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C1. PLAN FRAMEWORK 

The Draft Water Management Plan comprises seven component plans which are interlinked 

as outlined in Table C1-1. The plans, which are described in Chapters C2 to C8, address 

Government’s requirements for the preparation of a draft Water Management Plan as 

described in Appendix 1. 

 

Table C1-1:  Draft Water Management Plan 

Draft Water Management Plan  

Chapter C2 

Draft life-of-mine WMP for surface 

water and groundwater flow and 

quality, and water management 

relating to mine closure and post-

mining. 

 Draft Erosion and  

Sediment Control Plan  

Chapter C5 

Measures to be implemented to ensure 

no undue pollution of receiving waters 

during mine earthworks construction 

and mine operation. 

   

Draft Monitoring Plan  

Chapter C3 

Frequency, locations and parameters 

for ongoing surface water, groundwater 

and fluvial geomorphology monitoring. 

Linked to Mitigation and Contingency 

Plans. 

 Riparian Zone Management  

Chapter C6 

Measures to protect and/or rehabilitate 

areas of riparian vegetation within land 

fronting the Pages River and in 

tributaries of Kingdon Ponds during and 

after mining. 

   

Draft Mitigation and  

Contingency Plans  

Chapter C4 

Contingency plans with triggers linked 

to the monitoring plan, for adverse, 

unforeseen surface water and 

groundwater impacts. 

 Draft Rehabilitation Plan  

Chapter C7 

Requirements for mine rehabilitation, 

including principles and objectives, 

surface water and groundwater, land 

reconstruction, revegetation, 

groundwater dependent ecosystems, 

maintenance and monitoring. 

   

Reporting and Review 

Chapter C8 

Requirements for reporting and Review. 
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C2. DRAFT WATER MANAGEMENT PLAN 

C2.1 INTRODUCTION 

The measures within the Water Management Plan are based on the findings of the following 

studies that form appendices to the Water Resource Assessment: 

 Groundwater studies, including predictions based on a groundwater flow model 

(Appendices 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16); 

 Surface water studies, including a water balance model and flooding analysis 

(Appendices 6, 17, 18, 19, 20, 22, 25); 

 Fluvial Geomorphology (Appendix 21) 

 Terrestrial ecology (Appendix 23); 

 Aquatic ecology (Appendix 24); 

 Riparian zone management (Appendix 26). 

C2.2 OBJECTIVE 

The principal objective of the Water Management Plan is to maintain the flow and water 

quality characteristics of the Pages River, Kingdon Ponds and groundwater resources in the 

vicinity of the mine for environmental and beneficial purposes both during mine operation 

and post-mining. 

C2.3 PRINCIPLES 

The management of surface water and groundwater for the Bickham Mine Project is based 

on the following principles: 

 Water for mine operating purposes will be sourced from dedicated mine water 

storages. 

 Existing surface water drainage patterns will be maintained in their current state for 

as long as possible before being subsumed by the mining process.  Existing fresh 

water dams will be maintained as long as possible, particularly Dam 1 which has 

aquatic ecological values which will be retained throughout the life of the mine. 

 Water from different sources will be managed separately: 

 “mine” water (which includes mine area runoff and groundwater inflow) 

 “dirty” water from the overburden dumps 

 “clean” runoff from areas unaffected by mining 

 “clean” groundwater from dewatering bores outside the mine pit. 

 All “mine” water from within the pit and operational areas of the mine (haul roads, 

stockpile area, facilities area) will be isolated and retained.  This water will be 

utilised for dust suppression on haul roads, active dumping areas and coal stockpiles.  

Excess mine water will be utilised for pasture irrigation.   

 Facilities to manage “mine” water will be designed and operated to achieve “zero 

discharge” to the receiving waters. 
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 “Dirty” sediment laden water from overburden dumps will be treated in accordance 

with the requirements of Managing Urban Stormwater: Soils and Construction 

(Landcom, 2004).  Following settlement to achieve the required water quality (<50 

mg/L TSS), water will be discharged to the natural drainage systems. 

 The overburden dumps will be progressively revegetated as soon as practicable to a 

standard that meets the requirements of Managing Urban Stormwater: Soils and 

Construction, Volume 2E: Mines and Quarries (DECC, 2008) in order to minimise the 

generation of sediment laden runoff. 

 Supplementary supplies from interception bores will be provided to replace any 

reduction of groundwater baseflow to the Pages River as a result of mine dewatering. 

 Supplementary water supplies will be provided as a replacement for any existing 

stock water supply impacted by the project. 

 At the completion of mining, the catchment areas draining to the Pages River and 

Kingdon Ponds will be restored as close as practicable to pre-mining conditions. 

