandulla Progress Association.

This Water Management Plan was provided to relevant stakeholders for consultation on the
th
6 September 2011 with comments received from DPI and NOW. These comments have subsequently
been addressed in this revision of the Water Management Plan.

2.2

Independent Advice

The preparation of the WMP has been ably assisted with advice from GHD.

Chapter 2 - Consultation
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3.

Objectives

The chapter outlines the objectives that the Charbon Colliery Water Management Plan has achieved in
providing a structure to managing water and satisfying statutory requirements.

The overall objectives of this WMP are to effectively manage water at the Charbon Colliery and satisfy
statutory requirements, particularly with respect to safety and the environment.
The safety objectives are to provide a working environment that meets the statutory requirements of the
Coal Mines Health and Safety Act 2002 (NSW), the Occupational Health and Safety Act 2000 (NSW) and
associated Regulations.
The environmental objectives are to manage water at Charbon Colliery in such a manner so as to comply
with project approval conditions, the Water Management Act 2000 (NSW), the Water Act 1912 (NSW),
the Dams Safety Act 1978 (NSW), the Protection of the Environment Operations Act 1997 (NSW), EPL
528 and more specifically to:
•

Maximise the separation of clean and dirty water systems.

•

Manage water discharge from site, in terms of volume and quality, to a level that is acceptable for
environmental management and community expectations.

•

Minimise water discharges from the premises by maximising, where practicable, opportunities for the
reuse and recycling of water on site.

•

Minimise discharges of dirty water from the premises.

•

Manage discharge to natural waterways in accordance with the EPL 528 conditions or as agreed
with the OEH.

In addition to Appendix A, the WMP is consistent with the matters required by Project Approval 08_0211.
An analysis of these consent conditions is included in Chapter 10.

Chapter 4 – Site Overview
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4.

Site Overview

This chapter provides a broad overview of the history of Charbon Colliery, the coal handling process and
the role of water management within that coal handling process.

4.1

History

Mining within the Charbon Colliery lease area, commenced in the 1920’s. The Charbon Colliery lease
area is depicted on Figure 4-1. Mining at the Charbon Colliery was a main source of steaming coal until
1985 when the Mine was upgraded to be able to produce washed coal for export.
The mine consists of open cut operations, with underground operations using bord and pillar techniques.
Mining has occurred within the Irondale and Lithgow seams with selective mining of the Lidsdale Seam.
The outline of these seams is illustrated in Figure 4-2.
The following table, Table 4-1, describes some of the history of water management at Charbon Colliery.
Table 4-1

Historical Water Management Regulation

March 1985

Charbon Colliery applies for a development application to incorporate a Coal
Handling and Preparation Plant, Rail Loop, Production Coal loading facilities and
modifications to the pit top.

June 1993

Charbon Colliery applies for the construction and operation of the mine entry,
infrastructure, fine reject and tailings disposal system and expansion of
underground mining.

December 1995

Works to the Third Entry Open Cut.

June 2002

Modification for open cut mining north of Third Entry Open Cut.

December 2003

Developing areas 3 and 4 west of open cut areas 1 and 2 in the north west,
developing southern open cut area, developing internal access road, new light
vehicle access road, continuing use of existing facilities including coal washery,
reject emplacement and rail loop.

2007

Two production bores were installed during an extended drought.

September
2010

Extraction of up to 5.2 Mt of coal, extraction and processing of up to 1.5 Mtpa of
Run of Mine (ROM) coal, transporting up to 1.5 Mtpa offsite, expanding and
upgrading existing mine facilities and environmental control structures,
rehabilitating the site, consolidating all existing project approval conditions for the
colliery.

4.2

Surface Facilities

The above and underground mining operations are supported by surface facilities. These surface
facilities are located on the Mine Access Road and include workforce amenities, mining support
infrastructure, coal storage, a CHPP, emplacement areas and rail loop. The location of these is provided
in Figure 4-3.

Chapter 4 – Site Overview
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4.3

Coal Production Process

The coal production process at Charbon Colliery comprises extraction, transfer to surface storage
facilities, processing and transportation off site as shown in the schematic provided in Figure 4-4.

4.4

Water Management System

The water management system required to support the operations at Charbon Colliery is comprised of
both surface and underground water. The system relies on demands driven by usage of water from the
CHPP and underground mining operations. The system is complex and has progressively developed
over the life of the mine. Transfers occur between the surface and water storages as outlined in the
schematic provided in Figure 4-5. There are numerous surface storages around site, the location of
these surface storages is provided on Figure 4-6.

4.5

Current Leases and Licences

A summary of the leases held by Charbon Colliery has been summarised in Table 4-2.
Table 4-2

Summary of Leases and Licences

Lease Type

Number

Approval Date

Expiry

Covering

Consolidated Coal
Lease

732

13 Dec 1989

2 Dec 2025

Coal Lease

1318

29 Jun 1993

Mining Lease

1384

19 Jan 1996

18 Jan 2017

Third Entry Open Cut

Mining Lease

1501

21 Dec 2001

20 Dec 2022

Northern extension to
CML 1384

Mining Lease

1524

28 Oct 2002

27 Oct 2023

Access Road
Extension Open Cut

Mining Purposes

No’s 270, 499, 505, 526, 662, 663, 670, 964

Adjoining CCL732

Figure 4-1 shows the current leases and licences in relation to the mine holdings boundary.

4-2
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5.

Water Management

The water management system at Charbon Colliery is comprised of both surface and underground
water and is a complex system that has progressively developed over the life of the mine. This
chapter provides a broad outline of the components of both the surface and underground water
systems and includes schematic diagrams for clarification.
Further detail on the function of the components within each system is provided in subsequent
chapters.

5.1

Surface Water System

The surface water storages, shown in Figure 4-6, are:
•

Southern Open Cut Pollution Control Dam.

•

LDP 3 Discharge Dam.

•

LDP 2 Pollution Control Dam.

•

Third Entry Evaporation Dam.

•

Reject Emplacement Area.

•

Toe Dam.

•

Western Pollution Control Dam.

•

Central Primary Pollution Control Dam.

•

Central Intermediate Pollution Control Dam.

•

Mine Washery Dam.

•

Reedy Creek Dam.

•

Header Tank.

•

Small Header Tank.

Figure 5-1 does not show each of the above storages, however it provides a schematic of the overall
inputs and outputs from this system.
5.1.1

Inputs

The inputs into the surface water system consist of:
•

Runoff from the contributing catchment areas (both clean and dirty) as a direct result of rainfall
events.

•

Process water from the CHPP.

•

Groundwater pumped from bores 2 and 3.

•

Water infiltrating from the rejects emplacement area.

•

Transfer of water from the underground workings.
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Of the above, Charbon Colliery manages the:
•

Extraction of clean water from Reedy Creek Dam.

•

Extraction of groundwater from Bores 2 and 3.

•

Process water from the CHPP.

•

Transfer of water from the underground workings.

While the incorporation of clean catchment diversion drains will reduce the volume of runoff contributing
from clean catchment areas during rainfall events, they will not reduce the volume of runoff from dirty
catchment areas.
5.1.2

Outputs

The outlet locations from the surface water system are:
•

LDP 1, spray irrigation of treated waste water from the waste water treatment facility located in the
vicinity of the Pit Top Facilities Area.

•

LDP 2, 250 mm polypipe outlet with a paddlewheel flow meter located on the Third Entry Pollution
Control Dam.

•

LDP 3, 250 mm polypipe outlet with a paddlewheel flow meter located on the LDP 3 Discharge Dam
(was located on the weir of Southern Open Cut Pollution Control Dam).

Locations of the existing and proposed licenced discharge points are given in Figure 4-3.
EPL 528 limits the volume of water able to be discharged from the surface water system to 5 ML per day
through LDP 2 and 5 ML per day through LDP 3. The transfer of water into underground storage from the
surface water system becomes an input into the underground water system.

5.2

Underground Water System

The underground workings have an inflow from an above Third Entry Open Cut Evaporation Dam which
has its volume gradually seep into the workings through the surface. The current underground workings
uses water for the continuous miner during the mines operations.
There are no underground storages that exist to manage the underground workings at site. The
underground workings receive inflow for operations from the Black Tanks and seepage from the surface.
This volume of water is comparatively small in volume over the period of a year with a portion of the
volume transferred as moisture in ROM coal transferred to the CHPP and the remaining portion being
discharged to an unnamed tributary of Reedy Creek.
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Figure 5-1

5.2.1

Inputs

The inputs into the underground water system consist of:
•

Surface infiltration from the active workings (current underground workings).

•

Seepage from Third Entry Open Cut Evaporation Dam.

•

Process water from Black Tanks to continuous miner (current underground workings).

5.2.2

Outputs

The outlets from the underground water system are:
•

Dewatering to Reedy Creek (current underground workings).

•

Moisture content in ROM Coal (current underground workings).

5-4

Chapter 5 –Water Management

6.

Assessment of Water Management

In the development of the water management plan, there are a number of key assessments that were
undertaken including the development of a:
•

Surface Water Assessment.

•

Groundwater Assessment.

•

Water Balance.

•

Surface Water Monitoring Program.

•

Groundwater Monitoring Program.

Independent consultants were engaged to assist in these assessments.
This chapter summarises the outcomes from these assessments. A broad outline of the findings of
these assessments is:
•

Further groundwater monitoring is required.

•

The revised water balance found that due to the introduction of more storage volume, discharges
through LDP 2 and LDP 3 decreased.

In the event that controls to manage these hazards fail, one primary impact could result. This is the
potential for an unplanned dirty water discharge from Charbon Colliery.
This chapter summarises the actions required to reduce the potential of these impacts occurring.

6.1

Groundwater Assessment

6.1.1

EA Groundwater Assessment

In 2009, GeoTerra assessed the groundwater environment of the Charbon project site and the likely
effects of the approved future mine development on groundwater. This assessment investigated the local
and regional hydrogeology within and surrounding the site boundaries. The study used information
available from on-site monitoring of groundwater levels and quality to estimate the:
•

Underground and open cut groundwater inflows to the approved works.

•

The effect of approved works on the local and regional groundwater systems within the coal
measures.

•

The effect of approved works on local alluvial groundwater and stream systems.

•

Requirement for future dewatering activities.

To date no specific groundwater modelling has been previously been conducted in the vicinity of the
project site (CSIRO; 2008, sited in GeoTerra; 2009).
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Outcomes
•

Two main types of aquifer systems are present within site.
–

Thin, unconsolidated alluvium in the major valleys.

–

Shallow basement coal measures comprising a variable sequence of aquicludes (mudstone and
shales), aquitards (sandstones) and low yielding aquifers (coal seams). (GeoTerra; 2009).

•

Low groundwater yield of the coal seams and overburden within the project site as seen in current
underground workings. There have been short periods in the past where groundwater flows have
been observed from ephemeral perched seeps following significant rain events.

•

Given legislative requirements, if the future western underground works are to intersect groundwater,
a licence must be sought. Currently underground extraction licences are:
–

Production Bores 2 and 3 licenced to extract 30ML/year (80BL244069 and 80BL244070).

–

Charbon Underground (Current Workings) licenced to extract 5 ML/year (80BL243771).

•

Insufficient data is available to map groundwater flow directions but it is estimated from the
information available in regional models that the average flow direction is a west to northwest flow
direction.

•

Given estimates on annual rainfall an average seepage inflow rate to the approved Western
Underground is approximately 4.5 ML/year. It was noted that this average can vary from a minimum
of 2.0 ML/year to a maximum 7.5 ML/year dependent of rainfall variation.

•

Approved open cut workings are unlikely to impact on the groundwater environment as all approved
workings are to be above the predicted levels of the local groundwater aquifers with the final void
rehabilitated and shaped back to a free draining surface.

6.1.2

Additional Baseline Groundwater Data

It is noted that minimal baseline groundwater data is available at this time. It is therefore proposed to
obtain additional baseline data in the future to assess the natural variation in groundwater levels, yield
and quality.

6.2

Water Balance

It should be noted that the volumes for the revised water balance vary from those given in the water
balance prepared for the EA as a number of changes have occurred on site since 2009, including the
progression of the Southern Open Cut, Western Open Cut and the introduction of a number of new
surface water storages. The modelling of the future scenarios of years 4 and 7 have not been revised as
it was identified that no significant change had occurred in these predictive models.
6.2.1

Revised Water Balance

The water balance analysis undertaken by GHD for the Charbon Colliery (provided in Appendix E)
considered a broad range of updated data. The previous water balances had been based on
assumptions of water usage made in 2009. These assumptions were carried through subsequent water
balance models. However, for the 2011 water balance all input, output and transfer data was reviewed,
meteorological data updated, and any changes to the site were implemented to suit the current
configuration of the site.
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Within the water balance, it was determined that Charbon Colliery required approximately 0.5 ML per
operational day of water for processing purposes on average. It was further determined that 99% of this
water was sourced from Reedy Creek Dam and approximately 1% sourced from borehole pumps. Of the
water within Reedy Creek Dam, 89% was sourced from catchment runoff, less than 1% from the overflow
of the Toe Dam and 11% from seepage and overflow from the REA.
Recorded Discharges
Pipe discharge events between 2009 and July 2011 were made available to calibrate the water balance
model. These were located at:
•

LDP 2 – Discharges through the 250 mm polypipe during the period between 2009 and 2011 totalled
approximately 63 ML discharged in 2010.

•

LDP 3 – Discharges through the 250 mm polypipe totalled 0 ML for the assessment period.

The LDP discharge pipes each have a manually operated valve. This allows for control of quality and
quantity from the Third Entry Pollution Control Dam and the LDP 3 Discharge Dam. This is a new
addition to the site from the original LDP locations on the spillways of the Third Entry Pollution Control
Dam and the Southern Open Cut Pollution Control Dam.
Outcomes
The introduction of new dams downstream of Southern Open Cut Pollution Control Dam (LDP 3
Discharge Dam) and increased capacity of the Third Entry Pollution Control Dam have resulted in the
reduction of average annual discharges through LDP 2 and LDP 3.
The predicted discharges indicate that the total volume discharged from Charbon Colliery was
7.9 ML/year. The majority of discharges were from LDP 3 when water quality was adequate.

6.3

Water Quality Assessment

A baseline water quality assessment was undertaken in accordance with ANZECC/ARMCANZ (2000)
procedures to:
•

Establish background and downstream water quality for the catchments associated with Charbon:
Rileys Creek, Reedy Creek and Cumber Melon Creek.

•

Compare water quality characteristics of each creek.

•

Derive trigger values for each creek, based on ANZECC/ARMCANZ (2000) default values or
background water quality where sufficient data exists, to establish the current condition of each
creek.

•

Inform decisions regarding the management of water flows on and off site.

1

1

ANZECC/ARMCANZ (2000) define trigger values as:

“… the concentrations (or loads) of the key performance indicators measured for the ecosystem, below which there exists a low risk
that adverse biological (ecological) effects will occur. They indicate a risk of impact if exceeded and should ‘trigger’ some action,
either further ecosystem specific investigations or implementation of management/remedial actions.” (ANZECC/ARMCANZ,
Volume 1, Appendix 1). Trigger values may be derived from ANZECC/ARMCANZ (2000) default values, license limits, site
specific (background) water quality and local ecotoxicity testing.
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The Water Monitoring Points identified as representative of background conditions are:
•

Pit U/S.

•

Pit D/S.

•

Southern Open Cut Pollution Control Dam.

•

Third Entry Pollution Control Dam.

The outcomes of the water quality assessment can be found in the Surface Water Monitoring Program
and Groundwater Monitoring Program in Appendix H and Appendix I.

6.4

Risk Assessment and Hazard Identification

Charbon has undertaken an extensive risk assessment and hazard identification addressing all surface
components of the water management system contained within the EA.
For each water management issue identified, the potential impacts were allocated a risk rating based on
potential consequences and likelihood of occurrence and in accordance with the following standards HB
203:2006, AS/NZS 4360:2004 and Centennial Coal’s Risk Management Standard.
The outcomes of this risk assessment indicated that the most significant environmental risk to the
surface management of water is intense and prolonged rainfall.
The risk assessment identified two main aspects of (or hazards associated with) the surface water
management system that had the potential to negatively impact the performance of the system. These
two mains aspects (hazards) are considered as follows.
Groundwater Impact
The impact to the groundwater environment had an unmitigated risk rating as moderate.
A groundwater assessment was completed for Charbon Colliery by GeoTerra in 2009. The outcomes of
this were that further baseline data was required to undertake a comprehensive hydrogeological model.
It was identified by GeoTerra (2009) that the expansion and operation at Charbon Colliery would not
impact groundwater dependent ecosystems, due to the fact that it was identified that the project site did
not have any identified as present.
Discharges off-site
The impact to the existing downstream tributaries and waterways had an unmitigated risk rating as
moderate.
A surface water assessment was completed for Charbon Colliery by GSSE in 2009. The outcomes of this
were that a number of dams shall be constructed with the future progression of the mine. These new
dams were approximately sized in accordance with the sediment dam calculations methodology outlined
th
within in Managing Urban Stormwater – Soils and Construction Vol1, 4 Ed (Landcom, March 2004); and
Managing Urban Stormwater – Mines and Quarries, Vol 2E (DECC, June 2008) (herein referred to as the
“Blue Book”).
The surface water assessment looked at methods of providing a surface water management system that
separated clean and dirty water, managed runoff from rehabilitated areas, and optimised the treatment of
dirty water.
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6.5

Impacts

In the event that there is a discharge of pollutants from any part of the site, there could be impacts on:
•

Surface water quality.

•

Groundwater quality.

•

Stream ecology.

Potential impacts on surface water would generally be temporary and last only for the duration of the
discharge and during any clean up period. It is unlikely the impacts would be observable off the lease
site.
Any spill onto the ground surface would only potential impact the shallow site aquifer and not the deeper
regional aquifer. Thus any impact that may occur to groundwater would be localised and recharge of the
aquifer would only occur for a short period of time.
Any potential stream ecologic impacts would only occur for a short period during, and immediately
following, the discharge it is expected that the ecosystem would recover quickly from any incident.
6.5.1

Discharge of Water from Charbon Colliery

Charbon Colliery currently has three licensed discharge points (LDP) covered under the EPL 528.
•

LDP 1 relates to the spray irrigation disposal of treated sewage.

•

LDP 2 relates to the discharge via a 250 mm polypipe from Third Entry Pollution Control Dam.

•

LDP 3 relates to the discharge via a 250 mm polypipe from LDP 3 Discharge Dam (moved from
Southern Open Cut Pollution Control Dam).

There are a number of other locations where it is physically possible for discharges to occur.
Central Intermediate Pollution Control Dam (upstream of proposed LDP 5)
Once the dam capacity is reached at the Central Intermediate Pollution Control Dam, overflows occur
through a broad crested weir and into Reedy Creek.
This dam captures water from catchment runoff and water being dewatered from current underground
workings. This dam has been sized using the Blue Book methodology for sediment control dams.
These discharges cannot be controlled as they are spillway overflows. The quality of discharged waters
is monitored monthly.
Western Primary Pollution Control Dam (proposed LDP 6)
Once the dam capacity is reached at the Western Primary Pollution Control Dam overflows occur over a
spillway and into Reedy Creek.
The dam receives water only from the Western Open Cut disturbance area as required by operations.
The dam receives natural catchment runoff which is uncontrolled.
These discharges cannot be controlled as they are spillway overflows. The quality of discharged waters
is monitored monthly.
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6.6

Discharge Points

Based on data from the Charbon Colliery 2011 Water Balance Analysis in (Appendix E), an average of
approximately 138 kL per day (50.5 ML per year) of water is discharged from the storages of Charbon
through LDP 2 and 3 and the Central Intermediate and Western Pollution Control Dams.
Approximately 0.2 ML per year on average is currently predicted through LDP 2 and approximately
7.5 ML per year on average is currently predicted through LDP 3. Note that the current discharge limit at
LDP 2 and 3 is 5 ML per day. For LDP 2 and 3, the existing volumetric limit is sufficient to cater for the
predicted dry and wet years of the model.
Approximately 345 kL per day (12.6 ML per year) is discharged to LDP 1 (refer to Appendix J) with the
remainder used for Colliery operations. Note that the current discharge limit at LDP 2 and 3 is 5 ML per
day.
Therefore, the resultant discharge points and/or limits being proposed, as shown on Figure 6-1, are:
•

New LDP 4 Discharge Dam (Rail Loop Dam) - Pit Top Area Catchment, LDP 4 –25 ML/day.

•

LDP 5 Discharge Dam – Approved Central Open Cut Catchment, LDP 5 – 23 ML/day.

•

Western Primary Pollution Control Dam – Western Open Cut and approved Underground
Catchment, LDP 6 – 7 ML/day.

6.7

Water Quality Management

A surface and groundwater monitoring program has been developed for Charbon Colliery.
These monitoring programs are provided in Appendix H and Appendix I.
In order to assess any water quality impacts that may occur as a result of the approved continued mining
operation and the proposed works monitoring locations and limits were outlined.
In establishing the surface water sampling program, a review of the analytes sampled and sampling
location was undertaken. It was recommended that monthly sampling will include a range of analytes at
upstream and downstream locations as well as discharge points. The following is the recommended list
of analytes for consideration in sampling:
•

General: pH, TSS, TDS, turbidity, EC, oil and grease, BOD, total hardness.

•

Major Cations.

•

Major anions.

•

Nutrients.

•

Total and Filtered Ions.

It was recommended that a series of water sampling monitoring points be established and recorded with
a monitoring point number and coordinates.
A number of key locations for the establishment of formal sampling points have been nominated, these
are provided in Appendix H and Appendix I. These locations have been nominated to coincide with the
existing and proposed licencing discharge points. The sampling locations also include upstream and
downstream sites.
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Figure 6-1

7.

Maximisation of Clean Water Runoff

One of the environmental objectives of the WMP is to maximise the separation of clean and dirty water
systems.
This chapter summarises:
•

How the clean catchment runoff is diverted from dirty catchment areas.

•

How the clean water system components are operated within the overall water management
system.

The rate at which water is transferred through the water management system has been addressed in
the Water Balance provided in Appendix E. No details of these transfer rates have been provided in
this chapter.

7.1

Clean Water Diversion Control Structures

Within the Charbon Colliery lease area, there are a number of diversion channels that enable the redirection of clean catchment runoff away from dirty catchment areas.
Charbon Colliery employs a progressive approach to areas of disturbance and use clean water
diversions where possible. In some locations, the construction of clean water drains can be difficult due
to the gradient of the locations. In these instances the management of both clean and dirty water is
undertaken.
Clean water diversions should be implemented where practical in accordance with the requirements of
the Erosion and Sediment Control Plan as provided in Appendix G.
Third Entry Open Cut
Within the Third Entry workings, clean water diversions are not current and a large portion of area is
captured by the Third Entry Evaporation Dam.
The remaining catchment area downstream of the Evaporation Dam is conveyed to the Third Entry
Pollution Control Dam.
Southern Open Cut
The Southern Open Cut manages surface water independently from the rest of the mine. The open cut
workings are located high in the catchment of Rileys Creek. There are limited clean water diversions in
place to the east of the workings.
Haul Roads and Access Roads
Roadside drainage such as table drains and mitre drains are currently incorporated throughout the site
on haul roads and access roads.
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Pit Top
Clean water runoff from the catchment located to the north east of the Rail Loop drains through a culvert
in the rail loop. This clean water flows in a south westward direction to the southern side of the rail loop
where it is then able to enter Reedy Creek and flow onto Reedy Creek Dam.
Reject Emplacement Areas
The reject emplacement area currently has clean water diversions along the north western edge of the
area capturing catchment runoff and conveying it to Reedy Creek in the west.
With the upgrade of the REA clean water diversions will be constructed on both the north western and
southern edges of the area capturing runoff and conveying to the proposed LDP 4 Discharge Dam (also
known as the Rail Loop Dam).
Western Open Cut
With the undertaking of the new Western Open Cut, clean water diversions for the catchment on the
eastern side of Haystack Mountain were not seen as practicable due to the slope of the existing land
around the edge of open cut. All water is managed within the disturbed area.
Future Approved Open Cut Areas
It is expected that clean water diversions are constructed around all new open cuts area that are
developed. The location of these diversions will depend on the suitability of the existing topography as to
whether a stabilised channel is possible. If clean water diversions are not possible around new open
cuts, then the dirty water management system approved at each area will be sized accordingly to cater
for both clean and dirty water runoff.

7.2

Clean Water Storages

Potable Water
It is estimated that approximately 14 ML of potable water is used for domestic purposes in the bathhouse
and offices. This potable water is sourced from the Kandos town water reticulation system.
Groundwater Production Bores 2 and 3
The production bores 2 (80BL244069) and 3 (80BL244070) are both licenced to extract a cumulative
total of 30ML/year. These bores supply water to the Toe Dam which in turn supplies process water to the
CHPP.
Reedy Creek Dam
Reedy Creek Dam supplies water to the Mine Washery Dam and is currently licenced for the
conservation of water and water supply for industrial purposes. The dam receives a natural catchment
inflow, overflows from the Pit Top and flows from Reedy Creek.
Reedy Creek also supplies water to the Header Tank when water cannot be extracted from the Mine
Washery Dam.
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7.3

Revegetation/Rehabilitation

Areas of rehabilitation are currently inspected regularly and assessed for evidence of erosion or
sedimentation. Focus is on both the level of establishment and the adequacy of drainage controls
implemented.
Drainage controls through areas of rehabilitation are typically in the form of contour banks progressively
installed down the rehabilitated landform as required. In some instances the use of check dams made
from rock are used to stabilise the drainage controls implemented.
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8.

Minimisation of Dirty Water Discharge

A further objective of the WMP is the minimisation of dirty water discharge.
This chapter summarises how the water management system manages dirty water within Charbon
Colliery and includes:
•

A description of dirty water surface diversions.

•

A description of the dirty catchment areas.

•

The storages to which dirty catchment areas are directed.

•

The dirty water underground diversions.

•

How these storages are managed within the water management system.

The rate at which water is transferred through the water management system has been addressed in
the Water Balance provided in Appendix E. No details of these transfer rates have been provided in
this chapter.

8.1

Dirty Water Surface Diversions

To prevent dirty water entering clean water runoff areas and natural waterways, a number of diversion
control structures are in place at Charbon Colliery.
Typical measures to manage dirty water on site include the use of:
•

In-pit sumps or drive in sumps.

•

Temporary sediment control basins.

•

Pollution control dams.

Third Entry Open Cut
The Third Entry Open Cut holds a majority of dirty water runoff produced from the workshop area.
Wastewater is collected and stored within an aerated wastewater treatment system.
Dirty Water is conveyed to the Third Entry Pollution Control Dam where its quality is checked prior to
discharge through LDP 2.
Southern Open Cut
The existing Southern Open Cut and future works currently contain all dirty water within the works area.
This occurs due to the open cut design where the areas of extraction are lower than that of the
surrounding surfaces.
All dirty water captured within the low areas of the open cuts will be directed to in-pit sumps where it is
temporarily contained. This water is either conveyed or pumped to the Southern Open Cut Pollution
Control Dam where it is used for dust suppression or overflows down to LDP 3 Discharge Dam.
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Pit Top and Reject Emplacement Area
The pit top is made up of the features including the mine washery dam, CHPP, REA, and stockpile
areas. Each of these areas use process water to function during the mines operation. The Toe Dam
located at the REA receives water from REA seepage and this water is reused within the CHPP. Water
falling onto the REA contributes to the seepage to the Toe Dam. The Mine Washery dam does not
receive catchment inflow but water is transferred via gravity or pumps to it.
Western Open Cut
Dirty water from the extraction area is managed by a series of in-pit sumps. In-pit sumps are pumped
out regularly or overflow to the Wester Primary Pollution Control Dam.
Approved ROM stockpiles and infrastructure areas for the western area, as the extraction increases in
size, will be managed by more in-pit sumps with discharge from them to the Western Primary Pollution
Control Dam. The size of the Western Primary Pollution Control Dam will require an increased capacity
with the expansion of the western extractions area.
Approved Central Open Cut and other Open Cuts
The approved Central Open Cut will aim to retain dirty water within the area of disturbance with all water
directed to in-pit sumps for management. All water captured within in-pit sumps will either be conveyed
or pumped to the Central Primary Pollution Control Dam.

8.2

Dirty Catchment Areas

The dirty catchment areas within Charbon Colliery are described in the following sections of this chapter.
Third Entry Open Cut
The water collected from the workshop areas is directed through a collection network to a pumpable
sewage sump. In larger rainfall events, when the collection system cannot capture runoff, flow is directed
to the Third Entry Pollution Control Dam.
Rehabilitated areas of this catchment are conveyed via surface drainage channels which conveys water
past the LDP 2 collection point and onto the Rileys Creek waterway.
The Third Entry Evaporation Dam captures much of the upper catchment of this area.
Reedy Creek Dam, Central Primary and Intermediate Pollution Control Dams
Reedy Creek Dam has one of the largest contributing catchments of the project site, and contains both
clean and dirty water inflows as well as process water overflows from the pit top. The majority of
catchment to the east of the pit top is conveyed through to the Dam via surface channels and collection
networks located around the pit top.
With the development of the LDP 5 Discharge Dam and a series of sediment control storages upstream,
the portion of the Reedy Creek tributary directly downstream of the Approved Central Open Cut, has dirty
water managed effectively. These sediment control storages and the LDP 5 Discharge Dam collect both
clean catchment runoff, though minor, and disturbed mine area before flows are discharged back to the
Reedy Creek tributary and onto the Reedy Creek Dam some distance downstream. The sediment control
storages are identified as the Central Primary and Intermediate Pollution Control Dams.
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The dirty water catchment of the Central Primary and Intermediate Pollution Control Dams is
predominantly the area required for facilities management, current loading points and localised ROM
stockpiles.
Southern Open Cut and LDP 3 Discharge Dam
The shape of the Southern Open Cut changes over time with both the progress made on the coal
extraction and the progressive rehabilitation of the area. Dirty water is captured locally and transferred to
the workings by in-pit sumps of which then spill or are pumped out to the Southern Open Cut Pollution
Control Dam.
The newly constructed LDP 3 Discharge Dam is located downstream of the Southern Open Cut Pollution
Control Dam. The catchment to this dam is mainly clean with some rehabilitation works within the
catchment underway and some sediment transport created from haul roads.
Western Primary Pollution Control Dam and Western Open Cut
The Western Open Cut contains in-pit sumps that captures and controls dirty water locally and transfer to
the open cut works. The catchment of this area is limited to the disturbance area of the open cut. Clean
water also contributes to the Western Primary Pollution Control Dam as diversion works are made
difficult by the topography present of Haystack Mountain.
Reject Emplacement Area
The catchment of the Reject Emplacement Area is equal to the total surface area of the reject
emplacement. All runoff from the Rejects Emplacement either makes it way to the Toe Dam, or infiltrates
into the rejects.

8.3

Dirty Water Surface Storages

The water level within surface dirty water dams is maintained at the initial storage volume nominated in
Table 8-1 whenever possible and these structures are regularly de-silted to maximise storage capacity.
Table 8-1

Dirty Water Storages

Dam

Total Capacity

Third Entry Pollution Control Dam

50 ML

Western Primary Pollution Control Dam

4.8 ML

Southern Open Cut Pollution Control Dam

46 ML

LDP 3 Discharge Dam

50 ML

Central Primary Pollution Control Dam

3.4 ML

Central Intermediate Pollution Control Dam
Reject Emplacement Area
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2 ML
Approximately 50 ML
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Dam
Toe Dam

Total Capacity
4 ML

The location of these dams is as previously indicated on Figure 4-6, while Figure 8-1 provides a
schematic of the connections within this system. The function of these dirty water dams is to either:
•

Capture dirty water and increase the residence time for the water to improve its quality to within its
limits to be discharged.

•

Receive water that is transferred from another smaller dam to prevent discharge of dirty water into
the environment.

Third Entry Pollution Control Dam
The Third Entry Pollution Control Dam has a total volume of approximately 50 ML due to recent new
additions to the Dam. A pre-capture area is located upstream of the Third Entry Pollution Control Dam
which filters out a large amount of silt and gross pollutants. The pre-capture area conveys water to, what
was known as, the erosion pond, and then on to the Third Entry Pollution Control Dam.
In the event that the storage capacity of 50 ML within these ponds is exceeded then discharge will occur
to Rileys Creek via the emergency spillway of the Third Entry Pollution Control Dam and the 250 mm
polypipe (LDP 2) occurs.
Western Primary Pollution Control Dam
The Western Primary Pollution Control Dam currently captures a natural catchment in addition to the
disturbed area of the open cut. The dam’s capacity is currently 4.8 ML but future works will require this to
increase to in the order of 10 ML. LDP 6 is proposed to be located on this dam. This will be a 250 mm
polypipe located within the dam wall. Currently this dam fills and discharges over a spillway to Reedy
Creek.
In times when water is not available in Western Primary Pollution control Dam water will be transferred
from the small header tank system. Currently this is not required as usage from Western Primary
Pollution Control Dam is minimal until dust suppression is undertaken.
Southern Open Cut Pollution Control Dam
The Southern Open Cut Pollution Control Dam is located downstream of the Southern Open Cut
receiving dirty water captured within the working area of the open cut. The water captured within the dam
is reused for dust suppression around the Southern Open Cut.
When the capacity of the Southern Open Cut Pollution Control Dam of 46 ML is exceeded then water is
discharged via a spillway to a channel which flows downstream into the LDP3 Discharge Dam.
LDP 3 Discharge Dam
LDP 3 Discharge Dam is a relatively recent addition to the surface water management storages currently
within the colliery. The dam was constructed to increase the total volume of the Southern Open Cut area.
The capacity of the dam is in the order of 50 ML and receives a natural catchment in addition to
overflows from the Southern Open Cut Pollution Control Dam.
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Discharges from the Southern Open Cut Pollution Control Dam should be relatively treated of sediment
laden water prior to inflowing to the LDP 3 Discharge Dam. The dam provides additional security to
LDP 3 in addition to opportunity for water re-use around site from captured water within the dam.
If the capacity is exceeded at the LDP 3 Discharge Dam then water is discharged to Rileys Creek via a
spillway and a 250 mm polypipe (LDP 3) located in the dam wall.
Central Primary Pollution Control Dam
The area which is approved to become the Central Open Cut has a working area which includes the 2
Trunk ROM loading facility and a general workshop area. The Central Primary Pollution Control Dam is
located downstream of here and captures dirty water runoff and some underground dewatering functions.
The dam is at the top of a Reedy Creek tributary and is the first in what will become a series of three
dams prior to water discharging through the proposed LDP 5.
The dam’s capacity is approximately 3.4 ML but is still partially under construction. Once capacity is
exceeded then discharges occur over the dam wall and into the Central Intermediate Pollution Control
Dam.
Central Intermediate Pollution Control Dam
The Central Intermediate Pollution Control Dam receives water that spills from the Central Primary
Pollution Control Dam in addition to runoff from natural catchment and rehabilitation area. The capacity
of the dam is estimated to be 2 ML. When the volume of the dam is exceeded then overflows are
discharged over the dam wall to Reedy Creek.
It is proposed that an additional dam will be located downstream of the Central Intermediate Pollution
Control Dam called the LDP 5 Discharge Dam. This dam requires some earthworks prior to being
commissioned but currently is in the form of a farm dam which receives runoff from a natural catchment
and overflows from the Central Intermediate Pollution Control Dam.
REA
The REA has no direct catchment inflow, as seepage, and only captures rainfall within its surface area.
This captured rainfall, transfers through the REA and discharges to the Toe Dam. The REA has an
approximate holding volume of 50 ML.
Toe Dam
The Toe Dam captures water from seeps through the REA. The Toe Dam is also a holding point for
groundwater pumped through the production bores (PB) 2 and 3.
The Toe Dam has a total volume of approximately 4 ML. When the Toe Dam capacity is exceeded then
the Dam discharges to Reedy Creek. These discharges occur over the access road, which acts as a
weir, and flows into Reedy Creek Dam.
Temporary Sediment Storages
A number of temporary sediment storages have been proposed for the future mining operations at
Charbon Colliery. An Erosion and Sediment Control has been developed as part of the Water
Management Plan. The Erosion and Sediment Control Plan can be found in Appendix G.
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8.4

Dirty Water Underground Transfers

Current Underground Workings
Within the underground workings of the mine, dewatering required to be undertaken during daily mining
operations is a combination of:
•

Water supplied to the continuous miner.

•

Natural surface infiltration from rainfall.

Current underground workings are dewatered at a rate of approximately 72 kL/day with a maximum rate
of approximately 164 kL /day estimated (GHD; 2011), discharging through to the proposed LDP 5 located
on a Reedy Creek tributary. There is a proportion of water from underground mining operations
transferred within ROM coal, in the form of moisture content that is transported to the CHPP.
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9.

Maximisation of Water Recirculation

The maximising of water recirculation at Charbon Colliery is also an objective of the WMP.
Maximisation of the recirculation of water aims to decrease the volume of water within the water
management system.
This chapter summarises how water recirculation is applied at Charbon Colliery.

Figure 9-1 is a combination of Figure 8-1 and Figure 8-2 and schematically represents the components
within the water management system that have been recirculated.
Coal Handling Preparation Plant / Washery Supply
Water is primarily supplied to the CHPP by a pump from the Mine Washery Dam, this is supplemented
by a supply from the Toe Dam.
There is a cyclic relationship with the moisture content in the coal as it is accepted and processed by the
CHPP. Fine and coarse materials that are placed within the REA have a moisture content that then
contributes to the REA storage. The REA storage volume has a seepage function that transfers water to
the Toe Dam. The water within the Toe Dam is then transferred back into the CHPP for processing.
The CHPP has an emergency overflow back to the Mine Washery Dam but this is rarely used.
Dust Suppression
Spraying of hardstand and open cut areas is undertaken to minimise the generation of dust. The
Southern Open Cut Pollution Control Dam provides water for current dust suppression practices.
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10. Project Approval Conditions
The Charbon Colliery development approvals specify that there is an obligation on Charbon to prevent
and minimise harm to the environment throughout the life of the project. This chapter outlines Charbon
Colliery’s management strategies to prevent water pollution at, and from, the site in relation to specific
development approval conditions.

The Project Approval defines a number of conditions relevant to the preparation and implementation of a
Water Management Plan for the Charbon Colliery. Condition relating specifically to the production of this
management plan have been summarised in Table 10-1. This table also outlines where these conditions
have been addressed within this document.
This Water Management Plan has been prepared in accordance with Schedule 3, Condition 29 of the
Project Approval.
Table 10-1 Relevant Project Approvals
Condition

Condition Requirement

Section
Addressed

29)

Prepare and Implement a Water Management Plan.

This Document

a)

Be prepared in consultation with NOW and OEH, and be
submitted to the Director-General for approval within 12
months of the date of the approval.

Section 2

b)

Must include a Site Water Balance, Erosion and Sediment
Control Plan, and Surface Water and Groundwater Monitoring
Program.

Appendix E,
Appendix G,
Appendix H and
Appendix I

30)

Site Water Balance must include:

Appendix E

a)

•

Sources and security of water supply.

Appendix E

•

Water Use on Site.

•

Water Management on site.

•

Any off-site water transfers.

•

A program for the ongoing verification and refinement of
the site water balance model.

•

Reporting procedures.

b)

Undertake the first model verification within 12 months of the
granting of approvals.

Appendix E

c)

Investigate and implement all reasonable and feasible
measures to minimise water use by the project.

Appendix E
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Condition

Condition Requirement

Section
Addressed

31)

Prepare an Erosion and Sediment Control Plan.

Appendix G

a)

Follow the requirements of Managing Urban Stormwater: Soils
th
and Construction, Volume 1 and 2E, 4 Edition, 2004
(Landcom).

Appendix G

b)

Identify activities that could cause soil erosion and generate
sediment.

Appendix G

c)

Describe measures to minimise soil erosion and the potential
for the transport of sediment to downstream waters.

Appendix G

d)

Describe the location, function, and capacity of erosion and
sediment control structures.

Appendix G

e)

Describe what measures would be implemented to maintain
the structures over time.

Appendix G

32)

Prepare a Surface Water Monitoring Program.

Appendix H

a)

Baseline data of surface water flows and quality in creeks and
other waterbodies that could potentially be affected by the
project.

Appendix H

b)

Surface water and stream health impact assessment criteria.

Appendix H

c)

A program to monitor and assess:

Appendix H

•

Impacts on surface water flows and quality.

•

Impacts on the surface water supply of potentially affected
landowners.

•

Bank stability, riparian vegetation and macro-invertebrate
populations along the creek lines and ephemeral drainage
lines downstream of all licence discharge points.

•

Potential acid mine drainage.

•

Potential leakage or spillage from reject emplacement
area and effluent irrigation.

d)

A program for the ongoing verification and refinement of the
surface water model.

Appendix H

e)

Reporting procedures for the results of the monitoring program
and model verification.

Appendix H

33)

Prepare a Groundwater Monitoring Program.

Appendix I

a)

Baseline data of the natural variation in groundwater levels,
yield and quality.

Appendix I
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Condition

Condition Requirement

Section
Addressed

b)

Groundwater impact assessment criteria (including for
monitoring bores and privately-owned bores).

Appendix I

c)

A program to monitor the impacts of underground or open cut
mining or groundwater resources.

Appendix I

Table 10-2 provides details of relevant commitments made by Charbon Colliery in the Statement of
Commitments as appended to the Project Approvals. The table also details where these commitments
have been addressed within this management plan.
Table 10-2 Relevant Commitments (Statement of Commitments)
Condition

Committment

Section
Addressed

9.1

Prepare a Sediment and Erosion Control Plan.

Appendix G

9.2

Prepare an updated Water Balance.

Appendix E

9.3

Prepare a salinity balance.

Appendix F

9.4

Prepare a Surface and Groundwater Management Plan which
will include detailed water monitoring and response protocols
in consultation with the NSW Office of Water.

Appendix H and
Appendix I

9.5

Complete an assessment of downstream impacts to drainage
lines and creeks.

Appendix H,
(Section 3 and 4
of Stream Health
Impact
Assessment)

9.6

Complete an assessment of onsite irrigation of effluent.

Appendix J
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11. Monitoring
This chapter outlines the monitoring procedures in place at Charbon Colliery for the water
management system.

11.1

Inspections

At Charbon Colliery, various inspections are undertaken at regular intervals ranging from weekly to
monthly.
•

Daily. Charbon environmental personnel will undertake an environmental inspection within 24 hours
at a significant rainfall, defined by at least 20 mm of rain falling in 24 hours.