C2.4 WATER MANAGEMENT SYSTEM 

Water balance modelling (see Appendix 19) has been used to estimate the quantities of 

mine wastewater at different stages of the project and to model options for reuse, including 

dust suppression on haul roads and stockpiles and irrigation of overburden dumps and 

pastures.  Water storage facilities have been sized and operating rules framed to ensure 

that there will be zero discharge from the mine water system to the environment.   

A schematic of the water management system is shown on Figure C2.1.  The location of 

the main features of the mine water management system, for each of the milestone years of 

the mine life, are shown on Figures C2.2 to C2.6 and described below.   

The aspects of water management required to operate the mine comprise the following: 

 groundwater management; 

 mine water management; 

 clean water management; 

 sediment management; 

 irrigation. 

Further details of each of these systems are provided in the sections below. 

C2.4.1 Groundwater Management 

The proposed approach to groundwater management is to effect dewatering as far as 

practicable by allowing groundwater to seep into the pit and collect in sumps prior to being 

pumped out to the out-of-pit mine water storage dams.  This approach has least impact on 

groundwater levels and groundwater baseflow discharges to both Pages River and Kingdon 

Ponds. 

External pumping bores will be used to produce sufficient water of appropriate quality for 

discharge to Pages River to substitute for any reduction in baseflows caused by the mining 

operation during the life of the mine.  Based on the model predictions, it is anticipated that 

up to approximately 200 kL/d may be required to be discharged to Pages River during the 
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life of the mine, although smaller discharge rates will apply through most of the project life.  

The external dewatering bores will be sited as close as practicable to the pit, to ensure the 

maximum benefit to mine dewatering and to avoid unnecessary impact on regional 

groundwater levels. 

External dewatering bores may also be required to supplement sump pumping if pit seepage 

creates difficulties for mining equipment.  However, most dewatering will be by in-pit 

pumping.  

The required supplementary baseflow would be discharged to the Pages River near the 

upstream end of the “South Bickham” property, ie upstream of any predicted baseflow 

impacts.   

The groundwater flow model predicts that at no stage during the mine life will surface 

water in Pages River flow towards the mine. 

Predicted baseflow impacts to Kingdon Ponds are very small, reaching a predicted maximum 

reduction of 15 kL/d, which is considered would have a negligible impact on downstream 

users at Wingen or beyond.  As in Pages River, at all times there will continue to be a net 

flow of groundwater into Kingdon Ponds throughout the mine life and the post-mining 

recovery period. 

It is proposed to install flow monitoring facilities on Pages upstream and downstream of the 

Bickham project, and one on the main Kingdon Ponds stream channel, just downstream of 

the confluence with the tributaries draining from the Bickham mine area. 

C2.4.2 Mine Water Management 

Mine Water Facilities 

Mine Water Storage Dams (Dams M1, M2, M3 and M4 on Figures C2.2 to C2.6) will be 

constructed progressively as the requirements for water storage change during the life of 

the mine.  The main factors that dictate the sequence of construction and the proposed 

capacity of the mine water storage dams are the depth of the pits (which governs the 

predicted rate of groundwater inflow) and the area of catchment reporting to the pits.   

Detailed water balance analysis that supports the sizing of the mine water storages has 

been undertaken (see Section B8.3 and Appendix 19).  The proposed staging of 

construction of the mine water storage dams closely follows the predicted rate of 

groundwater inflow to the pits as summarised in Table C2-1.  Dams M1, M2 and M4 will be 

constructed as conventional hillside storages, while Dam M3 will be constructed as a 

“turkeys nest” dam.  All hillside storage dams will have diversion banks and channels to 

minimise the catchment draining to the dams.   

Table C2-1:  Mine Water Dam Staging 

Years Average Groundwater 

Inflow to Pit (ML/day) 

Capacity (ML) Dam Nos 

1 - 4 0.19 370 1, 2, 3 

5 – 13 1.15 520 1, 2, 3, 4 

14 - 15 1.48 470 2, 3, 4 

16 - 25 1.25 320 2, 3 
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All mine water will be pumped from the pit into the out-of-pit mine water storage dams, 

from which water will be drawn for dust suppression on haul roads and coal stockpiles, and 

irrigation.  These dams will never discharge to the environment.  In circumstances where 

there is excess water that cannot be retained in the mine water storage dams, it will be 

retained within the pit until such time as it can be utilised for dust suppression or irrigation. 

The Stockpile Dam (Dam M2 on Figures C2.2 to C2.6, 20 ML capacity) will be located 

adjacent to the coal stockpile and loading area.  This dam will act as a collection point for 

runoff from the coal stockpile area.  Primary settlement of sediment will occur at this point 

before the water is transferred to one of the mine water storage dams. 

In-pit sumps will be progressively developed in line with mining activities.  A pump in each 

active sump will transfer groundwater inflows and surface runoff that collects within the pit 

to the mine water storage dams.  

Operational Rules 

The operational rules for the “mine” water management system have been developed and 

refined using the water balance model (Appendix 19) to achieve the following objectives: 

1. No discharge of water to receiving waters; 

2. Adequate supply of water for dust suppression and other operational purposes at all 

times. 

To give effect to these objectives, the following operational rules are proposed: 

1. All water that has been in contact with the mine pit, pyritic or saline overburden, 

haul roads or the coal stockpile area will be treated as “dirty” and will be pumped to 

one of the mine water storage dams. 

2. All runoff that collects in the Stockpile Dam will be allowed to settle for 10 days 

before being pumped to one of the mine water storage dams (or to a mine pit in the 

event of the storage dams being full). 

3. First priority for re-use of water retained in the mine water storage dams will be 

given to mine operating purposes (dust suppression on the haul roads and coal 

stockpiles, coal crushing).  In the event that the volume of mine water exceeds 

50 ML, opportunities will be taken to increase water usage for dust suppression 

without causing runoff.  Water demand for mine purposes will vary from about 

185 ML/year in Year 1 to an average of about 225 ML/year from Year 7 onwards.  

4. If the total volume of water held in the mine water storage dams exceeds 50 ML, 

water will be made available for irrigation of completed overburden dumps (to 

promote vegetation growth) or irrigation of pastures (see Section C2.4.4). 

5. In the event that the mine water storage dams are full, any excess water will be 

retained within a mine pit.  Water from the Stockpile Dam will also be pumped to 

the pit if necessary.  If these conditions occur at a time when there are two active 

mine pits, water will be transferred to one pit to allow continued mining in the other 

pit. 
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The results from the mine water balance model show that these operating rules will allow 

the water management system to achieve the stated objectives for any climate rainfall 

sequence that has been recorded at Wingen (Murrulla) since 1878 (129 years).  

C2.4.3 Sediment Management 

A total of nine Sediment Basins (SB1- SB9 on Figures C2.2 to C2.6) will be constructed to 

capture and treat runoff from the overburden dumps.  These sediment basins will be 

constructed progressively as new areas of dumping are opened up.   

The capacity of each basin has been determined from the design requirements for Type F 

basins as specified in Managing Urban Stormwater: Soils and Construction (Landcom, 2004).  

A 5 day 95th percentile rainfall event has been adopted as the basis for sizing the basins.  All 

basins will be operated in accordance with the requirements of Managing Urban 

Stormwater: Soils and Construction.  Details of the basis for the design of the sediment 

basins are provided in Appendix 25.  Proposed basin capacities are summarised in Table 

C2-2. 

Table C2-2:  Sediment Basin Capacities 

Sediment Basin Capacity 

 (ML) 

SB 1 15 

SB 2 17 

SB 3 23 

SB 4 7 

SB 5 16 

SB 6 17 

SB 7 19 

SB 8 46 

SB 9 10 

Water in the basins will stand for three days to allow settlement to occur before water is 

discharged in two days.  If necessary an approved flocculant will be added to aid with 

settlement. Prior to discharge, water in each sediment basin will be checked to ensure that 

the suspended sediment concentration is less than 50 mg/L. 

After rehabilitation of the relevant section of the overburden dump is complete and each 

basin has fulfilled its sediment collection function, it may be retained as a farm dam.  All 

water storage dams and sediment basins are exempt from the maximum harvestable right 

calculations for the duration of the operation of the mine, although BCC should seek 

permission in writing from the DWE to obtain the exempt status before construction of the 

basins commences.  After rehabilitation, the status of each sediment basin to be retained as 

a farm dam should be reassessed to clarify if it is part of the harvestable rights of the 

“South Bickham” property, or if a licence is required. 
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C2.4.4 Irrigation 

Groundwater inflow to the pit, together with surface runoff from catchments reporting to the 

pit and the coal stockpile area, are expected to exceed the water requirements for mine 

operating purposes at some stages of mining.  Water that is not required for mine operating 

purposes will be used to irrigate completed overburden dumps and pastures. 

Based on the water balance model results, the required area available for irrigation was 

adjusted to achieve minimal “excess” mine water under average climate conditions for the 

predicted groundwater inflow to the pit.  On the basis of achieving an average irrigation rate 

of up to 4-5 ML/ha/year, the required irrigation area was adjusted through the life of the 

mine to reflect the increased groundwater inflow, as shown in Table C2-3. 