•

Weekly. Charbon environmental personnel perform weekly pit top environmental inspections
including:

•

–

Drains and in-pit sumps.

–

Surface Water Dams.

Monthly:
–

11.2

Independent consultants perform monthly water quality monitoring.

Water Quality Monitoring

Surface Water Monitoring
Surface water quality monitoring is undertaken by an independent consultant with samples being
collected and provided to a NATA registered laboratory for analysis by that consultant. The analytes
sampled and the locations for samplings is provided in Appendix H.
Additional monitoring is to be undertaken when deemed necessary, for example:
•

When significant rainfall events occur.

•

Water quality results indicate potential for discharge to exceed the water quality limits nominated in
EPL 528.

All sampling procedures and analytical methods are to be in accordance with the EPA publication
"Approved Methods for the Sampling and Analysis of Water Pollutants in NSW” 2004, EPA.
Surface Water Monitoring During Discharge Events
Monitoring during discharge events commences when the surface water storage capacity is exceeded
and discharge occurs, and in accordance with EPL 528.

11.3

Management Meetings

Daily, weekly and monthly meetings are held with the management team to review and discuss the
operations during the respective period. Any matters that are outside the parameters set down in this
management plan and form a non-conformance are actioned to bring the management of water into
compliance with the stated objectives of this plan.
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11.4

Reporting

Water management issues at the site are reported at the following frequency:
•

•

Monthly:
–

A water management report is tabled at the monthly site management meetings.

–

A site water management report is included in the Monthly Charbon Operations report.

Annual:
–

Annual Environmental Management Report to, OEH, NOW, DOPI, etc.

–

Mine Operations Plan (MOP) Report to DTIRIS.

–

Reporting is also undertaken in accordance with the applicable conditions within EPL 528.

11.5

Document Control

Documents and data that relate to the WMP are up to date and where appropriate (if not already
contained in the WMP), are readily available.
Controlled Document
One controlled copy of the WMP is to be maintained and located in Charbon Colliery’s Environmental
Library (Site Office). An electronic copy of the Management Plan will be located on Lotus Notes and the
Charbon Environmental Management System (EMS) under the “Management Plan” folder.
Changes to Associated Documents
Changes or revisions to the documents or procedures are to be considered by a management team
consisting of appropriate personnel.
Record Keeping
Inspections and monitoring data associated with the WMP will be located in the Mine’s Environmental
Office.

11.6

Calibration of Monitoring Equipment

Licence Discharge Point flow and turbidity meters are to be calibrated by qualified external contractors
on an annual basis.

11.7

Response Action Plans

In accordance with Schedule 5, Conditions 6 of the Project Approvals, Charbon Colliery will notify the
Director-General and any other relevant agencies of any incident associated with the project as soon as
practicable after they become aware of an incident. A detailed incident report should be submitted to the
director general and relevant agencies within 7 working day of the incident.
Spills of Hazardous Materials
Spills of any hazardous materials, of either a minor or major nature are managed in accordance with
Charbon's Emergency Response Procedure. Clean up equipment and absorbent materials are readily
available from clearly defined spill stations as well as in bulk from the Charbon Colliery Store.
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In the event of a large spill or failure of the absorbent boom, a permanent fence type boom is available
from the store to protect Charbon Colliery's licensed overflow drain. The boom is not a permanent
installation due to the normal operating levels of the dam being too low to float the boom.
WMP Hazard Identification and Mitigation
A high-level operational guide must be developed in cooperation with site staff. General framework and
guidance, for the ongoing development and continual improvement of site-specific procedures and
trigger action response plans (TARPs) at a more detailed level, are yet to be developed. These will be
developed as required by site staff with the development of the mine and the regular risk reviews.
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12. Supervision
This chapter summarises the roles and responsibilities of Charbon Colliery personnel in protection of
the environment through the application of the WMP.

12.1

Instruction

All employees and contractors involved with the construction and operation of the Charbon Colliery have
responsibility for protecting the environment. The specific responsibilities and procedures are outlined in
induction programs.
The overall management of water related issues including identifying the role of other personnel and
system overview are the responsibility of the Environmental and Community Coordinator under the
direction of Charbon Colliery’s Mine Manager.

12.2

Responsibilities

For members of the management team, there are varying responsibilities. These include:
•

•

•

•

Mine Manager:
–

Manage operations and reporting undertaken in accordance with EPL 528.

–

Manage operations in accordance with the objectives of the WMP.

–

Manage the resources available to site personnel to achieve the objectives of the WMP.

Washery Manager:
–

Managing the surface water management infrastructure.

–

Monitoring the key indicators for surface water infrastructure.

Environmental and Community Coordinator:
–

Assist the Mine Manager in complying with the requirements of EPL 528.

–

Investigating opportunities for improvement in water management including re-use and reduction
initiatives.

–

Annual performance review for water management.

–

Annual reporting on issues of water management.

–

Regularly updating the WMP with additional relevant information, as it becomes available.

–

Manage the relevant reporting, review and consultation conditions of the Project Approval.

–

Monthly internal report.

–

Reporting of breaches and discharge events.

–

Perform monthly environmental inspection of REA.

Personnel:
–

•

Will undertake operations in accordance with the objectives of the WMP.

Contractors:
–

To ensure that operations are undertaken in accordance with the objectives of the WMP.
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12.2.1

Communications and Information

Communications and information relating to personnel engaged in the management of water will be
conveyed by any of the following:
•

Briefings. Supervisors and individuals will be briefed on a shift basis on specific tasks to be
performed.

•

Signage. Where it is deemed necessary relevant signage may be used as a form of communication,
which provides notification and instruction for water management structures and infrastructure.

12.2.2

Equipment and Consumables

Suppliers of equipment and consumables are required to submit manuals and procedures that are to be
utilised in this management system to ensure the correct usage in the management of water. These
would include, but are not limited to:
•

Pumps.

•

Flow meters.

•

Turbidity meters.

•

Programmable logic controllers.

12.3

Training

Personnel are provided with instruction and training to possess the necessary skills and knowledge to
competently perform their allotted tasks and to be aware of the associated hazards and risks to this
management plan.
12.3.1

Supplementary Training

On the job training is the preferred method, however this will be supplemented by other means whenever
necessary. Where a need for specific training has been identified for personnel, such specific training will
be either supplied or resourced.
12.3.2

Environmental Induction

New employees and contractors are required to complete an environmental induction that addresses the
hazards and risks associated with the Charbon Colliery water management system.
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13. Revision
This chapter summarises anticipated changes to Charbon Colliery operations and how management of
water will be considered as part of this process.
Charbon Colliery consider this WMP to be a living document that (while complete at the date of issue
or revision) may require amendment following consultation with regulatory authorities, variation to onsite conditions, operational need, identification of environmental change, or for reasons of continual
improvement.

13.1

Audits and Reviews

Charbon management will audit/review the performance and/or compliance with this WMP to identify
any issues that may affect the integrity and effectiveness of this WMP. An audit/review should be
undertaken on a period basis or as a result of:
•

A statutory requirement.

•

A regulatory requirement.

•

Environmental change, or significant event.

•

Significant discharge incident.

•

Significant changes to water control structures.

•

Decommissioning.

•

Three years following the adoption of this WMP.

The objectives of an audit/review would be to:
•

Maintain compliance with statutory requirements.

•

To identify opportunities for improvement in the WMP.

If changes to this WMP are made, the following key personnel are, as a minimum, required to review the
WMP before finalisation:
•

Mine Manager.

•

Environmental and Community Coordinator.

•

Washery Manager.

•

Surface Water Management Committee.

Chapter 13 – Revision
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13.2

Continual Improvement

In accordance with Schedule 5, Condition 2(f) of the Project Approval, Charbon Coal will investigate and
implement ways to improve the environment performance of the project over time. This will be achieved
through the effective application of best practice principles to mining operations including, where costeffective and practicable, the adoption of best practice technologies. Charbon Colliery will continue to
improve on the mine’s water management performance with progress to be monitored.

13.3

Revision Table

A record of the issuing and re-issuing of the document, and revisions made to the WMP are set out in
Appendix B.
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Appendix A

Management Plan Checklist

Appendix A

Document

Section

Commitment

Reportable Activities / Requirements
Mine water extracted from underground will be directed to a pollution
control dam.
After rehabilitation works are complete, drainage paths of the final
landform, when considered as ‘dirty water’ shall be directed to the
respective pollution control dam.
Runoff from western open cut and proposed underground, western
Rom and surface facilities areas will have water directed to one or
more sumps. If required this water can be then pumped to Haystack
Pollution Control Dam.
Water quality monitoring to be completed for LDP 1 in accordance with
the EPL.
Continue monthly water quality monitoring to be completed for LDP 2
and 3 in accordance with the surface water monitoring plan.
Implement water quality monitoring for LDP4, LDP5 and LDP6, when
they are installed, in accordance with the surface water monitoring
plan.

Appendix A – Management Plan Checklist

Commitment
Complete (Y/N)

Comment

Document

Section

Commitment
Identified bores in the vicinity of the site will be monitored:
Monthly for standing water level, pH and electrical conductivity
Annual for standing water level, pH and electrical conductivity as well
as water quality analysis.
Detail all results of the monitoring program in the Annual
Environmental Management Report.

Non Reportable Activities / Requirements
Clean water diversions to be constructed to separate clean water form
‘dirty water’ catchments where practicable.
Dirty water within open cuts to be managed by in-pit sumps to minimise
the volume of dirty water potentially passing through LDPs.
Water in pollution control dams will be redirected and reused for
operational functions where possible to reduce potential discharges
through LDPs.
Rehabilitated areas are to have erosion and sediment controls
implemented until area is effectively stabilised.
Clean water diversions are to be monitored and inspected quarterly
and after significant rainfalls. Maintenance on the drains must be
undertaken as required.
Development of haul roads shall include or maintain road side drainage
such as table drains.

Appendix A – Management Plan Checklist

Commitment
Complete (Y/N)

Comment

Document

Section

Commitment
After rehabilitation works are complete, drainage paths of the final
landform, when considered as clean shall be directed around the
respective pollution control dam (or the EPL be amended to remove
the pollution control dam)
Continual recording of water meters as recommended by GHD
Revised water balance (2011)
Site Environmental Coordinator to review surface water monitoring
results as they become available. If identified trigger levels are
exceeded then further investigation should undertaken.
Site Environmental Coordinator to review ground water monitoring
results as they become available. If identified trigger levels are
exceeded then further investigation should undertaken.

Appendix A – Management Plan Checklist

Commitment
Complete (Y/N)

Comment

Appendix B
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Appendix B

List of Reference and Associated Documents
Legislation, Licences and other Approvals
Protection of the Environment Operations Act 1997 (NSW) (POEO Act), Department of Environment,
Climate Change and Water (DECCW)
Environmental Planning and Assessment Act 1979 (NSW) (EP&A Act), Department of Planning (DoP)
Water Management Act 2000 (NSW) (WMA), Office of Water (OW)
Water Act 1912 (NSW), Office of Water (OW)
Dams Safety Act 1978 (NSW), Dams Safety Committee
Coal Mines Health and Safety Act 2002 (CMHS Act), Department of Industry and Investment (DII)
Occupational Health and Safety Act 2000 (OHS Act), WorkCover Authority
Project Approval 08_0211 (See Appendix B)
Environment Protection Licence 528 (EPL 528), August 2011, OEH. (See Appendix C)

Guidelines
ANZECC/ARMCANZ Australian and New Zealand Guidelines for Fresh and Marine Water Quality, 2000,
Department of Environment, Water, Heritage and the Arts (DEWHA)
Water Quality - Sampling. Guidance on the Design of Sampling Programs, Sampling Techniques and the
Preservation and Handling of Samples, AS/NZS 5667, 1998, DEWHA
Australian Rainfall and Runoff: A Guide to Flood Estimation - Volumes 1 and 2, 1998, Institute of
Engineers
Approved Methods for the Sampling and Analysis of Water Pollutants in New South Wales, 2004,
DECCW
Dams Safety Committee DSC19 Tailings Dam Guideline, November 2005, Dams Safety Committee

Management Systems
Charbon Colliery Environmental Management Plan

Risk Assessments
Risk Assessment completed for the Continued Operations Environmental Assessment (See Section 4.6,
R.W. Corkery & Co. Pty. Limited; 2009)
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Reports
Charbon Colliery Annual Environmental Management Plan, 2010, Centennial Coal Pty Ltd
Charbon Colliery Annual Environmental Management Plan, 2005, Centennial Coal Pty Ltd
ANZECC (2000),Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Vol 1 & 2.
GSSE (2009) Surface Water Assessment of the Continued Operation of the Charbon Colliery, GSS
Environmental
R.W. Corkery & Co. Pty. Limited (2009) Environmental Assessment for the Proposed Continued
Operation of the Charbon Colliery, Centennial Coal Company Limited
GHD (2009), Charbon Colliery Water Balance, Revision 1.
GeoTerra (2009), Continued Operation of the Charbon Colliery Groundwater Assessment, GeoTerra Pty
Ltd
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Appendix D

Limitations and Assumptions
In the development of the Water Management Plan, a number of assumptions have been made with
respect to some elements within the water management system. The following outlines the assumptions
made and limitations developed in the preparation of the plan.
Groundwater Information


Limited groundwater information was available at the time of the groundwater monitoring plan,
groundwater assessment and Water Management Plan. For each of these reports it is recommended
that a revision be completed when more data becomes available.

Salinity Balance


Further EC readings are required for the salinity balance to develop outcomes from the assessment.



Assumptions have been made on the electronic conductivity of catchment inflow, and some elements
which have one inflow and known conductivity upstream



A correlation between electronic conductivity, salt content and mean annual transfer rates was
assumed in the transfer of salt between site elements.

Water Management Plan


Recent FMEA risk assessments undertaken (Aug; 2011) have not been incorporated into the report
and the EA (RW & Corkery; 2009) risk assessment was used in hazard identification and mitigation
measures.



Existing Water Management Plans for Charbon Colliery have not been reviewed in the development
of this Water Management Plan.



Existing Environmental Management Plans for Charbon Colliery have not been reviewed in the
development of this Water Management Plan.



Background information and data, where not known from site inspections or communication was
collated from the previously developed reports covering surface and ground water summarised in
Appendix E.

Water Balance


There are a number of features on site that influenced by human control. These features cannot be
accurately represented in the revised water balance model.



The water balance model uses daily timesteps. Site operates in steps less than this and the model
cannot account for changes occurring at a less than daily rate.



Water metre data taken between 2009 and 2011 was incorporated as best as possible to the revised
water balance. Further metre data required to develop up a longer series of observed transfer rates.
The proposed mining scenarios of years 4 and 7 were not revised in the water balance report. The
outcomes from the 2009 revision of the water balance report were used in the development of the
water management plan. The revised water balance only modelled and reported on the existing site
scenario.
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Charbon Coal Pty Ltd
Charbon Colliery
Revised Detailed Water Balance Report
Revision 1 │October 2012
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Glossary
Aquifer

Underground water storage within either disturbed or undisturbed strata.

Average Recurrence
Interval

A statistical estimate of the average period in years between the occurrence of
a flood of a given size or larger, eg. floods with a discharge as big as, or larger
than, the 100-year ARI flood event will occur on average once every 100 years.
ARI is equal to the reciprocal of annual flood risk, e.g. an AFR of 1/100 has an
ARI of 100 years.

Bord and pillar

A mining system whereby coal is extracted leaving “pillars” of untouched coal
to support the strata above.

Clean catchment
areas

Catchments in which there are no exposed surfaces containing coal or mined
carbonaceous material.

Clean water

Waters on the premises that have not come into physical contact with coal, or
mined carbonaceous material.

Coal Handling
Preparation Plant

A place where coal is washed, screened and prepared for market.

Design rainfall event

A hypothetical flood representing a specific likelihood of occurrence (for
example the 100 year or 1% probability flood).

Dewatering

Transfer of water from underground workings to other storages.

Dirty catchment
areas

Catchments in which coal mined carbonaceous materials are present or areas
where the topsoil has been disturbed.

Dirty water

Water on the premises that has come into physical contact with coal, mined
carbonaceous materials or otherwise contains elevated sediment load.

Fractures

Cracks within the strata either natural or resulting from underground works.

Groundwater

Water held in strata that is not overlying the strata of the coal seam, or within
the coal seam.

Infiltration

Natural flow of surface water through ground surfaces as a result of rainfall
events.

Interburden

The strata between coal seams.

Licensed Discharge
Point

A location where Charbon Coal has a license to discharge water.

Net extraction

Difference between water transferred to, and from, the underground water
storage.

22/15786/95004 R1

i

Overburden

The strata between the recoverable topsoil and the upper coal seam.

Recharge

Inflow of water from surrounding strata into underground workings through
infiltration. This can be as a result of rainfall events or from surrounding
aquifers.

Reject

The by-product resulting from the processing of coal, including rock and coal
material that is out of sale specifications.

ii
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Abbreviations
AEMR

Annual Environmental Management Report

AHD

Australian Height Datum

ARI

Average Recurrence Interval

CHPP

Coal Handling Preparation Plant

DOPI

Department of Planning and Infrastructure

DWTS

Delta Water Transfer Scheme

EA

Environmental Assessment

EP&A Act

Environmental Planning and Assessment Act 1979

EPL

Environment Protection Licence

kL

Kilolitres

LDP

Licensed Discharge Point

m

Metres

MB

Monitoring bore

ML

Megalitres

MTpa

Million Tonnes per annum

NOW

New South Wales Office of Water

NMQMS

National Water Quality Management Strategy

PA

Project Approval

ROM

Run of Mine

STP

Sewage Treatment Plant

SWMP

Surface Water Monitoring Program

t

Tonnes

WMAct

Water Management Act 2000
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1.

Introduction

1.1

Commission

GHD Pty Ltd was commissioned by Charbon Coal Pty Ltd to prepare a Water Management Plan for
Charbon Colliery. That report is to include an updated site Water Balance (this report). The initial
detailed water balance for the Charbon Colliery was developed in 2009 (GHD 2009).

1.2

Scope of Work

The scope of work for the study has included:
•

Confirmation of the site water, surface water and groundwater management systems.

•

Updating of a Goldsim model to represent the current (2011) water movement on the site for both
surface water and groundwater flows.

•

Amend any design flow rates for water transfers in consultation with Charbon Colliery staff.

•

Application of the mathematical model to quantify the water budget for the existing operations at the
Charbon Colliery.

•

Verification of the model operation and water availability and security for the current operations.

1.3

Reason for Water Balance Update

The revision and of the water balance study has been completed as per Schedule 3, Condition 30,
Project Approval 08_0211.
Table 1-1

Relevant Project Approval Conditions

Consent
Requirement

Condition

Where
Addressed in
this WB

30a) Include details of:

Charbon Coal Pty Ltd.
Project Approval
08_0211, Schedule 3,
Condition 30.

22/15786/95004 R1

•

Sources and security of water supply.

•

Water use on site.

•

Water Management on site.

•

Any off site water transfers.

•

A program for the ongoing verification and
refinement of the site water balance model.

•

Reporting procedures.

This document.

30b) Undertake the first model verification within 12
months of the granting of project approval.

Section 6.4

30c) Investigate and implement all reasonable and
feasible measures to minimise water use by the
project.

Section 6.2

1

Table 1-2 provides detail of relevant commitments made by Charbon Colliery in the Statement of
Commitments. The table also details where these commitments have been addressed within this
Revised Water Balance report.
Table 1-2

Relevant Commitments (Statement of Commitments)

Consent
Requirement

Commitment

Where
Addressed in
this WB

Charbon Coal Pty Ltd.
Project Approval
08_0211, Appendix 3

9.2) Prepare updated site water balance

This document.

1.4

Revisions made from Previous Water Balance Report

The Detailed Water Balance that was prepared in 2009 by GHD investigated the scenarios of the
existing, then proposed (now approved) year 1, year 4 and year 7 mine. This investigation will only look
at the current mine which is a mixture of the then existing and proposed year 1 mine scenarios.
The elements and conditions that have been revised for the current site scenario includes:
•

The transfer between 5 Trunk disused workings underground storage and the Black Tanks has been
removed as this has been reported as not occurring in current site operations. 5 Trunk is still in
operation with underground extraction of coal being undertaken. This element was renamed to
underground workings.

•

The transfer between underground operations and continuous miner to the Southern Open Cut Dam
has been removed as this is not occurring in site operations.

•

Bore 1 transfers to the Toe Dam have been removed and replaced with transfers from Bore 3.

•

Erosion Pond is now known as Third Entry Pollution Control Dam.

•

The Western Open Cut Dam, has been renamed as Western Primary Pollution Control Dam.

•

A new dam downstream of Southern Open Cut Dam has been constructed. This is known as LDP 3
Discharge Dam. The LDP 3 has been relocated to the wall of this new dam and is a manual
operation.

•

A new dam has been constructed near the erosion pond at the third entry site. This dam is known as
the Third Entry Pollution Control Dam. The new dam is approximately 15 ML in capacity. This, in
addition to the existing dam of 35 ML capacity now raises the total capacity of these ponds to 50 ML
capacity.

•

Dewatering of the underground and continuous miner is occurring with discharges down Reedy
Creek. These discharges are approximately 1 ML per day.

•

Update the model to include the Western Open Cut workings and Western Primary Pollution Control
Dam, the Western Underground has not been commissioned as of yet.

2
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•

The existing/approved underground operations demand remains as 50 kL and 112 kL per nonoperational and operational day respectively as the Western Underground has not commenced.

•

The catchment contributing to the Southern Open Cut Dam was modified to represent predicted
disturbance areas, areas awaiting revegetation and natural vegetation.

1.5

Methodology

The methodology adopted for the assessment closely followed the scope of works with:
•

A series of meetings with site staff and ongoing liaison to confirm the water cycle operation at site for
the existing conditions and planned extension to additional open cut areas and the Western
Underground operations.

•

Establishment of a mathematical model to replicate the surface water and groundwater movement at
the site for the existing operations.

•

Verification of the model performance against available information.

22/15786/95004 R1
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2.

Charbon Colliery

2.1

Location

The Charbon Colliery is an underground (bord and pillar) and open-cut mine owned and operated by
Charbon Coal, a joint venture between Centennial Coal Company Limited (Centennial) (95 %) and SK
Networks Resources Australia Pty Ltd (5 %).
The colliery is located approximately 4 km south of Kandos and approximately 1 km south of Charbon.
Figure 2-1 provides a locality map for the Charbon Colliery.

2.2

Site Operations

2.2.1

Overview

Mining associated operations at the Charbon Colliery include:
•

Underground mining.

•

Open cut mining.

•

Coal processing and washing at the Coal Handling and Preparation Plant (CHPP).

•

Coal stockpiling adjacent to the CHPP and rail loop.

•

Loading of coal for export from site by rail and road.

•

Mechanical maintenance activities – undertaken near the Administration area and at a workshop
near the Third Entry area.

•

Office and administrative activities.

•

Reject emplacement.

Figure 2-2 provides the location of these facilities and approved areas of extraction.
In addition, the Charbon Colliery owns 14 residential cottages located at Charbon and potable water is
supplied to those dwellings.
2.2.2

Coal Mining Operations

The colliery operates both open cut and underground mining operations at the site. The Run of Mine
(ROM) production at Charbon is approximately 1.3 Mta with approximately 76% of this becoming product
or saleable coal. The approved maximum extraction rate is 1.5 Mta.
Approximately 60% of the product coal is currently sourced from the underground operations. The
majority of the product coal is transported from the site by rail.
The main coal mining operations at Charbon, are shown schematically in Figure 2-3, these consist of:
•

Underground extraction of coal from the Lithgow Seam.

•

Open Cut extraction of coal from surface outcrop coal seams including the Lithgow and Irondale
Seams.

4
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•

Transporting the coal to near the CHPP, by conveyors, where it is processed and prepared for
transportation off site.

•

Rejects from the CHPP are retained on site in a REA.

2.2.3

Water Management Associated with Mining Operations

There are many water movements associated with the coal mining operations at the Charbon Colliery.
The main water movements at the Charbon site are shown schematically in Figure 2-4 and consist of:
•

Rain will fall on the vegetated and revegetated areas of the topographic catchment and a portion of
the surface runoff will be harvested in dams. Surface runoff from vegetated areas is termed clean
water runoff. The main water harvesting dam is the Reedy Creek Dam which has a capacity of
approximately 220 ML. Some additional water is harvested in smaller on site dams which are
indicated in Figure 2-4 by “On site water storage”.

•

During rainfall events there may be runoff from disturbed areas of the site. This is termed “dirty
runoff” and is directed to dirty water storages. Overflows from the dirty water storages pass, after
sedimentation and sediment trapping, through licensed discharge points (LDPs) and then can be
trapped by other site water storages.

•

Water from the dirty water storages is used on site for dust suppression.

Water from the on site storages is used within the CHPP with water from the CHPP going into:
•

The coal stockpile for coal to be transported off site.

•

The REA.

•

Excess flow is returned to the on site water storages.

•

Water from the REA seeps through the REA and finds its way back into site water storages.

•

Stored site water is used within the underground operations by the continuous miner and for dust
suppression. Some of this water is returned to the CHPP as ROM moisture.

•

Water finds its way into the underground workings through overburden fractures and is pumped from
underground into on-site storages where some can seep back into the old underground workings.

•

Water that seeps into the underground workings is extracted and pumped to the surface water
storages.

•

An option exists for the extraction of water from the underlying regional groundwater source, using
the existing bores, for water to be extracted and used on site.

2.2.4

Other Water Management Activities

In addition, there is a potable water supply to the site operations and wastewater collection and
treatment. It has not been included within the site analysis, as modelled, and is discussed, in overview, in
Section 3.2.1.
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Figure 2-4

2.3

Site Mining

2.3.1

Historical Mining Activities

The Charbon Colliery commenced operations in the 1920s and initially supplied coal to the Charbon
Cement Works. The colliery was retained as an operational facility, to satisfy a local demand for
steaming coal, after closure of the Charbon Cement Works in 1977.
The colliery was upgraded in 1985 to include the rail loop, CHPP and the production rate was increased
to produce a washed coal for export.
Open cut mining commenced at the site in 1996.
Historical underground bord and pillar mining has previously been undertaken in the vicinity of the
Western Underground area.
2.3.2

Existing Mining Activities

Current mining operations include extraction of ROM by bord and pillar methods within the existing
Charbon Underground in the 8 Trunk and 9 Trunk panels. This extraction commenced in 2007.
In addition, up to 600,000 t/annum is retrieved from open cut mining toward the south of the site, in the
existing Southern Open Cut.
ROM coal from the above operations is transported to the CHPP via surface and underground conveyor.
A proportion of the ROM coal is transported directly off-site but the majority of the ROM coal is
processed by the CHPP where it is separated and product coal is stockpiled prior to transportation away
from the site by rail and road.
Rejects are disposed on site at the REA. Fine rejects are pumped to the REA as a slurry with the coarser
fractions transported by truck for placement.
2.3.3

Future Activities

The future coal extraction (R.W. Corkery & Co; 2009) and associated works will include the additional
underground and open cut mining within the following approved areas:
•

The Southern Open Cuts, including the Southern Open Cut Extension and the Southern and
Western Outliers.

•

The 8 Trunk Open Cut.

•

The Central Open Cut.

•

The Western Underground.

Additional site operations will include a continuation of the existing Charbon Underground, operation of
the CHPP, coal stockpiling, reject emplacement, mechanical maintenance, administrative functions and
rehabilitation of the ground surface as mining disturbance ends in localised areas.
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2.4

Site Geology and Hydrogeology

Mining to date has been within the Lithgow Seam and Irondale Seam, and where economically viable the
Lidsdale Seam. The approved underground mining operations under Haystack Mountain will be within
the Lithgow Seam and open cut mining will be within the Lithgow and Irondale Seams.
The basement stratigraphy, from higher to lower, is reported as being (GeoTerra; 2009):
•

Jurassic / Tertiary aged volcanic breccia, sandstone and basalt located on the peak of Haystack
Mountain.

•

Triassic aged Narrabeen Group sandstones and claystones.

•

Permian aged Illawarra Coal measures – including the Irondale, Lidsdale and Lithgow Seams.

•

Underlying Shoalhaven Group conglomerate, sandstone shale and siltstones.

The same report indicates that there are two types of aquifer system present at the site. They are:
•

Thin, unconsolidated alluvium in the major valleys.

•

Shallow basement coal measure comprising a sequence of aquicludes, aquitards and low yielding
aquifers.

Neither of the coal measures or creek alluvium aquifers are reportedly listed as vulnerable aquifers under
the current Aquifer Risk Assessment Report.
The regional aquifers are located below the approved workings. The Lithgow Seam is located
approximately 40 to 60 m above the regional groundwater elevation at nearby bore sites.
The existing and past workings have been generally dry workings with minimal groundwater inflow.

2.5

Site Hydrology

The Charbon Colliery mining lease operations extend along the western edge of the Great Dividing
Range. Due to smaller ridges extending from the main range to the west, the mining lease boundary
extends into four local catchments: Reedy Creek, Rileys Creek, Stony Creek and Deep Creek.
Reedy Creek and Rileys Creek are part of the Macquarie-Bogan River Catchment whilst Stony Creek
and Deep Creek form part of the Hawkesbury-Nepean Catchment.
Reedy Creek Catchment
Reedy Creek catchment is the northernmost catchment and contains the following site features: CHPP,
ROM stockpiles, REA, Mine Washery Dam, Pit Top Services Area, coal loading infrastructure, rail loop,
the approved Central Open Cut and portions of the Western Open Cut. Reedy Creek flows into Reedy
Creek Dam. Overflows from the Reedy Creek Dam enter Cumber Melon Creek which drains into the
Cudgegong River, then Lake Windamere situated to the north-west of the site.
Rileys Creek Catchment
Rileys Creek catchment lies to the south of Reedy Creek catchment and is comprised of the following
site features: Southern Open Cut, 8 Trunk Open Cut, Southern Open Cut Extension, Western Outlier,
Third Entry Area, Black Tanks and existing Underground workings. This catchment contains numerous
farm dams that contain local minor flows. Rileys Creek drains into Carwell Creek, to the west, which
drains into Lake Windamere.

22/15786/95004 R1
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Stony Creek Catchment
Stony Creek is located on the western side of the ridgeline, which runs along the eastern border of the
site, and drains to the south of the mining lease. Of the Charbon Colliery site features, only portions of
the approved Southern Open Cut Extension and portions of the Southern and Western Outliers lie within
the Stony Creek catchment. Stony Creek drains into Ulumbra Creek which flows south east into the
Capertee River that drains into the Hawkesbury-Nepean River system.

12
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3.

Water Management

3.1

Site Water Management Overview

The site has separable water cycles. They are:
•

Supply of potable water, wastewater collection, treatment and an irrigation system from the
residential cottages, mine office/amenities and bathhouse. The potable water is obtained from the
Mid-Western Regional Council reticulation, the wastewater is collected, treated and is discharged on
site.

•

Water collection, use, wastewater collection and septic treatment for the Third Entry area. Water is
collected from the roof areas, held in tanks and used for toilet flushing. Wastewater is treated using
an aerated wastewater treatment system at this location.

•

Surface and underground infrastructure associated with the mining and coal export operations.

A schematic of the water cycles for the existing operations is provided in Figure 3-1 for the potable and
wastewater systems and in Figure 3-2 for the surface and underground systems associated with the
existing mining activities.

3.2

Potable and Wastewater Systems

3.2.1

Residential Cottages, Office Amenities and Bathhouse

Charbon village consists of 14 dwellings which are owned by Charbon Coal Pty Ltd. The water for these
dwellings, the bathhouse and office amenities is sourced from the Mid-Western Regional Council
reticulated supply system that services Rylstone and Kandos.
Wastewater from these sources is treated at the wastewater collection system and then applied to the
sewage irrigation area. Discharges from this area pass through LDP 1.
These components of the site water use and disposal have not been modelled in this analysis.
3.2.2

Third Entry Workshop Area

The Third Entry Workshop Area contains an aerated wastewater treatment system. All potable water use
is disposed in this septic system.
These components of the site water use and disposal have not been modelled in this analysis.

3.3

Mine Water Cycles and Operations

The primary objectives of water management at Charbon Colliery are to separate clean and dirty water
on the site and effectively manage water for use for mining activities through collection, treatment and
reuse.

22/15786/95004 R1
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Overflow through
LDP2 & LDP3

Rileys
Creek

Open Cut sourced
ROM Water Content
Water Recycling from CHPP
Open Cut
Operations

Infiltration

CHPP
Dust
Suppression

Pumping from
Reedy Ck Dam to
On-site Water
Storages

Pumping from
Groundwater
Bores
P

Moisture Content of Coal
Transported Off-Site

CHPP Water
Demand

Moisture Content
of Rejects

Pumping from UG
Water Storage and
Infiltration from
Surface Water
Storage

Open Cut
Operations

REA

UG sourced ROM
Water Content

Infiltration from REA
Reedy Creek
Coal Extraction
Operations

Lithgow Seam

Reedy Ck
Dam

Charbon

LEGEND

Lithgow/Lidsdale/
Irondale
Clean Water

Product Coal Moisture

LH

Groundwater

Charbon Colliery
Charbon Mine Water Cycle Schematic

Dirty Water
NTS

02/09/2011

Figure 3-2
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The separation of clean and dirty water on the site is achieved by a series of diversion banks that redirect
clean water from disturbed land areas and sedimentation dams that retain water for onsite re-use or
discharge via licensed discharge points (LDPs).
Groundwater inflow into the underground active workings has been historically minimal with the workings
being classified as a relatively dry mine when compared to many other underground coal mines. Some
recharge is received in the active workings following rainfall events but the volume is not considered
significant.
Water demand for mining operations including the continuous underground miners, dust suppression and
CHPP is met by:
•

Reusing water collected by the Southern Open Cut Pollution Control Dam, Third Entry Pollution
Control Dam, Mine Washery Dam and the Toe Dam.

•

Extracting water from licensed Production Bores.

•

Extracting water from Reedy Creek Dam.

3.3.1

Surface Water System

Surface water consists of runoff that contributes to any of the site’s surface water storages. The surface
water storages, provided in Figure 3-3, are:
•

Reedy Creek Dam.

•

Mine Washery Dam.

•

Rejects Emplacement Area.

•

Toe Dam.

•

Third Entry Pollution Control Dam (metered discharge).

•

Southern Open Cut Pollution Control Dam.

•

LDP 3 Discharge Dam (metered discharge).

•

Third Entry Evaporation Pond.

•

Western Primary Pollution Control Dam.

•

Central Primary Pollution Control Dam.

•

Central Intermediate Pollution Control Dam.

•

Header Tank.

•

Small Header Tank

Inputs
The inputs into the surface water system consist of:
•

Runoff from the contributing catchment areas (both clean and dirty) as a direct result of rainfall
events.

•

Water extracted from groundwater bores.

22/15786/95004 R1
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•

Water pumped from the underground continuous miner operations to the Central Primary Pollution
Control Dam.

•

Moisture content of run of mine (ROM) Coal.

•

Pumping from Reedy Creek Dam.

Outputs
The outputs from the surface water system are:
•

Evaporation.

•

LDP 2 from the Erosion Pond into Rileys Creek.

•

LDP 3 from the Southern Open Cut Dam into Rileys Creek.

•

Reedy Creek Dam spillway – historically there has been few spills during the current Colliery
ownership.

•

Leakage into the 5 Trunk Underground Storage from the Third Entry Evaporation Pond.

•

Moisture content of coal transported off site.

3.3.2

Underground Water System

The mining at Charbon Colliery interacts with the Lithgow and Irondale Seams. Both seams are located
above the regional aquifer and therefore groundwater inflow into the workings is minimal. The seams are
intermittently recharged following extended rainfall periods but become dry a few days to weeks after
rainfall.
Inputs
The inputs into the underground water system consist of:
•

Natural recharge of the active underground workings.

•

Leakage of water from the Third Entry Evaporation Dam into the underground workings.

•

The pumping of water from the Black Tanks into the underground workings for operation of the
continuous miner.

Outputs
The outlets from the underground water system are:
•

Moisture content of ROM coal.

•

The pumping of excess water from the active workings to the Black Tanks.

3.4

Existing Colliery Operations Water Cycle

The water cycles for the existing site operations are shown in Figure 3-3.

18
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3.4.1

Surface Features

Reedy Creek Dam
The main source of water for operation of the colliery is Reedy Creek Dam which has a capacity of
approximately 220 ML. Overflows from Reedy Creek Dam pass downstream of the site into Cumber
Melon Creek. Charbon Colliery has a licence for water extraction from Reedy Creek Dam. Water pumped
from Reedy Creek Dam to the Mine Washery Dam is metered to determine the volumetric water transfer.
Water from the operations returns to the dam via overflows from the Mine Washery Dam into Reedy
Creek. Water can also be pumped directly from Reedy Creek Dam to the Header Tank.
Mine Washery Dam
The Mine Washery Dam receives water from Reedy Creek Dam and excess water from the CHPP.
Water is pumped from the Mine Washery Dam to the CHPP and a large header tank.
Header Tanks
Water for the Header Tank is sourced from the Mine Washery Dam and Reedy Creek Dam. Water
pumped from Reedy Creek Dam directly to the header tank provides an increased security of the supply
system on site. Water can gravitate from the large header tank to a smaller header tank to provide
increased supply reliability.
CHPP
The CHPP is also supplied with water from the Mine Washery Dam and Toe Dam. A further water input
to the CHPP is the in-situ moisture content of the ROM coal. Water leaves the CHPP in the rejects,
placed in the REA, and in the export coal. Any excess water at the CHPP discharges back to the Mine
Washery Dam.
Toe Dam
The Toe Dam is located immediately downstream of the REA. The Toe Dam receives seepage water
from the REA. It is also believed, based on site knowledge and visual observations of vegetation types
located downstream of the Toe Dam, that a significant proportion of water that infiltrates through the REA
finds it way downstream of the Toe Dam, as underground seepage.
Production Bores
Water can be pumped into the Toe Dam from two nearby bores. These bores are licenced with an
entitlement of 30 ML/a. We are advised that these two bores were constructed in early 2007 as a result
of the water shortage experienced during the last drought.
Black Tanks
Water that is discharged into the underground workings for dust suppression and for the continuous
miners is passed through the “Black Tanks”. The two Black Tanks are each approximately 26 kL capacity
and receive water from the Header Tank.

22/15786/95004 R1
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Third Entry Pollution Control Dam
The Third Entry Pollution Control Dam is located nearby the Third Entry Workshop Area and collects
runoff from the local disturbed dirty water catchment. The Third Entry Pollution Control Dam receives
excess flows from the Black Tanks. Water is regularly pumped from the Third Entry Pollution Control
Dam to the nearby Third Entry Evaporation Dam to minimise discharge through the licensed discharge
point, LDP 2, to Rileys Creek. LDP 2 is a 250 mm discharge pipe from the Third Entry Pollution Control
Dam metered with a paddle wheel flow meter.
Third Entry Evaporation Dam
As the name indicates, the Third Entry Evaporation Dam is located nearby the Third Entry area. This
dam is used to evaporate excess water. The dam also permits water to seep into the underground
workings. The dam receives water from the local catchment and pumping from the Third Entry Pollution
Control Dam.
Southern Open Cut Pollution Control Dam
The Southern Open Cut Pollution Control Dam is located nearby the Southern Open Cut. The Southern
Open Cut Dam receives runoff from the local catchment and excess water from the current underground
workings. The dam supplies water for dust suppression for mining activities. Overflows from the dam are
discharged and flow onto the LDP 3 Discharge Dam downstream.
LDP 3 Discharge Dam
The LDP 3 Discharge Dam is located directly downstream of the Southern Open Cut Pollution Control
Dam and receives the overflows from the Southern Open Cut Pollution Control Dam and receives runoff
from the local catchment. Overflows from the dam are discharged through LDP 3 which is a 250 mm
polypipe with paddle wheel flow meter.
Central Primary Pollution Control Dam
The Central Primary Pollution Control Dam is located nearby the 2 Trunk ROM Coal Loading Facilities
and workshop area and downstream of the approved Central Open Cut area. This dam has recently
been constructed to capture sediment laden water flowing into the Reedy Creek catchment.
Central Intermediate Pollution Control Dam
The Central Intermediate Pollution Control Dam is located downstream of the Central Primary Pollution
Control Dam and approved Central Open Cut area. The dam is just upstream of the proposed LDP 5
Discharge Dam. This dam was an existing farm dam which is now used to capture sediment laden water
flowing into the Reedy Creek catchment.
Western Primary Pollution Control Dam
The Western Primary Pollution Control Dam is located nearby the Western Open Cut at Haystack
Mountain. The Western Primary Pollution Control Dam receives runoff from a local natural catchment
and excess water from the current Western Open Cut workings. The dam will be used as a future dust
suppression source of water, if insufficient water is available in the Western Open Cut Dam for dust
suppression, water will pumped from the Header Tank. Western Primary Pollution Control Dam and will
also contain the proposed LDP 6.

20
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3.4.2

Underground Features

Underground Workings
The underground workings receive water from the Third Entry Evaporation Dam. The site information
indicates that the rate of seepage into the underground at this location is very much weather dependent.
Current Underground Mining Activities
Water for the underground mining activities is supplied by the Black Tanks. The underground workings
are relatively dry and receive some water inflow in the days following rainfall. Excess water from the
active underground mining area is pumped into the Western Primary Pollution Control Dam.

3.5

Western Underground and Southern Open Cut Extensions Water Cycle

The approved extensions to mining activities at Charbon include the Western Underground and
additional open cut mining in the southern area including the Southern Open Cut Extension, Western
Outlier and Southern Outlier.
3.5.1

Western Extension

Western Underground Mining
The Header Tank will supply water for the Western Underground mining activities. The underground
workings are expected to be relatively dry, with an expected annual inflow into the workings of 4.5 ML
(Geoterra, 2009). In the event there is excess water in the Western Underground Workings, water will be
pumped to the Western Primary Pollution Control Dam.
Proposed Licensed Discharge Point (LDP 5)
A proposed new licensed discharge point will be located at the spillway of the proposed LDP 5 Discharge
Dam downstream of the Central Primary and Intermediate Pollution Control Dams capturing water from
the proposed Central Open Cut and 2 Trunk ROM Coal Loading Facilities. For this report this has been
named LDP 5. Water discharging from LDP 5 will flow into Reedy Creek.
Proposed Licensed Discharge Point (LDP 6)
A proposed new licenced discharge point will be located at the outlet of the Western Primary Pollution
Control Dam. For this report this has been named LDP 6. Water discharging from LDP 6 will flow into
Reedy Creek.
3.5.2

Southern Open Cut Extensions

The Southern Open Cut is to be extended to the south. The progressive mining of this location will
require dust suppression that will be sourced from water within the Southern Open Cut Dam. Dirty water
will be generated by the disturbed areas that will be diverted along a series of banks and channels to the
Southern Open Cut Dam.
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3.5.3

Western and Southern Outliers

The approved open cut areas of the Western and Southern Outliers will manage surface water within
each of the respective open cuts. Dust suppression for each of the open cuts will be sourced from the
Southern Open Cut Pollution Control Dam.