Table C2-3:  Proposed Irrigation Areas 

Mine Year Irrigation Area (ha) 

1-7 0 

8 35 

9-12 75 

13-15 100 

15-18 155 

19-25 100 

The proposed irrigation areas comprise the following soil landscape units (as identified in 

Soil Landscapes of the Murrurundi 1:100,000 Sheet – McInnes-Clark 2002): 

1. Approximately 12 ha of Kingdon Ponds landscape unit on the floodplain near the 

northern boundary of “South Bickham”, immediately adjacent to a proposed 

overburden dump; 

2. Approximately 22 ha of Pages River and Burning Mountain landscape units located 

within “South Bickham” to the south-east of the eastern end of the mine pit; 

3. Approximately 67 ha of Cressfield Road landscape unit located on “Glencoe”.  This 

area could be developed in two stages of 40 ha and 25 ha; 

4. A further 14 ha of Cressfield Road landscape unit located on “Glencoe”; 

5. An area of about 25 ha of Kingdon Ponds and Burning Mountain landscape units 

located on the eastern bank of the Pages River to the north of “South Bickham”. 

6. A further area about 15 ha of Kingdon Ponds landscape unit located on the eastern 

bank of the Pages River to the south of the junction with Splitters Creek. 

The assessment of soil suitability (see Appendix 22) indicates that none of the identified 

soils have limitations that would preclude their use for irrigation of improved pastures with 

surplus mine water.  The assessment indicates that that the Kingdon Ponds and Pages River 

soil landscapes have fewer limitations that the Burning Mountain or Cressfield Road 

landscape units.  However, the limitations of the Burning Mountain and Cressfield Road units 

can be addressed by appropriate management such as: 

 Maintaining permanent pasture cover; 
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 Application of gypsum at a rate of 3 t/ha to help correct the exchangeable sodium 

percentage in the soils of the Cressfield Road landscape unit; 

 Application of agricultural lime at a rate of 2 t/ha to help neutralise the pH of most of 

the soils; 

 Installation of contour banks to divert runoff from up-slope that would drain onto 

irrigated areas.  

In the event that groundwater dewatering flows do not increase at the expected rate as the 

mine develops, the provisional nominated irrigation areas will not be developed.  Water will 

only be made available for irrigation once the contents of the mine water storage dams 

exceed 50 ML.   

C2.5 GROUNDWATER DEPENDENT ECOSYSTEMS 

Impacts associated with mining are likely to be associated with changes in water table level 

and may result in drying out of the vegetation.  This drying out may cause a series of 

ecosystem functioning changes, eventually resulting in changed or new ecosystems. 

The Department of Infrastructure, Planning and Natural Resources (now DWE) has published 

Guidelines for the Management of Stream Aquifer Systems in Coal Mining Developments 

(DIPNR, 2005).  Specific objectives for the guidelines are: 

1. The protection of riverine integrity, which involves retention of environmental and 

use values, maintenance of the river system within its geomorphic boundaries and of 

its geomorphic character, and protection of dependent ecosystem values; 

2. Ensuring minimal adverse impact on stream flows, and groundwater availability due 

to mining activities; 

3. Maintaining water quality within acceptable limits.  This includes maintaining 

groundwater quality within its current beneficial use class, and surface water quality 

within the background limits of variability.  This includes salinity, pH, and trace 

metals; 

4. Ensuring the integrity of the landform and barrier land to alluvial floodplains and 

river systems remains into the post-mining period. 

The water management facilities and management actions that form this Draft Water 

Management Plan specifically address each of these objectives in the manner set out in the 

sections below. 

Buffer Zones 

Sufficient buffers will be provided around groundwater dependent ecosystems.  In 

accordance with the Guidelines for the Management of Stream Aquifer Systems in Coal 

Mining Developments (DIPNR, 2005) a buffer distances of 150 m will be provided between 

the pit crest and the bank of the river.  These buffer distances are sufficient to minimise the 

potential impacts, taking into consideration further proposed mitigation measures to 

rehabilitate riparian vegetation as set out in Appendix 26. 
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C2.5.1 Riparian Vegetation 

The Riparian Management Plan for the Pages River within “South Bickham” (Hunter Land 

Management, 2004) is contained in Appendix 26.  The management plan includes the 

control of weeds within riparian vegetation, exclusion of stock and revegetation with a range 

of native species.  To realise its full benefits, the plan will continue to be implemented 

during the life of the mine.   

C2.5.2 Aquatic Ecology 

Considering the lack of any significant aquatic habitat or aquatic habitat potential in the 

affected drainage lines and in the stock watering dams to be removed, the loss of the 

drainage lines and dams to mining-related activities is not considered significant.  

Nevertheless, a number of environmental mitigation/off-set measures for the long-term 

management of flow from “South Bickham”, and for habitat enhancement in the main 

streams, have been proposed (refer Appendix 24). 

The project will involve the staged development of surface water management facilities 

including the creation of at least nine sediment dams over the lifetime of the mine.  These 

dams would have as their prime initial function the treatment of surface water for 

sedimentation control, and, subject to meeting Harvestable Rights or water licencing 

requirements, would be progressively converted to farm dams.  The drainage line and dam 

rehabilitation plans will be integrated with site overburden rehabilitation plans and the 

Pages River riparian habitat rehabilitation plan (Appendix 26).  

The creation of drainage lines and dams would be progressively 'value added' with respect 

to aquatic and riparian habitat.  Where practical, the  following features will be 

incorporated: 

 Creation of drainage lines, including the design of any bed control structures and the 

incorporation of aquatic habitat attributes will be undertaken using rehabilitation 

guidelines; 

 The rehabilitated farm dams will be fenced off from direct stock access; 

 The dam fringes will be planted with emergent macrophytes and provided with 

riparian shade trees to lower evaporation losses; 

 Stock watering will be achieved by gravity fed 'on demand' watering stations. 

C2.6 POST-MINING WATER MANAGEMENT 

On cessation of mining, groundwater monitoring would continue, albeit at a decreased level, 

until predictable recovery trends have established, or at least until post-mining 

rehabilitation works have been completed. 

During the final year of mining (Year 25), predicted post-mining impacts will be re-

determined using the re-calibrated groundwater model.  Based on the predicted impacts 

arising from this work, a specific post-mining management plan for groundwater will be 

developed for discussion and agreement with DWE and other government agencies. 

In general, post-mining management will include a period of ongoing monitoring of 

groundwater levels and water quality, stream-flows and surface water quality.  Ongoing 

discharge of groundwater at an appropriate quality to Pages River will also be maintained up 
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to the completion of post-mining rehabilitation works.  Thereafter, any assessed residual 

impacts on baseflows to either Pages River or Kingdon Ponds will be compensated by 

purchase and relinquishment of sufficient high security water extraction licences in the 

respective catchments. 

C2.7 WATER ACCOUNTING 

Part B Chapters B6 and B8 demonstrate that the proposed coal mine can be managed so 

as to maintain the long-term integrity of the streams, alluvial aquifers and ecosystem 

values of the Pages River Catchment and the Kingdon Ponds Catchment for environmental 

and beneficial purposes both during mine operation and post-mining. 

As part of the Project’s ongoing water accounting framework, parameters will be regularly 

measured before, during and after the operation of the mine to monitor changes in 

groundwater and surface water quantity and quality.  Details are described in the draft 

Monitoring Plan in Chapter C3: 

 The groundwater monitoring program will determine groundwater system impacts by 

measuring groundwater extraction volumes, and changes to surface water and 

groundwater levels, and changes to surface water and groundwater quality; 

 The surface water monitoring program will characterise water quality in the Pages 

River and Kingdon Ponds and monitor for unacceptable pollutant levels. 

The South Bickham Pastoral Company Pty Limited has a water licence under the Water Act 

1912 to pump 100 ML per annum for irrigation uses.  Licence (No. 20SL061480) issued on 5 

August 2005, allows pumping of water from the Pages River within the Scotts Creek 

Management Zone of the draft Water Sharing Plan for the Hunter Unregulated and Alluvial 

Water Sources.  The holder may divert up to 200 ML in one year provided diversions do not 

exceed 300 ML in any three year period. 

A number of authorisations under the Water Act 1912 (WA) or the Water Management Act 

2000 (WMA) are not required for an approved project (Section 75U of the EP&A Act). 

Approval under the Act is required for water access licence(s) (WAL) to take certain 

categories of water to meet surface water and/or groundwater volumetric requirements. For 

two of the water sources for the Bickham mine Project, approval for a WAL is not required 

(Part B Section B9.4.3): 

 Uncontaminated surface water (“clean surface water”): It is not intended to capture 

and store uncontaminated surface water on-site.  As described in Part B Section 

B8.2, this runoff will continue to drain off-site. 

 Contaminated surface water (“dirty water sources”): If contaminated surface water, 

for example sediment-laden water, is captured and stored on-site, and not used for 

dust suppression or other mining purposes, then a WAL is not required, even if the 

volume exceeds the harvestable right.  