3.6

Future Operations in Existing Mining Area

3.6.1

LDP 4 Discharge Dam

Due to changes being made to the REA, the Toe Dam will be relocated to inside the rail loop. The Toe
Dam will therefore be replaced by the proposed LDP 4 Discharge Dam that has a greater capacity and
collects runoff from a catchment area encompassing the CHPP and stockpile area.
Proposed Licensed Discharge Point (LDP 4)
A proposed new licensed discharge point will be located at the spillway from LDP 4 Discharge Dam. For
this report this has been named LDP 4. Water discharging from LDP 4 will flow into Reedy Creek.
3.6.2

Underground Mining Area

At the commencement of underground mining operations in the western area, one of the continuous
miners and associated support equipment will be relocated from the current operations to the Western
Underground. Water demand for these operations will therefore be reduced. The remaining miner will
continue to operate in older sections of the mine for the life of the project.
3.6.3

Central Open Cut

The Central Open Cut will be located in the Reedy Creek catchment in the northern portion of the site.
Mining of this area is not expected to commence until 2016 and will require dust suppression which will
be sourced from the pollution control dams.
3.6.4

8 Trunk Open Cut

The 8 Trunk Open Cut will be located in the Rileys Creek catchment near the centre of the mining lease.
Mining of this area is not expected to commence until 2014 and will require dust suppression that will be
sourced from the pollution control dams.

22
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4.

Data

4.1

Extent of Water Balance Model

The water cycles which incorporates the residential cottages/main office amenities/bathhouse and the
Third Entry workshop area have minimal impact on the site-wide water balance. The application of
effluent at the two irrigation areas is considered to have minimal to no effect on the balance of the mine
site as a whole as the runoff from these areas due to irrigation is negligible. Consequently, the water
balance for Charbon Colliery has been developed including only the surrounding mine site and mining
operations.
Staff of Charbon Colliery provided descriptions of the water cycles and water transfer system on the site.

4.2

Data Available from Charbon Colliery

A limited amount of water usage and flow monitoring data was available for the period since early 2007.
Further data was supplied in 2011 including metered transfer rates between various site elements. As
this data was not a continuous series, for at least 6 month, the application of this was difficult as a
calibration source.
The new site data showed an insight into realistic transfers of between some of the mines different
elements:
•

Limited daily pumping from the Production Bores 2 and 3 was undertaken, with 7.5 ML extracted
over a 10 month period in 2010 and a larger 16 ML extracted over a 4 month period in 2011.

•

Daily inflows and outflows through the Black Tanks were an average of 250 kL in and 260 kL out for
a limited period in 2009.

•

To the Mine Washery Dam, in 2010 a sum of 640 ML was transferred with an average between
meter readings of 42.6 ML.

All attempts have been made to incorporate the new 2011 data into the revised water balance for the
existing site conditions. This data was used to estimate water transfers and some water demand rates.
Additional daily transfers rates were estimated from provided pipe sizes and pump powers.
4.2.1

Feature Capacities and Transfer Rates

Data and site operational information has been made available for this assessment. The data items listed
in Table 4-1 have been derived from that data as follows:
•

Dam storage capacities were provided.

•

Areas of water storages were derived from site photographs.

•

Catchment areas were derived from topographic maps.

•

Maximum water transfer rates were derived from provided pipe sizes, pump capacities and estimated
pumping heads.

•

Moisture contents of coal and rejects was provided.

•

Bore transfer rates were provided.
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•

Dust suppression, continuous miner and CHPP water usage rates were provided.

•

Discharges from LDP 2 and LDP 3 were provided from late 2009 to early 2011.

•

Underground water usage data for the period 28 August to 2 December 2008 was supplied.

•

Coal production data for the years of 2008, 2009 and 2010 was supplied.

Table 4-1

Supplied and Derived Data

Parameter
Reedy Creek Dam capacity
Reedy Creek Dam surface area
Reedy Creek Dam catchment area
Mine Washery Dam capacity
Mine Washery Dam surface area

Annual Value

Daily Value
220 ML
45,630 m
1022 ha
50 ML
8,430 m

Header Tank capacity

250 kL

Small Header Tank capacity

50 kL

Toe Dam capacity

4 ML

Proposed LDP 5 Discharge Dam capacity

4 ML

Proposed LDP 4 Discharge Dam capacity
(replaces Toe Dam)

15 ML

Toe Dam surface area
Third Entry Evaporation Dam capacity

1,760 m

2

2

8 ML

Third Entry Evaporation Dam catchment area

150 ha

Third Entry Pollution Control Dam capacity

50 ML

Third Entry Pollution Control Dam catchment area

41 ha

Active Underground Workings Catchment area

29 ha

Southern Open Cut Pollution Control Dam capacity

46 ML

Southern Open Cut Pollution Control Dam
catchment area

100 ha

Central Intermediate Pollution Control Dam
catchment area

52.5 ha

Central Intermediate Pollution Control Dam surface
area

24
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2,600 m
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Parameter

Annual Value

Central Intermediate Pollution Control Dam
capacity

Daily Value
2 ML

Central Primary Pollution Control Dam catchment
area

84.2 ha
2

Central Primary Pollution Control Dam surface
area

2,600 m

Central Primary Pollution Control Dam capacity

3.4 ML

Western Primary Pollution Control Dam catchment
area

51.3 ha

Western Primary Pollution Control Dam capacity

4.8 ML

Western Primary Pollution Control Dam surface
area

5,000 m

LDP 3 Discharge Dam capacity

2

50 ML *estimated

LDP 3 Discharge Dam catchment area

212.5 ha

LDP 3 Discharge Dam surface area

29,200 m
2

Proposed LDP 4 Discharge Dam surface area

3670 m

Proposed LDP 4 Discharge Dam catchment area

25.3 ha

Proposed 8 Trunk Open Cut catchment area

2

32 ha

CHPP Water Demand

138 ML/a

600 kL/d

ROM production rate

1.3 Mta

5,652 T/d

ROM moisture content

2% (113 kL/d)

Export coal recovery rate

76% of ROM

Export coal moisture content

9% (397 kL/d)

Coarse reject/tailings rate

10% of ROM

Moisture content of coarse tailings
Fine rejects/tailings rate
Moisture content of fine rejects/tailings

20% (158 kL/d)
14% of ROM
28% (158 kL/d)
2

Reject Emplacement Area

31,565 m

Tailings infiltration rate

0.0075 m/d

Open Cut Areas Initial Loss

22/15786/95004 R1

7.5 mm
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Parameter

Annual Value

Daily Value

Pasture/Grassed Areas Initial Loss

25 mm

Densely Vegetated Areas Initial Loss

60 mm

Rock Emplacement Areas Initial Loss

70 mm

Rehabilitation Areas Initial Loss

70 mm

Reject Emplacement infiltration passing to Toe
Dam

30% of infiltration

Tailings infiltration passing to Reedy Creek Dam

30% of infiltration

Continuous Miner water usage for 2 miners. When
operation of the Western Open Cut commences
this demand will be half at each location

50 kL/d when non
operational

Dust suppression water usage at Southern Open
Cut

112 kL/d when
operational
90 ML/a

500 kL/d when
operational, 0 kl/day
when non operational

Transfer capacity from Bore 2 and 3 to Toe Dam

1 ML/d

Combined extraction licence for Production Bores

30 ML/a

Maximum Transfer rate from Reedy Creek Dam to
Mine Washery Dam

1,830 kL/d

Maximum Transfer rate from Mine Washery Dam
to CHPP/Header Tank

814 kL/d

Maximum Transfer rate from Toe Dam to CHPP

600 kL/d

Maximum Transfer rate from 5 Trunk Disused
Underground Storage to Black Tanks

300 kL/d

Transfer rate from Third Entry Pollution Control
Dam to Third Entry Evaporation Dam
Mine operations

50 kL/d when
operational, 0 kl/day
when non operational
Coal produced
typically on 5
days/week.
3 week shut down at
Christmas with only
maintenance
undertaken.
1 week shut down at
Easter with only
maintenance
undertaken.
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Parameter

Annual Value

Daily Value

2 week shut down in
October with only
maintenance
undertaken.
Mine Workings Water Access Licence

5 ML/a

Leakage rate from Third Entry Evaporation Dam to
the 5 Trunk Disused Workings Underground
Storage

5 ML/a
2% of dam volume/d

Current Underground Workings Dewatering

4.2.2

1 ML/day when
operational

Precedences on Water Transfer

Operational precedences adopted for the analysis for water transfers are detailed in Table 4-2.
Table 4-2

Operational Precedence for Water Transfer

Feature

Comments

Mine Washery Dam

Maintained at 60% capacity when possible.
Receives all overflows from CHPP.
Received water from Reedy Creek Dam when capacity less than 60% and
water available in Reedy Creek Dam.

CHPP

Received water from Toe Dam as higher priority than water from Mine
Washery Dam while Toe Dam storage exceeds 25% capacity.

Toe Dam

Water from the REA always seeps into the Toe Dam.
Receives water from bores when less than 25% of capacity in Toe Dam
and less than 20% capacity in Reedy Creek Dam.
Will be replaced by the Rail Loop Dam which will operate under the same
rules.

Black Tanks
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•

Maintained full

•

Discharge to (in reducing priority):
–

Underground / Continuous Miner and Dust Control

–

Third Entry Pollution Control Dam
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Feature

Comments

Header Tank

•

Maintained full

•

Flow from (in reducing priority):

•

Reedy Creek

•

Mine Washery Dam

•

Flow to (in reducing priority):

•

Black Tanks

•

Mine Washery Dam

Third Entry Pollution
Control Dam

4.3

Sourced Data

4.3.1

Topography

For Years 4 and 7, if not enough water is available for dust suppression
from the Southern Open Cut Pollution Control Dam or the Central Primary
Pollution Control Dam. Water is then obtained from the Third Entry
Pollution Control Dam.

The 1:25,000 scale topographic map for Ilford (8832-2-S) provided topographic information for the
Charbon Colliery site.
4.3.2

Rainfall

Rainfall data for the Charbon Colliery site analysis was adopted as being the same as that for the
Kandos Cement Works site operated by the Bureau of Meteorology (Station No. 062017). Data for this
site was available, in complete years, from 1951 to 2011.
The data was checked for consistency and a summary of the annual rainfall is given in
Figure 4-1. This figure demonstrated the variability in the annual rainfall. The year 2006 was a
particularly dry with only 304 mm of rainfall recorded. One year, 1982, had less recorded rainfall. If the
colliery had been operating at the same production rate, as today, in 1982 than one would have expected
a similar site water shortage to that experienced in 2006. Rainfall statistics for the period between 1951
and 2011 were:
•

Minimum annual rainfall – 303 mm in 1982.

•

Average annual rainfall – 693 mm.

•

Median annual rainfall – 697 mm.

•

Maximum annual rainfall – 1,122 mm in 1973.
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Figure 4-1 Annual Rainfalls at Kandos Cement Works Site between 1951 and 2011

The monthly rainfall statistics were also determined for the period of record. Selected statistics are
shown in Figure 4-2. The average monthly rainfalls were observed to vary from a low of approximately 43
mm in April to a high of approximately 75 mm in January. Figure 4-2 shows a significant variation in the
maximum recorded monthly rainfalls with the maximum monthly value being approximately 311 mm in
February to a lowest maximum monthly value of approximately 157 mm in June.

Figure 4-2 Monthly Rainfall Statistics between 1951 and 2011
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An analysis of the rainfall data was undertaken to enable an understanding of the likely rainfall patterns
at the site. For various intervals of daily rainfall, the average number of days per year which fall within
each interval are presented in Figure 4-3. The figure also presents the cumulative days per year as a
percentage against the same rainfall intervals.

Figure 4-3 Number of Rain Days of Various Magnitudes

As presented in Figure 4-3, the average number of non rainfall days per year is approximately 275. which
is greater than 75% of days in a year. Of the remaining 25% of days in the year, 14% receive less than 5
mm of rainfall. Figure 4-4 presents the same statistics as Figure 4-3, excluding days without recorded
rainfall. This enables a more detailed view of the data.

Figure 4-4 Daily Rainfall Magnitudes
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On average, approximately 6% of days in the year (or 22 days) receive greater than 5 mm of rain with
1.0% of days in the year (or 9 days) receiving greater than 20 mm of rain.
4.3.3

Evaporation Data

Daily evaporation data was not available for the site. Information for Bathurst Agricultural Station (Station
no. 063005) was adopted for this study.
Figure 4-5 provides a representation of the average monthly evaporation for the years 1966 to 2011.
Adopted evaporation rates were adjusted for the change in site conditions from a measuring site to the
site dams.

Figure 4-5 Average Monthly Evaporation Rates for 1966 to 2011

The average annual evaporation rate was approximately 1,490 mm as compared to the annual average
rainfall of approximately 690 mm giving an annual deficit (difference between annual rainfall and annual
evaporation) of approximately 800 mm.
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5.

Modelling Representation

5.1

Goldsim

The model used to represent the colliery water balance was Goldsim Version 9.60 (Goldsim Technology
2007). This software is a graphical, object oriented system simulation software for completing either
static or dynamic systems. It is like a “visual spreadsheet” that allows one to visually create and
manipulate data and equations.
Simulation, in this context, is defined as a process of creating a model of an existing or proposed system
(such as a mine water management system) in order to identify and understand the factors that control
the system performance or predict (forecast) the future behaviour of the system.
A model representation of the existing mining operation related water cycles was created using Goldsim
and the results verified, for the drought period of 2006 and early 2007 when Reedy Creek Dam was very
low.

5.2

Water Cycle Modelling

All water balance modelling was completed using:
•

Daily time steps were used for the analysis – daily rainfall data was the shortest period data
available.

•

Runoff from catchments was represented by an initial loss/runoff factor – this was used to convert
daily rainfalls into surface runoff values when the daily rainfall has exceeded the initial loss of rainfall
(infiltration which is subsequently transpired by vegetation). This approach was adopted and
calibrated to typical surface runoff values for the site soil conditions in preference to undertaking
water balances to quantify the surface runoff from each catchment.

5.2.1

Model Structure

The model was configured to represent the water cycles using a series of rules data. The model was
created as a series of elements each containing preset rules and data, that were linked to represent the
water transfer around the water cycles.
The overall structure of the model is shown in Appendix A.
5.2.2

Model Data

The data shown in Table 4-1 was incorporated into the model operational rules.
The water transfer rates shown in Table 4-2 were entered as maximum values that could occur on any
single day.

32

22/15786/95004 R1

When the model determined that the required daily water transfer rate, for any of the transfer elements,
was less than the maximum specified daily value for that element, the model adopted the reduced
transfer volume. For example, the transfer from Reedy Creek to the Mine Washery Dam was set at
1,830 kl/d but when the model determined a reduce transfer volume was appropriate, on any day, the
reduced value was adopted. Hence the transfer volume summaries, in Figure 6-1, show an annualised
transfer volume less than the maximum potential value which is the product of the number of days of
operation times the maximum daily transfer value.
5.2.3

Model Operational Rules

The rules identified in Table 4-2 were specified within the model to determine the priorities adopted within
the model for water transfers.

5.3

Goldsim Representation

5.3.1

Existing Operations

The normal operation of the water cycle, associated with coal production, shown in Figure 3-3 was
modelled in Goldsim. To undertake the modelling the following simplifications were incorporated:
•

Transfer rates were modelled using daily time steps. In reality, transfer rates are determined during
the day on an “as needs basis” and may operate over periods smaller than a day.

•

The daily coal production rate was determined from the achieved yearly production rate of 1.3 million
tonnes per annum. In reality the daily production rate would vary. The approved production rate is
1.5 million tonnes per annum.

•

The moisture content of the ROM, product and reject coal was assumed to be static percentages of
the daily production. In reality these values would vary daily.

•

The pumping rates to the underground miner were assumed as 50 kL and 112 kL per day on nonoperational and operational days, which were average values determined from a 3 month period of
data supplied by Charbon staff. In reality the demand for the underground miner varies daily.

•

The demand of the CHPP was assumed to be 600 kL per operational day. In reality this value varies
daily.

•

Dust suppression rates were determined as 500 kL per day, as indicated as an average value by
Charbon staff. In reality the dust suppression rates would vary daily.

•

Operating rules / precedences were established within the model in accordance with advice from
Charbon staff. In reality the same decisions may not be made by staff due to influences outside the
model.
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There was limited data available for the following segments of the model. The values for these portions
of the model were therefore adjusted to replicate anecdotal site information:
•

Infiltration from the REA.

•

Proportion of reject emplacement infiltration that flowed to the Toe Dam.

•

Proportion of reject emplacement infiltration that flowed to the Reedy Creek Dam.

•

Rate of leakage from Third Entry Evaporation Dam into the underground workings.

The Goldsim representation of the existing site water balance is shown in Appendix A.
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6.

Modelling Results

6.1

Existing Operations

Initially the model was established using the estimated flow rates, water usages and estimated infiltration
rates. Adjustments were required to these initial values to closely replicate the system performance for
the period of observed data since January 2007. It was known that the site was close to running out of
water in the very dry year of 2006. Appendix B provides detailed numerical results for the existing
conditions.
Minor adjustments were required to some model parameters to approximate the behaviour in 2006. The
adopted parameters are those given in Table 4-1 and Table 4-2. A significant assumption within the
modelling is the amount of infiltration at the REA that finds its way into the Toe Dam for reuse.
The modelled minimum volume within Reedy Creek Dam in 2007 were sensitive to the infiltration rate at
the REA, changing the rate from 3 mm to 5 mm per day from the REA resulted in a 17 ML increase in the
minimum volume obtained in Reedy Creek Dam in February 2007.
The proportion of the reject emplacement infiltration that contributes to Reedy Creek Dam and the Toe
Dam is difficult to quantify as these are subsurface flows. The proportions assigned to them were
determined so that reasonable responses were output by the model. For example, the proportion flowing
into the Toe Dam was determined such that over flows from the dam do not occur frequently yet the
volumes contributing to the dam were consistent with observations at the site.
Assumptions have also been made when modelling the leakage from the Third Entry Evaporation Dam to
the underground workings. The leakage rate from the Third Entry Evaporation Dam has an effect on
whether the demand for the Underground Mine is sourced from the underground storage or Reedy Creek
Dam.
Anecdotal information from site indicated that overflows from LDP 3, the Third Entry Evaporation Dam
and Reedy Creek Dam in recent years have been minimal. To reflect these conditions in the model,
catchments were divided into various land use areas which had different initial loss values. The initial
loss values for each land use were adjusted to reflect the anecdotal site conditions.
To achieve a representation of the reported few overflows it was necessary to set the rainfall –runoff
parameters, specifically the rainfall required to create runoff at relatively large but realistic values. To
achieve this, while providing an appropriate representation of the catchments, the land uses were divided
into different land uses to reflect the different stages in the site life. In addition, soil storage capacities for
the different land uses.
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6.2

Maximisation of Water Recirculation and Reuse

6.2.1

Coal Handling Preparation Plant / Washery Supply

Water is primarily supplied to the CHPP by a pump from the Mine Washery Dam, this is supplemented
by a supply from the Toe Dam.
There is a cyclic relationship with the moisture content in the coal as it is accepted and processed by the
CHPP. Fine and coarse materials that are placed within the REA have a moisture content that then
contributes to the REA storage. The REA storage volume has a seepage function that transfers water to
the Toe Dam. The water within the Toe Dam is then transferred back into the CHPP for processing.
The CHPP has an emergency overflow back to the Mine Washery Dam but this is rarely used.
6.2.2

Dust Suppression

Spraying of hardstand and open cut areas is undertaken to minimise the generation of dust. The
Southern Open Cut Pollution Control Dam provides water for current dust suppression practices.

6.3

Security of Water Supply

The security of water supply for the site was tested in the years of 2006 and 2007 when volumes in
Reedy Creek Dam fell very low and outside past confidence levels. The results of the revised existing
site water balance indicate that there will be times when the dam will fall below 30% of its capacity, in the
61 years that the model was simulated. Reedy Creek Dam is one of the key water supply points for the
site and will determine the future progress of the mine.
Surface water features around the site have recently increased in number, with a series of new dams
constructed for water management. These new dams are available for dust suppression or water transfer
for operational use. The dams must be utilised by the site to be effective in the reducing demands on
Reddy Creek Dam and the Production Bores.
The security of groundwater resources within site is yet to be determined in the absence of more detailed
groundwater modelling. The outcomes of the model indicate that the average extraction rate from the
bores is less than the licence maximum. There is an opportunities for more water to be extracted from
the groundwater production bores, though this has been forecast to decrease with the mines expansion
(GHD 2009).
It is apparent that the underground workings are not current being dewatered from the leakage of the
Third Entry Evaporation Dam. This water may prove to be a future source of operation or process water,
dependent upon the amount of recharge back to the groundwater environment.
Results of the performance verification runs for the year 2006 and early 2007 showed that:
•

The low rainfall produced little surface runoff into the Reedy Creek Dam during the year.

•

The low rainfall reduced the amount of infiltration from the Third Entry Evaporation Dam into the
underground workings as its storage was below average for 2006.
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•

If in place at the time, modelling showed that storage in the underground workings was below
average for 2006 as the recharge rate had been set to be a function of the volume of water stored
within the Third Entry Evaporation Dam. This caused a larger proportion of the water for the
underground workings for that year to be drawn from Reedy Creek Dam via the Header Tank.

•

The amount of seepage from the REA was also reduced as the evaporation from the REA was
relatively greater than the total of the rainfall onto the REA plus the tailings moisture to the REA.

•

For the year 2006, an amount of 136 ML was predicted to have been extracted from Reedy Creek
Dam, a total of 18 ML was predicted to have been extracted from the Production Bores 2 and 3, if
they had been in place at that time, and 5.2 ML of water was predicted to have been extracted from
the underground workings. The amount of water extracted from Production Bores 2 and 3 can readily
be adjusted, water demand transferred to another location, by a minor adjustment to the operating
protocols for the water pumping.

•

For the year 2007, 17.2 ML was extracted from Production Bores 2 and 3, if they had been in place
at the time. Nearly all pumping from the bores occurred in the first 6 weeks of 2007 before the dam
was recharged by heavy rainfall in February. The Production Bores are activated as a last resort
when levels are low in Reedy Creek Dam and the Toe Dam.

•

Following the 2006 dry period, Reedy Creek Dam refilled to full capacity in June 2007 as a result of
very heavy rainfall.

Predicted extraction and water transfer rates for this mode of operation are given in Figure 6-1. The
figure provides mean predicted values for each water transfer over the simulation period together with
the respective minimum and maximum values in brackets to give an indication of the range of likely
values. Where there are no values in brackets, there was not a range as the transfer rate was static
across all years.
General results from the simulations included:
•

The estimated annual water usage at the CHPP is approximately 134 ML.

•

In average rainfall years there is a water deficit (difference between rainfall and evaporation) of
approximately 800 mm on water storages at the site and this represents an annual demand of
around 70 ML on the surface water resources at the Charbon Colliery site to satisfy the water
evaporation demand from the water storages.

The average annual values predicted to have been extracted from water sources was:
•

An amount of 135 ML from Reedy Creek Dam.

•

A total of 2.6 ML from Bores 1 and 2.

•

An amount of 16 ML from the underground workings in the area of 5 Trunk Disused Workings
Underground Storage.

•

The yearly sourcing of water from the 5 Trunk Disused Underground Storage to the Black Tanks
(and ultimately the Continuous Miner) is dependent on rainfall. In a high rainfall year up to 24 ML is
expected to be sourced from the 5 Trunk Disused Underground Storage whilst in a dry year this
value is only 5.2 ML.
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•

The average number of days in which there are discharge events from LDP 2 is 0.5, ranging from no
discharges in a dry year through to 6 days in a wet year.

•

The average number of days in which there are discharge events from LDP 3 is 3, ranging from 0
discharges in a dry year through to 21 days in a wet year.

•

In dry years more demand is placed on Reedy Creek Dam to satisfy the requirements of the mining
operations. In other years the demand on Reedy Creek Dam is subsidised by the runoff into the
Third Entry Evaporation Dam. The maximum volume of water pumped from Reedy Creek Dam in a
year is 150 ML whilst the minimum is 110 ML.

•

The estimated overflows from Reedy Creek Dam vary from 0 to 1,208 ML per annum. The average
annual flows from the dam are estimated to be 112 ML.

•

Annually, between 10 and 20% of the water pumped from Reedy Creek Dam is pumped directly to
the Header Tank. The remaining demand from Reedy Creek Dam is pumped to the Mine Washery
Dam.

Only the extraction from Bores 2 and 3 is likely to affect the regional groundwater regime. The extraction
from the workings is not expected to impact the regional groundwater regime as the workings are above
the regional groundwater phreatic surface as discussed earlier in Section 3 of this report.
Examination of the rainfall statistics shown in Figure 4-3 indicate that there are relatively few days with
significant, greater than 20 mm, rainfall at site. The relatively small number of days of significant rainfall
supports the anecdotal information from site that indicates few overflows from the structures. Hence,
there is validation in the adoption of relatively high loss values for the rainfall and runoff modelling.
Figure 6-2 and Figure 6-4 show the pattern of discharge from LDP 3 and Reedy Creek Dam for the
existing conditions. As shown in these graphs, although the average discharges are not close to zero,
the average discharges from these points are boosted up by a few larger discharge events. For both
discharge points in approximately 50% of all years there is no discharge shown by the model.

Figure 6-2 Predicted LDP 2 Discharge Frequency and Discharge Volumes
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Figure 6-3 Predicted LDP 3 Discharge Frequency and Discharge Volumes

Figure 6-4 Predicted Reedy Creek Dam Overflow Frequency and Overflow Volumes

Figure 6-2, Figure 6-3 and Figure 6-4 indicate that based on the available information there would be
approximately a quarter of the analysed years when there would not be any overflow from Reedy Creek
Dam. In comparison with LDP 2 and 3 approximately 75% of the years analysed no discharges occurred.
This is likely due to the introduction of more storage volume from the new dams at LDP 2 and 3.
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6.4

Qualifications on Predictions

Predicted water transfers are based upon a mix of data. Typical data sources for model construction and
verification included:
•

•

Relatively reliable data
–

Monitored flows to the continuous miner for a period.

–

Monitored rainfall from nearby Kandos.

–

Monitored evaporation from Bathurst.

–

Surface catchment areas were based on topographic maps.

–

Product coal moisture content.

–

Reject moisture content.

–

CHPP water usage.

Less reliable data
–

Estimates of underground catchment areas.

–

Capacity of underground storages.

–

Estimates of many water transfer rates based upon pipe diameter, pipe material and power of
pump motors.

–

Infiltration rate in the Reject Emplacement.

–

Proportion of overflow from Toe Dam that reaches Reedy Creek Dam.

–

Proportion of discharge from Reject Emplacement infiltration that reaches Reedy Creek.

–

Rate of leakage from Third Entry Evaporation Dam to the underground workings.

–

Site infiltration rates for normal and revegetated catchment areas.

–

Estimates of demands for the Western Open Cut operations have been scaled from the existing
operations. When the disturbed area is better defined there may be an opportunity to include an
estimate for dust suppression usage and demand.

As a result of the number of items listed within the “less reliable data” category there is likely to be a
significant risk that the provided estimates may be inaccurate. It is suggested that the individual
predictions given above should be considered reliable to +/-30% to +/- 50% until more site data is
gathered to allow refinement of the data sources and hence the model predictions to be confirmed as
reliable.
The following will be undertaken:
•

Continued flow monitoring at the site. Routine and ongoing monitoring of the flows at these sites
would either confirm the predictions within this report or allow calibration of the model to better
quantify the water behaviour. The monitoring will be continued until at least 6 months of continuous
data is available for the updating and calibration of the water balance model.
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6.5

Future Model Refinement and Verification

Further updating and recalibration of the predictive model should be undertaken when the above data
becomes available to increase confidence in the modelling results and to facilitate improved site
management. A period of continuous data of no less than 6 months should be available for the updating
and calibration of the water balance model.
The revision of this model should be annually.

6.6

Reporting

The site currently develops an Annual Environmental Management Report (AEMR). This report includes
a summary of the outcomes of the water transfers and usage, collected over the course of the annual
period. An evaluation of any trends occurring across the site regarding discharges or water usage are
summarised including any recommendations for management action if problems exist. Through the
AEMR, management actions relating to the water balance assessment may include:
•

Refinements to the water balance.

•

New data to be incorporated to the water balance.

•

Alterations to pump rates, parameters, or locations of elements.
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7.

Summary

GHD was commissioned by Charbon Coal Pty Ltd to prepare a surface water and groundwater balance
for the Charbon Colliery.
Preparation of the plan has required: confirmation of the site water surface water and groundwater
management systems, establishment of a mathematical model to represent the water movement on the
site, application of the model to quantify the water budget for the existing operations and future
operations.
Due to the modest amount of site data available to verify the flow estimates it was necessary to make
several important assumptions about the site water flows. The most significant assumptions have been
the amount of infiltration at the REA that finds its way into the Toe Dam for reuse. The validity of the
assumptions requires confirmation when more site data is available for model verification.
Results of the performance verification runs for the low rainfall year of 2006 confirmed that for the low
rainfall year there would have been a significant water stress at the site as a direct result of reduced
rainfall, increased evaporation and the continued water demand. This has been anecdotally confirmed
during meetings at site in 2009. For 2006, an amount of 120 ML was predicted to have been extracted
from Reedy Creek Dam and a total of 3.0 ML was predicted to have been extracted from the Production
Bores 2 and 3.
Looking at what was seen as a relatively wet year, 2010, an amount of 116 ML was predicted to have
been extracted from Reedy Creek Dam and a total of 0 ML was predicted to have been extracted from
the Production Bores 2 and 3.
General results from the simulations of existing operations included a prediction of average extractions of
approximately 117 ML from Reedy Creek Dam, and approximately 0.9 ML from the Production Bores 2
and 3.
Only the extraction from the Production Bores 2 and 3 is likely to affect the regional groundwater regime.
The extraction from the workings is not expected to impact the regional groundwater regime as the
workings are above the regional groundwater phreatic surface.

22/15786/95004 R1

43

8.

References

GeoTerra (2009), Continued Operation of the Charbon Colliery Groundwater Assessment.
GHD (2009), Charbon Colliery Water Balance, Revision 1.
Goldsim Technology Group LLC 2007, Goldsim Users Guide, Volumes 1 and 2.
GSSE (2009), Continued Operation of the Charbon Colliery Surface Water Assessment.
R.W. Corkery & Co. Pty. Limited (2009) Environmental Assessment for the Proposed Continued
Operation of the Charbon Colliery.

44

22/15786/95004 R1

Appendix A

Goldsim Representation of Existing
Operations

Charbon Colliery - Goldsim Model
Existing Site

Future_LDP5

WesternOpenCut

HaystackPollutionControlDam

SmallHeaderTank

CHPP

ProductCoal

MineWasheryDam

ReedyCkDam

Tailings

GWBores

Toe_Dam

HeaderTank

SmallHeaderTank

ThirdEntryEvapDam

FiveTrunkUGStorage

ThirdEntry_Pol_Dam

BlackTanks

UGContinuousMiner

ActiveUGWorkings

LDP2

LDP3

SouthernOpenCutDam

LDP3DischargeDam

ProductionInfo

EnvironmentalData

Appendix B

Water Balance Results

GHD

www.ghd.com.au

Centennial Charbon
Charbon Water Balance Existing
22/15786

Tel. Fax.

Production
Bore Inflow
Units
ML/yr
Current Operations
2006
3.0
2007
15.0
2010
0.0
Min
0.0
Max
23.2
Mean
0.9

Units
Current Operations
2006
2007
2010
Min
Max
Mean

Units
Current Operations
2006
2007
2010
Min
Max
Mean

Central
Intermediate
Overflows
ML/yr
16.7
43.1
39.6
16.4
110.8
36.4

Toe Dam
Toe Dam transfers to
Overflows CHPP
ML/yr
ML/yr
0.0
0.0
0.0
0.0
1.6
0.0

Central
Primary
Overflows
ML/yr
19.7
77.3
69.4
19.4
201.7
60.7

23.4
37.2
22.8
19.8
43.8
23.4

Central
Primary
Catchment
Runoff
ML/yr
0.4
52.7
46.3
0.0
143.2
36.1

LDP3
Discharge
Dam
Southern OC Tailings To Catchment
Dam Overflow ToeDam Runoff
ML/yr
ML/yr
ML/yr

Results
G:\22\15786\Technical\Results\RESULTS_21_08_11.xls

0.0
0.0
0.0
0.0
78.3
3.9

22.1
23.0
23.5
20.2
24.9
23.6

0.0
0.0
0.0
0.0
196.1
10.0

Reedy
Creek Dam
Catchment
Runoff
ML/yr
2.4
295.8
260.1
0.0
1070.4
216.3

Reedy Creek
Dam
Overflows
ML/yr
0.0
76.0
69.3
0.0
1067.3
117.9

Small Header
Tank To
Western
Central
Intermediate Primary
Catchment Pollution
Control Dam
Runoff
ML/yr
ML/yr
0.3
32.9
28.9
0.0
89.3
22.5

0.0
0.4
0.0
0.0
1.4
0.1

Reedy
Creek Dam
to Mine
Washery
Mine Washery
Dam
Dam to CHPP
ML/yr
ML/yr
120.3
101.6
115.8
96.9
124.1
117.4

Header
Tank To
Small
Header
Tank
ML/yr
0.0
0.4
0.0
0.0
1.4
0.1

110.4
96.6
111.6
90.6
114.6
110.9

17.2
17.2
17.2
17.2
17.3
17.2

39.3
39.3
39.3
39.3
39.4
39.3

CHPP to
Product
Coal
ML/yr

10.1
10.1
10.1
10.1
10.2
10.1

Third Entry
Pollution
Third Entry Control Dam
Evaporation To
Western Dam
Leakage To Dam
Natural
ThirdEntry
Catchment
Western OC Undergroun Catchment Evaporation
Runoff
d
Runoff
Runoff
Dam
ML/yr
ML/yr
ML/yr
ML/yr
ML/yr

Third Entry
Pollution
Control Dam
Overflow
ML/yr

Third Entry
Pollution
Control Dam
Catchment
Runoff
ML/yr

Black Tanks
Overflow
rate
ML/yr

0.2
25.7
22.6
0.0
69.9
17.6

0.0
0.0
0.0
0.0
0.0
0.0

2.4
2.4
2.4
2.4
2.4
2.4

0.0
0.0
0.0
0.0
110.3
5.6

0.8
7.5
6.5
0.8
11.2
6.8

0.0
0.0
0.0
0.0
10.8
0.2

Mine
Washery
Reedy
Tailings area Creek Dam Dam
Evaporation Evaporation Evaporation
ML/yr
ML/yr
ML/yr

Central
Primary
Pollution
Dam
Evaporation
ML/yr

Central
Intermediate
Pollution
Dam
Evaporation
ML/yr

3.5
3.5
3.5
3.5
3.5
3.5

3.5
3.5
3.5
3.5
3.5
3.5

35.6
36.4
37.4
31.2
39.9
37.7

4.7
14.1
14.8
4.7
25.5
13.8

86.2
86.2
86.6
86.2
87.0
86.5

Tailings
Infiltration
ML/yr

Undergroun
d ROM
Moisture
Content
ML/yr

22.1
36.4
40.6
21.5
59.3
32.8

2.5
13.6
14.2
2.0
19.8
9.7

0.0
0.0
0.0
0.0
0.0
0.0

CHPP to
REA
ML/yr

REA to
Reedy
Creek Dam
ML/yr

44.2
45.9
47.1
40.5
49.8
47.1

0.2
27.5
24.2
0.0
74.7
18.8

1.1
1.0
1.1
0.9
1.2
1.0

CHPP to
Mine
Washery
Dam
ML/yr

65.2
65.2
65.5
65.2
65.8
65.5

LDP3
SouthernOCD DischargeD
LDP3
am
ToeDam
Discharge D am
am Overflow Evaporation Evaporation Evaporation
ML/yr
ML/yr
ML/yr
ML/yr
0.0
0.0
0.0
0.0
233.3
7.5

Mine
Washery
Dam to
Header Tank
ML/yr

27.9
30.3
32.1
19.3
63.2
46.1

11.3
11.3
11.3
11.3
11.4
11.3

Open Cut
ROM
Moisture
Content
ML/yr
7.6
7.6
7.6
7.6
7.6
7.6

Undergroun
d
Dewatering
ML/yr
22.0
26.0
24.0
21.0
60.0
26.3

Active
Underground
Catchment
Inflow
ML/yr

Reedy
Creek Dam
to Header
Tank
ML/yr

0.0
3.8
2.2
0.0
37.6
4.3

31.0
31.5
31.0
31.0
32.4
31.1

Header
Tanks To
Black Tanks
ML/yr
32.1
32.1
32.1
32.1
32.2
32.1

Western
Primary
Third Entry Recycled
Pollution
water
Pollution
through
Control Dam ThirdEntryE Dam
Evaporation vaporation Evaporation CHPP
ML/yr
ML/yr
ML/yr
ML/yr
6.7
6.7
6.7
6.7
6.7
6.7

1.6
4.6
4.9
1.6
7.4
4.6

11.1
11.1
11.1
11.1
11.1
11.1

LDP_2
Discharge[
ML/day]
ML/yr
0.0
0.0
0.0
0.0
10.8
0.2

Western
Primary
Pollution
Reedy Creek Control Dam
Inflows
Overflows
ML/yr
ML/yr

Mine
Washery
Dam
Overflow
ML/yr
0.0
0.0
0.0
0.0
0.0
0.0

16.7
51.3
49.5
16.7
124.4
42.9

0.0
8.2
9.9
0.0
15.9
6.4

Black Tanks
To
Undergroun
d
ML/yr

Southern OC
Dam
Catchment
Runoff
ML/yr

DustSuppres
sion usage
from
SOCDam
ML/yr

32.1
32.1
32.1
32.1
32.2
32.1

15.2
99.5
101.3
12.2
162.0
71.6

14.5
74.5
69.5
14.5
110.0
63.6

Tailings
Dam
Overflow
Rate
ML/yr
0.0
0.0
0.0
0.0
0.0
0.0

0.0
13.4
17.1
0.0
35.0
9.2

Page 1 of 1
2/09/2011 8:41 AM

Appendix F

Salinity Balance

Appendix F

Charbon Coal Pty Ltd
Charbon Colliery
Salinity Balance
Revision 1 │October 2012

Contents
Glossary

i

Abbreviations

ii

1.

Introduction

1

1.1

Commission

1

1.2

Scope of Work

1

1.3

Reason for Preparing a Salinity Balance

1

2.

3.

4.

Charbon Colliery

2

2.1

Location

2

2.2

Site Operations

2

2.3

Site Mining

7

2.4

Site Geology and Hydrogeology

8

2.5

Site Hydrology

8

Salinity Balance

10

3.1

Revised Detailed Water Balance – Existing Site

10

3.2

Identification of Salt Transfer Paths

10

3.3

Outcomes from the Assessment

14

References

17

Table Index
Table 1-1

Relevant Commitments (Statement of
Commitments)

1

Figure 2-1

Locality Plan

3

Figure 2-2

Charbon Typical Mine Water Cycle

5

Figure 2-3

Location of Surface Features

6

Figure 3-1

Mean Annual Water Transfers

11

Figure 3-2

Identified Salt Transfer Paths

12

Figure 3-3

Mean Annual Salt Transfer Rates

16

Figure Index

22/15786/95556 R1

Glossary
Average Recurrence
Interval

A statistical estimate of the average period in years between the occurrence of a
flood of a given size or larger, eg. floods with a discharge as big as, or larger
than, the 100-year ARI flood event will occur on average once every 100 years.
ARI is equal to the reciprocal of annual flood risk, e.g. an AFR of 1/100 has an
ARI of 100 years.

Bore

A constructed connection between the surface and a source of underground
water that enables the underground water to be transferred to the surface either
naturally or through artificial means

Clean catchment
areas

Catchments in which there are no exposed surfaces containing coal or mined
carbonaceous material.

Clean water

Waters on the premises that have not come into physical contact with coal, or
mined carbonaceous material.

Coal Handling
Preparation Plant

A facility where coal is washed screened and prepared for market.

Dewatering

Transfer of water from underground workings to the surface.

Dirty catchment
areas

Catchments in which coal mined carbonaceous materials are present or areas
where the topsoil has been disturbed.

Dirty water

Water on the premises that has come into physical contact with coal, mined
carbonaceous materials or otherwise contains elevated sediment load.

Groundwater

Water held in strata that is not overlying the strata of the coal seam, or within the
coal seam.

Licensed Discharge
Point

A location where Charbon Colliery discharges water in accordance with
conditions stipulated within the site Environment Protection Licence.

Net extraction

Difference between water transferred to, and from, the underground water
storage.

Sediment-laden
water

Water that has a high level of suspended solids.

Surface Water

Water that is derived from precipitation or pumped from underground and may
be stored in dams, rivers, creeks and drainage lines.

Temporary storage

Volume of storage available within a dam between the permanent water level
and the overflow level.

Underground water

Water stored in underground aquifers. During the mining process a proportion of
this water is released and managed by the underground settling and pumping
system.
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i

Abbreviations
AEMR

Annual Environmental Management Report

AHD

Australian Height Datum

ARI

Average Recurrence Interval

CHPP

Coal Handling Preparation Plant

DOPI

Department of Planning and Infrastructure

EA

Environmental Assessment

EP&A Act

Environmental Planning and Assessment Act 1979

EPL

Environment Protection Licence

kL

Kilolitres

LDP

Licensed Discharge Point

m

Metres

MB

Monitoring bore

ML

Megalitres

MTpa

Million Tonnes per annum

NOW

NSW Office of Water

NMQMS

National Water Quality Management Strategy

PA

Project Approval

ROM

Run of Mine

STP

Sewage Treatment Plant

SWMP

Surface Water Monitoring Program

t

Tonnes

WMAct

Water Management Act 2000
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1.