Approval under the WA or WMA will be required for WALs for the following groundwater 

sources for the Bickham mine Project. All groundwater is extracted from hard rock 

aquifer(s) and is not embargoed: 

 Groundwater inflows to the pit (incidental dewatering inflows). 

 Groundwater pumped from dewatering bores as part of the mine dewatering. 

The use of water from various sources will be monitored during the life of the mine, and 

application for a WAL will be made under circumstances such as the following: 
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 If uncontaminated surface water is captured and stored on site in excess of the 

harvestable rights amount; 

 If contaminated surface water is captured and stored on-site, and used, and the total 

volume used exceeds the harvestable right; 

 Should any additional groundwater need to be pumped for water supply purposes 

(likely only in the event that dewatering rates are significantly lower than 

anticipated); 

• If groundwater is extracted from or drains from the alluvial aquifer which is covered 

by an embargo. 

To offset the impact of the reduction in catchment area during mining to individual 

landholders in the Kingdon Ponds catchment, BCC will make up any reduction in their stock 

watering sourced by surface water from the mine subcatchments.    

It is predicted in Part B Section B6.5.1 that as a result of mining, the rate of groundwater 

baseflow discharge to Pages River will reduce by up to 225 kL/day (which equates to about 

0.2% of the average Pages River streamflow) and that this will occur by Year 35, about ten 

years after completion of mining, before starting to recover.  A positive baseflow 

contribution to the river will be maintained at all times.   

Any reduction of groundwater flow to the Pages River will be met by using the following 

offsets.  During the period of mining and completion of post-mining rehabilitation works to 

approximately Year 27, any baseflow reduction to the Pages River will be offset by 

groundwater pumping. There will be no discharge of mine water to receiving waters. 

During the final year of mining, the groundwater model will be re-calibrated against the 

results of streamflow monitoring during the 25 years of mining, and revised predictions of 

baseflow impacts and post-mining recovery of baseflows.  This will allow a re-assessment of 

the baseflows to be restored as an offset against South Bickham’s surface water licence 

and/or by purchase and/or relinquishing of sufficient high security water extraction licences 

in the respective catchments. 

 

 

 



Figure C2.1

Bickham Mine Water Management System - Schematic
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C3. DRAFT MONITORING PLAN 

C3.1 GROUNDWATER 

The aim of the groundwater monitoring program is to determine any impacts to the 

groundwater system through monitoring of groundwater extraction volumes, groundwater 

and surface water levels, and groundwater quality.  

C3.1.1 Groundwater Extraction 

Flow meters will be installed on all pit sump pumps and dewatering bores to monitor the 

volumes of water pumped. The meters will be read on a weekly basis.  

The flow meters will be capable of direct reading to an accuracy of at least 0.1 kL, and be 

able to record the total discharge up to at least 600 kL/day.  Each meter will be 

accompanied by a test certificate certifying the accuracy of the meter. 

C3.1.2 Groundwater Levels 

Monitoring of groundwater levels will be undertaken on a monthly or quarterly basis in the 

current network of monitoring piezometers (Figure C3.1), and in additional piezometers to 

be installed in areas where potential adverse impacts on either environmental or beneficial 

use values may occur, ie between the pit and the Pages River, the upper tributary 

catchments of Kingdon Ponds, and between the pit and the closest existing neighbouring 

water supply sources as identified in the Water Resource Assessment.  A number of 

replacement piezometers will also be drilled at some stage during the project to replace 

existing piezometers that are within the mine footprint and will eventually be lost to mining 

activities. 

Groundwater levels will be measured to the nearest 10 mm.  The bores to be monitored are 

detailed in Table C3-1. 

Table C3-1:  Existing Piezometer Network 

Piezometer

/ Bore 

Number 

Datum 

(TOC)   

(m AHD) 

Depth 

Drilled 

(m) 

Screen 

Interval  

(m depth) 

 

Aquifer Screened 

Casing 

Diameter 

Water 

Quality 

9/08/07 

(mg/L TDS) 

Water Level 

23/04/07  

(m depth)  

Water Level 

23/04/07   

(m AHD)  

Piezometers Outside Mine Footprint: 