Introduction

1.1

Commission

GHD Pty Ltd was commissioned by Charbon Coal Pty Ltd to prepare a Water Management Plan for the
Charbon Colliery. The salinity balance was developed from water quality data made available by
Charbon Colliery and the transfer results of the existing site scenario detailed in the Revised Water
Balance (GHD; 2011a).

1.2

Scope of Work

The scope of work for the study has included:
•

Identification of the salt transfer paths on site.

•

Extraction of typical annual water transfers from the site water balance.

•

Determination of salinity of surface waters on site during a site visit.

•

Review of site water quality data for salinity (conductivity) information.

1.3

Reason for Preparing a Salinity Balance

A salinity balance was prepared in line with the outcomes of Environmental Assessment (2009) and the
Statement of Commitments provided by Charon Coal Pty Ltd. Table outlines the relevant Statement of
Commitment in the Project Approval 08_0211.
Table 1-1

Relevant Commitments (Statement of Commitments)

Statement of
Commitment

Condition

Where
Addressed in

Charbon Coal Pty Ltd.
Project Approval
08_0211, Appendix 3

9.3) Prepare a Salinity Balance

This document
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2.

Charbon Colliery

2.1

Location

The Charbon Colliery is an underground (bord and pillar) and open-cut mine owned and operated by
Charbon Coal, a joint venture between Centennial Coal Company Limited (Centennial) (95%) and SK
Networks Resources Australia Pty Ltd (5%).
The colliery is located approximately 4 km south of Kandos and approximately 1 km south of Charbon.
Figure 2-1 provides a locality map for the Charbon Colliery.

2.2

Site Operations

2.2.1

Overview

Mining associated operations at the Charbon Colliery include:
•

Underground mining.

•

Open cut mining.

•

Coal processing and washing at the Coal Handling and Preparation Plant (CHPP).

•

Coal stockpiling adjacent to the CHPP and rail loop.

•

Loading of coal for export from site by rail and road.

•

Mechanical maintenance activities – undertaken near the Administration area and at a workshop
near the Third Entry area.

•

Office and administrative activities.

•

Reject emplacement.

In addition, the Charbon Colliery owns 14 residential cottages located at Charbon and potable water is
supplied to those dwellings.
2.2.2

Coal Mining Operations

The colliery operates both open cut and underground mining operations at the site. The Run of Mine
(ROM) production at Charbon is approximately 1.3 Mta with approximately 76% of this becoming product
or saleable coal. The approved maximum extraction rate is 1.5 Mta.
Approximately 60% of the product coal is currently sourced from the underground operations. The
majority of the product coal is transported from the site by rail.
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Figure 2-1

The main coal mining operations at Charbon, are:
•

Underground extraction of coal from the Lithgow Seam.

•

Open Cut extraction of coal from surface outcrop coal seams including the Lithgow and Irondale
Seams.

•

Transporting the coal to near the CHPP, by conveyors, where it is processed and prepared for
transportation off site.

•

Rejects from the CHPP are retained on site in REA.

2.2.3

Water Management Associated with Mining Operations

There are many water movements associated with the coal mining operations at the Charbon Colliery.
The main water movements at the Charbon site are shown schematically in Figure 2-2.
Rain will fall on the vegetated and revegetated areas of the topographic catchment and a portion of the
surface runoff will be harvested in dams. Surface runoff from vegetated areas is termed clean water
runoff. The main clean water harvesting dam is the Reedy Creek Dam which has a capacity of
approximately 220 ML. Some additional clean water is harvested in smaller on site dams. A detailed view
of the site layout is shown in Figure 2-3.
During rainfall events there may be runoff from disturbed areas of the site. This is termed “dirty runoff”
and is directed to dirty water storages. Overflows from the dirty water storages pass, after sedimentation
and sediment trapping, through licensed discharge points (LDPs) and then can be trapped by other site
water storages.
•

Water from the dirty water storages is used on site for dust suppression.

•

Water from the on site storages is used within the CHPP.

•

Water from the CHPP going into:
–

The coal stockpile for coal to be transported off site.

–

The REA.

–

Excess flow is returned to the on site water storages.

–

Water from the REA seeps through the REA and finds its way back into site water storages.

–

Stored site water is used within the underground operations by the continuous miner and for dust
suppression. Some of this water is returned to the CHPP as ROM moisture.

–

Water finds its way into the underground workings through overburden fractures and is pumped
from underground into on-site storages where some can seep back into the old underground
workings.

–

Water that seeps into the underground workings is extracted and pumped to the surface water
storages.

–

An option exists for the extraction of water from the underlying regional groundwater source,
using the existing bores, for water to be extracted and used on site.

In addition, there is a potable water supply to the site operations and wastewater collection and
treatment. It has not been included within the site analysis.
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Figure 2-3

550

2.3

Site Mining

2.3.1

Historical Mining Activities

The Charbon Colliery commenced operations in the 1920s and initially supplied coal to the Charbon
Cement Works. The colliery was retained as an operational facility, to satisfy a local demand for
steaming coal, after closure of the Charbon Cement Works in 1977.
The colliery was upgraded in 1985 to include the rail loop, CHPP and the production rate was increased
to produce a washed coal for export.
Open cut mining commenced at the site in 1996.
Historical underground bord and pillar mining has previously been undertaken in the vicinity of the
Western Underground area.
2.3.2

Existing Mining Activities

Current mining operations include extraction of ROM by bord and pillar methods within the existing
Charbon Underground in the 8 Trunk and 9 Trunk panels. This extraction commenced in 2007.
In addition, up to 600,000 t/annum is retrieved from open cut mining toward the south of the site, in the
existing Southern Open Cut.
ROM coal from the above operations is transported to the CHPP via surface and underground conveyor.
A proportion of the ROM coal is transported directly off-site but the majority of the ROM coal is
processed by the CHPP where it is separated and product coal is stockpiled prior to transportation away
from the site by rail and road.
Rejects are disposed on site at the REA. Fine rejects are pumped to the REA as a slurry with the coarser
fractions transported by truck for placement.
2.3.3

Future Activities

The future coal extraction (R.W. Corkery & Co; 2009) and associated works will include the additional
underground and open cut mining within the following approved areas:
•

The Southern Open Cuts, including the Southern Open Cut Extension and the Southern and
Western Outliers.

•

The 8 Trunk Open Cut.

•

The Central Open Cut.

•

The Western Underground.

Additional site operations will include a continuation of the existing Charbon Underground, operation of
the CHPP, coal stockpiling, reject emplacement, mechanical maintenance, administrative functions and
rehabilitation of the ground surface as mining disturbance ends in localised areas.
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2.4

Site Geology and Hydrogeology

Mining to date has been within the Lithgow Seam and Irondale Seam, and where economically viable the
Lidsdale Seam. The approved underground mining operations under Haystack Mountain will be within
the Lithgow Seam and open cut mining will be within the Lithgow and Irondale Seams.
The basement stratigraphy, from higher to lower, is reported as being (GeoTerra; 2009):
•

Jurassic / Tertiary aged volcanic breccia, sandstone and basalt located on the peak of Haystack
Mountain.

•

Triassic aged Narrabeen Group sandstones and claystones.

•

Permian aged Illawarra Coal measures – including the Irondale, Lidsdale and Lithgow Seams.

•

Underlying Shoalhaven Group conglomerate, sandstone shale and siltstones.

The same report indicates that there are two types of aquifer system present at the site. They are:
•

Thin, unconsolidated alluvium in the major valleys.

•

Shallow basement coal measure comprising a sequence of aquicludes, aquitards and low yielding
aquifers.

Neither of the coal measures or creek alluvium aquifers are reportedly listed as vulnerable aquifers under
the current Aquifer Risk Assessment Report.
The regional aquifers are located below the approved workings. The Lithgow Seam is located
approximately 40 to 60 m above the regional groundwater elevation at nearby bore sites.
The existing and past workings have been generally dry workings with minimal groundwater inflow.

2.5

Site Hydrology

The Charbon Colliery mining lease operations extend along the western edge of the Great Dividing
Range. Due to smaller ridges extending from the main range to the west, the mining lease boundary
extends into four local catchments: Reedy Creek, Rileys Creek, Stony Creek and Deep Creek.
Reedy Creek and Rileys Creek are part of the Macquarie-Bogan River Catchment whilst Stony Creek
and Deep Creek form part of the Hawkesbury-Nepean Catchment.
Reedy Creek Catchment
Reedy Creek catchment is the northernmost catchment and contains the following site features: CHPP,
ROM stockpiles, REA, Mine Washery Dam, Pit Top Services Area, coal loading infrastructure, rail loop,
the approved Central Open Cut and portions of the approved Western Open Cut. Reedy Creek flows into
Reedy Creek Dam. Overflows from the Reedy Creek Dam enter Cumber Melon Creek which drains into
the Cudgegong River, then Lake Windamere situated to the north-west of the site.
Rileys Cree Catchment
Rileys Creek catchment lies to the south of Reedy Creek catchment and is comprised of the following
site features: Southern Open Cut, 8 Trunk Open Cut, Southern Open Cut Extension, Western Outlier,
Third Entry Area, Black Tanks and existing/approved underground mining area. This catchment contains
numerous farm dams that contain local minor flows. Rileys Creek drains into Carwell Creek, to the west,
which drains into Lake Windamere.
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Stony Creek Catchment
Stony Creek is located on the western side of the ridgeline, which runs along the eastern border of the
site, and drains to the south of the mining lease. Of the Charbon Colliery site features, only portions of
the approved Southern Open Cut Extension and portions of the Southern and Western Outliers lie within
the Stony Creek catchment. Stony Creek drains into Ulumbra Creek which flows south east into the
Capertee River that drains into the Hawkesbury-Nepean River system.
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3.

Salinity Balance

The following is a consolidated collection of background information relevant to the Salinity Balance to be
produced for Charbon Colliery. The information mainly relates to surface water and ground water, no
information could be found on the chemical composition (EC being of main interest) of the coal mined at
Charbon Colliery.
As stated in the November 2009 Environmental Assessment there was a lack of data relating to salinity
for the site and a detailed salinity balance had not previously been produced. However with the review of
the sites existing water balance and development of surface and ground water monitoring programs, the
development of a preliminary salinity balance was undertaken.

3.1

Revised Detailed Water Balance – Existing Site

The revision of the Charbon Colliery detailed water balance for the current site was undertaken in 2011
(GHD 2011a) for the purposes of supplementing the development of the Charbon Colliery Water
Management Plan (2011b). In addition to this, the revision of the water balance was undertaken to
consider changes to the site since 2009 and potentially the application of data from site water metering
undertaken since 2009. Discharges from LDP 2 and 3 were also supplied for times of discharge in the
years of 2010 and partially for 2011.
The mean annual water transfers predicted for the existing site, considering the changes since 2009, are
shown in Figure 3-1.

3.2

Identification of Salt Transfer Paths

The following sections outline the identified surface water, groundwater and mine water sources that
were incorporated into the salt balance. Figure 3-2 illustrates elements assessed for the salinity transfers
around the existing site operations.
3.2.1

Surface Water Sources

Levels of electronic conductivity have been measured around the mine at various surface water
locations. These included:
•

Third Entry Pollution Control Dam.

•

LDP 2.

•

LDP 3.

•

Southern Pollution Control Dam.

•

Mine Washery Dam.

•

Reedy Creek Dam.

•

Toe Dam.
th

From the water quality provided by site between 2005 and 2011, the 50 percentile concentration values
were determined for each of the monitored locations.

22/15786/95556 R1

10

nf
al

(2 2
0. 3.6
2 M
– L
24
.9
)

ra
tio
n

ai
M
L

R
l

2.
4

l
Ev
ap
o

(1 1
1. 1.3 ra
3 M tio
– L
n
11
.4
)

ap
o

M

L

ap
or
3.
5
a

(3 37 ra
1. .7
2 M tio
– L n
39
.9
)

Ev

l
al
nf
ai

al
nf

(1 10
0. .1
1 M
– L
10
.2
)

Ev
ap
o

R

ai

R

a
nf
ai

ll
R

al
nf
ai

l
R
ai
nf
al
l

Ev
ap
or
at
io
n

Overflow

ll

R

ap

a
nf
ai

l
(1 17 or
7. .2 at
2 M io
– L
n
17
.3
)

R

al
nf

Ev

l

Ev

al
nf

ai

Ev
ap
39 or
a
.3
M tion
L

ai

n

tio

R

tio

n

Ev

ap
or

ll

l

R

L

at
io

a
nf
ai

al

M

R

nf

1

3.
5

M

or
at
io
n
L

Ev
ap

(1 11
1. .3
3 M
– L
11
.4
)

n

ra
tio
n

Ev

ap
or
a

ll

Ev
ap
o

fa

l

ai

Ev
ap
4. ora
6
M tio
L
n

al
nf
ai

R

ap
11 or
a
.

R

l
al
nf

l
Ev

n
ai

ai

n

tio

R

R

at
io

n

M

or
at
L

ap
6.
7

Ev

l

al
nf
ap
or

al
nf
ai

ai

Ev

io
n

R

R

Run of Mine
Coal

R

or
at
io

n

Western
Open Cut

ap
io
n
at
or
ap
Ev

l

Catchment

or
at
ap
Ev

Rejects
Emplacement
Area

ap

or
at

io
n

io
n
at
or
Ev

io
n
at
or
ap
Ev
io
n

Export
Product

Third Entry
Pollution
Control Dam
Overflow

Overflow

Black Tanks

P

Header Tank

P

Small Header
Tank

P

CHPP

P

Infiltration

nf
al
l

Active
Underground
Workings
Catchment

Underground
and Continuous
Miner

Run of Mine
Coal

at

ll

ai
R

a
nf

LDP2

or

ai

P

ap

R

P

io
n

M
P

Ev

l

Ev

io
n
or
at

l
al

Overflow

Mine
Washery Dam

Leakage

nf
ai

l

al
nf

l

Ev

Overflow/Seepage
R

P

al
nf

P

M

ai
R

l
ai
R

al
nf

ap

l
al

Central
Primary Pollution
Control Dam

Overflow

nf
ai

Ev
ap
or
at
io

R

al
nf

ai
R

P

Overflow

n

l

al
nf

al
ai
R

Third Entry
Evaporation
Dam

Catchment

Underground
Workings

Overflow
Reedy Creek
Dam

ap

n

Ev

at
or

ai
R

nf

Catchment

Cumber Melon Creek

Catchment

Central
Intermediate
Pollution Control
Dam

Catchment

Overflow

or
at

n
io
l

Ev
ap

al
nf

Overflow

l

ai

al
nf

R

ai
R

Ev
ap
or
at
io

ai
R

Reedy Creek
Overflow

io
n

Ev

l
al

ap

nf
ai

Western
Primary Pollution
Control Dam

Catchment

Toe Dam

Dust
Suppression

Catchment

M

Meter

tio

tio

n

ra

Overflow

Southern
Open Cut
Pollution
Control Dam

Charbon
Lithgow / Lidsdale
Irondale
LH

ra
po
Ev
a

Ev
ap
o

Ev
ap
or
at
io

l

Pump

al

P

nf

LEGEND

ai

l

LDP3

P

R

al

Overflow

M

l
al

nf

Rileys Creek

nf
ai

ai
R

Carwell Creek

LDP3
Discharge
Dam

R

n

n

M

Catchment

M
P

M
P

Bore 3

Bore 2

Charbon Colliery
Detailed Salinity Balance – Existing Operation

NTS

02/09/2011

Figure 3-2

To account for the likely salt inputs from catchment sources the available concentration information from
the monitoring point “U/S Pit Top” were used. The value from the EA for this monitoring point was
approximately 115 µS/cm. This value was applied globally across the site to determine a salt volume
across the site.
3.2.2

Ground Water Sources

The main source of groundwater into the salinity balance was from the production bores PB2 and PB3.
Minimal sampling of water from these bores has been undertaken. The water quality results reported in
the EA was:
•

PB2 – EC 2,790 µS/cm.

•

PB3 – EC 2,860 µS/cm.

3.2.3

Mine Water Sources

As reported in the EA, monitoring of the quality of water pumped from the Charbon underground has
been undertaken. The make-up of this water was understood to be a combination of water pumped from
the surface into the underground for operations, rainfall infiltration and very limited amounts of
groundwater.
The data reported in the EA for the Mine Water was:
•

Mine Water at Culvert at Third Entry – EC 1,020 µS/cm.

3.2.4

Outputs

The outputs of the salt balance followed the same outputs as the Water Balance assessment, these
were:
•

LDP 2.

•

LDP 3.

•

Central Intermediate Pollution Control Dam.

•

Western Primary Pollution Control Dam.

•

Reedy Creek Dam Overflow.

•

Export Coal Product.

3.2.5

More information required

A number of underground and coal processing elements required more sampling to be completed. At the
time of this assessment data was not available for the assessment of the following elements.
•

Western Open Cut Runoff.

•

Western Primary Pollution Control Dam.

•

Central Intermediate Pollution Control Dam.

•

Central Primary Pollution Control Dam.

•

Current Underground Workings.
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•

Active Underground Catchment.

•

CHPP.

•

Coal Moisture, Insitu and Export.

•

Reject Emplacement Area.

It is expected that this salinity balance will be updated annually with the water balance so that more
sampling and metering information can be added to the models. The sampling of the above elements will
provide a clearer picture of the whole sites salinity transfer rates.

3.3

Outcomes from the Assessment

To determine whether the existing site was either a net accumulator of salt or a net discharger of salt, the
transfer of salt volumes was determined with the information available. The information available at the
time of the assessment and the application to the estimated flow rates from the revised water balance of
the existing site is shown in Figure 3-3.
The highest electronic conductivity concentration sites were shown to be:
•

The Production Bores 2 and 3.

•

Reedy Creek Dam.

•

Mine Washery Dam.

3.3.1

Elements shown to Accumulate Salt

It was not clear with the information available that there were any areas of salt accumulation within the
site. The outputs of dust suppression and the underground workings will overtime accumulate salt with
constant discharge from high EC sources but other elements without further information do not indicate
an increase in salt content.
A prediction of likely elements that may be accumulators of salt, given more quality information are:
•

Reedy Creek Dam.

•

Toe Dam.

•

Rejects Emplacement Area.

3.3.2

Areas of Salt Discharge

Areas of salt discharge are typically the same as those defined in Section 3.2.4. These areas vary in the
quantity of salt discharged annually.
Reedy Creek Dam indicated a high volume of salt discharge in comparison with other output elements.
Concentrations predicted from the Central Intermediate and Primary Pollution Control Dams will provide
further information as to the sources of salinity for the dam. Currently only the concentration of the Reedy
Creek catchment has been defined as an inflow.
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Salt volume discharge through LDP 2 and 3 are very low in comparison with the other outputs. This is
related to the fact that very few discharges were predicted through these points in the water balance
model. The concentrations evaluated for LDP 2 and 3 do not directly correlate with the concentrations
measured within Rileys Creek (approximately 2.5 to 3 km downstream) which was sampled with an
electronic conductivity similar to the dams within site.
There was a moderate amount of salt volume discharged annually to the underground workings. More
data is required in all groundwater features on site. More sampling of the groundwater environment is
required for further evaluation of the quantity of salt entering the underground. Currently, it has been
assumed, that the volume of salt shown for the underground is directly correlated to the Third Entry
Evaporation Dam concentration.
Dust suppression was defined as the remaining moderate amount of salt volume discharge annually.
This is likely to be undertaken on site evenly over the year in a fashion that will not significantly impact
the environment.
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1.0

INTRODUCTION

1.1

Background

Introduction

The Charbon Colliery is owned by a joint venture between Centennial Coal Company Limited (95%) and
SK Energy Australia Pty Ltd (5%), a wholly owned subsidiary of SK Corporation, Korea. The colliery is
operated by Charbon Coal Pty Limited, the Proponent for the Project. Charbon Coal Pty Limited is a wholly
owned subsidiary of Centennial Coal Company Limited and operates the Colliery under a management
agreement for the joint venture parties.
The Charbon Colliery has been operating since the 1920s, initially supplying coal to the former Charbon
Cement Works, located adjacent to the northern boundary of the Colliery. The Colliery was upgraded in
1985, including the installation of the rail loop, CHPP and an increase in the rate of production to allow the
mine to produce a washed coal for export. In 1994, Centennial purchased the colliery from Blue Circle
Southern Cement Ltd.
Established in 1989 and listed on the Australian Stock Exchange in 1994, Centennial Coal Company
Limited is a coal mining and marketing company supplying thermal and coking coal to domestic and export
markets.
Charbon Colliery is located approximately 3 kilometres to the south of Kandos and 50 kilometres south east
of Mudgee in the western coalfields of NSW as shown on Figure 1.
Figure 1 also highlights the project site boundary in relation to major roads, rivers and the railway line that
passes by the Charbon Colliery.
The Project Site (Figure 2) incorporates all areas of disturbance associated with proposed project-related
activities presented in the Charbon Colliery Environmental Assessment (EA) for Continued Operation of the
Charbon Colliery (R.W Corkery & Co. Pty. Ltd, 2009). The area of the Project Site is approximately 2,662ha
and incorporates all areas of mineral authorities held by the Charbon Colliery.
On 7th September 2010 the Minister for Planning issued a Project Approval for the project (PA 08_0211),
subject to the preparation and approval of an Erosion and Sediment Control Plan (ESCP) and a Soil
Management Plan (SMP).

1.2

Scope

Charbon Colliery has implemented a number of erosion and sediment control (ESC) initiatives around the
current operation to mitigate potential impacts on company owned and surrounding lands. The purpose of
this ESCP is to ensure the effectiveness of these initiatives, and ensure that regulatory obligations are
being met. This ESCP also incorporates the SMP for the site.
The ESCP is intended to fulfil the requirements of the Project Approval Conditions (PA 08_0211). This
ESCP should be applied to the Charbon Colliery Mine and therefore is required to be implemented for both
the open cut and underground operations, but excludes land owned by the company that is outside the
operational footprint such as buffer land. The ESCP must be implemented in conjunction with the Water
Management Plan (WMP) to ensure the effectiveness of all ESC controls.

1.3

Purpose

The primary objective of the ESCP is to implement a system to safeguard against soil loss and in turn,
minimise the risk of water quality impacts.
The primary objective of the SMP is to ensure that surface soils are appropriately stripped and placed
onsite to minimise soil degradation and maximise availability of suitable soils for rehabilitation.
The generic objectives of the ESCP and the SMP are the following:


To meet the requirements of the Project Approval (PA 08_0211) relevant to the operations at
Charbon Colliery;
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To meet the requirements of Managing Urban Stormwater: Soils and Construction (the Blue Book),
Volume 1 and Volume 2E- Mines and Quarries (Landcom, 2004 and Department of Environment
and Climate Change (DECC), 2008;



To identify activities that could cause soil and erosion and could generate sediment;



To describe the location, function and capacity of erosion and sediment control structures;



To describe the measures to minimise soil erosion and the potential for the mitigation of sediment
to downstream waters; and



To describe the generic soil stripping and stockpiling procedures in order to effectively manage
these activities onsite.
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1.4

EMS Framework
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2.0

REGULATORY REQUIREMENTS

2.1

Project Approval Conditions

While this ESCP has been developed specifically to address the requirements of the Project Approval (PA
08_0211), the general principles embodied in the ESCP are to be applied to all activities at Charbon
Colliery. Table 1 provides a summary the relevant conditions that relate to the specific requirements for the
preparation of the ESCP including the SMP.
Table 1 – Project Approval Conditions Relevant for Preparation of an ESCP and SMP
Condition #

Project Approval 08_0211 Condition
The Proponent shall prepare and implement a Water Management Plan for the project to
the satisfaction of the Director-General. This Plan must:

Schedule 3
Condition 29

(a) be prepared in consultation with NOW and DECCW; and be submitted to the DirectorGeneral for approval within 12 months of the date of this approval; and
(b) include a:
Site Water Balance;
Erosion and Sediment Control Plan; and
Surface Water and Groundwater Monitoring Programs.
The Erosion and Sediment Control Plan must:
(a) be consistent with the requirements of Managing Urban Stormwater: Soils and
Construction, Volume 1 and 2E, 4th Edition, 2004 (Landcom);

Schedule 3
Condition 31

(b) identify activities that could cause soil erosion and generate sediment;
(c) describe measures to minimise soil erosion and the potential for the transport of
sediment to downstream waters;
(d) describe the location, function and capacity of erosion and sediment control
structures; and
(e) describe what measures would be implemented to maintain the structures over time.

2.2

Statement of Commitments

In addition to the conditional requirements of PA 08_0211, the Project will be managed in accordance with
commitments made in a Statement of Commitments submitted to the Department of Planning prior to the
granting of project approval. Table 2 below presents the statement of commitments related to ESC and
soil management based on the Charbon Colliery EA for Continued Operation of the Charbon Colliery (R.W
Corkery & Co. Pty. Ltd, 2009).
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Table 2 – Statement of Commitments for Site Operations and Management
Objective

Commitment

Timing

Surface and Groundwater
All surface water and groundwater
managed such that water-related
impacts are minimised to the
greatest extent practicable

Prepare a Sediment and Erosion
Control Plan.

Prior to land preparation
operations in each area of
proposed disturbance.

Soil Management
The Proponent’s activities do not
result in soil degradation or loss.

2.3

Prepare and implement a Soil
Management Plan. This plan may be
prepared as a component of the
Surface and Groundwater
Management Plan, or the Sediment
and Erosion Control Plan or the
Rehabilitation and Vegetation
Management Plan.

Within 6 months of the receipt of
Project approval.

Environmental Protection Licence

The Charbon Colliery currently operates under Environmental Protection Licence (EPL) 528. An
amendment to the existing EPL 528, issued under the Protection of the Environment Operations Act 1997
would be required from the Office of Environment and Heritage (OEH) for further site expansions. The
amended EPL would reflect the proposed mining activities and additional proposed licensed discharge
points.
As part of the proposed upgrades to the site, three new licensed discharge points are recommended and
include the following:


LDP4, downstream of the Pit Top Area and Rail Loop;



LDP5, at the proposed LDP 5 Discharge Dam downstream of the Central Intermediate Pollution
Control Dam; and



LDP6, at the Western Primary Pollution Control Dam.

2.4

Relevant Legislation

A number of legislative requirements, government policies and guidelines relating erosion and sediment
control and soil management have been considered in the preparation of this ESCP and WMP. The key
pieces of legislation are as follows:


The Protection of the Environment Operations Act 1997 ; and



The Water Act 1912 and Water Management Act 2000.

Further details on how these acts relate to the Charbon Colliery are contained in the Continued Operation
of the Charbon Colliery Surface Water Assessment (GSSE, 2009b)

2.5

Guidelines

The key guidelines applicable to the project are:


Managing Urban Stormwater: Soils and Construction (the Blue Book), Volume 1 and Volume 2EMines and Quarries (Landcom, 2004 and Department of Environment and Climate Change
(DECC), 2008; and



Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 2000).

The typical trigger values presented in ANZECC 2000 for slightly disturbed upland rivers in NSW are
shown below in Table 3.
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Table 3 – Default Trigger Values for Slightly Disturbed Upland Rivers in NSW (ANZECC 2000)

GSS Environmental

Parameter

Trigger Value

pH

6.5 – 8.0

Conductivity (uS/cm)

30 -- 350

Turbidity (NTU)

2 – 25
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3.0

ENVIRONMENTAL ASSESSMENT

3.1

Existing Environment

The project area lies on the western slopes of the north-south oriented sandstone ridgeline of the Great
Dividing Range. Topography within the project area generally consists of asymmetric rolling hills with
elevations up to 900m AHD and valley floors at around 700m AHD to 750m AHD. The hill slopes are steep
and rocky, with the valley floors being areas of low gently sloping to flat land where the Illawarra coal
measures are present beneath a thin cover of colluvial and alluvial deposits.
Four catchments exist within the Study Area, namely the Reedy Creek, Rileys Creek, Stony Creek and
Deep Creek Catchments. Deep Creek flows to the east of the Great Dividing Range, with part of the
existing Charbon Underground Mine located beneath this catchment.
Reedy Creek flows to the Reedy Creek Dam before then flowing into Cumber Melon Creek, the Cudgegong
River and into Lake Windamere. Rileys Creek also drains into Lake Windamere through Carwell Creek.
Lake Windamere (or Windamere Dam as it is sometimes referred to) forms part of the Macquarie-Bogan
River Catchment in central New South Wales. The Bell, Talbragar, Cudgegong, Turon, Fish and Campbells
Rivers are the major tributaries within this catchment.
The Study Area is located on the edge of the Macquarie-Bogan catchment, with the Great Dividing Range
forming the boundary on the eastern side of the catchment areas. The Southwest Open Cuts are located
on a ridgeline that forms a catchment between the Macquarie-Bogan River Catchment to the north and the
Hawkesbury-Nepean Catchment to the south. It is noted however that the majority of the Southwest Open
Cuts, including the entire Western Outlier and most of the Southern Outlier, lie within the Macquarie-Bogan
Catchment.
Stony Creek has a catchment area of approximately 945ha and runs into Ulumbro Creek, which flows
south west into the Capertee River, the Colo River and Hawkesbury River. It is also noted that only a very
small portion of the Stony Creek Catchment lies with the Study Area.

3.2

Soils/Geology

Soils within the project area generally consist of Red, Yellow and Brown Podzolics (GSSE, 2009a).
Red Podzolics within the project area generally consist of brown to reddish brown sandy loam topsoils, that
are weak in structure, overlying light to medium reddish brown clays that are angular blocky and moderate
to strong in structure.
Yellow Podzolics soils also feature throughout the project area. They consist of hard setting weakly
structured brown loams to sandy loams. The subsoils generally display yellowish brown or yellowish
orange medium to heavy clays, and are moderately structured with coarse angular blocky rough faced
pods.
Smaller portions of the project area contain bleached loams which belong to the Three Sisters soil
landscape unit. Topsoils generally display dark brown sandy to fine loams. Bright yellowish-brown sandy
clay loams which are weakly structured are present in the subsoils.
A more comprehensive detail on the soil characteristic within the project area is contained in the Continued
Operation of the Charbon Colliery Soils Assessment (GSSE, 2009a).

3.3

Risks Identified

Erosion and sediment controls are required in order to safeguard against soil loss and in turn, minimise the
risk of water quality impacts. Some additional risks that erosion and sedimentation may cause include:


Increased runoff volumes and velocities from the removal of vegetation, land disturbance and the
introduction of impervious surfaces on the hard stand areas;
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Increased potential for sedimentation to occur from increased erosion and runoff associated with
open cut mining, stockpiling of material and the construction of surface facilities, and access
roads/tracks;



Potential for increased scoring during the construction of surface facilities adjacent to
watercourses; and



Potential decline in water quality and degradation of local amenities through increased potential for
transfer of sediment and dust to nearby watercourses.

Proper soil management techniques can assist with reducing erosion and sedimentation. In addition, if
proper soil management techniques and stripping procedures are not followed this may lead to the
degradation of valuable topsoil and subsoil that is required in rehabilitation.

3.4

Assessment Criteria

Charbon Colliery currently has three DECCW licensed discharge points (LDPs) covered under the EPL
528. These points relate to the spray irrigation disposal of treated sewage (LDP 1), discharge from the
Third Entry Erosion Pond to Rileys Creek (LDP 2) and discharge from the Southern Open Cut (SOC)
discharge dam to Rileys Creek (LDP 3). The locations of the LDPs and the proposed LDP’s are shown on
Figures 2.
The concentration limits for LDP 2 and LDP 3 are presented in Table 4.
Table 4 – Concentration Limits for LDP 2 and LDP 3
Pollutant

Unit of Measure

100 percentile
Concentration Limit

Oil and Grease

milligrams per litre

10

pH

pH

6.5 – 8.5

Total Suspended Solids

milligrams per litre

50

Source: EPL 528

The volumetric limits associated with all three of the discharge points are presented in Table 5.
Table 5 – Volume Limits for LDP 2 and LDP 3
Pollutant

Unit of Measure

100 percentile
Concentration Limit

LDP 2

kilolitres per day

5000

LDP 3

kilolitres per day

5000

Source: EPL 528
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EROSION AND SEDIMENT CONTROL AND SOIL MANAGEMENT

Erosion and sediment controls are to be implemented across the Charbon Colliery for all phases of the
operation including construction/maintenance activities, operational activities and during rehabilitation to
mitigate the impacts of the operations on watercourses and the surrounding environment. Standard ESC
techniques and management principles will be used in accordance with the requirements of the Blue Book.
Soil management techniques should be implemented during stripping and stockpiling of soils prior to
commencing mining activities.

4.1

General Erosion and Sediment Controls and Management
Principles

Erosion and sedimentation controls for Charbon Colliery may be achieved by implementing the following
key principles:


Conducting best practice land clearing procedures for all proposed disturbance areas;



Minimising the disturbance footprint;



Coordinating mining sequences to minimise exposure of disturbed soils to the elements;



Separation/diversion of ‘clean’ water catchment runoff from disturbed areas runoff to minimise
sediment-laden and mine water volumes for management;



Ensuring sediment-laden runoff is treated via designated sediment control devices;



Appropriate storage of topsoil stockpiles in areas away from roadways and other drainage lines;



Revegetation of disturbed areas as soon as possible following the completion of construction
activities; and



Implementing an effective maintenance program for the site.

4.2

Minimising Disturbances

Land disturbance will be minimised by clearing the smallest practical area of land ahead of construction
and mining activities, whilst also ensuring that the land is disturbed for the shortest possible time. This will
be achieved by:


Limiting the cleared width to that required to accommodate excavation plus areas required for
overburden placement and topsoil stockpiling; and



Programming the works so that only the areas which are under active excavation are cleared.

General vegetation clearing and soil stripping will not be undertaken until earthwork operations are ready to
commence and all proposed ESC measures are implemented. All operations will be planned to ensure that
there is no damage to any trees and pasture areas outside the limits to be cleared.

4.3

Stripping of Topsoil

Careful planning and supervision of topsoil stripping activities is critical in ensuring all suitable material is
recovered, while avoiding unsuitable, subsoil materials ie dispersive soils. Where practicable, topsoil from
the woodland and pasture areas will be preferentially stripped and stockpiled separately so that it can be
placed in designated areas in accordance with the revegetation types on the site. The woodland topsoil will
be placed in the tree lot and corridor areas, while the topsoil from the pasture areas will be placed in those
areas identified for grassland.
Topsoil stripping will be undertaken when the soil is in a slightly moist condition thus reducing damage to
soil structure, achieving a higher standard of revegetation and reducing maintenance requirements. Soil
materials will not be stripped in either a dry or wet condition.
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Topsoil can be potentially destroyed in the stripping process, therefore particular attention is given to the
following matters:


Vehicular traffic is kept to a minimum on those soils which are to be stripped to reduce soil
compaction and structural decline;



Soil should be stripped, where possible, when it is in a slightly moist condition. Material should not
be stripped in either a dry or wet condition because the possibility of soil structural decline;



Use of a combination of a dozer and front end loader, or less preferably a scraper to strip soil
material;



Vegetation clearing will avoid contamination of the topsoil with large quantities of green material as
this promotes biological degradation (composting) of runners, roots and seeds which would
otherwise be a source of regrowth when topsoil is respread;



Timber, logs, rubbish and other vegetative matter which will interfere with respreading applications
or surface stability are removed. Large rocks, road base, concrete and debris are also removed;



Equipment operators involved in topsoil stripping are instructed on topsoil identification to maximise
recovery and to avoid contamination of the target soil with subsurface material; and



Where possible soil material is directly used in rehabilitation rather than stockpiled.

4.4

Topsoil Stripping Depth

Table 6 outlines the stripping depths recommended for the various soil types as presented in the
Continued Operation of the Charbon Colliery Soil Assessment (GSSE, 2009a).
Table 6 – Recommended Topsoil and Subsoil Stripping Depths
Recommended Stripping Depth (cm)
Pollutant

Topsoil Below Surface
(cm)

Subsoil Below Base of
Topsoil (cm)*

Yellow Duplex Soil

10

20

Brown Duplex Loam

20

20

Red Uniform Clay Loam

12

20

Skeletal Soil

Not recommended for stripping

* NB – All subsoils should be used as an intermediate layer between overburden and the topdressing in rehabilitation.

4.5

Topsoil Handling Minimisation

Topsoil will generally be stripped ahead of the mining activities using a bulldozer and transported by front
end loader and truck then immediately re-spread, where practicable scrapers may also be used. Direct
placement is the best management option as it reduces soil degradation and minimises later compaction.
Where direct placement is not possible stockpiling will be utilised.

4.6

Stockpiling

Ideally, topsoil should not be stockpiled. Stripped material should be placed directly onto the disturbed
areas and spread immediately if construction sequences, equipment scheduling and weather conditions
permit.
Where longer term (i.e. greater than 6 months) stockpiling is required, a maximum stockpile depth of
approximately 3 m will be maintained to preserve viability and reduce soil deterioration of seed, nutrients
and soil biota by avoiding topsoil collection when saturated following rainfall. Longer term soil stockpiles
will be sown with fast-growing species as soon as possible after stockpiling. Appropriate temporary
sediment controls will be installed and maintained until the crop becomes established. Soil stockpiles will
be constructed with a slope no greater than 2:1 (H:V) and the stockpile surface left slightly roughened.
Placement within natural or constructed drainage lines will be avoided. Stripped topsoil will be windrowed
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adjacent to the amenity bunding or placed within the stockpiling and handling area footprint to eventually
stabilise the amenity bunding.

4.7

Temporary Erosion and Sediment Controls

Prior to any construction activity (including soil stripping, road construction, bulk earthworks), temporary
erosion and sediment control measures will be installed. The following are temporary ESC features that
may be utilised at the site.

4.7.1

Sediment Filter Fences

There may, on occasion, be a disturbance area which is either not protected by existing structures or
requires additional temporary protection against erosion and sedimentation. In these cases it may be
suitable to install sediment filter fencing. Sediment filter fences filter run-off leaving the site, trapping
sediment and allowing filtered water to pass. Sediment silt fences should be constructed around the base
of any areas of exposed land that are not subject to concentrated overland flow and that are not adequately
protected by existing structures. Sediment filter fencing should be installed around the extent of the
disturbance area where sediment-laden water could potentially enter clean downstream receiving waters.
Sediment filter fences are normally placed on the contour or slightly convex to the contour. The contour on
each end of the fence should be turned to create a stilling pond up slope of the fence. Where possible, a
silt fence system should consist of a series of overlapping fences. Each fence should be no longer than
about 40 metres. They should not intercept large concentrated or channelised flows. The fences should be
constructed in accordance with the Sediment Fence Standard Drawing (SD6-8) of the ‘Blue Book’. Silt
fences require regular maintenance. Trapped sediments should be removed, pickets straightened, filter
cloth re-secured and tightened.

4.7.2

Sandbag Weirs

Sandbag weirs may be installed within existing swale drains or existing drainage channels, which are not
able to be regularly graded. The use of these devices must be limited to temporary erosion and sediment
control in channels during construction or high disturbance phase mining.
The weirs should typically be installed at a minimum of 40 metre intervals. As with sediment filter fences,
sandbag weirs may be installed prior to any works commencing on the site in existing channels and
immediately after the construction of new channels. Inspections of the sandbag weirs after rain should take
place with removal of the collected sediment as required. Damaged/shifted bags should be repaired or
replaced.
It is important not to overfill the sandbags as this can cause gaps when the sandbags are wedged together.
Three quarters to two thirds full is generally the right amount of material within each sandbag.

4.7.3

Temporary Drains

Runoff from areas exposed during the works is to be controlled by construction of temporary contour and
diversion drains. These drains generally take the form of channels constructed across a slope, with a ridge
of the lower side. Contour drains are drains which follow points of the land of approximately the same
elevation. They should be implemented immediately after a construction site is cleared to intercept and
divert runoff from the site to nearby stable areas at non-erosive velocities. The drains should be formed
with a gentle grade of approximately 1.2%.

4.7.4

Temporary Silt Traps

Temporary sediment trapping devices may be required during construction to filter sediment-laden runoff
from small areas (0.5 ha or less). They are to be used to filter sediment from runoff before entering the
natural watercourses or to protect adjacent lands.

4.8

Specific Erosion and Sediment Control Structures

The previous section presented general controls and management principles to be used at the Charbon
Colliery. This section contains the details of more specific erosion and sediment devices for Charbon
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including their location, function, and capacity. Figure 2 shows the position of these devices within the
Charbon Colliery.
The main runoff classifications to be managed by the Complex include:


Clean water – surface water runoff from undisturbed areas of the Project Site.



Dirty water – surface water runoff from disturbed areas of the Project Site.



Mine water – water extracted from underground mining areas.

Key strategies that would be implemented by Charbon Colliery includes:


Clean water diversions would be constructed, where practicable, upstream of proposed
disturbance areas prior to commencement of ground disturbing activities. As a result of steep
slopes in sections of the Project Site, such diversions may not be practicable in some areas. Where
this is the case, clean water would be managed in conjunction with dirty water.



Dirty water generated within the existing and proposed open cuts would be managed within in-pit
sumps. If required, this water may be directed to one or more pollution control dams and, where
practicable, would be re-used for operational purposes.



Mine water extracted from the underground workings would be directed to one or more pollution
control dams and, where practicable, would be re-used for operational purposes.



As disturbed areas are progressively rehabilitated, small sedimentation ponds would be
constructed within the final landform to contain and treat runoff until vegetation becomes sufficiently
established. These structures would then be removed or would, where appropriate, remain within
the final landform.

4.8.1

Clean Water Diversions

An objective of water management within the Project Site is to segregate clean and dirty water flows where
possible. Diverting surface water flows away from the active extraction areas and pollution control dams
helps achieve this objective. Uncontrolled water flows over disturbed areas would also greatly increase the
risk of erosion. By diverting clean water flowing from undisturbed areas away from the active areas of
disturbance at non-erosive velocities to stable areas in adjacent drainage lines, the risk of erosion would be
greatly reduced. Clean water diversions would therefore be constructed wherever possible.
Due to the steep gradient of the slopes along the high walls of the Central, 8 Trunk and Western Open
Cuts, constructing clean water diversions above the disturbance area may not be possible. Slopes on the
upper side of the disturbance areas are estimated to be typically 25% to 35%, with clean water diversions
best suited for slopes up to 18.5%, and ideally less than 10%. Without these control measures in place,
clean water runoff generated from catchments above the surface excavation areas are anticipated to flow
into the active extraction area. For this reason, the dirty water management in these three areas are
important in ensuring downstream drainage lines and creeks are not polluted.
The Southwest Open Cuts are located at the top of a ridgeline, with no upstream catchment. Subsequently,
clean water diversions are not required for the Southwest Open Cuts.
Where clean water diversions can be implemented, the diversion banks would be constructed generally in
accordance with Blue Book Standard Drawing (SD) 5-6, refer to Figure 4 below. A summary of the general
minimum design specifications is as follows:


Gradient of the diversion banks should be approximately 1%;



Height of the bank should be at least 300mm;



Channel depth should be at least 400mm;



A level spreader (or sill) should be constructed at the bank discharge point to reduce the risk of
erosion at this point, as per SD 5-5; and



Within ten days of construction, pasture should be sown to prevent erosion of the bank and drain.
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for mining. Unfortunately, due to the steep nature of the terrain in the vicinity of the 8 Trunk Open Cut, it is
believed that surface water diversions would be limited to small, isolated areas, however, such clean water
diversions should be implemented where possible to minimise the dirty water collected in the in-pit sumps.
Western Open Cut, Underground and Associated Areas
Due to the steep nature of the upstream clean water catchment, construction of clean water diversions
around the Western Open Cut would not be possible. Therefore any runoff generated upstream of the
Western Open Cut would be managed within the in-pit sump. In addition, no upstream catchments report to
the proposed ROM stockpile areas within Area 4 and as such, there is no clean water diversions installed
here.
Clean water diversions will be constructed near the Western Primary Pollution Control Dam and the LDP 5
Discharge Dam to limit the amount of runoff reporting to these dams.
Central Open Cut
The steep nature of the terrain in the area makes clean water diversions difficult to construct, however, they
should be installed where practical. Clean water diversions appear to be possible for the southern part of
the upstream catchment.

4.8.2

Dirty Water Capture and Treatment

Construction of a number of sediment basins would be required to ensure dirty water generated throughout
the continued operations of Charbon Colliery is appropriately captured and treated to ensure the risk of any
offsite impacts relating to surface water is minimised.
The sizing of the sediment dams to be constructed in the final landform has been calculated in accordance
with the guidelines laid out in the Blue Book Volume 2E, for areas with disturbance greater than three years
with a capacity such that they would be able to effectively treat runoff from up to the 90th percentile, five
day rainfall event for the region. Table 7 below is a summary of the existing dams and Table 8 provides a
summary of the proposed dams at the Charbon Colliery.
Table 7 – Existing Dams
Location

Purpose

Southern Open Cut
Pollution Control Dam

Pollution control of excess dirty
water from the Southern Open
Cut operations, and from the
majority of the proposed 8 Trunk
Open Cut. Provides a source of
dust suppression water.

46

Western Primary
Pollution Control Dam

Pollution control of excess dirty
water from the Western Open Cut
and Underground. Provides
source of dust suppression water.

4.8

Third Entry Pollution
Control Dams

Pollution control of excess dirty
water from the northern end of the
8 Trunk Open Cut. Provides
source of dust suppression water.

50
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Table 8 – Proposed Dams
Location

Purpose

Total Capacity
(ML)

During Mining
Central Primary Pollution Control
Dam

Pollution control of
excess dirty water from
the Central Open Cut

3.4

Central Intermediate Pollution
Control Dam

Additional pollution
control of excess dirty
water from the Central
Open Cut

2

LDP 4 Discharge Dam

Containment of dirty
water runoff from the REA
and infrastructure area

15*

LDP 5 Discharge Dam

Enable controlled
discharges from LDP 5

2

LDP 3 Discharge Dam

Enable controlled
discharges from LDP 3

50

Southern Outlier (one or more)

Sediment control during
rehabilitation

3.8

Western Outlier (one or more)

Sediment control during
rehabilitation

3.6

Western Open Cut (southern
section)

Sediment control during
rehabilitation

3.1

8 Truck Open Cut (with clean
water diversions)

Sediment control during
rehabilitation

9.4

8 Truck Open Cut (without clean
water diversions)

Sediment control during
rehabilitation

20.1

Central Open Cut – Central
Primary Pollution Dam and small
sediment basins

Sediment control during
rehabilitation

10.2**

Final Landform

*GHD (2009)
** this required volume at the Central Open Cut can be made up from the 7 ML pollution control
dams and 3 x 1ML dams constructed within the final landform.

The Soil Assessment conducted at Charbon (GSSE, 2009a) concluded that some of the Brown duplex
clays / subsoils present in the project area have a moderate erosion potential, with Emerson ratings of 3(1)
to 3(3), which indicates a moderate to slight potential for dispersion and hardsetting surfaces. If the topsoil
of these soil units is disturbed or removed and the subsoils are exposed, the potential for erosion may be
increased. Disturbance occurring within the vicinity of a drainage line could impact on downstream water
quality through an increase in sediment loads. These soils should, therefore, be managed to ensure that
the subsoils are not exposed without suitable controls being implemented.
Some Red and Yellow duplex clays/ subsoils are present and displayed structural stability and little erosion
potential, with Emerson ratings of 8/3/(1) and 8/5 respectively. These soils are likely to occur in the
Southern Outlier and should therefore be managed to ensure that the subsoil are not exposed without
suitable controls being implemented.
Given that the characteristics of the underlying material to be exposed during active extraction and
replaced in the final landform is uncertain, the sediment control structures have been conservatively
designed for Type D/F soils, which assumes that material may be dispersive.
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Pit Top Area
The Pit Top Area incorporates the Reject Emplacement Area (REA), ROM Stockpile, Product Stockpile,
Surface Facilities and CHPP. This area is considered to be a closed system as it is isolated via clean water
cut-off drains. All dirty water ultimately drains through a culvert in the rail loop (via the mine dam) and into
Reedy Creek Dam (capacity of >100ML), which is the primary source for process water.
A toe dam collecting runoff and seepage exists at the base of the REA. The height and footprint of the REA
is to be increased during the MOP period, resulting in the removal of the existing toe dam. A new pollution
control dam will be constructed within the rail loop (referred to as the LDP 4 Discharge Dam). The water
levels in the LDP 4 Discharge Dam would be managed via the existing pipe and pump network within the
rail loop to minimise discharges from this dam. Water from this dam will be preferentially re-used as
process water in the CHPP and in underground workings.
Should water discharge from the LDP 4 Discharge Dam in extreme rainfall events, the water would flow
offsite into Reedy Creek Dam via the culvert in the rail loop. A v-notch weir will be installed to monitor the
volume and frequency of discharges.
Third Entry Open Cut
The dirty water associated with the Third Entry (open cut rehabilitation site, workshop and contractor
facilities) drains to two large pollution control dams, referred to collectively as the Third Entry Pollution
Control Dam, where water is discharged, when required, through LDP 2.
Southern Open Cut
The Southern Open Cut operation has a self-contained water management system utilising large existing
farm dams and constructed pollution control ponds to manage dirty water before discharging through LDP
3, when required. The primary water storage dams associated with this mining area are the Southern Open
Cut Pollution Control Dam and the LDP 3 Discharge Dam, which each have approximate capacities of
50ML. It should be noted that the capacity of the LDP 3 Discharge Dam is a conservative estimate since
Charbon Colliery was unsure of its actual capacity at the time that this ESCP was developed.
There are two (2) additional 3 ML pollution control ponds located at the base of the out of pit emplacement.
These ponds discharge into the Southern Open Cut Pollution Control Dam.
LDP 3 has been proposed to be moved further downstream to the LDP 3 Discharge Dam to manage dirty
water generated within the Southern Open Cut extension more effectively during this MOP period.
Western Outlier and Southern Outlier Open Cuts
Dirty water in the Western and Southern Outliers will be contained within the disturbance areas (i.e. within
the open cut pits). The extraction levels are below the adjoining natural surface levels on all sides, thereby
proving an effective bund containing all dirty water. The dirty water generated will be directed to in-pit
sumps, where the water will be temporarily contained. When required, this water will be pumped via pipes
to the Southern Open Cut Pollution Control Dam where it will be managed in accordance with the Southern
Open Cut water management system detailed above.
8 Trunk Open Cut
Dirty water generated within the extraction area of the 8 Trunk Open Cut would be contained within the
extraction area by directing the water to an in-pit sump. When required, water would then be pumped from
the in-pit sump to either the Southern Open Cut Pollution Control Dam (southern 75% (approximately
940m) of the 8 Trunk) or the Third Entry Pollution Control Dam (northern 25% (approximately 310m) of the
8 Trunk). If required, water will then be discharged through LDP 3 or LDP 2 respectively.
Where dirty water cannot be directed to an in-pit sump, dirty water diversions would be constructed to
direct water into the haul road table drains. Here water can be treated via mitre drains with temporary
sedimentation controls at their outlets (e.g. sand bag weirs, sediment fence weirs), or directed to the
Southern Open Cut Pollution Control Dam or the Third Entry Pollution Control Dam. However, only minimal
runoff will have to be managed in this manner.

GSS Environmental

September 2011

18

Erosion and Sediment Control Plan
Charbon Colliery

Erosion and Sediment Control and Soil Management

Western Open Cut, Underground and Associated Areas
Dirty water collected within the extraction area of the Western Open Cut will be directed into an in-pit sump.
When required, water would be pumped out of this in-pit sump and into the Western Primary Pollution
Control Dam, located to the north and downstream of the Western Open Cut. The Western Primary
Pollution Control Dam will be constructed with a capacity of 4.8 ML, and is designed to contain a 90th
percentile, five day rainfall event for the region. Future works will require this capacity to increase to in the
order of 10 ML.
Runoff from the proposed ROM stockpile and infrastructure areas (Area 3 and Area 4) will also be directed
to in-pit sumps to ensure containment. Water from these sumps will then be transferred to the Western
Primary Pollution Control Dam as required. Some water would be extracted from this dam to be used for
dust suppression.
Rainfall infiltration collected in the underground workings would be pumped to an in-pit sump located within
the disturbance area of the Western Open Cut and managed in accordance with the methods detailed
above. During rainfall events where rainfall infiltration (maximum of 20.5 kL/day) and additional water from
the underground (56kL/day from the continuous miner) is higher than water being sourced from this dam
(i.e. for dust suppression), the underground water would be periodically held in the open cut sump, until
such time as the water level in the Western Primary Pollution Control Dam is drawn down providing
sufficient capacity.
Central Open Cut
Dirty water generated within the extraction area of the Central Open Cut would be maintained within the
disturbance area by directing the water to an in-pit sump. Calculations indicate that 7.0 ML storage capacity
is required to contain the 90th percentile, five day rainfall event for the region, to be constructed
downstream and adjacent to the Central Open Cut. This capacity is to be contained within the Central
Primary Pollution Control Dam (3.4 ML), Central Intermediate Pollution Control Dam (2 ML) and the LDP 5
Discharge Dam (2 ML).
When required, water would be pumped from the in-pit sump to the Central Primary Pollution Control Dam.
Overflow from this dam would drain into the Central Intermediate Pollution Control Dam prior to the LDP 5
Discharge Dam. Discharge from this dam will (as the name suggests) occurs via LDP 5, with the dam
enabling any discharge to be controlled and measured.

4.9

Haul Roads

To ensure any potential surface water impacts associated with the upgrade are minimised, the following
measures should be undertaken:


Roadside drainage, such as table drains, should be incorporated into the construction of the haul
road, and be maintained regularly throughout the life of the Project;



A series of mitre drains should be constructed to take water from the table drains away from the
haul road to appropriate disposal areas. The runoff would be split at regular intervals to keep the
volume of water in each mitre drain to an appropriate level. This could be achieved by spacing the
drains as close together as practicable. The spacing would not exceed 50m, with the drains spaced
closer together on higher gradients. Mitre drains would be revegetated as soon as practical after
construction; and



Sediment fencing or sand bags could be used to control the sediment at the end of the mitre
drains, and controls would be periodically inspected to maintain their performance.

A new drainage line crossing may be required near the Western Underground, where a new section of the
haul road from the Western Underground would join the existing haul road. This crossing would be
constructed in accordance with the Blue Book and OEH requirements. It is not anticipated that the upgrade
to the haul road would require any further new crossings to be constructed. Once constructed, more long
term sediment controls such as sediment dams will be constructed at the outlet points of the mitre drains to
treat sediment-laden runoff from the haul road. These dams will be constructed following the guidelines and
requirements presented in the Blue Book.
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The tracks will be inspected following heavy traffic usage or exceptionally large storm events, to determine
maintenance requirements. Periodic maintenance will include checking the drainage systems to remove
any debris that bay block culverts, cross rain outlets and table drains.

4.11 Rehabilitation of Drainage Lines
The proposed mining operations would disturb some ephemeral drainage lines, namely:


one first order stream in the Central Open Cut;



the extreme upper sections of first order streams in the Southern Open Cut Extension; and



one first order and one second order stream within the 8 Trunk Open Cut.

Where drainage lines are to be rehabilitated the channel will be designed and constructed so that it will be
stable for the long-term, and temporary erosion controls will be implemented to provide for the short-term
stabilisation of the riparian corridor.
The rehabilitation of these drainage lines is addressed within the Rehabilitation and Vegetation
Management Plan (GSSE, 2010).
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5.0

MONITORING PROGRAM

5.1

Monitoring and Maintenance of Erosion and Sediment Controls

The Charbon Colliery environmental office will need to ensure that regular general inspections of the site
are undertaken to ensure that all the environmental controls outlined in this report are functioning
effectively. These inspections should coincide with regular environmental inspections and monitoring
undertaken on site and after runoff events (>20 mm of rain). Monthly checks will target temporary
measures and permanent features. Any signs of erosion along the length of the drains should be noted and
remedial works undertaken as required. Where significant erosion is observed, additional erosion controls
will be constructed eg. establishment of vegetation cover, armouring of the channel surface and
construction of rock scour protection at the entry and discharge locations.
Regular visual checks should be made of any temporary sediment controls such as sediment filter fences;
sandbag weirs etc to ensure that they are functioning adequately and repaired where required.
An inspection of the proposed sediment basins, once constructed, should be undertaken as part of the
routine site environmental inspection program or following significant rainfall (i.e. >20mm within 24hrs) with
the information such as the general condition of the dam, evidence of overflow, condition of downstream
catchments, water colour, evidence of eroding surfaces and approximate retained capacity recorded.

5.1.1

Roads

The internal roads will be visually inspected to ensure that the appropriate mitigation measures are
functioning to convey the surface flows from the road and work areas without causing erosion to the road or
work areas on the adjacent land. Where significant erosion is observed to be occurring on a regular basis,
additional controls such as additional mitre drains, scour protection of road drainage, and re-grading of the
road surface, will be implemented.

5.1.2

Dams and Diversion Works

Regular visual checks will be made of the clean water dams to ensure that there is no noticeable increased
discolouration or undesirable sediment build up in the dams, and that dams are in a stable condition. The
inspections also enable correct scheduling of de-silting works and prompt repairs and/or replacement of
damaged works. Flocculants may be employed to assist in the removal of fine dispersive sediment from the
water column in turbid dams. When the design capacity of a sediment dam has been reduced by more than
20%, then the dam is to be de-silted. The silt from the dam is removed so that it is not able to be washed
back into the dam.
Any pipelines or waterways constructed to transfer water from these dams will be inspected to ensure that
there are no leaks, erosion or blockages to flow. Any signs of erosion at the points of discharge will be
noted and remedial works undertaken as required. Where significant erosion is observed additional erosion
controls will be constructed such as new rock scour protection at the discharge locations.

5.1.3

Sediment Controls

Regular visual checks will be made to ensure that there is no noticeable increased discolouration or
undesirable sediment build up in the dams, and that the dam is in a stable condition. Any sediment fencing
and sand bag sediment filters will also be inspected to ensure that they are functioning adequately.
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REPORTING

The effectiveness of sediment and erosion control measures adopted on the site will be assessed and
reported to site management as part of the environmental officer’s monthly inspection. Requirements for
corrective actions identified during monthly inspections are to be reported and corrective actions should be
implemented in a timely manner.
A summary of any ESC management issues and actions arising throughout the year will generally be
presented in the Annual Environmental Management Report (AEMR). The Proponent shall prepare and
submit an AEMR to the Director-General of the Department of Planning and other relevant agencies, which
includes the following:
a. identify the standards and performance measures that apply to the Project;
b. describe the works carried out in the last 12 months;
c.

describe the works that will be carried out in the next 12 months;

d. include a summary of the complaints received during the past year, and compare this to the
complaints received in previous years;
e. include a summary of the monitoring results for the Project during the past year;
f.

include an analysis of these monitoring results against the relevant:
 impact assessment criteria;
 monitoring results from previous years; and
 predications in the EA.

g. identify any trends in the monitoring results over the life of the Project;
h. identify any non-compliance during the previous year; and
i.

describe what actions were, or are being, taken to ensure compliance.

In accordance with Environmental Protection Licence requirements an Annual Return will also be prepared
and submitted to the OEH (formally DECCW) using the proforma provided by OEH.
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7.0

ROLES AND RESPONSIBILITIES

7.1

Responsibilities

The Charbon Environmental Officer will be responsible for:


overseeing the implementation of this WMP;



ensuring that monitoring, periodic environmental inspections and inspections after high rainfall
events are undertaken;



investigating water complaints and/or enquiries;



co-ordinating additional water monitoring as required;



managing the water quality of sediment dams such that should any water leave the site due to a
high rainfall event, it does not cause pollution to any receiving waters;



providing adequate training to employees and contractors regarding their requirements under this
WMP; and



consulting with the relevant government departments as required and providing the relevant
information/reports to all stakeholders as necessary.

The Operations Manager is responsible for providing adequate resources to undertake the activities
required by the plan.
Operations and general contractors should be made aware of the existing erosion and sediment control
structures onsite to ensure that they are not damaged during operations.

7.2

Training

It will be the responsibility of the Charbon Environmental Officer to provide training to Charbon staff and
contractors on ESC and soil management. The training should include a review of this ESCP and WMP.
Specific training should be provided to operators and site contractors prior to soil stripping and stockpiling
to ensure effective management of soils.
General training should be given to all staff to ensure that ESC structures and features are properly
managed at the site.
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Periodic Review

PERIODIC REVIEW

The Charbon Environmental Officer shall review this Plan every three years or earlier as the need arises. A
range of items could potentially trigger a review of this plan including:


A statutory requirement (eg POEO Act, EPL 528);



A regulatory authority request (eg OEH, DTIRIS Minerals Resources, DoPI, NOW);



Environmental change, or significant event (eg intense or prolonged rainfall events);



Significant discharge incident; or



Significant changes to water control structures.

If any significant changes to the Plan are required as an outcome of the review, the revised Plan will be
issued to OEH for approval as required by the Development Consent.
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Glossary
Average Recurrence
Interval

A statistical estimate of the average period in years between the occurrence of
a flood of a given size or larger, eg. floods with a discharge as big as, or larger
than, the 100-year ARI flood event will occur on average once every 100 years.
ARI is equal to the reciprocal of annual flood risk, e.g. an AFR of 1/100 has an
ARI of 100 years.

Bore

A constructed connection between the surface and a source of underground
water that enables the underground water to be transferred to the surface
either naturally or through artificial means.

Clean catchment
areas

Catchments in which there are no exposed surfaces containing coal or mined
carbonaceous material.

Clean water

Waters on the premises that have not come into physical contact with coal, or
mined carbonaceous material.

Coal Handling
Preparation Plant

A facility where coal is washed screened and prepared for market.

Dewatering

Transfer of water from underground workings to the surface.

Dirty catchment
areas

Catchments in which coal mined carbonaceous materials are present or areas
where the topsoil has been disturbed.

Dirty water

Water on the premises that has come into physical contact with coal, mined
carbonaceous materials or otherwise contains elevated sediment load.

Groundwater

Water held in strata that is not overlying the strata of the coal seam, or within
the coal seam.

Licensed Discharge
Point

A location where Charbon Colliery discharges water in accordance with
conditions stipulated within the site Environment Protection License.

Net extraction

Difference between water transferred to, and from, the underground water
storage.

Sediment-laden
water

Water that has a high level of suspended solids.

Surface Water

Water that is derived from precipitation or pumped from underground and may
be stored in dams, rivers, creeks and drainage lines.

Temporary storage

Volume of storage available within a dam between the permanent water level
and the overflow level.

Underground water

Water stored in underground aquifers. During the mining process a proportion
of this water is released and managed by the underground settling and
pumping system.
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Abbreviations
AEMR

Annual Environmental Management Report

AHD

Australian Height Datum

ARI

Average Recurrence Interval

CHPP

Coal Handling Preparation Plant

DOPI

Department of Planning and Infrastructure

EA

Environmental Assessment

EP&A Act

Environmental Planning and Assessment Act 1979

EPL

Environment Protection Licence

kL

Kilolitres

LDP

Licensed Discharge Point

m

Metres

MB

Monitoring bore

ML

Megalitres

MTpa

Million Tonnes per annum

NOW

NSW Office of Water

NMQMS

National Water Quality Management Strategy

OEH

Office of Environment and Heritage

PA

Project Approval

ROM

Run of Mine

STP

Sewage Treatment Plant

SWMP

Surface Water Monitoring Program

t

Tonnes

WMAct

Water Management Act 2000
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1.

Introduction

A Surface Water Monitoring Program is an effective tool in the management of water at Charbon Colliery
during its current and future operations. This SWMP has also been developed for Charbon Colliery as a
requirement of Section 3, Condition 32 of the Project Approval 08_0211 and as commitment made in the
Statement of Commitments.

1.1

Commission

GHD Pty Ltd was commissioned by Charbon Coal Pty Ltd to prepare a Water Management Plan for the
Charbon Colliery. The Water Management Plan draws on the outcomes from the revised detailed water
balance prepared for the Charbon Colliery in 2011 (GHD 2011), and includes a Surface Water Monitoring
Program (this program).

1.2

Scope of Work

This Surface Water Monitoring Program (SWMP) is a component of the site Water Management Plan
required under the current Section 75J Project Approval 08_0211. Table 1-1 shows the Charbon site
Water Management Plan and where specific matters are addressed in this report.
A proposed surface water monitoring program is presented in Section 6.

1.3

Monitoring Program Objectives

The objectives to be met by this SWMP under the Section 75J Project Approval 08_0211 are outlined in
Table 1-1 along with the section(s) of this report where these objectives are addressed.
Table 1-1

Relevant Project Approval Conditions

Consent
Requirement

Centennial Charbon
Project Approval
08_0211, Schedule 3,
Condition 32.
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Condition

Where Addressed
in this SWMP

32a) Baseline data of surface water flows and quality
in creeks and other waterbodies that could potentially
be affected by the project.

Section 3

32b) Surface water and stream health impact
assessment criteria.

Section 4

32c) A program to monitor and assess:
•
Impacts on surface water flows and quality.
•
Impacts on the surface water supply of potentially
affected landowners, bank stability, riparian
vegetation and macro-invertebrate populations
along creek lines and ephemeral drainage lines
downstream of all license discharge points.
•
Potential acid mine drainage.
•
Potential leakage or spillage from rejects
emplacement area and effluent irrigation.

Section 5

3

Consent
Requirement

Condition

Where Addressed
in this SWMP

32d) A program for the ongoing verification and
refinement of the surface water model.

Section 5

32e) Reporting procedures for the results of the
monitoring program and model verification.

Section 7

Table 1-2 provides details of relevant commitments made by Charbon Colliery in the Statement of
Commitments. The table also details where these commitments have been addressed within this SWMP.
Table 1-2

Relevant Statement of Commitments

Consent
Requirement

Condition

Where Addressed
in this SWMP

Charbon Coal Pty Ltd.
Project Approval
08_0211, Appendix 3

9.4) Prepare a Surface and Groundwater Water
Management Plan which will include detailed water
monitoring and response protocols in consultation with
the NSW Office of Water.

This document
covers the Surface
Water Monitoring
Program element of
the Commitment

1.4

Consultation

This Surface Water Management Plan was provided to relevant stakeholders for consultation on the
th
6 September 2011 with comments received from DPI and NOW. These comments have subsequently
been addressed in this revision of the Surface Water Management Plan.
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2.

Charbon Colliery

2.1

Location

The Charbon Colliery is an underground (bord and pillar) and open-cut mine owned and operated by
Charbon Coal, a joint venture between Centennial Coal Company Limited (Centennial) (95%) and SK
Networks Resources Australia Pty Ltd (5%).
The colliery is located approximately 4 km south of Kandos and approximately 1 km south of Charbon.
Figure 2-1 provides a locality map for the Charbon Colliery and approved new coal extraction areas.

2.2

Site Operations

2.2.1

Overview

Mining associated operations at the Charbon Colliery include:
•

Underground mining.

•

Open cut mining.

•

Coal processing and washing at the Coal Handling and Preparation Plant (CHPP).

•

Coal stockpiling adjacent to the CHPP and rail loop.

•

Loading of coal for export from site by rail and road.

•

Mechanical maintenance activities – undertaken near the Administration area and at a workshop
near the Third Entry area.

•

Office and administrative activities.

•

Reject emplacement.

Figure 2-2 provides the location of these facilities.
In addition, the Charbon Colliery owns 14 residential cottages located at Charbon and potable water is
supplied to those dwellings.
2.2.2

Coal Mining Operations

The colliery operates both open cut and underground mining operations at the site. The Run of Mine
(ROM) production at Charbon is approximately 1.3 Mta with approximately 76% of this becoming product
or saleable coal. The approved maximum extraction rate is 1.5 Mta.
Approximately 60% of the product coal is currently sourced from the underground operations. The
majority of the product coal is transported from the site by rail.
The main coal mining operations at Charbon, are shown schematically in Figure 2-3, these consist of:
•

Underground extraction of coal from the Lithgow Seam.

•

Open Cut extraction of coal from surface outcrop coal seams including the Lithgow and Irondale
Seams.
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Figure 2-3

•

Transporting the coal to near the CHPP, by conveyors, where it is processed and prepared for
transportation off site.

•

Rejects from the CHPP are retained on site in a REA.

2.2.3

Water Management Associated with Mining Operations

There are many water movements associated with the coal mining operations at the Charbon Colliery.
The main water movements at the Charbon site are shown schematically in Figure 2-4 and consist of:
•

Rain will fall on the vegetated and revegetated areas of the topographic catchment and a portion of
the surface runoff will be harvested in dams. Surface runoff from vegetated areas is termed clean
water runoff. The main clean water harvesting dam is the Reedy Creek Dam which has a capacity of
approximately 220 ML. Some additional clean water is harvested in smaller on site dams which are
indicated in Figure 2-4 by “On site water storage”.

•

During rainfall events there may be runoff from disturbed areas of the site. This is termed “dirty
runoff” and is directed to dirty water storages. Overflows from the dirty water storages pass, after
sedimentation and sediment trapping, through licensed discharge points (LDPs) and then can be
trapped by other site water storages.

•

Water from the dirty water storages is used on site for dust suppression.

•

Water from the on site storages is used within the CHPP.

•

Water from the CHPP going into the following:
–

The coal stockpile for coal to be transported off site.

–

The REA.

–

Excess flow is returned to the on site water storages.

–

Water from the REA seeps through the REA and finds its way back into site water storages.

–

Stored site water is used within the underground operations by the continuous miner and for dust
suppression. Some of this water is returned to the CHPP as ROM moisture.

–

Water finds its way into the underground workings through overburden fractures and is pumped
from underground into on-site storages where some can seep back into the old underground
workings.

–

Water that seeps into the underground workings is extracted and pumped to the surface water
storages.

–

An option exists for the extraction of water from the underlying regional groundwater source,
using the existing bores, for water to be extracted and used on site.

2.2.4

Other Water Management Activities

In addition, there is a potable water supply to the site operations and wastewater collection and
treatment. It has not been included within the site analysis.

22/15786/95546 R1

9

Rileys
Creek

LDP2
&
LDP3

Dirty Water
Storage

ROM Moisture
Content

Catchment
Runoff

Coal Transported
Off-Site

Irondale
Coal Seam
CHPP
On-Site
Water
Storage
REA

Infiltration

Lithgow
Coal Seam

Reedy Ck Dam
Open Cut and UG
Coal Extraction
Operations

Underground
Water Storage

Charbon

LEGEND
Clean Water

Product Coal Moisture

Lithgow/Lidsdale/
Irondale

LH

Groundwater
Dirty Water

Charbon Colliery
Schematic of Typical Mine Water Cycle

NTS

02/09/2011

Figure 2-4

2.3

Site Mining

2.3.1

Historical Mining Activities

The Charbon Colliery commenced operations in the 1920s and initially supplied coal to the Charbon
Cement Works. The colliery was retained as an operational facility, to satisfy a local demand for
steaming coal, after closure of the Charbon Cement Works in 1977.
The colliery was upgraded in 1985 to include the rail loop, CHPP and the production rate was increased
to produce a washed coal for export.
Open cut mining commenced at the site in 1996.
Historical underground bord and pillar mining has previously been undertaken in the vicinity of the
Western Underground area.
2.3.2

Existing Mining Activities

Current mining operations include extraction of ROM by bord and pillar methods within the existing
Charbon Underground in the 8 Trunk and 9 Trunk panels. This extraction commenced in 2007.
In addition, up to 600,000 t/annum is retrieved from open cut mining toward the south of the site, in the
existing Southern Open Cut.
ROM coal from the above operations is transported to the CHPP via surface and underground conveyor.
A proportion of the ROM coal is transported directly off-site but the majority of the ROM coal is
processed by the CHPP where it is separated and product coal is stockpiled prior to transportation away
from the site by rail and road.
Rejects are disposed on site at the REA. Fine rejects are pumped to the REA as a slurry with the coarser
fractions transported by truck for placement.
2.3.3

Future Activities

The future coal extraction (R.W. Corkery & Co; 2009) and associated works will include the additional
underground and open cut mining within the following approved areas:
•

The Southern Open Cuts, including the Southern Open Cut Extension and the Southern and
Western Outliers.

•

The 8 Trunk Open Cut.

•

The Central Open Cut.

The Western Underground and Open Cut.
Additional site operations will include a continuation of the existing Charbon Underground, operation of
the CHPP, coal stockpiling, reject emplacement, mechanical maintenance, administrative functions and
rehabilitation of the ground surface as mining disturbance ends in localised areas.
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2.4

Site Geology and Hydrogeology

Mining to date has been within the Lithgow Seam and Irondale Seam, and where economically viable the
Lidsale Seam. The approved underground mining operations under Haystack Mountain will be within the
Lithgow Seam and open cut mining will be within the Lithgow and Irondale Seams.
The basement stratigraphy, from higher to lower, is reported as being (GeoTerra; 2009):
•

Jurassic / Tertiary aged volcanic breccia, sandstone and basalt located on the peak of Haystack
Mountain.

•

Triassic aged Narrabeen Group sandstones and claystones.

•

Permian aged Illawarra Coal measures – including the Irondale, Lidsdale and Lithgow Seams.

•

Underlying Shoalhaven Group conglomerate, sandstone shale and siltstones.

The same report indicates that there are two types of aquifer system present at the site. They are:
•

Thin, unconsolidated alluvium in the major valleys.

•

Shallow basement coal measure comprising a sequence of aquicludes, aquitards and low yielding
aquifers.

Neither of the coal measures or creek alluvium aquifers are reportedly listed as vulnerable aquifers under
the current Aquifer Risk Assessment Report.
The regional aquifers are located below the approved workings. The Lithgow Seam is located
approximately 40 to 60 m above the regional groundwater elevation at nearby bore sites.
The existing and past workings have been generally dry workings with minimal groundwater inflow.

2.5

Site Hydrology

The Charbon Colliery mining lease operations extend along the western edge of the Great Dividing
Range. Due to smaller ridges extending from the main range to the west, the mining lease boundary
extends into four local catchments: Reedy Creek, Rileys Creek, Stony Creek and Deep Creek.
Reedy Creek and Rileys Creek are part of the Macquarie-Bogan River Catchment whilst Stony Creek
and Deep Creek form part of the Hawkesbury-Nepean Catchment.
Reedy Creek Catchment
Reedy Creek catchment is the northernmost catchment and contains the following site features: CHPP,
ROM stockpiles, REA, Mine Washery Dam, Pit Top Services Area, coal loading infrastructure, rail loop,
the approved Central Open Cut and portions of the approved Western Open Cut. Reedy Creek flows into
Reedy Creek Dam. Overflows from the Reedy Creek Dam enter Cumber Melon Creek which drains into
the Cudgegong River, then Lake Windamere situated to the north-west of the site.
There are no major pre-existing structures along the unnamed tributary of Reedy Creek downstream of
the open cut area known as the Central Open Cut. With the development of LDP 5, flow captured within
the LDP 5 Discharge Dam is discharged via a weir. It is proposed that discharges will be measured
through a weir structure and level sensor located directly downstream of the dam. A photo of this
structure is provided below in Figure 2-5.
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Figure 2-5 LDP 5 Weir Structure Located Downstream of LDP 5 Discharge Dam

As Figure 2-5 shows, the weir located downstream of the LDP 5 Discharge Dam, is a broad crested weir.
Due to the average daily flow regime down this portion of waterway it is unlikely that the location of this
weir structure will impact on the nature of flow contributing to Reedy Creek.
Rileys Creek Catchment
Rileys Creek catchment lies to the south of Reedy Creek catchment and is comprised of the following
site features: Southern Open Cut, 8 Trunk Open Cut, Southern Open Cut Extension, Western Outlier,
Third Entry Area, Black Tanks and existing /approved underground mining area. This catchment contains
numerous farm dams that contain local minor flows. Rileys Creek drains into Carwell Creek, to the west,
which drains into Lake Windamere.
Stony Creek Catchment
Stony Creek is located on the western side of the ridgeline, which runs along the eastern border of the
site, and drains to the south of the mining lease. Of the Charbon Colliery site features, only portions of
the approved Southern Open Cut Extension and portions of the Southern and Western Outliers lie within
the Stony Creek catchment. Stony Creek drains into Ulumbra Creek which flows south east into the
Capertee River that drains into the Hawkesbury-Nepean River system.
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3.

Baseline (Existing) Data

3.1

Water Quality Data

The current available water quality data (as provided by Charbon Colliery) spans between August 2005
and May 2011 and was collected at a number of locations. The number of sample dates for each location
varied considerably as did the recorded sampling results, likely due to variability in flow conditions.
Flow variability within the existing creeks and tributaries of Charbon Colliery indicate a predominately dry
creek environment most of the year. Flow within the creeks on site run for a small amount time after
moderate to heavy rainfall periods.
Analytes
The provided data set covers a comprehensive range of analytes, however results are not available for
the majority of these at LDP 2 and LDP 3. It is noted that the requirement of EPL 528 for sampling and
recording of pollutants is limited to pH, oil and grease, total suspended solids and conductivity at the
licensed discharge points.
Since January 2010, grab samples have also been analysed for additional analytes such as nutrients
and heavy metals. However sampling of these analytes has mainly occurred at internal monitoring
locations as opposed to LDP 2 and 3 or points upstream and downstream of the Site (only one sample
from LDP 2 has been analysed for these additional analytes).
LDP 1
This LDP is installed to provide monitoring of the efficient disposal system and is not considered in detail
in this assessment for the EPL requirement.
LDP 2
Time series trends for water quality parameters monitored at LDP 2 are provided within Figure 3-1
through to Figure 3-4. Within these figures, the concentration limit nominated within EPL 528 is also
indicated (where applicable) and it can be seen that discharges through LDP 2 are currently satisfying
the requirements of the EPL with exception of TSS.
The data for LDP 2 shows that:
•

All oil and grease volumes were below the nominated EPL limit.

•

All pH observatories were within the EPL limits.

•

Approximately 75% of the suspended solids observations were below the nominated EPL limit of
50 mg/L.

•

The highest electrical conductivity reading was 1,460 µS/cm (sampled January 2011) while most
observations were around the 500 µS/cm to 600 µS/cm range.
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Figure 3-2 LDP 2 - pH
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Figure 3-3 LDP 2 – Total Suspended Solids
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Figure 3-4 LDP 2 – Electrical Conductivity
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LDP 3
Time series trends for water quality parameters monitored at LDP 3 are provided within Figure 3-5
through to Figure 3-8. The concentration limits nominated within EPL 528 are indicated within the figures
(where applicable) and it can be seen that discharges through LDP 3 are currently satisfying the
requirements of EPL 528 with the exception of TSS. Up until October 2010 there was insufficient data to
allow an analysis of water quality at this location. It is noted that before this time no samples were
collected at this location as there was no flow at the time of sampling. The location of LDPs has
changed, from a dam further upstream near the Southern Open Cut during the monitoring period.
12
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Figure 3-5 LDP 3 - Oil & Grease
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Figure 3-6 LDP 3 - pH
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Figure 3-7 LDP 3 - Total Suspended Solids
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Figure 3-8 LDP 3 - Electrical Conductivity

The data for LDP 3 shows that:
•

All oil and grease volumes were below the nominated EPL limit.

•

All pH observatories were within the EPL limits.

•

All of the suspended solids observations were above the nominated EPL limit of 50 mg/L.
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The highest electrical conductivity reading was 440 µS/cm (sampled October 2010) while most
observations were around the 100 µS/cm to 250 µS/cm range.
LDP 4
This is a proposed monitoring location and thus does not have existing data.
LDP 5
This is a proposed monitoring location and thus does not have existing data.
3.1.1

Review of Previous Monitoring

LDP 2
Based on the review of the water quality data collected for LDP 2, the sampling undertaken satisfies the
monitoring Limits of EPL 528 with the exception of TSS. The TSS limit of 50 mg/L was exceeded once
on 18 Jan 2010 and eight times during Dec 2010 due to higher than average rainfall as outlined in the
AEMR 2010 (it is noted that elevated readings were also recorded for EC and pH at similar times in Dec
2010).
LDP 3
There are a very limited number of recorded water quality values for LDP 3 due to limited discharge
through this point. The recorded parameters comply with the limits stated in EPL 528 with the exception
of TSS. The extremely high TSS readings in Figure 3-7 were attributable to the collapse of a dam wall on
site.
Section 5 contains the proposed monitoring program that will enable Charbon Colliery to comply with the
monitoring requirements for LDP 2 and LDP 3 set out in EPL 528.

3.2

Geomorphic Conditions

3.2.1

Existing and Proposed LDPs

Within the current environmental assessment, an additional two licence discharge points have been
identified. LDP 4 will be located downstream of the Pit Top and Infrastructure Area, and LDP 5 will be
located downstream of the Central and Western Open Cuts. The inclusion of these additional licence
points will need to be incorporated into EPL 528 and will require an amendment to the existing licence.
As discussed in the Review of Water Licensing April 2011 (GHD), it is also recommended that a revised
location for LDP 5 is adopted along with an additional licensed discharge point location (LDP 6). The
location of the existing and proposed LDPs is provided on Figure 3-9.
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3.2.2

Geomorphology of Waterways

Overall, the waterways downstream of the existing and proposed LDPs can be described as either Valley
Fill or Channelised Fill systems. These waterway types are described in Table 3-1 and their distribution
downstream of the LDPs mapped in Figure 3-9. In some instances, sections along Rileys Creek exhibit
forms that indicate that a Chain of Ponds system may have existed prior to the development of a
continuous channel. These sections are also considered to be the Channelised Fill waterway type. The
development of a continuous channel within valley fills or chain of ponds can be initiated by a range of
disturbances including land clearance, road or track construction, flow concentration (eg, from dam
spillways) or excavation of drainage channels to improve agricultural use of the naturally swampy land.
Given that the bulk of waterways downstream of the LDPs exhibited the Channelised Fill form, the
waterways can be considered to be moderately to highly disturbed. These systems have been impacted
upon by past and present agricultural practices including land clearance, grazing and the presence of
online farm dams. As a result, natural riparian vegetation is limited to some isolated pockets and valley
fill surfaces are dominantly composed of pasture grasses. The Valley Fill section immediately
downstream of the proposed LDP 4 is dominated by reeds (either Typha sp. or Phragmites sp.). This
section is generally constantly saturated due to ongoing seepage from the upstream REA. Similarly, the
reaches immediately upstream of Reedy Creek Dam are also colonised heavily with reed vegetation due
to the influence of the dam on water levels and drainage in these sections.
Channel development through head cut retreat is also still occurring along some sections, most notably
within the Valley Fill immediately downstream of LDP 2. Further, the section of waterway upstream of the
proposed LDP 5 has been subject to the deposition of coal chitter as a result on gullying of an upstream
REA. The downstream transport of this material has been limited by the presence of an existing dam
located upstream of the proposed location of LDP 5.
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Figure 3-9

Table 3-1

Description of Waterway Types

Waterway
Type

Description

Photograph

Valley Fill

This waterway type is generally characterised
by a featureless swamp, with no defined
channel. Under natural conditions, these
systems are highly stable due to the, finegrained cohesive nature of the sediments,
flow dispersion and good ground cover.
However, when disturbed, these systems are
prone to incision and the development of a
continuous channel.

View downstream of LDP 2.
Channelised
Fill

This waterway type is the product of the
development of a continuous channel within
a Valley Fill. This generally eventuates from
some disturbance that initiates a head cut
which progresses upstream creating a
continuous channel within the surface of the
valley fill. The developed channel is
generally relatively straight and banks can
erode during times of higher flow.

View of Rileys Creek downstream of
Brogans Road.

3.2.3

Natural Discharge Regime

The 1 year ARI flow events under natural conditions were estimated using the Probabilistic Rational
Method (IEA; 1987) for the locations of the existing and proposed LDPs. Table 3-2 provides catchment
areas and the estimated 1 year ARI flow discharge at each of the LDPs. Being an effluent irrigation
operation, LDP 1 was excluded from this assessment.
Table 3-2

Catchment Areas and 1 Year ARI Discharges
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LDP

Area (ha)

1 year ARI (m /s)

2

310

1.5

3

453

2.0

4

454

2.0

5

155

0.9

6

42

0.3
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3.3

Macroinvertebrates

3.3.1

Habitat Assessments

Reedy Creek Dam
This site was located within a dam feature, downstream from the colliery, set in a shallow valley. Local
land use surrounding the dam was highly disturbed native forest with vegetation present considered
healthy and abundant (>5% cover). The water body width ranges between 20 m and 30 m. The water
level was moderate and of an unknown depth with no visible flow at the time of assessment. The water
was slightly turbid with no oils or sheen observed on the water surface. The dam bed comprised a range
of sediment sizes, the larger of which (cobble, pebble or gravel) were angular. Bed compaction was
considered moderate and stable. Emergent macrophytes were present along dam margins. Large beds
of algae were observed in shallower (0.3 m) sections of the dam. Riparian overstorey (trees) were
present (semi-continuous) along both banks of the dam. Aquatic habitat was present in the form of
submerged and emergent macrophytes, algae and some woody debris.