DW1 429.820 83.7 63 – 83 G Seam and F/G interburden 200mm 324 54.37 375.45 

OH56 464.420 56 47 – 56 Igneous Intrusive 100mm 126 30.16 434.26 

OH65 432.146 91 74 – 83 G seam 50mm 192 56.35 375.80 

OH69A 380.144 37 21 – 29 G seam & F/G interburden 50mm 476 5.23 374.91 

OH69B 380.184 15 9 – 14 F/G interburden 50mm 470 5.25 374.93 

OH70A 384.523 211 193 – 205 G Seam 50mm 476 4.75 379.77 

OH70B 384.614 140 133 – 139 E seam 50mm 434 3.54 381.07 

OH70C 384.065 40 34 – 39 Bickham Formation 50mm 595 4.64 379.43 

OH75A 379.470 8.25 6 – 8 Alluvium and G Seam 50mm 498 6.68 372.79 

OH75B 379.216 18.0 16 – 18 G Bottoms 50mm 330 6.92 372.30 
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Table C3-1:  Existing Piezometer Network 

Piezometer

/ Bore 

Number 

Datum 

(TOC)   

(m AHD) 

Depth 

Drilled 

(m) 

Screen 

Interval  

(m depth) 

 

Aquifer Screened 

Casing 

Diameter 

Water 

Quality 

9/08/07 

(mg/L TDS) 

Water Level 

23/04/07  

(m depth)  

Water Level 

23/04/07   

(m AHD)  

OH78 383.577 28.2 12 – 18 G Seam 50mm 390 10.83 372.75 

OH79 383.452 22.8 12 – 18 ? G Seam1 50mm 482 8.90 374.55 

OH92 404.056 125 113 – 125 G Seam 50mm 416 27.36 376.70 

OH93 403.749 40 33 – 40 C Seam 50mm 742 26.75 377.00 

OH94 392.132 21 15 – 21 
Alluvium and U 

Coal Measures 
50mm 1170 9.06 383.07 

OH95 381.352 17 11 – 17 G Bottoms 50mm 890 8.62 372.73 

OH105 463.284 235 111 – 117 Bickham Formation 50mm 2970 34.57 428.71 

OH111A 380.279 30 23.5 – 29.5 Werrie Basalt 50mm 874 7.16 373.12 

OH111B 380.510 20 12.5 – 18.5 Werrie Basalt 50mm 1040 9.11 371.40 

OH113A 366.832 203 79 – 91 Upper Coal Measures 50mm 1070 9.77 357.06 

OH113B 366.832 203 129 – 141 Upper Coal Measures 50mm 1160 2.80 364.03 

OH114 499.290 204 77 – 83 Upper Coal Measures 50mm 586 56.09 443.20 

OH115 470.724 206 
56 – 62, 

194 – 200 
Upper Coal Measures 50mm 3220 41.16 429.56 

TP01 387.89 6.3 3.3 – 6.3 Alluvium 50mm - dry - 

TP02 386.42 6.5 3.5 – 6.5 Alluvium 50mm 2300 6.31 380.11 

TP03 387.62 6.3 3.3 – 6.3 Alluvium 50mm - dry -

TP05 388.03 6.8 3.8 – 6.8 Alluvium 50mm - 7.30 380.73 

TP06 385.39 6.5 3.5 – 6.5 Alluvium 50mm 1690 5.26 380.13 

Piezometers within Mine Footprint (will be lost to mining at some stage): 

DW2 425.605 89.6 69 – 89 G Seam and F/G interburden 200mm 294 40.84 384.77 

OH38 494.095 154 87 – 107 G seam 50mm 482 49.38 445.23 

OH57 424.509 97 52 – 71 F/G interburden 50mm 272 38.92 385.59 

OH71A 454.534 166 146 – 160 G seam 50mm 620 22.85 431.68 

OH71B 454.278 35 30 – 34 A seam 50mm 1190 12.78 441.50 

OH71C 454.130 97 86 – 94 E seam 50mm 756 21.30 432.83 

OH72 443.670 142 137 – 141 Bickham Formation 50mm 476 3.83 439.84 

OH73 451.528 140 128 – 139 A seam & siltstone below 50mm 716 8.03 443.50 

OH77 491.530 148.0 110 – 116 ? E Seam2 50mm 386 46.55 444.98 

DDH85B 405.473 60.2 42 – 60 G Seam and F/G interburden 50mm 408 21.60 383.87 

OH86 463.612 20.1 15 – 21 A Seam 50mm 508 18.60 445.01 

OH87 461.323 21.3 15 – 21 A Seam 50mm 296 17.25 440.07 

OH88 458.268 28.5 22.5 – 28.5 A Seam 50mm 852 20.86 437.41 

                                            

1 Coal seam highly weathered, probably the G Seam. 

2 Coal seam identification uncertain, probably the E Seam. 
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Table C3-1:  Existing Piezometer Network 

Piezometer

/ Bore 

Number 

Datum 

(TOC)   

(m AHD) 

Depth 

Drilled 

(m) 

Screen 

Interval  

(m depth) 