Plate 1. Reedy Creek Dam (Upper)

Plate 2. Reedy Creek Dam (Lower)

Rileys Creek
This site is located downstream of the colliery and outside of the holding boundary of the mine. This site
was chosen as the availability of water was limited within the mine site during the time of the field study.
It consists of a single channel between approximately 1 m wide and approximately 0.2 m to 0.5 m deep,
set in an asymmetrical floodplain. The channel shape was a deepened U-shape. The water level was
moderate slow flowing and slightly turbid at the time of assessment with no oil or sheen observed on the
water surface. The dam bed comprised a range of sediment sizes, the larger of which (cobble, pebble or
gravel) were sub-angular to round. Side point bars and mid channel bars were present and consisted of
fine silts / clays and were vegetated (grasses). Slight trailing bank vegetation was present in the form of
grasses. The bed was considered packed with some erosion occurring. Some in stream vegetation was
present in the form of grasses / sedges which had likely colonised the creek bed in drier periods of low or
no flow. Riparian overstorey (trees) were absent along both banks. Grasses lined both banks semicontinuously. The overall vegetation disturbance rating was considered very high. Aquatic habitat was
present in the form of slight trailing bank and in stream grasses.
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Plate 3. Rileys Creek (Upstream)

3.3.2

Plate 4. Rileys Creek (Downstream)

Water Quality

Methods
Water quality was measured in situ with a portable water quality meter (TPS-90FL) at the three sites
assessed. Parameters recorded were:
•

Temperature (°C).

•

pH (pH units).

•

Dissolved oxygen (% saturation).

•

Electrical Conductivity (µS/cm).

•

Total dissolved solids (TDS units).

•

Redox potential (mV).

Results were compared to the Australian and New Zealand Environment and Conservation Council 2000
(ANZECC) Guidelines for Fresh and marine Water Quality.
Results
From the water quality results:
•

pH values were within the ANZECC guideline range at both sites.

•

Dissolved Oxygen was within the ANZECC guideline range at Rileys Creek and elevated at the dam
site.

•

Electrical conductivity was above the ANZECC upper limit trigger value at both sites.
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In situ water quality results are displayed in Table 3-3. All exceedances of guideline ranges are
highlighted in grey. Guideline trigger values are indicative only and provide environmental managers with
a set of values upon which to assess future potential impacts on a stream. Some values may need local
adjustment as regional influences (geology, nutrients etc) can differ between catchments. A broad set
has been derived (used herein) which provide a measure until such time that more site specific trigger
values can be developed, given adequate time. Exceedances, in this case, may not necessarily indicate
a negative effect is occurring.
Table 3-3

In situ Water Quality Results

Site

Temp. (°C)

pH

Total
Dissolved
Solids (TDS)

Dissolved
Oxygen
(%)

Electrical
Conductivity
(µS/cm)

Redox
Potential
(mV)

(mg/L)
ANZECC
(2000)
Trigger Value

No Value

6.5-7.5

No Value

90-110

30-350

No Value

Reedy Creek
Dam

10.7

7.44

1,007

126.1

1,434

-293

Rileys Creek

9.5

6.82

1,091

104.1

1,573

-286

3.3.3

Macroinvertebrates

Methodology
Macroinvertebrates were sampled from two sites downstream from the colliery, the Reedy Creek Dam
and Rileys Creek. At each site one edge sample only was collected. It must be noted that surveying was
conducted outside of the recommended sampling seasons for Autumn (March 15 to June 15) and Spring
(September 15 to December 15), as per the Australian River Assessment System (AUSRIVAS).
Macroinvertebrate communities have been assessed via the Stream Invertebrate Grade Number –
Average Level (SIGNAL) scoring system (Chessman, 2001). It is a simple scoring system based on the
tolerance to pollution of most macroinvertebrate taxa found in Australian freshwaters. SIGNAL scores
range from one to 10 with one being highly pollution tolerant and 10 being pollution sensitive.
Species descriptions of dominant taxa (below) were taken from Gooderham & Tsyrlin (2005).
Results
A total of 51 macroinvertebrate individuals were collected, from 13 families, from the two sites surveyed
at the Charbon Colliery. Table 3-4 outlines all taxa that represented greater than 10% of the total sample
composition.
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Table 3-4

Numerically Dominant Macroinvertebrate Families
Order

Family

% Of Total Composition

Conchostraca

Lymnadiidae

25.5

Coleoptera

Dytiscidae

13.7

Copepoda

Cyclopidae

13.7

Family Descriptions
Lymnadiidae (clam shrimp) occur in a wide variety of temporary and permanent waters. They are
herbivores/detritivores filter feeding using a current generated by the movement of legs within their shell.
Their eggs are capable of resisting desiccation through prolonged dry periods.
Dytiscidae (diving beetles) inhabit a number of different freshwater habitats but are most likely to be
found in standing waters (ponds, dams and lakes) and slow flowing (seasonal) streams where waters
can be almost stagnant. Adults are highly mobile and typically one of the first families of
macroinvertebrate to colonise a water body.
Cyclopidae (copepods) are predominantly benthic organisms which inhabit permanent waters. They are
herbivores/detritivores feeding on algae and bacteria. Some of the larger cyclopoid copepods are
predatory, feeding on a mix of zooplankton and other small copepods.
Macroinvertebrate Abundance
The results in Figure 3-10 show that the Reedy Creek Dam sample had the higher number of individual
macroinvertebrates.
Macroinvertebrate Abundance

Number of Individuals

35
30

29

25

22

20
15
10
5
0
Reedy Creek Dam
1

Rileys Creek
2

Site

Figure 3-10 Macroinvertebrate Abundance

22/15786/95546 R1

26

Macroinvertebrate Richness
The results in Figure 3-11 show that the Reedy Creek Dam sample had the higher number of
macroinvertebrate taxa.

Species Richness

Number of Individuals

12
10

10

8

8
6
4
2
0
Reedy Creek Dam
1

Rileys Creek
2

Site

Figure 3-11 Species Richness
Macroinvertebrate Species Composition
Community composition results (Figure 3-12) indicate that:
•

Micro crustaceans (clam shrimp and copepods) dominated the Reedy Creek Dam sample (48%)
while Hemiptera (backswimmers) contributed the second highest percentage (17%) to the total
percentage of the Reedy Creek Dam sample.

•

Coleoptera (beetles) and Diptera (true flies) contributed the equal lowest percentage (3%) to the total
sample from the Reedy Creek Dam.

•

Coleoptera dominated the Rileys Creek sample (27%) while micro crustaceans contributed the
second highest percentage (23%) to the total percentage of the Rileys Creek sample.

•

Zygoptera (damselflies) and Diptera contributed the equal lowest percentage (5%) to the total
sample from Rileys Creek.

•

Ephemeroptera (Mayflies) were present at the Reedy Creek Dam site only, contributing 10% of the
total sample.
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Reedy Creek Dam

Rileys Creek

Figure 3-12 Macroinvertebrate Species Composition
SIGNAL
Table 3-5 shows the macroinvertebrate taxa collected from each site, their respective SIGNAL scores
and the calculated SIGNAL score for each site. The list shows the lowest taxonomic resolution to which
each macroinvertebrate order was identified. In some instances only order was reached e.g. oligochaeta
(worms) however in others, subfamily was reached e.g. Tanypodinae (true flies).
The majority of macroinvertebrate taxa collected from the two sites are high to moderately pollution
tolerant, as indicated by the lower SIGNAL scores which range from 1 to 4. Three individuals from the
Ephemeroptera (mayflies) order, from two different families (Leptophlebiidae and Caenidae), were
collected at the Reedy Creek Dam site. The Leptophlebiidae are the most pollution sensitive taxa
collected and have a high sensitivity grade score of 8. Their presence indicates that the Reedy Creek
Dam may be in better ecological condition than Rileys Creek, possibly due to better quality habitat.
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The calculated SIGNAL scores for both individual sites (Table 3-5) were 3.2 and 2.5, out of a possible
10. These are considered low, and indicate poor ecological condition. The score for the dam site should
be treated with caution, because the SIGNAL score technique was developed for streams and not still
waters. The score may also be influenced by the sampling being conducted outside of the recommended
sampling periods of autumn and spring although that effect is likely to be minor. However, many
jurisdictions pool the results from two seasons sampling in calculating the scores.
Table 3-5

Collected Taxa and Respective SIGNAL Scores

Taxa

Common Name

SIGNAL Score

Occurred at Site
Reedy Creek
Dam

Rileys Creek
x

Oligochaet

Segmented worms

2

Dytiscidae

Diving beetles

2

x

Copepoda

Copepods

none

x

Conchostraca

Clam shrimp

1

x

x

Atyidae

Freshwater shrimp

3

x

x

Parastacidae

Crayfish

4

Orthocladinae

Midge larvafly

4

Tanypodinae

Midge larvafly

4

Caenidae

Mayfly

4

x

Leptophlebidae

Mayfly

8

x

Corixidae

Waterboatmen

3

x

Notonectidae

Backswimmer

2

x

x

Coenagrionidae

Damselfly

2

x

x

3.2

2.5

Site SIGNAL Score

x

x
x
x

Discussion
SIGNAL scores, and aquatic invertebrate diversity in streams, reflect a variety of factors including the
availability of habitat, the flow regime and water quality all of those factors may be influencing the results
in this case.
Habitat quality was greater at the dam site in the form of emergent macrophytes and submerged algal
beds along the dam margin, than was the case at the stream site.
Water quality results from both sites were comparable and while most parameters of the limited suite
assessed complied with the ANZECC guidelines, two did not. Dissolved oxygen at the Reedy Creek Dam
site was above the upper limit for this parameter, but not sufficiently to be likely to impact the biota and
Electrical conductivity was elevated by four to five orders of magnitude at both sites. The high
conductivity, indicative of high salinity, would be likely to impact the biota.
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The stream is thought to be intermittent, although that is not readily apparent from the results with a
number of the taxa collected - such as freshwater crayfish, shrimps and damselflies, being characteristic
of permanent water bodies. Had the stream been dry recently, that could have resulted in a reduction of
the diversity of animals present.
It is evident form the results that the Reedy Creek Dam site appeared to be in better ecological health
than the Rileys Creek site. The Reedy Creek Dam site sample had the higher macroinvertebrate
abundance and richness. It also contained the high SIGNAL scoring Leptophlebiidae (mayfly) family.
These results should be considered interim due to the fact that macroinvertebrate sampling occurred
outside the recommended seasonal windows of autumn (March 15 to June 15) and spring (September
15 to December 15), as recommended under the Australian River Assessment System (AUSRIVAS).
Also consideration should be given to the fact that the sample sites were unideal with very little free
flowing water present.
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4.

Surface Water and Stream Health Assessment
Criteria

4.1

Introduction

Stream health is typically assessed using a mix of:
•

Biologic parameters.

•

Physical parameters.

•

Chemical parameters.

•

Hygienic parameters.

For the Charbon Colliery there is no monitoring performed for hygienic parameters (e coli and other
bacteria) and thus stream health will be evaluated using other parameters.

4.2

Potential Geomorphic Impacts

4.2.1

Impacts of LDPs

The primary downstream impact on waterway geomorphology due to the presence and operation of the
LDPs is the potential for high magnitude and/or long duration discharges to result in the initiation of
further channel instabilities or exacerbation of existing instabilities. However, discharges from the existing
LDPs have been infrequent and it is predicted that future discharges will also be rare (GHD, 2009).
Table 4-1 summarises the maximum discharges from LDP 2, 3, 4 and 5 during a wet year as predicted
by GHD (2009). It should be noted that LDP 6 has been proposed subsequent to GHD (2009) and the
other LDPs are proposed to be changed as follows:
•

LDP 3 is proposed to be located on the large dam downstream of its existing location on the
Southern Open Cut Pollution Control Dam. The effect of the greater storage volume of this dam
would be a significant reduction in the volume and occurrence of discharges from LDP 3 as predicted
by GHD (2009).

•

LDP 5 is proposed to be located on an existing dam downstream of the existing Third Entry Pollution
Control Dam. This existing dam will be enlarged to have an overall capacity of 4 ML. The reduced
catchment area as a result of the relocation of this LDP is expected to decrease the volume and
frequency of discharges as predicted by GHD (2009).

Table 4-1

Maximum Predicted Discharges from LDP 2, 3, 4 and 5 for a Wet Year
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LDP

Number of Discharges

Discharge (ML/yr)

2

5

153

3

21

154

4

4

25

5

40

567
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While the effect of these changes and additions to the LDPs on discharge volume and frequency has not
yet been estimated, the results of GHD (2009) indicate that LDP discharge volumes and frequencies are
likely to be less than those discharges that would be experienced under natural conditions. For example,
with the exception of LDP 5, all LDPs are controlled by a valve connected to a 250 mm pipe within the
dam walls. The maximum instantaneous flow release rate from a 250 mm pipe and valve is estimated to
3
be in the order of 400 L/s (0.4 m /s). With the exception of LDP 6, this flow rate is less than the estimated
1 year ARI discharge under natural conditions (see Table 3-2). Although some discharges during high
rainfall events may also be passed via the emergency spillways, such occurrences are considered to
represent natural flow events. As a result, the future operation of the existing and proposed LDPs is not
expected to result in the initiation of further channel instabilities or exacerbation of existing instabilities
downstream.
While the likely reduction in flow magnitudes and frequency is not expected to result in any
morphological impacts, the flow changes may have some impact on downstream riparian vegetation.
This is expected to be particularly relevant to the reach downstream of LDP 4 which is heavily vegetated
with reeds. Currently the vegetation here is supported by a low magnitude but almost continuous flow
derived from coal wash water leaching from the REA. This flow is likely to reduce due to the construction
of a new dam within the rail loop upstream of LDP 4, although there will be some ongoing seepage from
the dam.
Given reed species are aquatic emergent and require water to survive, the altered flow regime may result
in a reduction in the extent of area vegetated with reeds. While these areas are potential habitat for
certain frog species, previous fauna investigations have not identified any threatened, vulnerable or
endangered species listed under the EPBC Act or the NSW TSC Act as occurring on the site. In fact, the
only listed frog species potentially occurring in the area is the Booroolong Frog, which inhabits fast
flowing creeks with defined pool riffle sequences. Hence, the reach is not considered suitable habitat for
the Booroolong Frog. Additionally, the habitat is well represented upstream and around Reedy Creek
Dam and along other drainage lines and farm dams in the area. Hence, a reduction in the extent of the
reed vegetation in the reach downstream of LDP 4 is unlikely to have any significant impact on
threatened species habitat
4.2.2

Recommendations

Based on this assessment, the continuation of operations at Charbon Colliery is not expected to have
any significant impact on the channel morphology of waterways downstream of the existing and
proposed LDPs as discharges are likely to be of lower magnitudes and frequencies than those that would
be experienced under natural conditions. However, the diminished flow regime may impact on riparian
vegetation, particularly the reach colonised with reed species downstream of LDP 4 where a reduction in
the extent may be experienced. In the event, future ecological surveys determine this reach supports
threatened aquatic species, it is recommended to monitor the extent of reed vegetation. If a significant
reduction occurs, options to increase water delivery to this reach may require investigation and
implementation.
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Additionally, there are some sections of waterways where pre-existing instabilities in the form of
headcuts are resulting in the development of a channel within Valley Fill systems. Ongoing upstream
incision of these headcuts will lead to the further degradation of these systems and, in the event they
retreat far enough, potentially result in the breaching of the walls of upstream online dams. Hence, it is
recommended to identify headcuts within the Charbon Colliery property area and monitor their retreat. If
any headcut threatens the integrity of a dam, it is recommended that structural intervention be
undertaken to stabilise the headcut.

4.3

Potential Macroinvertebrate Impacts

Minimal results were obtained from the macroinvertebrate sampling completed for the baseline study. In
the baseline assessment:
•

Species were identified that were tolerant to medium to high levels of pollution.

•

Reedy Creek Dam was predicted to be in better health than the Rileys Creek site.

Impact to existing macroinvertebrate species within Reedy and Riley Creeks will be from:
•

Discharge of large volumes of water from the LDP’s.

•

Discharge of water with poor quality.

•

Disturbance of areas which form stream habitat.

The site has a climatic environment which the likely hood of antecedent moisture within the drainage
paths and creeks is low. Because of this dryness, the available habitat for macroinvertebrates is
diminished. The identification of impacts on macroinvertebrates is difficult given these conditions and
hence it is recommended that more regular sampling be undertaken.
The results from the macroinvertebrate survey should be considered interim due to sampling occurring
outside the recommended seasonal windows of autumn and spring.

4.4

Stream Health

Potential effects on site stream health will be identified by annual reviews of water quality data, creek
geomorphic conditions and stream biota abundance and diversity.
When assessing the stream health it will be important to consider the preceding rainfall patterns since
site streams are ephemeral and this may influence the species diversity and abundance.
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5.

Current Surface Water Monitoring

The current water quality data set provided by Charbon Colliery indicates there are numerous locations
where water quality sampling has been undertaken. It appears that in some instances, there is doubling
up of sampling locations while for other locations it is difficult to identify their specific location. From the
information provided in Table 5-1, it can also be seen that at some locations there is minimal (if any)
water quality data available.
Table 5-1

Existing Sample Locations
No. Days Samples Collected (including no Flow Events)
Sample location
Standard Analytes

Other

Third Entry Discharge Dam

17

1

LDP 2

36

4

LDP 3

18

1

Mine Dam

17

17

Pit Top - Downstream

17

17

Pit Top - Upstream

17

-

Reedy Creek Dam

17

17

Southern Open Cut Sedimentation
Dam

16

16

Third Entry Dam

1

-

Toe Dam

17

2

Western Underground

2

1
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6.

Proposed Surface Water Monitoring Program

A Surface Water Monitoring Program has been developed for the continuation of mining at Charbon
Colliery. This will include monitoring to satisfy requirements of EPL 528 and anticipated requirements
under an amended EPL, required for proposed additional licence discharge points. The proposed
monitoring program will include:
•

Daily monitoring at LDP 2 and LDP 3 for pH, Oil and Grease, TSS, Salinity and Volumetric Discharge
in accordance with EPL 528.

•

Daily monitoring at the proposed LDP 4, LDP 5 and LDP 6 for pH, Oil and Grease, TSS, Salinity and
Volumetric Discharge in accordance with expected EPL requirements.

•

Monthly monitoring of a range of additional analytes (specified in Section 6.2.3) at a number of
locations, including existing and proposed LDPs as well as additional locations specified in Section
6.1.3.

•

Trigger values for monitoring as specified in Section 6.2.

•

Bank stability monitoring.

•

Riparian Vegetation and Macro-invertebrate Monitoring.

•

Acid mine drainage monitoring.

Details of the proposed monitoring program are discussed below with a summary of the program shown
in Table 6-1 and locations of proposed monitoring points shown in Figure 6-1.

6.1

Monitoring Locations

6.1.1

Existing Licenced Discharge Points

It is recommended that current sampling of water quality at LDP 2 and LDP 3 continues in order to satisfy
the requirements of EPL 528.
The suggested monitoring program for these points consists of a daily grab sample (during discharge) of
general water properties (see Section 6.2.1) and measurement of daily volumetric discharge through
available inline flow meters. Monthly sampling of additional analytes (see Section 6.2.3) is also to be
undertaken at these locations.
This program generally follows the more recent water quality monitoring being undertaken Charbon
Colliery. The monitoring program has been designed to ensure that water discharged from the site
continues to be of good quality and does not impact the receiving waters (Reedy Creek and Rileys
Creek) beyond the regulations stated in EPL 528.
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Table 6-1

Proposed Surface Water Monitoring Program
Description

Easting

Northing

General Water
Properties*
Monitoring
Frequency

Volumetric
Discharge
Monitoring
Frequency

Additional Analytes**
Monitoring
Frequency

Name

LDP 2

Third Entry Pollution Control Dam

778,753

6,353,887

Daily

Daily

Monthly

LDP 3

LDP 3 Discharge Dam

778,177

6,352,241

Daily

Daily

Monthly

LDP 4

Downstream of the Pit Top Area, discharges from
LDP 4 Discharge Dam

778,352

6,356,581

Daily

Daily

Monthly

LDP 5

Downstream of Central Open Cuts, discharges
from LDP 5 Discharge Dam

778,238

6,356,089

Daily

Daily

Monthly

LDP 6

Western Primary Pollution Control Dam

777,887

6,355,510

Daily

Daily

Monthly

MP 1

Part of current monitoring program for Reedy
Creek

777,048

6,357,416

-

-

Monthly

MP 2

Part of current monitoring program for
downstream of Pit Top

777,788

6,356,845

-

-

Monthly

MP 3

Part of current monitoring program for upstream of
Pit Top

779,083

6,356,951

-

-

Monthly

MP 4

Downstream of LDP 2 and LDP 3 on Rileys Creek

777,489

6,353,178

-

-

Monthly

* General Water Properties: pH, Oil and Grease, TSS, Salinity.
** Additional Analytes: Specified in Section 6.2.3
Note: Samples collected only during periods of discharge. Point coordinates listed under MGA 55
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Figure 6-1

6.1.2

Proposed Licence Discharge Points

Within the current environmental assessment, an additional three Licence Discharge Points have been
identified. LDP 4 will be located downstream of the Pit Top and Infrastructure Area, and LDP 5 will be
located downstream of the Central and Western Open Cuts. The inclusion of these additional licence
points will need to be incorporated into EPL 528 and will require an amendment to the existing licence.
As discussed in the Review of Water Licensing April 2011 (GHD), it is also recommended that a revised
location for LDP 5 is adopted along with an additional Licensed Discharge Point location (LDP 6).
The suggested monitoring program for these points consists of a daily grab sample (during discharge) of
general water properties (see Section 6.2.1) and measurement of daily volumetric discharge. Monthly
sampling of additional analytes (see Section 6.2.3) is also to be undertaken at these locations.
6.1.3

Additional Locations

It is proposed that additional monitoring locations be established based on consolidation of existing
monitoring locations. These additional locations are labelled MP 1 to MP 4 and are shown in Table 6-1
and Figure 6-1.
At these additional locations it is proposed to undertake monthly monitoring of the additional analytes
detailed in Section 6.2.3.

6.2

Water Properties to be Monitored

6.2.1

General Water Properties

The following general water properties will be monitored on a daily basis at locations specified in
Section 6.1.
•

pH

•

Oil and Grease

•

TSS

•

Salinity (conductivity).

Proposed trigger values are shown in Table 6-2 below.
Table 6-2

General Water Properties – Proposed Trigger Values

Parameter

Trigger Value

Comments

pH

6.5-9.0

Table 8.2.8 ANZECC (2000). pH 6.5 and 8.0 are
the lower and upper limit trigger values
respectively.

EC

350 µS/cm

Table 8.2.9 ANZECC (2000)

TSS

25 NTU

Table 8.2.12 ANZECC (2000)

General Water Properties
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Parameter

Trigger Value

Comments

Turbidity

25 mg/L

Table 8.2.11 ANZECC (2000)

Oil & Grease

n/a

n/a

6.2.2

Volumetric Discharge

Volumetric discharge will be monitored on a daily basis at locations specified in Section 6.1.
Volumetric limits for proposed LDPs have been based on the maximum discharges predicted within the
water balance model (GHD, 2009) and are shown in Table 6-3 below.
Table 6-3

LDP 4, LDP 5 and LDP 6 Proposed Volumetric Limits

Licensed Discharge Point

Units of Measurement

Volume

LDP 2

ML/day

10

LDP 3

ML/day

10

LDP 4

ML/day

10

LDP 5

ML/day

10

LDP 6

ML/day

10

6.2.3

Additional Analytes

The following additional analytes are proposed for monthly monitoring at the LDP locations specified in,
when enough water is present to sample.
•

TDS, turbidity, BOD, total hardness.

•

Major cations: Ca, Mg, Na, K.

•

Major anions: sulfate, chloride, total alkalinity (CaCO3).

•

Nutrients: TP, TN, NOx, ammonia as N.

•

Total: Cu, Pb, Hb, Ni, Co, Se, Ag, Zn, Al, As, Ba, B, Cd, Fe, Mn, Cr.

•

Filtered: Cu, Pb, Hg, Ni, Co, Se, Ag, Zn , Al, As, Ba, B, Cd, Fe, Mn, Cr.

•

Other: cyanide, flouride.

Proposed trigger values are shown in Table 6-4.
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Table 6-4

Additional Analytes – Proposed Trigger Values

Parameter

Trigger Value

Comments

Additional Analytes - Nutrients
Total Nitrogen (TN)

200 µgN/L

Table 8.2.2 ANZECC (2000)

Total Phosphorus (TP)

20 µgP/L

Table 8.2.3 ANZECC (2000)

Nitrogen Oxides (NOx)

15 µgN/L

Table 3.3.2 ANZECC (2000)

Ammonia

900 µgN/L

Table 3.4.1 ANZECC (2000)

Ammonium

40 µgN/L

Table 8.2.7 ANZECC (2000)

Additional Analytes - Metals
Aluminium

55 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection. Applies for pH>6.5

Arsenic

13 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection, as As(V)

Boron

370 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Cadmium

0.2 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Chromium

1.0 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection, as Cr(VI)

Copper

1.4 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Lead

3.4 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Manganese

1900 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Mercury

0.06 µg/L

Table 3.4.1 ANZECC (2000), 99% species
protection, as inorganic mercury

Nickel

11 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Selenium (Total)

5 µg/L

Table 3.4.1 ANZECC (2000), 99% species
protection

Silver

0.05 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Zinc

8.0 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection
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Parameter

Trigger Value

Comments

Additional Analytes - Other
7 µg/L

Cyanide

6.2.4

Table 3.4.1 ANZECC (2000), 95% species
protection

Proposed Trigger Values

Default trigger values were selected for the range of analytes suggested above (excluding pH, EC, TSS
and oil & grease as these are covered by EPL 528) from the Australian and New Zealand Guidelines for
Fresh and Marine Water Quality (ANZECC, 2000). The default trigger values were selected based on an
ANZECC ecosystem classification of “Upland rivers & streams” and an associated ecosystem condition
of “slight to moderately disturbed” for tributaries in the vicinity of Charbon colliery.
A list of default trigger values available for adoption in the absence of adequate monitoring data is
presented in Table 6-4 (only analytes with available default trigger values shown). The tables from
ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine Water Quality Guidelines,
from which the default trigger values were sourced, are listed below:
•

Table 3.3.2 Default trigger values for physical and chemical stressors for south-east Australia for
slightly disturbed ecosystems.

•

Table 3.3.3 Ranges of default trigger values for conductivity (EC, salinity), turbidity and suspended
particulate matter (SPM) indicative of slightly disturbed ecosystems in south-Australia.

•

Table 3.4.1 Trigger values for toxicants at alternative levels of protection.

•

Table 8.2.2 to 8.2.12 - upper limit trigger values for Chl, a, TP, FRP, TN, NOx and NH4+, and lower
and upper limit trigger values for DO and pH.

Trigger values for major anions are not specified at this stage and will be determined as a result of future
detailed quality studies. EC triggers at a general level cover the likely triggers for major anions, this
however is not appropriate when know issues have been observed. However, EC levels typically
sampled for this assessment are acceptable and therefore identification of EC triggers alone is
considered acceptableWithin the current environmental assessment, an additional three licence
discharge points have been identified. LDP 4 will be located downstream of the Pit Top and Infrastructure
Area, and LDP 5 will be located downstream of the Central and Western Open Cuts. The inclusion of
these additional licence points will need to be incorporated into EPL 528 and will require an amendment
to the existing licence.As discussed in the Review of Water Licensing April 2011 (GHD), it is also
recommended that a revised location for LDP 5 is adopted along with an additional licensed discharge
point location (LDP 6). The location of the proposed LDP 4, LDP 5 and LDP 6 are provided Figure 6-1
while Table 6-3 provides the recommended volumetric discharge limits. These limits have been based on
the maximum discharges predicted within the water balance model (GHD, 2009).
It is recommended that the same concentration limits set out in Table 6-2 and 6-3 for LDP 2 and LDP 3
are adopted for LDP 4, LDP 5 and LDP 6. Monitoring at these points should also include the additional
analytes set out in Section 6.2.3.
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6.3

Bank Stability Monitoring

Bank stability monitoring shall be undertaken on all major creek and drainage lines and specifically these
downstream of the LDPs. The monitoring should be undertaken in accordance with riparian vegetation
monitoring, on a quarterly frequency and following the occurrence of intense or prolonged rainfall.

6.4

Riparian Vegetation and Macro-invertebrate Monitoring

As previously stated, in the event, future ecological surveys determine that areas support threatened
aquatic species, it is recommended to monitor the extent of each area or typical reed vegetation. If a
significant reduction occurs in the populations, options to increase water delivery to each area may
require investigation and implementation.
Monitoring of the riparian vegetation should be undertaken annually at areas with identified significant
vegetation.
The monitoring of macro-invertebrate shall be undertaken annually in specified areas around the mine
likely to be supporting forms of aquatic species. The sampling shall be undertaken within the spring or
summer months when populations are more prevalent.

6.5

Acid Mine Drainage Monitoring

The presence of acid mine drainage will be monitored through the assessment of pH in water quality
assessments.

6.6

Sampling Methodology

All surface water monitoring, testing and assessment is to be undertaken in accordance with the
following standards/guidelines (as stated in the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality, 2000):
•

Australian Guidelines for Water Quality Monitoring and Reporting (ANZECC, 2000).

•

Australian Standard AS 5667.1998 Water Quality Sampling.

6.7

Data Recording

Monitoring work is to be thoroughly documented and will include the following (as required under section
M1.3 of EPL 528):
•

Sample date and time.

•

Sample location.

•

Name of person who collected sample.

•

Field sampling records.

•

Instrument calibration records.

•

Sample Chain of Custody records.

•

Analytical requests.
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Field sampling records are to include observations regarding the condition of the monitoring locations,
weather conditions at the time of sampling, and other additional field measurements. All laboratory
analysis is to be undertaken at a NATA accredited laboratory under chain of custody.
EPL 528, specifically section M1.2, also specifies that all records required to be kept by the licence must
be:
(a)

In a legible form, or in a form that can readily be reduced to a legible form.

(b)

Kept for at least 4 years after the monitoring or event to which they relate took place.

(c)

Produced in a legible form to any authorised officer of the EPA who asks to see them.
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7.

Reporting of Monitoring and Assessments

7.1.1

Data Review

Upon receipt of water quality monitoring result from the laboratory, the following review process will be
undertaken:
•

Data will be compared to the EPL 528 concentration limits and ANZECC default trigger values where
applicable.

•

If an anomalous result(s) is suspected a re-test by the laboratory may be requested or the site may
be resampled.

•

Where monitoring results exceed the relevant concentration limits, the proponent must notify the
EPA by telephone as soon as practicable (as specified in section R2 of EPL 528).

Investigation
Where monitoring results exceed the relevant concentration limits an appropriate investigation into the
cause of the exceedance should be conducted to determine the potential cause.
Corrective Actions
Any corrective actions or ameliorative measures that may be taken to prevent future discharge limit
exceedances should be identified as part of the investigation process.
7.1.2

Reporting

EPL 528
A written report on the discharge exceedance event should be compiled if requested by the EPA as
outlined in section R2 of EPL 528.
Annual Environmental Monitoring Report
The site currently develops an Annual Environmental Management Report (AEMR). This report includes
a detailed assessment of the water quality monitoring results collected over the course of the annual
monitoring program, an evaluation of any trends occurring across the site and within tributaries of Reedy
Creek and Rileys Creek, and any recommendations for management action. Management actions
relating to the water quality monitoring program may include:
•

Refinements of the water quality objectives.

•

Initiation of remedial action.

•

Alterations to monitoring frequency, parameters, or locations.
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Appendix A

Existing Surface Water Sample Locations
and Analytes

Existing Surface Water Sample Locations
Name

Easting

Northing

Description

LDP1

LDP1

Southern open cut pollution
control dam

Southern open cut pollution control
dam

LDP 2

LDP2 (if not discharging then Dam
sampled)

LDP 3

LDP3 (if not discharging then Dam
sampled)

Proposed LDP4

new Toe Dam/new mine dam/LDP4
(if not discharging then Dam
sampled) (dam built - not official
LDP yet)

Western Primary

Western primary pollution control
dam

Proposed LDP5

LDP5 (if not discharging then Dam
sampled) (dam built - not official
LDP yet)

Proposed LDP6

Haystack pollution control
dam/LDP6 (if not discharging then
Dam sampled) (dam built - not
official LDP yet)

Toe Dam

Toe Dam (will be redundant as
REA will fill in - will be replaced by
new toe dam (see row 7)

Reedy Creek Dam

Reedy Creek Dam

Pit Top U/S

Pit top upstream

Pit Top D/S

Pit top downstream

Appendix A1 – Existing Surface Water Sample Locations

Existing Surface Water Analytes
Site

Monthly

LDP1

KL

LDP1

Southern open cut
pollution control dam

pH, TSS, EC,
O&G

Southern open cut pollution control
dam

LDP 2

KL, pH, TSS,
EC, O&G

KL, pH, TSS,
EC, O&G

LDP2 (if not discharging then Dam
sampled)

LDP 3

KL, pH, TSS,
EC, O&G

KL, pH, TSS,
EC, O&G

LDP3 (if not discharging then Dam
sampled)

Proposed LDP4

KL, pH, TSS,
EC, O&G

KL, pH, TSS,
EC, O&G

new Toe Dam/new mine dam/LDP4 (if
not discharging then Dam sampled)
(dam built - not official LDP yet)

Western Primary

pH, TSS, EC,
O&G

Proposed LDP5

KL, pH, TSS,
EC, O & G

KL, pH, TSS,
EC, O & G

LDP5 (if not discharging then Dam
sampled) (dam built - not official LDP
yet)

Proposed LDP6

KL, pH, TSS,
EC, O & G

KL, pH, TSS,
EC, O & G

Haystack pollution control dam/LDP6
(if not discharging then Dam sampled)
(dam built - not official LDP yet)

Toe Dam

pH, TSS, EC,
O&G

Toe Dam (will be redundant as REA
will fill in - will be replaced by new toe
dam (see row 7)

Reedy Creek Dam

pH, TSS, EC,
O&G

Reedy Creek Dam

Pit Top U/S

pH, TSS, EC,
O&G

Pit top upstream

Pit Top D/S

pH, TSS, EC,
O&G

Appendix A2 Surface Water Monitoring Analytes

Discharge
Events

Description

Western primary pollution control dam

Pit top downstream

Proposed Surface Water Sample Locations
The proposed surface water sample locations to be undertaken as part of the monitoring program are
listed in the table below.
Name

Easting

Northing

Description

MP1

777048.471

6357416.626

Upstream of Reedy Creek

MP2

777788.247

6356845.125

Downstream of Pit Top

MP3

779083.650

6356951.487

Upstream of Pit Top

MP4

778753.449

6353887.606

LDP 2 (Third Entry Pollution Control Dam)

6353178.548
MP5

777489.333

Downstream of LDP 2 and LDP 3 of Rileys Creek
(New)

MP6

778177.900

6352241.048

LDP 3 (LDP 3 Discharge Dam)

Appendix B Proposed Surface Water Sample Locations

Appendix I

Groundwater Monitoring Program

Appendix I

Charbon Coal Pty Ltd
Charbon Colliery
Groundwater Monitoring Program
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Glossary
Average Recurrence
Interval

A statistical estimate of the average period in years between the occurrence of a
flood of a given size or larger, eg. floods with a discharge as big as, or larger
than, the 100-year ARI flood event will occur on average once every 100 years.
ARI is equal to the reciprocal of annual flood risk, e.g. an AFR of 1/100 has an
ARI of 100 years.

Bore

A constructed connection between the surface and a source of underground
water that enables the underground water to be transferred to the surface either
naturally or through artificial means.

Clean catchment
areas

Catchments in which there are no exposed surfaces containing coal or mined
carbonaceous material.

Clean water

Waters on the premises that have not come into physical contact with coal, or
mined carbonaceous material.

Coal Handling
Preparation Plant

A facility where coal is washed screened and prepared for market.

Dewatering

Transfer of water from underground workings to the surface.

Dirty catchment
areas

Catchments in which coal mined carbonaceous materials are present or areas
where the topsoil has been disturbed.

Dirty water

Water on the premises that has come into physical contact with coal, mined
carbonaceous materials or otherwise contains elevated sediment load.

Groundwater

Water held in strata that is not overlying the strata of the coal seam, or within the
coal seam.

Licensed Discharge
Point

A location where Charbon Colliery discharges water in accordance with
conditions stipulated within the site Environment Protection License.

Net extraction

Difference between water transferred to, and from, the underground water
storage.

Sediment-laden
water

Water that has a high level of suspended solids.

Surface Water

Water that is derived from precipitation or pumped from underground and may
be stored in dams, rivers, creeks and drainage lines.

Temporary storage

Volume of storage available within a dam between the permanent water level
and the overflow level.

Underground water

Water stored in underground aquifers. During the mining process a proportion of
this water is released and managed by the underground settling and pumping
system.
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Abbreviations
AEMR

Annual Environmental Management Report

AHD

Australian Height Datum

ARI

Average Recurrence Interval

CHPP

Coal Handling Preparation Plant

DOPI

Department of Planning and Infrastructure

EA

Environmental Assessment

EP&A Act

Environmental Planning and Assessment Act 1979

EPL

Environment Protection Licence

GWMP

Groundwater Monitoring Program

kL

Kilolitres

LDP

Licensed Discharge Point

m

Metres

MB

Monitoring bore

ML

Megalitres

MTpa

Million Tonnes per annum

NOW

NSW Office of Water

NMQMS

National Water Quality Management Strategy

OEH

Office of Environment and Heritage

PA

Project Approval

ROM

Run of Mine

STP

Sewage Treatment Plant

SWMP

Surface Water Monitoring Program

t

Tonnes

WMAct

Water Management Act 2000
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1.

Introduction

Charbon Colliery required that a suitable groundwater monitoring program be developed for the
monitoring of the groundwater environment within the colliery boundary and for the approved
developments of the mine both above and underground.

1.1

Commission

GHD Pty Ltd was commissioned by Charbon Coal Pty Ltd to prepare a Water Management Plan for the
Charbon Colliery. The Water Management Plan draws on the outcomes from the revised detailed water
balance prepared for the Charbon Colliery in 2011 (GHD 2011), and includes a Groundwater Monitoring
Program (this program).

1.2

Scope of Work

This Groundwater Monitoring Program (GWMP) is a component of the site Water Management Plan and
is required under the Project Approval 08_0211. The scope of the program includes:
•

Assessment of baseline data to determine existing groundwater elevations and water quality levels.

•

The development an impact assessment criteria.

•

Prepare a program to monitor the groundwater environment.

1.3

Monitoring Program Objectives

The objectives to be met by this GWMP under the Section 75J Project Approval 08_0211 are outlined in
Table 1-1 along with the section(s) of this report where these objectives are addressed.
Table 1-1

Relevant Project Approval Conditions

Consent
Requirement

Centennial Charbon
Project Approval
08_0211, Schedule 3,
Condition 33.
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Condition

Where
Addressed in
this GWMP

33a) Baseline data for the natural variation in
groundwater levels, yield and quality;

Section 5

33b) Groundwater impact assessment criteria (including
for monitoring bores and privately-owned bores; and

Section 6

33c) A program to monitor the impacts of underground
or open cut mining on groundwater resources.

Section 7

1

Table 1-2 provides details of relevant commitments made by Charbon Colliery in the Statement of
Commitments. The table also details where these commitments have been addressed within this GWMP.
Table 1-2

Relevant Commitments (Statement of Commitments)

Consent
Requirement

Condition

Where Addressed in
this GWMP

Centennial Charbon
Project Approval
08_0211, Appendix 3.

9.4) Prepare a Surface and Groundwater Water
Management Plan which will include detailed
water monitoring and response protocols in
consultation with the NSW Office of Water.

This document covers the
Groundwater Monitoring
Program element of the
Commitment.
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2.

Charbon Colliery

2.1

Location

The Charbon Colliery is an underground (bord and pillar) and open-cut mine owned and operated by
Charbon Coal, a joint venture between Centennial Coal Company Limited (Centennial) (95%) and SK
Networks Resources Australia Pty Ltd (5%).
The colliery is located approximately 4 km south of Kandos and approximately 1 km south of Charbon.
Figure 2-1 provides a locality map for the Charbon Colliery.

2.2

Site Operations

2.2.1

Overview

Mining associated operations at the Charbon Colliery include:
•

Underground mining.

•

Open cut mining.

•

Coal processing and washing at the Coal Handling and Preparation Plant (CHPP).

•

Coal stockpiling adjacent to the CHPP and rail loop.

•

Loading of coal for export from site by rail and road.

•

Mechanical maintenance activities – undertaken near the Administration area and at a workshop
near the Third Entry area.

•

Office and administrative activities.

•

Reject emplacement.

Figure 2-2 provides the location of these facilities.
In addition, the Charbon Colliery owns 14 residential cottages located at Charbon and potable water is
supplied to those dwellings.
2.2.2

Coal Mining Operations

The colliery operates both open cut and underground mining operations at the site. The Run of Mine
(ROM) production at Charbon is approximately 1.3 Mta with approximately 76% of this becoming product
or saleable coal. The approved maximum extraction rate is 1.5 Mta.
Approximately 60% of the product coal is currently sourced from the underground operations. The
majority of the product coal is transported from the site by rail.
The main coal mining operations at Charbon, are shown schematically in Figure 2-3, these consist of:
•

Underground extraction of coal from the Lithgow Seam.

•

Open Cut extraction of coal from surface outcrop coal seams including the Lithgow and Irondale
Seams.
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Figure 2-3

•

Transporting the coal to near the CHPP, by conveyors, where it is processed and prepared for
transportation off site.

•

Rejects from the CHPP are retained on site in a REA.

2.2.3

Water Management Associated with Mining Operations

There are many water movements associated with the coal mining operations at the Charbon Colliery.
The main water movements at the Charbon site are shown schematically in Figure 2-4 and consist of:
•

Rain will fall on the vegetated and revegetated areas of the topographic catchment and a portion of
the surface runoff will be harvested in dams. Surface runoff from vegetated areas is termed clean
water runoff. The main clean water harvesting dam is the Reedy Creek Dam which has a capacity of
approximately 220 ML, as specified in the 2009 Environmental Assessment (R.W. Corkery & Co. Pty.
Limited; 2009) and from site information. Water extracted from the dam is used only for the coal
washery and underground operations. Some additional clean water is harvested in smaller on site
dams which are indicated in Figure 2-4 by “On site water storage”.

•

During rainfall events there may be runoff from disturbed areas of the site. This is termed “dirty
runoff” and is directed to dirty water storages. Overflows from the dirty water storages pass, after
sedimentation and sediment trapping, through licensed discharge points (LDPs) and then can be
trapped by other site water storages.

•

Water from the dirty water storages is used on site for dust suppression.

•

Water from the on site storages is used within the CHPP.

•

Water from the CHPP goes into the following:
–

The coal stockpile for coal to be transported off site.

–

The REA.

–

Excess flow is returned to the on site water storages.

–

Water from the REA seeps through the REA and finds its way back into site water storages.

–

Stored site water is used within the underground operations by the continuous miner and for dust
suppression. Some of this water is returned to the CHPP as ROM moisture.

–

Water finds its way into the underground workings through overburden fractures and is pumped
from underground into on-site storages where some can seep back into the old underground
workings.

–

Water that seeps into the underground workings is extracted and pumped to the surface water
storages.

–

An option exists for the extraction of water from the underlying regional groundwater source,
using the existing bores, for water to be extracted and used on site.

2.2.4

Other Water Management Activities

In addition, there is a potable water supply to the site operations and wastewater collection and
treatment. It has not been included within the site analysis.
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Figure 2-4

2.3

Site Mining

2.3.1

Historical Mining Activities

The Charbon Colliery commenced operations in the 1920s and initially supplied coal to the Charbon
Cement Works. The colliery was retained as an operational facility, to satisfy a local demand for
steaming coal, after closure of the Charbon Cement Works in 1977.
The colliery was upgraded in 1985 to include the rail loop, CHPP and the production rate was increased
to produce a washed coal for export.
Open cut mining commenced at the site in 1996.
Historical underground bord and pillar mining has previously been undertaken in the vicinity of the
Western Underground area.
2.3.2

Existing Mining Activities

Current mining operations include extraction of ROM by bord and pillar methods within the existing
Charbon Underground in the 8 Trunk and 9 Trunk panels. This extraction commenced in 2007.
In addition, up to 600,000 t/annum is retrieved from open cut mining toward the south of the site, in the
existing Southern Open Cut.
ROM coal from the above operations is transported to the CHPP via surface and underground conveyor.
A proportion of the ROM coal is transported directly off-site but the majority of the ROM coal is
processed by the CHPP where it is separated and product coal is stockpiled prior to transportation away
from the site by rail and road.
Rejects are disposed on site at the REA. Fine rejects are pumped to the REA as a slurry with the coarser
fractions transported by truck for placement.
2.3.3

Future Activities

The future coal extraction (R.W. Corkery & Co; 2009) and associated works will include the additional
underground and open cut mining within the following approved areas:
•

The Southern Open Cuts, including the Southern Open Cut Extension and the Southern and
Western Outliers.

•

The 8 Trunk Open Cut.

•

The Central Open Cut.

•

The Western Underground and Open Cut.

Additional site operations will include a continuation of the existing Charbon Underground, operation of
the CHPP, coal stockpiling, reject emplacement, mechanical maintenance, administrative functions and
rehabilitation of the ground surface as mining disturbance ends in localised areas.
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2.4

Site Geology and Hydrogeology

Mining to date has been within the Lithgow Seam and Irondale Seam, and where economically viable the
Lidsdale Seam. The approved underground mining operations under Haystack Mountain will be within
the Lithgow Seam and open cut mining will be within the Lithgow and Irondale Seams.
The basement stratigraphy, from higher to lower, is reported as being (GeoTerra; 2009):
•

Jurassic / Tertiary aged volcanic breccia, sandstone and basalt located on the peak of Haystack
Mountain.

•

Triassic aged Narrabeen Group sandstones and claystones.

•

Permian aged Illawarra Coal measures – including the Irondale, Lidsdale and Lithgow Seams.

•

Underlying Shoalhaven Group conglomerate, sandstone shale and siltstones.

The same report indicates that there are two types of aquifer system present at the site. They are:
•

Thin, unconsolidated alluvium in the major valleys.

•

Shallow basement coal measure comprising a sequence of aquicludes, aquitards and low yielding
aquifers.

Neither of the coal measures or creek alluvium aquifers is reportedly listed as vulnerable aquifers under
the current Aquifer Risk Assessment Report.
The regional aquifers are located below the approved workings. The Lithgow Seam is located
approximately 40 to 60 m above the regional groundwater elevation at nearby bore sites.
The existing and past workings have been generally dry workings with minimal groundwater inflow.

2.5

Site Hydrology

The Charbon Colliery mining lease operations extend along the western edge of the Great Dividing
Range. Due to smaller ridges extending from the main range to the west, the mining lease boundary
extends into four local catchments: Reedy Creek, Rileys Creek, Stony Creek and Deep Creek.
Reedy Creek and Rileys Creek are part of the Macquarie-Bogan River Catchment whilst Stony Creek
and Deep Creek form part of the Hawkesbury-Nepean Catchment.
Reedy Creek Catchment
Reedy Creek catchment is the northernmost catchment and contains the following site features: CHPP,
ROM stockpiles, REA, Mine Washery Dam, Pit Top Services Area, coal loading infrastructure, rail loop,
the approved Central Open Cut and portions of the approved Western Open Cut. Reedy Creek flows into
Reedy Creek Dam. Overflows from the Reedy Creek Dam enter Cumber Melon Creek which drains into
the Cudgegong River, then Lake Windamere situated to the north-west of the site.
Rileys Creek Catchment
Rileys Creek catchment lies to the south of Reedy Creek catchment and is comprised of the following
site features: Southern Open Cut, 8 Trunk Open Cut, Southern Open Cut Extension, Western Outlier,
Third Entry Area, Black Tanks and existing/approved underground mining area. This catchment contains
numerous farm dams that contain local minor flows. Rileys Creek drains into Carwell Creek, to the west,
which drains into Lake Windamere.
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Stony Creek Catchment
Stony Creek is located on the western side of the ridgeline, which runs along the eastern border of the
site, and drains to the south of the mining lease. Of the Charbon Colliery site features, only portions of
the approved Southern Open Cut Extension and portions of the Southern and Western Outliers lie within
the Stony Creek catchment. Stony Creek drains into Ulumbra Creek which flows south east into the
Capertee River that drains into the Hawkesbury-Nepean River system.
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3.

Background

There are eight known bores located within or near the Charbon site as shown in Figure 3-1 and
Table 3-1 (from GeoTerra; 2009).
Bores B1, PB2, PB3 and B4 were installed by Charbon Coal in early 2007 to investigate the potential for
groundwater supply to the Colliery. Two bores were unsuccessful (B1 and B4), while bores PB2 and PB3
continue to be used as production bores as shown in Table 3-1.
Table 3-1

Registered Bores in the Vicinity of Charbon Colliery

Bore

Water Access
Licence

Date
Installed

Co-ordinates
Titleholder
Eastings

Northings

GW23586

n/a

n/a

1

214750

6355151

Private

GW59768

80BL130645

n/a

215820

6350030

Private

GW800780

80WA706036

1994

215770

6353525

Private

GW800781

80WA70637

1995

216390

6353450

Private

B1 (GW804125)

80BL244068

2

2007

217545

6356939

Centennial Charbon

PB2 (GW804126)

80BL244069

2007

217311

6356234

Centennial Charbon

PB3 (n/a)

80BL244070

2007

217314

6356130

Centennial Charbon

B4 (GW804125)

80BL244068

2

2007

217646

6356573

Centennial Charbon

Dewatering
Activities

80BL2343771

n/a

n/a

n/a

Centennial Charbon

1: n/a = data not supplied
2: Identified as under the same licence
Source: GeoTerra (2009) - Table 1

The three licensed production bores (PB) PB2 (80BL244069), PB3 (80BL244070) and B1/B4
(80BL244068) have a total cumulative extraction limit of 30 ML/yr.. However PB3 and B1 will be
decommissioned and volumes up to the permitted extraction volume will be extracted solely from PB2.
Bore B4 will also be decommissioned.
In addition to these groundwater extraction limits another 5 ML/yr is currently permitted to be extracted
from the Centennial Charbon mine workings under Water Access Licence 80BL243771. The total
groundwater extraction permissible at Centennial Charbon is hence 35 ML/yr. Water Access Licence
80BL243771 corresponds to a land parcel on the western edge of the southern open cut. No current
licence exists for dewatering the western underground mine operations. A licence will be required to
continue to de-water from the underground workings.
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Figure 3-2

4.

Site Hydrogeology

4.1

Hydrogeology

GeoTerra conducted a Groundwater Assessment in September 2009 which forms part of the Charbon
2009 EA Specialist Consultant Studies Compendium. As part of the groundwater assessment it was
identified that aquifers with the Charbon site could be classified as either alluvial or basement aquifers.
GeoTerra (2009) identified alluvial aquifers within the site as having the following hydrogeological
characteristics:
•

Comprise thin, unconsolidated alluvial.

•

Are associated with valley floor drainage lines and of limited extent within the site.

•

Typically recharged from surface water within creek lines.

•

Have limited potential for groundwater resources.

There two classes of basement aquifers are present within Charbon site – Coal seam aquifers and
Sandstone-hosted aquifers. These aquifers have following hydrogeological features as identified in
GeoTerra (2009):
Coal seam aquifers:
•

Are associated with Irondale, Lidsdale and Lithgow coal seams.

•

Sub-crop at the base of hills within and surrounding the Project Site.

•

Are largely unconfined, free draining and unsaturated.

•

Recharged by rainfall infiltration only (as they are situated at an elevation above the surrounding
drainage lines).

•

Would be disturbed by on site mining activities.

Sandstone-hosted aquifers:
•

Underlie the coal seam aquifers.

•

Comprise sandstones and conglomerates of the Shoalhaven Group and Nile Subgroup.

•

Situated approximately 39-66 m below the Coal seam aquifers.

•

Are confined aquifers, do not sub-crop and are typically saturated.

•

Recharged from rainfall infiltration and seepage from local drainage lines.

•

Would not be disturbed by on site mining activities.

•

Are not likely hydraulically connected to coal seam aquifers.

GeoTerra (2009) noted that no significant aquifers or groundwater sources have currently or historically
been intersected by the sites open cut mines. Groundwater seepage is generally not observable from
these dry workings except after significant rainfall events where ephemeral perched seeps may produce
short periods of low flows.
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A conceptual layout of mining activities relative to local and regional aquifers is shown in Figure 4-1. It
can be seen from this figure that mining operations are unlikely to impact on surface water storages
except those owned and operated by the mine. This is due to the fact that mining activities only intercept
local aquifers with no expected impact on regional groundwater systems. Therefore, impact on surface
water storages is only expected for areas directly above mining activities, all of which are owned and
operated by the mine. Impacts on perched water tables are expected to be localised to the area
immediately above mining activities and not impact on neighbouring properties.

4.2

Groundwater Supply

All eight registered bores associated with the Project Site are located stratigraphically below the Irondale
and Lithgow seams (these seams will be mined as part of the approved open cut and underground
mining at Centennial Charbon).
As noted by GeoTerra (2009) there are no piezometer or bore construction logs available to derive
information about the groundwater source from which the Charbon Coal bores draw water from. However
bore depths (35-90 m) and brief geological logs supplied by the drillers for these bores indicate
groundwater is sourced from the Nile Subgroup and/or Shoalhaven Group sandstones.
The private bores are significantly shallower than the Charbon Coal bores at around 13-19 m below
surface and are most likely within the Nile Subgroup as summarised in Table 4-1.
Table 4-1

Groundwater Bore Summary

Bore

Aquifer

GW23586

Nile Subgroup sandstones

GW59768

Nile Subgroup sandstones

Standing
Water Level
1
(mbgl)

Total
Depth
(mbgl)

Intake
(mbgl)

Yield
(L/sec)

n/a

18.2

n/a

n/a

24.30

45.7

Open
hole

1.38

GW800780

Nile Subgroup sandstones

n/a

25.0

13-19

2.00

GW800781

Nile Subgroup sandstones

9.5

25.0

13-19

0.5

B1

Nile Subgroup/Shoalhaven
Group sandstones

20

130

35-79

1.9

PB2
(GW804126)

Nile Subgroup/Shoalhaven
Group sandstones

19.95

121

45-73

6.8

PB3

Nile Subgroup/Shoalhaven
Group sandstones

28.2

97

49-90

3.1

B4 (GW804125)

n/a

18

n/a

n/a

n/a

1: mbgl = meters below ground level
Source: GeoTerra (2009) - Table 1
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Figure 4-1

As noted by GeoTerra (2009), each of the registered bores within and surrounding the Project Site
source groundwater from aquifers within either the Nile Subgroup or the Shoalhaven Group. As detailed
above, these aquifers lie stratigraphically below the approved open cut and underground mining at
Charbon Coal and hence are not expected to be intersected by mining operations within the Project Site.
Since there is only one record of groundwater at each location it is not possible to established natural
variation in groundwater level and yield.
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5.

Existing Baseline Data

5.1

Groundwater Quality

Groundwater quality monitoring has been identified as a required component of the Site Water
Management Plan under the current Section 75J Project Approval (08_0211). Prior to this approval there
was no existing groundwater quality monitoring requirements for Charbon Colliery, hence there is limited
existing baseline data for the site.
Of the eight registered groundwater bores listed in Table 3-1 groundwater quality monitoring is limited to
samples from PB2 and PB3 that was conducted in 2007. The sampling results for PB2 and PB3 are
presented in Table 5-1. There are also general indications of salinity included in Table 5-1 for other
groundwater bores however these are only descriptive indicators as outlined by GeoTerra (2009). Some
groundwater quality results for water pumped from the Charbon underground at the Third Entry are also
included in Table 5-1 as stated in GeoTerra (2009).
Table 5-1

Charbon Groundwater Quality

Bore

pH

Electrical
Conductivity
(µS/cm)

Iron
(mg/L)

Zinc
(mg/L)

Copper
(mg/L)

Manganese
(mg/L)

Total (unfiltered) Concentrations
GW23586

n/a

n/a

n/a

n/a

n/a

n/a

GW59768

n/a

Salty

n/a

n/a

n/a

n/a

GW800780

n/a

Fresh

n/a

n/a

n/a

n/a

GW800781

n/a

Fresh

n/a

n/a

n/a

n/a

B1

n/a

n/a

n/a

n/a

n/a

n/a

PB2 (GW804126)

6.3

2790

22

0.29

0.1

2.4

PB3

6.6

2860

9.1

0.06

0.11

1.0

B4 (GW804125)

n/a

n/a

n/a

n/a

n/a

n/a

Charbon Underground (Third
Entry)

7.9

1000

n/a

n/a

n/a

n/a
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Table 5-2

Comparison of Default Trigger Values

Bore

pH

Electrical
Conductivity
(µS/cm)

Iron
(mg/L)

Zinc
(mg/L)

Copper
(mg/L)

Manganese
(mg/L)

Total (unfiltered) Concentrations
Criteria
1

6.5-8.0

30-350

-

-

-

-

2

-

-

-

0.008

0.0014

1.9

3

-

-

10

5

5

10

4

-

3,000-8,000

-

20

0.4-5

-

6.5-8.5

750

0.3

3

2

0.5

ANZECC 2000
ANZECC 2000
ANZECC 2000
ANZECC 2000
5

NHMRC 2004

1 ANZECC 2000 default trigger for physical and chemical stressors in upland SE Aust slightly disturbed streams
2 ANZECC 2000 trigger values for protection of 95% of freshwater aquatic species in slightly to moderately disturbed systems
3 ANZECC 2000 short term trigger values for irrigation water
4 ANZECC 2000 livestock drinking water
5 NHMRC 2004 Australian Drinking Water Guidelines
Source: GeoTerra (2009)

Based on available groundwater quality data, groundwater within the Nile Sub Group/Shoalhaven Group
sandstones at bores PB2 and PB3 is brackish and slightly acidic. As shown in Table 5-2, the
groundwater EC exceeds the ANZECC (2000) default trigger value for south-east Australia upland rivers
and NHMRC (2004) Australian Drinking Water guideline, although is less than the ANZECC (2000)
livestock drinking water guideline.
Reported heavy metal concentrations generally exceed the ANZECC (2000) default trigger values for the
protection of 95 % freshwater aquatic species, although it should be noted that reported heavy metal
concentrations are likely to be unfiltered (total) values and not indicative of the mobile/bioavailable
concentrations.
Comparing the groundwater quality data in Table 5-1 with the ANZECC (2000) and NHMRC (2004)
guidelines and trigger levels indicates that the groundwater quality from the Charbon Underground as
well as PB2 and PB3 is not suitable for direct discharge into streams, and is too saline for use as drinking
water, however it could be used for irrigation and livestock purposes as noted by GeoTerra (2009).
While there is limited existing data available to make a detailed assessment of the groundwater quality at
Charbon Coal, it is expected that there would be some degree of natural variability in terms of quality, as
this is generally a natural phenomenon associated with groundwater.

5.2

Groundwater Levels and Yield

It is noted that minimal baseline groundwater data is available at this time. It is therefore proposed to
obtain additional baseline data in the future to assess the natural variation in groundwater levels, yield
and quality.
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6.

Groundwater Impact Assessment Criteria

6.1

Standard Parameters / Analytes – EC, pH and Standing Water Level

According to ANZECC (2000), a minimum of 24 data values (generally taken over the previous two years
over a number of seasons and flow conditions) should exist for a reference site in order to calculate site
specific criteria.
This analysis considered the full range of information currently available however, this dataset does not
fully comply with the recommendations of ANZECC. Until site specific trigger values can be established it
is necessary to use default trigger values, as shown in Table 6-1.
Table 6-1

ANZECC (2000) Default Trigger Values – Standard Analytes

Parameter

Trigger Value

Comments

pH

6.5-9.0

Table 8.2.8 ANZECC (2000). pH 6.5 and 8.0 are
the lower and upper limit trigger values
respectively.

EC

350 µS/cm

Table 8.2.9 ANZECC (2000).

Standing Water Level

Statistically significant
decreasing trend in the
underlying time trend,
(that is, independent of
natural variation in
rainfall)

In the EA GeoTerra (2009) proposed a trigger for
further investigation would occur if a drop of over
10m below the rolling 12 month average in
groundwater levels in any piezometer or private
bore occurs over a minimum 3 month period.

6.2

Additional Analytes

Trigger values for other analytes are given in Table 6-2.
Table 6-2

ANZECC (2000) Default Trigger Values – Additional Analytes

Parameter

Trigger Value

Comments

TSS

25 mg/L

Table 8.2.12 ANZECC (2000)

Turbidity

25 NTU

Table 8.2.11 ANZECC (2000)

Total Nitrogen (TN)

200 µgN/L

Table 8.2.2 ANZECC (2000)

Total Phosphorus (TP)

20 µgP/L

Table 8.2.3 ANZECC (2000)

Nitrogen Oxides (NOx)

15 µgN/L

Table 3.3.2 ANZECC (2000)

Ammonia

900 µgN/L

Table 3.4.1 ANZECC (2000) – based on toxicity
testing

General

Nutrients
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Parameter

Trigger Value

Comments

Aluminium

55 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection. Applies for pH>6.5

Arsenic

13 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection, as As(V)

Boron

370 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Cadmium

0.2 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Chromium

1.0 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection, as Cr(VI)

Copper

1.4 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Lead

3.4 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Manganese

1900 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Mercury

0.06 µg/L

Table 3.4.1 ANZECC (2000), 99% species
protection, as inorganic mercury

Nickel

11 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Selenium (Total)

5 µg/L

Table 3.4.1 ANZECC (2000), 99% species
protection

Silver

0.05 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Zinc

8.0 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

7 µg/L

Table 3.4.1 ANZECC (2000), 95% species
protection

Metals (Dissolved)

Other
Cyanide

Trigger values for major anions are not specified at this stage and will be determined as a result of future
detailed quality studies. EC triggers at a general level cover the likely triggers for major anions, this
however is not appropriate when know issues have been observed. However, EC levels typically
sampled for this assessment are acceptable and therefore identification of EC triggers alone is
considered acceptable.
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7.

Groundwater Monitoring and Reporting

7.1

Monitoring Network

While there are no bores within or in the vicinity of the site that were solely constructed as groundwater
monitoring sites, each bore currently constructed could form part of a monitoring network subject to the
implementation of a GWMP.
It is noted that the GeoTerra (2009) Groundwater Assessment did not recommend that the current
groundwater bore network be proposed for either extraction or monitoring purposes. Though this
program recommends that water level and/or quality data is gathered from as many local, available bores
as possible, on a monthly basis. This information is recommended to be reported on an annual basis.
Figure 3-1 shows existing ground water bore locations and proposed bores to be monitored.

7.2

Monitoring Program

All surface water monitoring, testing and assessment is to be undertaken in accordance with the
following standards/guidelines (as stated in the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality, 2000):
•

Australian Guidelines for Water Quality Monitoring and Reporting (ANZECC, 2000).

•

Australian Standard AS 5667.1998 Water Quality Sampling.

Given the availability of property access, Table 7-1 indicates the proposed monitoring locations for site
and testing parameters that should be undertaken as part of this monitoring program.
Table 7-1

Current Monitoring Locations

Monitoring Location

Frequency

Parameters

GW800781

Monthly

pH, EC, major cations /anions Water
Level & Table 6-2 parameters.

PB2 (GW804126)

Monthly

pH, EC, major cations /anions Water
Level & Table 6-2 parameters.

PB3

Monthly

pH, EC, major cations /anions Water
Level & Table 6-2 parameters.

Charbon Underground

Monthly

pH, EC, major cations /anions Water
Level & Table 6-2 parameters.
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8.

Reporting of Monitoring and Assessments

8.1

Data Review

Upon receipt of water quality monitoring result from the laboratory, the following review process will be
undertaken:
•

Data will be compared to the EPL 528 concentration limits and ANZECC default trigger values
(Table 6-1) where applicable.

•

If an anomalous result(s) is suspected a re-test by the laboratory may be requested or the site may
be resampled.

•

Where monitoring results exceed the relevant concentration limits, the proponent must notify the
EPA by telephone as soon as practicable (as specified in section R2 of EPL 528).

Investigation
Where monitoring results exceed the relevant concentration limits an appropriate investigation into the
cause of the exceedance should be conducted to determine the potential cause.
Corrective Actions
Any corrective actions or ameliorative measures that may be taken to prevent future discharge limit
exceedances should be identified as part of the investigation process.

8.2

Reporting

EPL 528
A written report on the discharge exceedance event should be compiled if requested by the EPA as
outlined in section R2 of EPL 528.
Annual Environmental Monitoring Report
The site currently develops an Annual Environmental Management Report (AEMR). This report includes
a detailed assessment of the water quality monitoring results collected over the course of the annual
monitoring program, an evaluation of any trends occurring across the site and within Reedy Creek and
Rileys Creek, and any recommendations for management action. Through the AEMR, management
actions relating to the water quality monitoring program may include:
•

Refinements of the water quality objectives.

•

Initiation of remedial action.

•

Alterations to monitoring frequency, parameters, or locations.
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1.0

INTRODUCTION

1.1

Background

Introduction

Charbon Coal received Project Approval 08_0211 for the continuation of operations at the Charbon Colliery
th
on the 7 of September 2010. The Project Approval is supported by the Continued Operation of the
Charbon Colliery Environmental Assessment (EA) completed in November 2009 by R.W. Corkery & Co Pty
Limited. Statement of commitment 9.6, as appended to the Project Approval, outlines the requirement for
Charbon Colliery to complete an assessment of onsite irrigation of treated wastewater (termed effluent).
This report presents a comprehensive and relevant assessment of the irrigation area and the activity of
effluent application in accordance with the Environmental Guidelines: Use of Effluent by Irrigation (NSW
Department of Conservation (DEC), 2004). This report analyses the effluent‟s physical and chemical
characteristics, assesses the irrigation area‟s suitability, models nutrients and salt loads, and assesses the
irrigation area‟s proximity to sensitive areas.
GSSE has utilised the aforementioned guidelines to assess whether the Charbon Colliery‟s current water
recycling practice being employed is suitable for pasture growth, and whether it poses any significant
adverse risk to the local environment.

1.2

Proponent Details

The proponent for the continued operation of the Charbon Colliery project and this submission is Charbon
Coal Pty Limited.
Charbon Colliery is an underground (bord and pillar) and open-cut coal mine operated by Charbon Coal Pty
Limited (Charbon Coal), a joint venture between Centennial Coal Company Limited (Centennial) (95
percent) and SK Networks Resources Australia Pty Ltd (5 percent). Charbon Colliery is located in the
Western Coalfields of NSW, approximately 87 kilometres northwest of Lithgow and 3 kilometres south of
Kandos (Figure 1).
Charbon Colliery has been in operation since the 1920s, initially supplying coal to the former Charbon
Cement Works, located adjacent to the northern boundary of the Colliery. Following closure of the Charbon
Cement Works in 1977, the Charbon Colliery was kept in production to meet regional demand for steaming
coal. In 1985, the Charbon Colliery was upgraded, including the installation of the rail loop, CHPP and an
increase in the rate of production to allow the mine to produce a washed coal for export.

1.3

Regulatory Information

The operation of the wastewater system is covered under the Charbon Colliery Environmental Protection
Licence (EPL) No. 528 and is identified as Licence Discharge Point 1 (LDP 1). This EPL specifies a
maximum daily discharge volume of 20 kilolitres and generic management requirements. No other limits for
LDP 1 have been stipulated.
The current waste regulatory framework is established under the Protection of the Environment Operations
Act 1997 (POEO Act) and is governed by the Office of Environment and Heritage (OE&H). The advisory
environment guideline documents utilised to complete this report are:


Environmental Guidelines: Use of Effluent by Irrigation (DEC, 2004; hereafter referred to as the Effluent
Guidelines);
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National Water Quality Management Strategy: Guidelines for Sewerage Systems – Use of Reclaimed
Water guidelines (ARMCANZ, ANZECC & NHMRC, 2000; hereafter referred to as the Reclaimed Water
Guidelines);



National Water Quality Management Strategy: Australian Guidelines for Sewerage Systems Effluent
Management (ARMCANZ & ANZECC, 1997; hereafter referred to as the Sewerage System
Guidelines);



Guidelines for the Use and Disposal of Biosolids Products (EPA, 1997; hereafter referred to as the
Biosolids Guidelines); and



Australian and New Zealand Water Quality Guidelines for Fresh and Marine Water Quality (ANZECC &
ARMCANZ) (2000; hereafter referred to as the ANZECC Guidelines).

1.4

Contact Details

The primary contacts for this project are:
GSS Environmental

Charbon Colliery

Eryn Bath
Senior Environmental Planner
Ph. 4920 3000
Mob. 0427 024 739
Email: bath@gssenvironmental.com
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Matt Gray
Environment and Community
Coordinator
Ph. 6357 09206
Mob. 0427 271 776
Email: matt.gray@centennialcoal.com.au
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2.0

BACKGROUND INFORMATION ON THE EFFLUENT

2.1

Source of the Effluent

This source of the effluent is associated with Charbon Colliery‟s auxiliary infrastructure, specifically an
administration building, a bathhouse and a cluster of 13 houses. This infrastructure is located within the
bounds of Colliery Holding Boundary (Figure 2).
The potable water requirement of this auxiliary infrastructure is supported by the Mid-Western Regional
Council potable water system and services approximately 140 Charbon Colliery employees and around 30
contractors. Charbon Colliery staff are on site five to six days per week for underground and open cut
operations. The annual water usage is approximately 14 megalitres (ML). Water usage at Charbon Colliery
includes:


Showers (bathhouse);



Toilets (bathhouse);



Staff amenities (kitchen/lunch room); and



Residential house (company owned).

The above water usage creates wastewater (also referred to as influent), which is treated on-site resulting in
the generation of effluent). The annual amount of influent entering the wastewater treatment system is
assumed to be 14 ML.

2.2

Processes the Effluent has Undergone

The wastewater is treated on-site at Charbon Colliery due to the absence of a supporting council sewerage
system. The on-site system was installed by Henry Walker Environmental Pty Ltd in 1986.
Wastewater treatment consists of an Aerated Wastewater Treatment System (AWTS) that employs both
secondary and tertiary treatments (as defined by the Reclaimed Water Guidelines). Primary treatment (i.e.
pre-treatment screening of wastewater) is not implemented due to the system being entirely for on-site
purposes and the subsequent absence of solid debris and/or sediments in the wastewater. The Reclaimed
Water Guidelines do not specifically require primary treatment.
This system operates in a three part process:
(i)

Biocycle (AWTS) treatment facility (secondary treatment);

(ii)

Above-ground polishing pond (tertiary treatment); and

(iii)

Storage and release tank; the release tank works in conjunction with a spray irrigation
system (refer Section 2.3).

Wastewater from the pit top flows through gravity fed lines and a rising main to a 7,500 L surge tank. The
wastewater is then pumped through an approved Biocycle treatment facility at a pre-determined flow rate
of approximately 1.0 L per second. The wastewater treatment facility consists of an intermittent aeration
tank which diffuses oxygen through the wastewater approximately every 30 minutes. Solids are allowed to
settle and clear wastewater is decanted through the system towards an effluent polishing pond. The
polishing pond is capable of detaining maximum daily discharges for up to 15 days. This pond is a simple
means of providing treatment and pathogen reduction. The polishing pond is located in ground to enable
trickle feed from the intermittent aeration tank. When the wastewater polishing pond becomes full, it flows
to a 4000 L tank which contains a pump. A level switch is triggered when this tank becomes full and the
GSS Environmental
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effluent is then sprayed throughout the irrigation site (Section 2.3).
This wastewater system is operating to the treatment requirements as detailed in the Sewerage System
Guidelines. These requirements are reproduced below in Table 1.
Table 1 – Land Discharge Option and Treatment Levels
Land Application Option

Minimum Level of
Treatment

Commonly Required
Level of Treatment

C

C and E

Effluent application via
irrigation for landscaping
purposes.

1

1

Irrigation system
Comply (Y/N)
Y;
Note: treatment „E‟ can
be improved.

Source: Sewerage System Guidelines

Where:

C = Secondary Treatment: targets most solids and BOD; options include biological treatment,
chemically assisted treatment or lagoons
E = Disinfection Treatment: targets bacteria and viruses; options include lagooning, ultraviolet and
chlorination.

A schematic diagram of the wastewater treatment system and irrigated area is shown on Figure 3 and
photos of the system are shown in Plates 1 to 4. The wastewater treatment system is located in elevation
690 m.

Plate 1: Step 1 - Biocycle
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Plate 3: Step 3 - Storage and Release Tank

2.3

Plate 4: Step 4 - Spray Irrigation System

Current Disposal Practices of the Effluent

The effluent generated from the aerated wastewater treatment system is disposed of onsite at Charbon
Colliery as there is no supporting council sewerage system. The effluent is land applied as a disposal option
with the aim of managing this waste material in an environmentally friendly manner.
Effluent is land applied via an irrigation sprinkler system (Plate 4). Disposal occurs when the storage tank
becomes full, triggering a switch releasing the stored effluent (Plate 3). The sprinkler system forms a “T”
shape and consists of 12 sprinkler heads. The sprinkler system has dimensions of approximately 74 m by 60
m with an irrigation radius of 10m per sprinkler head (Figure 3). This provides an approximate irrigation area
2
of 2,500 m .
The irrigation area and its adjacent surrounds are not under agricultural production and the effluent is used
for landscaping purposes. As such, the most applicable effluent reuse type classification, in accordance
with Appendix 1 of the Effluent Guidelines is „Urban (non-potable)‟, specifically, „Municipal with Controlled
Public Access‟.
The irrigation area in the foreseeable future may be used for agricultural purposes and in accordance with
the Biosolids Guidelines the irrigation area can also be classified as „agricultural land‟. This is defined as
being „land which is now or could be in the future used for agricultural purposes‟ (EPA, 1997).
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3.0

CHARACTERISATION OF THE EFFLUENT

3.1

Sampling Procedure

The environmental quality parameters of concern identified for this effluent are both physical and chemical
(Table 2). These parameters include all major constituents likely to be present in the effluent and which are
considered to be of environmental concern if present in undesirable concentrations/quantities.
Chemical parameters such as heavy metals and herbicides (as listed in Table 4.6 of the the Effluent
Guidelines have been excluded from analysis as they were established as having a low likelihood of being
present in undesirable concentrations due to the known nature of the wastewater source.
To determine effluent quality samples were taken on six consecutive days from the release tank and sent
to ALS Laboratories (ALS), a NATA-registered laboratory for analysis. This sampling was undertaken by a
representative of Charbon Colliery in accordance with the methodology supplied by ALS. Samples were
taken in May 2010. The samples were placed in clearly marked containers supplied by ALS laboratory in
Sydney and sent to ALS laboratory under Chain of Custody for analysis.

3.2

Results

The results of the effluent sampling have been assessed against the criteria as specified in the Effluent
Guidelines and where appropriate the ANZECC Guidelines (Table 2). The accompanying certificates of
analysis for each individual sample are located in Appendix 2. Where the measured chemical value was
less than the detection limit, 50% of the actual detection limit was substituted for the purpose of result
reporting.
The effluent characterisation assessment showed:


The key constituents of Total Nitrogen (TN), Total Phosphorus (TP), Biological Oxygen Demand (BOD)
and Total Dissolved Solids (TDS) are of low strength in the effluent. As such the organic content and
key nutrient loads contained in the effluent are not of environmental concern and are likely to be lower
than the receiving waters;



Oil and grease are present in acceptably low levels showing that this constituent is not present in
concentrations that is likely to clog irrigation system parts or block soil pores promoting undesirable
anaerobic soil conditions;



Chlorine is not present or present in very low concentrations that are below the detection limit. This
result is expected as the wastewater system does not use a chlorinated disinfectant which generally
produces residual chlorine levels; and



The pathogen load in the effluent is larger than as stipulated in Effluent Guidelines for urban (nonpotable use). The current wastewater treatment process includes a tertiary treatment whereby a
polishing pond is used to reduce pathogen concentrations to acceptable levels. Pathogen reduction in
the pond occurs through ultraviolet irradiation from natural sunlight and this process can be interfered
with by issues such as suspended matter and vegetative growth. The results from Table 2 show that
interference is occurring as the polishing pond is not effectively reducing pathogen levels.
Recommendations to improve pathogen effluent quality characteristics are detailed in Section 7.0.

In summary, the effluent is of the required standard for land disposal with the exclusion of the pathogen
concentrations which require additional treatment.
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Table 2 – Effluent Sampling Results
Analyte

Units

Sample

Sample Results

Average

Standard
Error

Limit

Comment

-

-

-

#

1

2

3

4

5

6

TDS

mg/L

228

237

287

251

258

264

254

8.52

<600

Low strength

3

BOD

mg O2/L

12

9

20

6

10

13

12

2

<40

Low strength

3

mg/L

5

7

7

2.5

5

5

0.82

<1,500 mg/L

Acceptable

3

pH

-

7.61

7.97

7.34

7.97

7.18

6.96

7.5

0.17

Acceptable

5

EC

dS/cm

0.45

0.42

0.42

0.41

0.51

0.46

0.45

0.04

<0.65 µS/cm

Very Low

µS/cm

447

443

447

435

424

427

437

10

-

-

mg/L

2.5

2.5

5.0

2.8

2.3

1.7

2.8

0.46

<50 mg/L

Low strength

Nitrate (NO3-)

mg/L- N

0.07

0.11

0.16

0.26

0.23

0.12

0.16

0.03

N/A

No limit specified

5

Ammonia (NH3)

mg/L- N

0.04

0.1

0.03

0.005

0.06

0.09

0.05

0.01

N/A

No limit specified

5

Total Organic Nitrogen
(TON)

mg/L- N

2.4

2.3

4.7

2.5

2

1.4

N/A

No limit specified

5

Oil & Grease

TN

1

2.5

1

1

2.6

0.46

Range 6.5-8.0

3

3

3

TP

mg/L

1.66

1.67

2.03

2.00

1.90

2.00

1.9

0.07

< 10 mg/L

Low strength

Reactive P
(orthophosphate)

mg/L

1.39

1.40

1.34

1.46

1.37

1.5

1.4

0.02

-

-

µg/L

1390

1400

1340

1460

1370

1500

1410

24.2

75 µ/L

Exceeds

Chlorine – free

mg/L

0.1

1

0.1

1

0.1

1

E

0.1

1

0.1

1

0.1

0.00

< 1 mg/L

Very Low

Chlorine – total resident

mg/L

0.1

1

0.2

0.4

E

0.1

1

0.1

1

0.2

0.06

< 1 mg/L

Very Low

Faecal Coliforms

cols/100mL

400

1500

1400

400

4000

3600

1883

638

<1,000 cols/100mL

Unacceptable

E. Coli

cols/100mL

400

1200

1100

400

4000

2

2900

1667

598

<1,000 cols/100mL

Unacceptable

1

Measured result is below detection limit; 50% of reported value recorded.

2

Result is approximate.

3

Evaluated using Table 3.1, 3.4 and Section 3.8 of the Effluent Guidelines as appropriate.

4

Evaluated using Table A1 of the Effluent Guideline as appropriate.

5

Evaluated using Tables 3.3.2 and 3.3.3 of the ANZECC Guidelines; evaluated at five times the trigger value as specified by the Effluent Guidelines.

E

Laboratory error; no result recorded.
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4.0

BACKGROUND INFORMATION ON THE RECEIVING SITE

4.1

Location

Charbon Colliery is located in the Mid-Western Regional Council (formerly Rylstone Shire Council). The
townships of Rylstone, Kandos and Clandulla are situated approximately 11 km north, 3 km east and 4 km
south-west of Charbon, respectively. The effluent irrigation area is located in the north-west part of Charbon
Colliery (Figure 2).

4.2

Land use and Zoning

Charbon Colliery is predominately zoned as 1(a) (General Rural) under the Rylstone Local Environmental
Plan (1996). A small part of the Charbon Colliery site is zoned 2(v) (Village or Urban) where the on-site staff
housing is situated. The irrigation area is located within this 2(v) zone.
Charbon Colliery has been predominately cleared of natural vegetation and is mainly used for stock grazing
and coal mining and associated activities. Surrounding Charbon Colliery, land use consists predominately
of agriculture, coal mining and rural residential with some agricultural lime production and urban residential
land use. Kandos and Clandulla State Forest‟s are situated on Charbon Colliery‟s eastern margin and to the
west of Charbon Colliery (west of the Wallerawang-Gwabegar railway line), respectively. Their land use
classification is State Forest and they forested with dense native bushland.

4.3

Rainfall / Climate

Charbon‟s climate is characterised by warm to hot days and cool nights during summer and frosty
mornings followed by cool sunny days in winter. Rainfall tends to peak during the summer months, with
thunderstorms and strong winds along the ridge tops. The region is also quite susceptible to extended
periods of drought.
The most relevant long term rainfall data was obtained from the Bureau of Meteorology (BOM) monitoring
station operating at Kandos (No.62017). This station has operated since 1951. Whist rainfall is reasonably
well distributed throughout the year there is a slight peak in the summer months and marginally lower
rainfall in autumn. On average, January is the wettest month of the year and April is the driest. The wetter
months of December, January and March also have a reasonably low number of mean rain days
suggesting the higher volumes of rainfall are associated with higher intensity storms falling over shorter
periods of time. Table 3 contains the rainfall statistics for the 10th percentile (dry), 50th percentile
(average) and 90th percentile (wet) rainfall years from the Kandos BOM station. This data assists in the
design of appropriate wet weather effluent storage facilities if required.
Table 3 - Annual Rainfall Statistics (BOM station No. 62017)

4.4

Percentile year

Rainfall ( mm)

10th Percentile (dry year)

466.14

50th Percentile (median year)

697.70

90th Percentile (wet year)

891.06

Topography

Charbon Colliery lies on the western slopes of the north-south oriented sandstone ridgeline of the Great
Dividing Range. Topography generally consists of asymmetric rolling hills with elevations up to 900 AHD
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and valley floors at around 700 AHD to 750 AHD. The hill slopes are steep and rocky with the valley floors
being areas of low gently sloping to flat land where the Illawarra coal measures are present beneath a thin
cover of colluvial and alluvial deposits. The irrigation area occurs on gently undulating land with a <1%
westerly slope. Refer Plates 6 and 7.

Plate 6: Irrigation Area

4.5

Plate 7: Irrigation Area showing westerly inclined slope

Geology

Charbon Colliery is underlain by sedimentary rock units of the Nile/Shoalhaven Sub-group, Illawarra Coal
Measures and Narrabeen Group as well as containing some intrusions of Jurassic Volcanics. Regionally,
the sedimentary units dip very gently to the east and northeast at approximately one degree. The irrigation
area is underlain by the Permian Illawarra Coal Measures that consist of shale, quartz-lithic sandstone,
conglomerate, chert, sporadically carbonaceous mudstone, coal and torbanite seams.

4.6

Soil Type

Soils within Charbon Colliery generally consist of Red, Yellow and Brown Podzolic Soils (GSSE, 2009). The
irrigation area contains the Yellow Podzolic soil unit; also referred to as a Yellow Chromosol soil unit in the
Australian Classification System (ASC). Determination of the irrigation area‟s soil unit has been based on
field observations by GSSE personnel (April 2010), a desk-top review of previous soil surveys within
Charbon Colliery (GSSE, 2009; Murphy & Lawrie, 1998) and the analysis of the irrigation area‟s geology
and landform position.
Yellow Chromosol‟s are texture contrast soils and throughout Charbon Colliery they generally consist of a
coarse textured surface layer overlying a structured clay horizon. The topsoil is structurally stable, nonsaline and alkaline. The subsoils are generally yellowish-brown to yellowish-orange medium to heavy clays,
are non-dispersive, non-saline and have a neutral to alkaline pH trend.

4.7

Hydrology

Charbon Colliery is located predominately in Cudegong River Catchment and occurs within the subcatchments of Reedy Creek and Rileys Creek. Charbon Colliery‟s eastern and southern margins occur within
the Capertee River Catchment and its sub-catchments of Stony Creek and Deep Creek.
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The irrigation area is located within the Cudegong River Catchment, specifically the Reedy Creek subcatchment (catchment size of 1042 ha). Reedy Creek flows to Reedy Creek Dam which has the following flow
sequence of Cumber Melon Creek, the Cudgegong River and Lake Windamere. Lake Windamere forms part
of the Macquarie-Bogan River Catchment in central New South Wales and the Cudgegong River is a major
tributary within this catchment.
Reedy Creek Dam‟s capacity is 270 ML, however, it has reported that this dam rarely produces an outflow due
to the dam‟s limited catchment area (BHP Engineering, 1982). The irrigation site is approximately 700 m from
Reedy Creek, and 200 m from the tributary of Reedy Creek as shown on Figure 2.

4.8

Hydrogeology

The groundwater system within Charbon Colliery predominantly consists of basement aquifers whereby
water is stored by fresh or weathered bedrock. Within Charbon Colliery, basement aquifers occur either as:


a coal seam aquifer associated with the Irondale, Lidsdale and Lithgow Coal Seams; or as



sandstone-hosted aquifers which underlay the coal seam aquifers.

The coal seam aquifers sub-crop at the base of hills and typically dip gently to the east and sub-crop in all
directions and as a result are largely unconfined aquifers with free draining and unsaturated characteristics.
Recharge of these aquifers is via rainfall infiltration only as the aquifers occur at a higher elevation than the
surrounding drainage lines (GeoTerra, 2009).
Underlying these coal seam aquifers are a series of sandstone and conglomerate-hosted aquifers of the
Shoalhaven Group and Nile Sub-group, referred to collectively as the sandstone-hosted aquifers. These
aquifers are between approximately 39 m and 66 m lower than the coal seam aquifers and host the
regional aquifer system. These aquifers also dip gently to the east with no sub-cropping and are confined
aquifers that are typically saturated. Recharge of these aquifers is via rainfall infiltration and seepage from
local drainage lines (GeoTerra, 2009). Given the distance between the coal seam and sandstone-hosted
aquifers, namely between 39 m and 66 m, these aquifers are not likely to be hydraulically connected.
Alluvial aquifers exist to a limited extent within Charbon Colliery as they are principally associated with
valley floor drainage lines (GeoTerra, 2009) and this landform feature does not occur within the Charbon
Colliery area.
The irrigation area is not associated with alluvial aquifers and basement aquifer association occurs at a
sufficient depth that water table concerns can be discounted from this assessment.

4.9

Vegetation

Charbon Colliery consists mostly of cleared land with native and introduced grass species, minor shade trees
and forested hills in the upper reaches. Flora surveys have identified eight vegetation communities within
Charbon Colliery and include a range of Gum, Stringybark and Box woodland community types (refer to
AES/GES, 2009 report). The irrigation area has been disturbed for past grazing activities and consists of
pasture grasses with some shrubs apparent upslope of the irrigation area.
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5.0

CHARACTERISATION OF THE SITE

5.1

Sampling Procedure
th

Soil sampling was undertaken by GSSE on the 28 April, 2010. Within the irrigation area 9 soil sampling
sites were randomly selected. Sites were excavated to 20 cm using a spade (Plate 8) and samples were
collected from depths of 0-10 cm and 10-20 cm. Each soil layer was bulked to form one sample resulting in
two composite samples of 0-10 cm and 10-20 cm. The two samples were then analysed for the following
parameters as outlined in Table 4.

Plate 8: Exposed topsoil profile

Table 4 – Soil Parameters Tested
Item

Property

Application
Physical

1

Field Colour (Munsell Colour
Chart)

Permeability, susceptibility to dispersion /erosion.

2

Course Fragments (>2mm)

Soil workability; root development; droughtiness.

3

Particle-Size Distribution
(<2mm)

Nutrient retention; exchange properties; erodibility; droughtiness;
workability; permeability; sealing; drainage; interpretation of most other
physical and chemical properties and soil qualities.

4

Aggregate Stability
(Emerson aggregate test)

Susceptibility to surface sealing under rainfall or irrigation; effect of raindrop
impact and slaking; permeability; infiltration; aeration; seedling emergence;
correlation with other properties.

5

Bulk Density

Estimate of density and porosity.

6

Plant Available Water
Capacity

Water storage and availability.
Chemical

7

pH

Nutrient availability; nutrient fixation; toxicities (especially Al, Mn); liming;
sodicity; correlation with other physical, chemical and biological properties.

8

Electrical Conductivity

Appraisal of salinity hazard in soil substrates or groundwater, total soluble
salts.

9

Cation Exchange Capacity
and Exchangeable Cations

Nutrient status; calculation of ESP; assessment of other physical and
chemical properties, especially dispersivity, shrink – swell, water movement,
aeration.

10

Total Nitrogen (Kjeldahl)

Potential N supply.
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5.2

Characterisation of the Site

Property
Total Phosphorus

Application
Potential P supply.

Results

The irrigation area contains the Yellow Chromosol soil type. Tables 5 and 6 describe its physical and
chemical characteristics, respectively.
This soil type is a texture contrast soil that generally consists of a coarse textured surface layer overlying a
structured clay horizon. Topsoil depth can vary and the irrigation area was shown to have a 20 cm topsoil
layer. The topsoil is a structurally stable alkaline, non-saline, non-sodic loamy (sandy) textured soil. Fertility
is moderate as the soil contains moderate quantities of exchangeable cations, low salt content and a high
concentration of both Total Nitrogen and Total Phosphorus. Limitations for this topsoil include a moderately
alkaline pH which will interact to limit cation solubility, a low water holding capacity limiting plant longevity
during drought-like conditions, and a moderate erodibility rating. The latter limitations are largely associated
with the topsoil‟s coarse texture and these would have been improved over time by the addition of organic
carbon contained in the effluent.
The subsoil is generally a yellowish-brown to yellowish-orange medium to heavy clay that is nondispersive, non-saline with a neutral to alkaline pH trend. Root penetration can be physically restricted due
to its clayey content and moderate structural pedality of the subsoil (GSSE, 2009). Note: Chromosol soil
has a B horizon with low permeability; therefore a low risk of groundwater contamination is associated with
this soil group.
The irrigation area has been assessed for landform suitability (Table 7) and soil suitability (Table 8) using
the criteria as detailed in Hazelton & Murphy (2007). The results of this assessment show that the irrigation
area has no major limitations in terms of landform or physico-chemcial soil characteristics and is suitable
for spray irrigation practices.
The site has also been assessed for proximity to sensitive environments and buffer zone requirements. The
nearest sensitive environment to the irrigation area is a „natural water body‟, specifically a small stream
named Reedy Creek (Figure 2). The buffer distance for low strength effluent application proximal to a small
stream is „site-specific‟ or a 50 m buffer zone for larger streams (Effluent Guidelines). The irrigation area is
a minimum 50 m from Reedy Creek and satisfies the higher level buffer zone requirement.

Plate 9: Soil Sample 0-10 cm
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Table 5 – Soil Physical Characteristics
Layer

cm

1

2

1

Description

0-10

Hard setting weakly structured dark yellow to dark greyish-brown (10YR4/2) sandy to clay
loam. The topsoil is structurally stable, non-saline and alkaline. Sub-rounded stones
(sedimentary in origin) were observed throughout the profile and observed surface stone
cover varied between 2% and 10%. Root penetration throughout the topsoil is common with a
dominant vegetation cover of pasture grass present.

10-90

Generally yellowish-brown or yellowish-orange medium to heavy clays, moderately structured
with coarse angular blocky rough faced peds. Non-saline and non-dispersive with a neutral to
alkaline pH trend. Root penetration is low and stone content is typically between 20% and
50%.

1

Soil descriptions from GSSE Soil Survey, 2009.

2

Topsoil depth varies from 10-20cm

Table 6 – Soil Chemical Characteristics
Analyte

Units

0-10 cm

Comment

10-20 cm

Comment

Clay

%

15

N/A

14

N/A

Colour (dry)

-

10YR4/2

Dark Greyish Brown

10YR4/2

Dark Greyish
Brown

Electrical Conductivity (EC 1:5)

dS/m)

0.08

Very Low

0.05

Very Low

Electrical Conductivity ECe;
saturated paste extract)

dS/m)

0.76

Very Low

0.48

Very Low

-

8.3

Moderately Alkaline

8.4

Moderately
Alkaline

Cation exchange Capacity
(CEC)

cmol(+)/kg

19.7

Moderate

17.2

Moderate

Exchangeable Sodium (Na)

cmol(+)/kg

0.1

Low

0.1

Low

Exchangeable Potassium (K)

cmol(+)/kg

0.8

High

0.7

High

Exchangeable Calcium (Ca)

cmol(+)/kg

20.7

Very High

17.1

High

Exchangeable Magnesium
(Mg)

cmol(+)/kg

2.4

Moderate

2.0

Moderate

Ca:Mg ratio

-

3544

Mg (low)

2842

Mg (low)

Exchangeable Sodium
Percentage (ESP)

%

0.5

Non-Sodic

0.6

Non-Sodic

Class

5

Slight Dispersion

5

Slight Dispersion

%

0.35

High

0.28

High

mg/kg

264

High

255

High

Available Water Capacity
(AWC )

(mm per
10cm)

13.3

N/A

12.1

N/A

Bulk Density (BD)

(Mg/m )

1.30

N/A

1.45

N/A

Hydraulic Conductivity (HC)

(mm/hr)

70

N/A

70

N/A

pH

Emerson Aggregate Test
(EAT)
Total Nitrogen (N)
Total Phosphorus (P )
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Units

0-10 cm

Comment

1

Calculated from EC and clay % results as per Hazelton & Murphy (2007).

2

Estimated from clay content as per Hazelton & Murphy (2007).

10-20 cm

Table 7 – Landform Suitability Assessment

Comment

1

Property

Limitation Range

Limitation
Class

Slope % for Sprinkler
Irrigation

<6

Slight (Class 1)

Limited erosion risk.

Flooding

None to rare

Slight (Class 1)

No risk from flooding.

Landform

Concave side slopes
and foot slopes

Slight (Class 1)

Some erosion risk in heavy rain; the irrigation
site is however located on a flat area of the
slope and has limited erosion risk GSSE hence
downgraded landform to Class 1.

Surface Rock or Outcrop

Nil

Slight (Class 1)`

No limitations for cultivation practices.

Interpretation

Table 8 – Soil Suitability Assessment

1

Property

Limitation
Range

Limitation Class

Interpretation

ESP

0-5

Slight (Class 1)

The salt level is highly unlikely to affect soil
and plant dynamics. Class 1 is considered low
risk.

Salinity (0-45cm)

ECe >4 dS/m

Slight (Class 1)

The salt level is highly unlikely to affect soil
and plant dynamics. Class 1 is considered low
risk.

Depth to High Water Table

>90cm

Slight (Class 1)

Low risk for groundwater contamination.

Depth to Bedrock or
Hardpan

>100cm

Slight (Class 1)

Low risk for restriction of plant roots.

2

Slight (Class 1)

Hydraulic Conductivity
mm/hr) (0-100cm)

Topsoil = 70;
Subsoil = 25

Moderate (Class 2)

Available Water Capacity
(mm/m)

10-20

Moderate (Class 2)

3

Bulk Density (Mg/m )

1.

<1.6

The
topsoil‟s
hydraulic
capacity
is
approximately 70 mm/hr which is associated
with a slight limitation; the subsoil is a light to
medium clay has and has a lower conductivity
and limitation of Class 2.
Limitations for the amount of water held in
reserve for plant uptake.

Slight (Class 1)

Low risk for restriction of plant roots.

Soil pH (0-10cm)

>6.0

Slight (Class 1)

Low risk of issues as related to acid generating
soil conditions (e.g. aluminium solubility).

Cation Exchange Capacity
(average 0-50cm)

>15

Slight (Class 1)

Low risk of soil being unable to hold additional
nutrients added in effluent.

1

Information sourced Hazelton & Murphy (2006) Table 6.13.

2

GSSE 2010 field survey demonstrated that the irrigation area has a 20 cm topsoil layer.
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Analysis of Irrigation Area

ANALYIS OF IRRIGATION AREA

An effluent irrigation system should be designed using best management practices to optimise the use of
water, nutrients and organic matter and to reduce the potential for deleterious environmental effects. The
optimal quantity of water, nutrients and organic matter of the given irrigation area is a function of the plant
biomass, the agronomic system employed and site-specific factors such as climate, topography and soil.
This section models the fate of water, nutrients, salt and organic matter to ensure that the spray irrigation
operation is being carried out sustainably.
All equations and rates used for the nitrogen balance have been sourced from the Effluent Guidelines
unless otherwise indicated.

6.1 Water Balance
A water balance for the irrigated area was completed to determine the maximum volume of effluent that
2
can be sustainably applied to the irrigation area (size of 2,500 m ) each year (Equation 1). Each part of
this equation is detailed below.
Equation 1
Precipitation + Effluent applied = Evapotranspiration + Percolation + Runoff

Precipitation
The rainfall data utilised in the following water balance was taken from the Bureau of Meteorology (BOM)
Station at Kandos Cement Works (Station No. 062017). As Table 9 details, median rainfall per annum is
approximately 690 mm (equivalent units of 0.69 m) and the volume falling on the irrigation area is1,726
3
m /yr or 1.73 ML/yr.
Table 9 – Mean Precipitation (mm) data taken from BOM Station 062017
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Sum
(mm)

Sum (m)

76.3

74.3

53.0

42.7

50.9

43.4

48.3

54.9

48.6

67.7

66.0

66.3

690.2

0.69

Effluent Applied
The volume of effluent applied to the irrigation area has been estimated from known potable water usage
as there is no information available on flow rates over time. The estimate has been calculated using the
assumptions of


the entire 14 ML (14,000 m3) of potable water supplied by Mid-Western Regional Council to the
auxiliary infrastructure is treated by the wastewater treatment system;



there is a 10% loss of water from the system during transfer processes; and



all effluent is disposed of in the irrigation area.

Given these assumptions, 12.6 ML of effluent per annum is applied through spray irrigation to the irrigation
area.
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Evapotranspiration
Evapotranspiration rates will vary throughout the year depending on temperature, humidity, solar radiation,
wind, plant type and plant growth patterns. This rate has been calculated using Equation 2.
Equation 2
Evapotranspiration = monthly evaporation values * crop factor

Monthly evaporation values were taken from the nearest BOM Station at Bathurst Agricultural Station. The
mean evaporation for the years 1966 to 2010 provides a total average per annum evaporation rate of 1.35
m (Table 10). The crop factor takes into account the plant type growing in the irrigation area in terms of
productivity and specific meteorological limitations. For the irrigation area, the plant type is pasture grass
and the relevant monthly mean crop factor is shown in Table 11. This crop factor is expressed as the ratio
of crop evaporation to pan evaporation and has an annual range of 0.45-0.70 and average of 0.6.
The calculated mean monthly evapotranspiration rates using Equation 2 are shown in Table 12 and the
2
total average evapotranspiration is 873.6 mm each year. Over the irrigation area of 2,500 m this equates
3
to an annual evaporation of 2.18 ML per annum (equivalent to 2,184 m ).
Table 10 – Mean Monthly Evaporation (mm) data taken from BOM Station 063005
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Sum
(mm)

Sum
(m)

210.8

162.4

139.5

87

52.7

33

37.2

55.8

84

124

159

204.6

1350

1.35

Table 11 – Crop factor for Pasture Grass
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Annual (ave.)

0.7

0.7

0.7

0.6

0.5

0.45

0.40

0.45

0.55

0.65

0.70

0.70

0.60

Table 12 – Mean Evapotranspiration (mm) rates
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Sum
(mm)

Sum
(m)

147.6

113.7

97.7

52.2

26.4

14.9

14.9

25.1

46.2

80.6

111.3

143.2

873.6

0.87

Percolation
Percolation is the movement of water down through the soil profile and is a natural phenomenon that
occurs after any rainfall event where rainfall exceeds the soil moisture deficit. This differs from „infiltration‟
which describes the entry of water into the soil after rainfall/irrigation as percolation refers to water
movement once the soil profile has been saturated. As such, percolation describes internal drainage with
water draining primarily under the influence of gravity and evaporation is not an influence. An irrigated site
will have more percolation than a site with rainfall only. Percolation is a process that prevents the build up
of salt in the root zone (refer Section 6.2.3) and can be calculated using Equation 3.
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Equation 3
1

Percolation per annum = hydraulic conductivity (mm/h)* 24 hrs*365 days
1

Estimated from field texture using source Hazelton & Murphy (2007)

The irrigation area‟s topsoil is a sandy to clayey loam and has an estimated median hydraulic conductivity
of 70 mm/hour. The irrigation area‟s subsoil is a yellowish-brown tor yellowish-orange medium clay with 2050% stone content and has an estimated hydraulic conductivity of 25 mm/hour. Given that the topsoil is
shallow (0.2 m) and the subsoil is 0.8 m in depth, it is the subsoil that is the limiting factor for percolation
process.
This hydraulic conductivity is interpreted as being moderate (Hazelton & Murphy, 2007), which suggests
that the irrigation area is suitable for irrigation as it does not exhibit undesirable hydraulic conductivity
ratings whereby internal drainage is either very slow (<10 mm/hr) generating surface runoff or very rapid
(<120 mm/hr) creating soil profile permeability characteristics that can lead to water table contamination.
Consequently, surface runoff from this system will only be occasional and vertical transfer to groundwater
systems unlikely.
The irrigation area with a percolation rate of 25 mm/hr can percolate at least 548ML of water per year when
no greater than 25mm of water is applied to the irrigation area per hour. Percolation under rainfall
conditions can continue to occur until the rainfall intensity exceeds 25mm/hr. The Intensity-FrequencyDuration (IFD) data for Charbon shows that a one hour rainfall event of 25mm or greater has an Average
Recurrence Interval of 2 years (Institute of Engineers Australia).
Water percolating at a rate of 25 mm/hr (0.025 m/hr) equates to 0.06ML of water that is able to percolate
per hour through the irrigation area. With regards to effluent irrigation activities, this equates to 1.5 ML of
effluent that can be applied to the irrigation area in one day assuming that the soil is saturated. This value
does not account for evapotranspiration processes that remove soil water from the system or rainfall that
adds water to the system. However assuming that the soil system is static, it would take 8.4 days of
irrigation for the annual loading of effluent to be land applied in a manner that is unlikely to result in runoff.
The irrigation area‟s soil system with an average available water capacity of 12.5% for the topsoil (depth
0.2 m; average from Table 6) and 10% for the subsoil (Hazelton & Murphy, 2007) has an available water
capacity of 0.26 ML. This is the amount of water that the soil can hold at any one time with additional water
(rainfall or effluent) applications of ≤0.06 ML able to percolate through the soil profile with limited risk of
surface runoff.
Runoff
The runoff factor is set to zero in accordance with the Effluent Guidelines. This is to provide a safety factor
to ensure that runoff is not used as a means of effluent disposal to the environment.
Water Balance
The annual water balance for the irrigation area is shown below (Equation 1) and has been calculated for
the upper and lower soil percolation limits. This water balance illustrates that the predicted per annum
inputs by the irrigation system are significantly less than the inherent ability of the irrigation area to absorb
water and provides evidence that the irrigation area can sustain the additional water. The irrigation area
absorbs the inputs in a small part by evaporation processes with the remainder absorbed through internal
soil drainage processes (percolation).
A water balance also assesses whether crop requirements are being met and to ensure that increases in
runoff and percolation are minimised. The water balance results shows that precipitation inputs alone do
not satisfy crop requirements, and that effluent inputs which increase the volume of water entering the
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system are larger than evapotranspiration removal rates. This effluent input is however utilising only <3% of
the irrigation area‟s capacity to absorb water indicating that the increase will not lead to surface and
subsurface water transfers. Groundwater contamination is also unlikely due the irrigation area‟s distance
from the ephemeral Reedy Creek and the irrigation area‟s water table depth of >90cm.
The water balance calculations have not taken into account the irrigation area‟s capacity to percolate water
in the topsoil, which will percolate an additional volume of water with some lateral transfer expected along
the top of the B2 soil horizon under heavy rain conditions.

Worked Equation 1

Precipitation + Effluent applied

=

(predicted inputs)
Conservative percolation
limit:

Evapotranspiration + Percolation + Runoff
(potential maximum design outputs)

1.73 ML + 12.6 ML

=

2.18 ML + 548 ML+ 0 ML

14.3 ML

=

550 ML

6.2 Loading Rates
The amount of nitrogen and phosphorus, salt, and organic matter contained in the effluent can place
limitations on effluent disposal practices. This is due to the adverse environmental effects that the key
plant-limiting nutrients nitrogen and phosphorus can have on sensitive water systems, the negative effects
soil salt accumulation can have on plant growth, and the undesirable encouragement of anoxic soil
conditions that can occur from high soil organic matter content.
To model the appropriate quantity of these effluent constituents that can be applied to irrigation area,
loading rates are calculated. As such, these four variables are assessed in this section with a view of
calculating appropriate loading rates over time and comparing these rates to the current irrigation practices.

6.2.1

Nitrogen Balance

In a nutrient mass balance, the amount of the specific nutrient assumed to be applied in a year is compared
with the amount taken up by the biological or physical processes of the crop-soil system.
The behaviour of nitrogen in plant-soil systems is complex and includes additions and losses to the system
as well as transformations of the forms of nitrogen. Nitrogen is present in the effluent in both organic and
+
mineral forms. Mineral forms are primarily composed of ammonia (NH3), ammonium (NH4 ), nitrate (NO3-),
nitrite (NO2-) and urea (NH2CONH2) and can be readily taken up by plants (or lost through leaching).
Organic Nitrogen (ON) requires mineralisation for plant uptake and mineralisation occurs through the
interaction of ON, plant type and soil environment. ON mineralisation is important as nitrogen removal from
effluent is largely biological. Nitrogen can also be removed from the system through gaseous losses,
however denitrification is considered to not be significant in effluent irrigation systems (Effluent Guidelines)
The nitrogen available (NE) for plant uptake during a single application year is calculated using Equation
4. Where annual applications are planned Equation 5 is used to calculate the total available nitrogen
(TNE) in a given year as this takes into account the inorganic nitrogen as well as the mineralisation of
residual ON still present in the soil from previous year(s) applications. The nitrogen loading rate for the
system can then be calculated using Equation 6. This loading rate is based on the irrigation area
containing pasture grasses such as Phalaris and Perennial Rye Grass. Plant nitrogen uptake rates for
Phalaris and Perennial rye-grass were sourced from Table S4.2 of Biosolids Guidelines.
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Equation 4
NE = Nitrate + (1-kv)*ammonium + fy*Organic Nitrogen (ON)
=

0.16 + (100%-25%)*0.05+60%*2.55

=

1.73 mg/L available in the first year

Where NE =

Plant available nitrogen in the effluent during the application year in mg/L (equivalent to
kg/ML).

kv =

Fraction of ammonia volatisation (fraction obtained from Effluent Guidelines.

fy =

Mineralisation fraction for organic nitrogen in each year (fraction obtained from Effluent
Guidelines.

Equation 5
TNEy = [Nitrate + (1-kv)*ammonium + fy*ON] + fy(1-fy-1)* (ON
f1)*(ON1)

Where TNEy =

y-1)

+ fy(1-fy-1)( 1-fy-2)*(ON

y-2)

+.....+ fy(1-fy-1)...( 1-

=

[0.16 + (100-25%)*0.05+60%*2.55] + [year 2 NE (1.73) +1.02 (from yr1)] + [year 3NE (1.73)
+ 1.02 (from year 2) + 0.26 (from year 1)]....

=

steady state of 3.78 mg/L/year (kg/ML/year) reached after approximately 4 years.
Total plant available nitrogen in year y including mineralisation of residual ON from previous
year in kg/ML (or equivalent mg/L).

Equation 6
Rye

=

U (kg/ha/yr) /TNEy(kg/ML)

=

[300+210)/2] / 3.78

=

252 / 3.78

=

67.46 ML/ha/yr = 16.87 ML/0.25ha/yr

Where Rye =
U=

Annual effluent loading in year y in ML/ha/yr
Annual crop uptake of nitrogen in kg/ha/yr; taken from Table 4.2 of Biosolids Guidelines for
Phalaris and Perennial rye-grass.

The average ON added to the irrigation area each year is 2.55 mg/L (refer Table 2) and 60% of this is
estimated to be mineralised in the first year yielding 1.53 mg/L of available ON per year. The available total
nitrogen (NE) which includes the mineralised forms of nitrate and ammonia and ON added to the irrigation
area year is 1.73 mg/L (Equation 4). Of this an additional 30% of the remaining ON will become available
in year 2 and the residual available in year 3; post year 3 most ON from year 1 has been removed from the
system. Equation 5 accounts for this residual ON from repeat applications and is used to calculate the
Total Available Nitrogen (TNE) in the irrigation area each year. Given a constant input of nitrogen in the
effluent over time a steady state of 3.78 TNE mg/L/year (equivalent is 3.78 kg/ML) is reached.
Given this TNE, the nitrogen loading balance for the irrigation area can be calculated (Equation 6). This
balance compares the total nitrogen usage of the plants in the irrigation area with the amount of nitrogen
available from effluent additions. The calculated balance shows that 67.46 ML of effluent can be applied
per ha each year to satisfy the available nitrogen requirements for a single crop harvesting cycle. The
2
irrigation area is 0.25 ha (2,500 m ) and biomass harvesting is at least annually (with biomass removed off
site) giving a maximum possible effluent loading application rate of (67.46*0.25) approximately 17 ML/yr.

GSS Environmental

August 2011

19

Charbon Colliery
Use of Effluent by Irrigation Assessment

Analysis of Irrigation Area

This loading rate is significantly larger than the estimated effluent loading application rate of 12.6 ML/yr
being applied to the site and indicates that the effluent applications are not of concern for the area. This
rate indicates that the application rate could be increased to meet plant uptake requirements.

6.2.2

Phosphorus Compounds

Phosphorus (P) is removed from the effluent through biological, chemical and physical soil processes. In
contrast to nitrogen, it is the inorganic component of the nutrient pool that is important for plant uptake and
environmental assessment.
3

The inorganic P species considered to be plant available is orthophosphate (PO4 -). As such, it is the
chemical soil processes that are critical to P storage and availability over time; specifically P sorption
capacity. This sorption capacity describes the amount of P that can be stored by the soil prior to saturation
whereby P can be removed through leaching or runoff. Consequently, it is the existing P sorption capacity
of the soil and plant P uptake that determines how much P can be introduced before the site is saturated.
Site sorption capacity is not necessarily renewable and the application of effluent with very high
phosphorus concentration can shorten the useable lifetime of the site. Equation 7 is used to determine the
site‟s capacity to store phosphorous over time under the given effluent conditions.
The application of Equation 7 using plant requirements of the pasture grasses Phalaris and Perennial Rye
Grass showed that the irrigation site can sustain the current effluent conditions for 730 years. This is based
on an annual biomass harvesting regime. Where harvesting is increased, the effluent P concentrations do
not meet biomass requirements. In summary, the impact on the site from phosphorus is minimal and
additional P may be required to balance the nitrogen loading the effluent if harvesting frequency is
increased. To correct any potential N: P soil imbalance advice from an agronomist is recommended to be
sought if the harvesting frequency is increased compared to the current regime.
Equation 7
Part 1:
Total P absorbed before leaching (kg)=

3

P sorption capacity (mg/kg)* soil density (kg/m ) * soil depth (m) *
irrigation area (ha)

=

117*[(1.300+1.450)/2)]*0.2*0.25

=

8,044 kg

Where:
P sorption capacity =

Critical capacity is 117 mg/kg sourced from Effluent Guidelines; capacity confirmed
by median range for podzolic soils as per Hazelton & Murphy, (2007). This is 1/3 of
the P sorption capacity of most soils.

Soil density =

Bulk density of soil as per Table 7.

Soil depth =

Topsoil depth of 0.2 m.

Part 2:
Total orthophosphate applied in effluent (kg) =
=

1.4 mg/L * 12.6

=

17.64 kg

3

Effluent PO4 - (mg/L) * volume of effluent (ML/year)

Where:
3

Total Effluent PO4 - =
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Part 3:
Site Irrigation Period (yrs)
=

Total P adsorbed before leaching (kg) / (Total orthophosphate applied in effluent
(kg) minus crop uptake kg/year)

=

8,044 kg /(17.64 kg-(0.25*26.5 kg/ha*1)

=

730 years

Where:
Crop Uptake

6.2.3

Taken from Table S4.2 of Biosolids Guidelines for Phalaris and Perennial rye-grass.

Salinity

Soil salinity from irrigation water can occur over time since almost all water (even natural rainfall) contains
some dissolved salts. Salt can accumulate in the soil when plants take up water and leave some of the salt
behind. Since soil salinity makes it more difficult for plants to absorb soil moisture, plant growth can be
negatively affected by increased soil salt levels. Soil salinity issues tend to occur when irrigation water
contains more than 500 mg/L TDS (Effluent Guidelines). If this critical value is exceeded, then these salts
may need to be leached out of the plant root zone by applying additional water. This water in excess of
plant needs is called the leaching fraction.
The leaching fraction can be calculated using Equation 8 of the Effluent Guidelines. This equation takes
into account the critical soil salt level for a target plant and the salt concentration of the water being applied.
Generally, a fraction of around 10-20% is required to leach out excess salts and prevent soil salinity issues.
The leaching fraction is converted into a volume by multiplying it by the volume of irrigation water. This
volume of water can then be utilised in salt and water models during the design of an appropriate irrigation
system.
In addition, where this critical value is exceeded a larger area of land for irrigation may be required than as
calculated by the previous N and P balances.
For the Charbon Colliery irrigation area, the effluent water typically contains a low TDS, measured to be
242 mg/L TDS. This TDS is significantly lower than the critical value of 500 mg/L TDS. Consequently, the
risk of increased soil salinity from irrigation is minimal and calculation of the leaching fraction is not
required.

6.2.4

Organic Loading Rates

Organic Matter (OM) is added to the irrigation area in the effluent and is broken down by soil
microorganisms. An OM balance is required to ensure that an appropriate land area is being utilised such
that anoxic soil conditions are not promoted (Equation 9).
The result of this analysis showed that under current effluent conditions the minimum area of land required
to ensure that OM soil overloading does not occur is 0.084 ha. This minimum land area is significantly less
than the existing irrigation area of 0.25 ha and confirms expectations based on the low BOD values
reported in Table 2 that OM content is not a constituent of concern.
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Equation 9
A

=

CQ/(1,000*Lc)

=

12*1050/(1000*1500)

=

0.084 ha

Where A =

Irrigation Area (ha)

C=

Concentration of BOD (mg/L)

1

Q =

Average Effluent flow rate (KL/month)

Lc =

Critical Loading rate of constituent (kg/ha/month)

2

1

Estimated from per annum effluent volume

2

Used maximum average loading as per Effluent Guidelines.

6.3 Summary
The water, nitrogen, phosphorus, salt and organic matter components of the effluent system have been
modelled to assess whether the effluent is being land applied in environmentally sustainable manner. This
modelling demonstrated that the current practices being utilised to dispose of the treated wastewater into
the environment are sustainable and in accordance with the Effluent Guidelines.
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CONCLUSION AND RECOMMENDATIONS

This report presents a comprehensive and relevant assessment of the irrigation area that is currently under
effluent spray irrigation activities at Charbon Colliery. The assessment has determined that the current
wastewater treatment system at Charbon Colliery is largely operating in accordance with the Effluent
Guidelines. This assessment included the physical and chemical analysis of the effluent, landform and soil
suitability analysis of the irrigation area, and water and nutrient fate modelling within the irrigation area.
In summary:


The effluent is highly unlikely to contain potentially harmful contaminants such as herbicides and
heavy metals as the effluent source is from a singular communal bathhouse and a small cluster of
auxiliary building‟s (primarily residential) that are associated with mining staff needs;



The effluent is of low strength in terms of BOD, TDS, oil and grease, TN and TP. The effluent does
contain soluble inorganic nitrogen and phosphate chemical specie(s) that are larger than the
recommended threshold levels for upland rivers, however, overall the total concentrations of these
nutrients are considered to be of low strength and the irrigation area‟s runoff and percolation risks
to be low;



The effluent pathogen levels exceed guideline limits and further treatment is recommended. The
on-site wastewater treatment system include a tertiary treatment process which generally reduces
pathogen levels to acceptable levels for non-portable landscaping use where access is controlled,
however, this assessment has shown that additional pathogen reduction treatment is required;



The irrigation area is a suitable receiving environment for spray irrigation activities with regards to
landform and soil characteristics; and



The irrigation area is suitable for spray irrigation activities with regards to the quality and quantity of
effluent being applied.

Recommendations for the Charbon Colliery on-site wastewater treatment system include:
i.

Installation of a flow meter on the release tank to monitor effluent outputs;

ii.

Implementation of a further pathogen reduction treatment. Viable options for the irrigation area
include chlorine dosing in the storage tank which release the effluent or the installation of
conventional filtration bed installation or membrane/microfiltration processes;

iii. Increased harvesting of off-site biomass from annually to bi-annually to compliment the current
nutrient biomass harvesting activities; and
iv. Resting of the irrigation area once a year to rest the soil. This can be achieved by increasing the
area under irrigation and alternatively resting specific areas. In the current irrigation area, the site
can be doubled in size without environmental variables such as soil type, slope and proximity to
waste bodies changing.
The current wastewater treatment system with a further pathogen component added will ensure that the
system operates in complete accordance with the Effluent Guidelines.
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TABLE A1: GLOSSARY
Term

Definition

1

Acidity

A property expressed by the pH value when this is below 7.0 in a soil/water suspension.

Aquifer

Aquifer is an underground geological formation able to store and yield water; an
underground layer of water-bearing permeable rock or unconsolidated materials
(gravel, sand, silt, or clay) from which groundwater can be usefully extracted using a
water well.

Aggregate

A unit of soil structure usually formed by natural processes in contrast with natural
processes, and generally <10 mm in diameter.

Aggregate Stability

Refers to the stability of soil structural units (aggregates) when immersed in water.

Aglime

A soil amendment containing calcium carbonate, magnesium carbonate and other
materials, used to neutralise soil acidity and furnish calcium and magnesium for plant
growth.

Alkalinity

A property expressed by the pH value when this exceeds 7.0 in a soil/water suspension.

Alluvial Aquifer

Formed by the deposition of weathered materials such as sand and silt particles;
particle deposits fill valleys along rivers and streams; water flow in these aquifers is
very slow.

Anion

An element with a negative charge.

Artesian

Describes groundwater under pressure from the weight of water at higher elevations in a
confined aquifer.

Availability

General expression referring to the ease with which plants can absorb a particular
nutrient form the soil.

Available Water
Capacity

The amount of water in the soil, generally available to plants that can be held between
field capacity and the moisture content at which plant growth ceases. Sometimes also
known as the Plant Available Water Capacity.

Available Phosphorus

The amount of phosphorus in the soil available for plant uptake.

Base Saturation

Percentage of cation exchange capacity that is saturated with potassium, calcium,
magnesium and sodium ions.

Bulk Density

The mass of dry soil per unit bulk volume; a measure of soil porosity, with low values
meaning a highly porous soil and vice versa. It does not, however, give any indication of
the number, sizes, shapes, distribution or continuity of soil pores.

Cation

An element with a positive charge.

Cation Exchange

Process whereby cations interchange between the soil solution and the clay or organic
matter complexes in the soil.

Cation Exchange
Capacity

The total amount of exchangeable cations that a soil can adsorb, expressed in
centimoles of positive charge per kilogram of soil.

Clay

A soil separate consisting of particles <0.002 mm in equivalent diameter.

Crumb

A soft, porous, more or less rounded soil aggregate 1 to 5mm in diameter.

Consofined Aquifer

An aquifer bounded above and below by impermeable strata and under artesian
pressure.

Consistence Force

Consistence force refers to the strength of cohesion and adhesion in the soil.

Consolidated

Grains in the porous media are cemented together aquifers, such as sandstone
aquifers.

Course Fragments

Particles greater than 2mm.
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Term
Electrical
Conductivity

Emerson Aggregate
Test
Exchangeable Cation

Exchangeable
Sodium Percentage

Definition

1

A measure of the conduction of electricity through water or a water extract of soil. It can
be used to determine the soluble salts in the extract and hence soil salinity. The unit of
electrical conductivity is the Siemens and soil salinity is normally expressed as
decisiemens per meter at 25°C (dS/m).
A classification of soil aggregates based on their coherence in water.
A positively charged ion held on or near the surface of a solid particle by a negative
surface charge of a colloid and which may be replaced by other positively charged ions
in the soil solution.
Exchangeable sodium fraction expressed as a percentage.

Field Texture Grade

Field texture is a measure of the behaviour of a small handful of soil when moistened
and kneaded into a ball and then passes out between thumb and forefinger. The
recommended field texture grades are characterised by the behaviour of the moist
bolus.

Field Colour

The colour of soil material is determined by comparison with a standard Munsell colour
chart.

Flocculation

The process by which colloidal or very fine clay particles, suspended in water, come
together into larger masses or loose „flocs‟ which eventually settle out of suspension.

Floodplain

Relatively level land that lies adjacent to a river channel and periodically is covered by
with flood water.

Gravel

A mixture of coarse mineral particles larger than 2mm, but less than 75mm in diameter.

Ground water

Underground water found in the pore space of rocks; subsurface water that occupies
pores, fractures, or other openings within earth materials.

Hydraulic
Conductivity

The rate at which water can move through a material; the flow of water through soil per
unit of energy gradient. For practical purposes, it may be taken as the steady state of
percolation rate of a soil when infiltration and internal drainage are equal, measured as
depth per unit time.

Impermeable

Describes earth materials that will not readily transmit water.

Infiltration

The downward entry of water into the soil through the soil surface.

Leaching

The removal of materials in solution from the soil.

Massive

Refers to that condition of a soil layer (horizon) in which the layer appears as a
coherent, or solid, mass which is largely devoid of peds, and is more than 6mm thick.

Metals

A metal is a chemical element that is a good conductor of both electricity and heat forms
cation and ionic bonds with non metals.

Monitoring Unit

A monitoring and reporting unit is the result of stratification of the study area, it
represents a unique combination of soil, climate, land use and land management
practices.

Mottles

Spots, blotches or streaks of subdominant colours different from the matrix colour and
also different from the colour of the ped surface.

Organic Carbon

Gives an estimate of the amount of organic matter in a soil as a percentage by weight.

Organic Matter

Is the sum of all natural and thermally altered biologically derived organic materials
found in the soil. These materials, in various states of decay, include leaf litter, plant
roots, branches, living, and dead organism, and excreta.

Outcrop

Portion of a water-bearing rock unit exposed at the land surface.

Overburden

Soil and rock material overlying the coal deposit.
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pH (soil)

A measure of the acidity or alkalinity of a soil. It represents the negative logarithm of the
hydrogen ion concentration in a specified soil/water suspension on a scale of 0 to 14.

Parent Material

The unconsolidated and more or less chemically weathered mineral or organic matter
form which the solumn of soils is developed by pedogenic processes.

Particle Size Analysis

The laboratory determination of the amounts of the different separates in a soil sample
such as clay, silt, fine sand, coarse sand and gravel. The amounts are normally
expresses as percentages by weight of dry soil.

Ped

A unit of soil structure such as an aggregate, crumb, prism, block or granule, formed by
natural processes (in contrast with a clod which is artificially formed).

Permeability (soil )

The ease with which gases, liquids or plant roots penetrate or pass through a bulk mass
of soil or layer of soil.

Permeability (earth)

The capacity of earth materials to allow free passage of water; a measure of the
interconnectedness of the porous opening sin rock, sediment, or soil.

Physical Properties
(soil)

Those characteristics, processes or reactions of a soil which is caused by physical
forces and which can be described by, or expressed in, physical terms or equations.
These can be difficult to separate from chemical properties; hence terms, physicalchemical or physico-chemical.

Pores

The part of the bulk volume of the soil not occupied by soil particles.

Porosity

A measure of the open space in a deposit of earth materials; capacity to store water.

Regolith

The unconsolidated mantle of weathered rock and soil material on the earth's
surface; the loose earth material above the solid rock.

Sampling Site

A georeferenced point within a monitoring unit where one or more samples are taken for
analysis.

Sand

A soil particle that in the USDA soil texture system is of size 0.05 mm to 2.0 mm in
diameter.

Saturated Zone

The entire region below the water table is called the saturated zone (water in this
saturated zone is called ground water).

Silt

A soil particle that in the USDA soil texture system is of size 0.002 mm to 0.05 mm in
diameter.

Sodicity

A property expressed by the amount of exchangeable sodium present relative to the
cation capacity of a soil horizon.

Soil Classification

The systematic arrangement of soils into groups or categories on the basis of similarities
and differences in their characteristics.

Soil Coherence

The degree to which soil material is held together at different moisture levels, If twothirds or more of the soil material, whether composed of peds or not, remain united at a
given moisture level, then the soil is described as coherent.

Soil Consistence

The resistance of soil material to deformation or rupture.

Soil Erodibility

The susceptibility of a soil to the detachment and transportation of soil particles by
erosive agents.

Soil Horizon

A layer of soil or soil material approximately parallel to the land surface and differing
from adjacent genetically related layers in physical, chemical, biological properties such
as colour structure, texture, consistency, kinds and number of organisms present,
degrees or acidity or alkalinity.

Soil Profile

A vertical section of the soil through all its horizons.

Soil Salinity

The amount of soluble salts in a soil. The convention measure of soil salinity is the
electrical conductivity of a saturation extract.
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Soil Structure

Refers to the way soil particles are arranged and bound together to form aggregates or
peds.

Soil Texture

The relative proportions of the various soil separates in as soil as described by the
classes of soil texture. It is the general coarseness or fineness of soil material as it
affects the behaviour of a moist ball (bolus) when pressed between the thumb and
forefinger.

Solumn

The upper part of a soil profile above the parent material, in which current processes of
soil formation are active. The solumn consists of either the A and B horizons or the A
horizon alone when no B is present.

Structure Pedality
Grade

Is the degree of development and distinction of ped.

Structure Ped and
Size

Refers to the distinctness, size and shape of peds.

Subcrop

Portion of a water-bearing rock unit existing below other rock units; where a rock
type comes close to or is exposed to the surface.

Subsoil

Refers to B soil horizon.

Total Dissolved
Solids

The combination of all dissolved mineral solids in water.

Topsoil

Refers to A1 and A2 soil horizons.

Unconfined aquifer

An aquifer having a feely fluctuating water table, open to atmospheric pressure and
not confined beneath impermeable strata.

Unconsolidated

Porous media where the grains are not connected to each other

Unsaturated Zone

An underground zone where pore or fracture openings contain both air and water;
lies between the land surface and the water table also called the zone of aeration or
vadose zone).

Water table

The level below which all the pore spaces in the ground are filled with water; the top
upper boundary) of the saturated zone in an unconfined aquifer.

1

Definitions have been sourced from: Charman and Murphy, 1991; Peverill et al., 1999; Mckensie et al., 2004;
NCST, 2009.
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