 

Aquifer Screened 

Casing 

Diameter 

Water 

Quality 

9/08/07 

(mg/L TDS) 

Water Level 

23/04/07  

(m depth)  

Water Level 

23/04/07   

(m AHD)  

OH89 468.165 30.5 24.5 – 30.5 A Seam 50mm 902 23.34 444.83 

OH91 459.203 31 25 – 31 A Seam 50mm 682 21.39 437.81 

OH102 476.502 207.0 74 – 80 Bickham Formation 50mm 710 28.59 447.91 

OH106 466.936 113 105 – 111 G Seam to Werrie Basalt 50mm 4500 41.00 425.94 

OH110 498.422 168 69 – 75 B Seam 50mm 358 53.32 445.10 

The existing piezometers that will be lost at some stage during the mine life will be 

monitored until that time (up to more than 10 years after commencement in some 

instances).  Key piezometers lost to mining activity will be replaced when necessary by new 

piezometers located outside the active mining area. 

The water level in the Pages River and the northern tributary will also be monitored on a 

monthly basis at the nine current monitoring sites (Figure C3.1).  It is also proposed to 

install two semi-permanent stream level recorders in the Pages River, one upstream and 

one downstream of the project.  One stream level recorder is also proposed for the main 

stream channel in the Kingdon Ponds system, downstream of the confluence with the 

tributary catchments draining from the proposed Bickham Mine area (Figure C3.1). 

C3.1.3 Groundwater Quality 

Dewatering Bores and Sumps 

All pumped water from the pits and dewatering bores will be monitored on a weekly basis 

for pH, electrical conductivity (EC), and total dissolved solids (TDS).  Analysis will be 

undertaken in the field using a portable pH-EC-TDS meter.  Calibration of the meter will be 

undertaken prior to each round of sampling. 

In addition, groundwater samples from each pit sump and dewatering bore will be collected 

each quarter and submitted to a NATA certified laboratory for analysis of the parameters as 

detailed in Table C3-2. 

Table C3-2:  Suite of Analytes for Groundwater Quality Analysis 

 Parameters 

Physical Properties pH, total dissolved solids (TDS), electrical conductivity (EC) 

Major Ions calcium, magnesium, sodium, potassium, chloride, sulphate, carbonate, 

bicarbonate 

Dissolved Metals aluminium, arsenic, boron, cadmium, chromium, copper, iron, lead, 

manganese, mercury, nickel, selenium, solver, zinc, (each measured to 

appropriate detection limits to allow comparison with ANZECC 

freshwater ecosystem protection guidelines) 

Nutrients ammonia, nitrate, total nitrogen, total phosphorus, reactive phosphorus 
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Piezometers 

Groundwater samples will be collected from each piezometer on a quarterly basis and 

submitted to a NATA registered laboratory for analysis of the physical properties and major 

ions listed above in Table C3-2. 

All samples collected for laboratory analysis will be collected in bottles prepared by the 

laboratory with appropriate preservatives, and stored at or below 4˚C.  Transport to the 

laboratory will be controlled by chain of custody documentation. 

C3.2 SURFACE WATER 

The aim of the surface water monitoring program is to characterise water quality in the 

Pages River and Kingdon Ponds and to monitor for any unacceptable pollutant levels.  

Continuation of the existing monitoring program is proposed, at the locations on the Pages 

River and its tributaries shown in Figure C3.1, comprising: 

 Continuation of water quality monitoring at the eight sites BCSW1 to BCSW8 

established by the Company for this project to establish baseline water quality in the 

reach of Pages River adjacent to the site (see Appendix 18); 

 Establishment of a water quality monitoring point on the boundary of “South 

Bickham” just upstream of the culvert on the New England Highway that conveys flow 

from the largest tributary that drains to Kingdon Ponds (approximately 100 ha). 

Ongoing monitoring of surface water at these sites will continue through the life of the mine 

until one year after mining has ceased and rehabilitation works completed.  The following 

monitoring regime is proposed: 

 Routine monthly baseline sampling at the nominated locations in Pages River and 

Kingdon Ponds.  These samples will be analysed for: 

 suspended solids; 

 turbidity; 

 pH; 

 conductivity. 

 Prior to discharge of water from any sediment basin, the water will be checked using 

a portable turbidity meter to ensure that the suspended solids concentration is less 

than 50 mg/L.  At least twice per year a sample of water from the basin will also be 

analysed for the parameters listed above. 

DWE monitoring information, including flow and basic water quality parameters 

(temperature, turbidity, salinity and basic water chemistry) at the Blandford and Gundy 

gauging sites will also be obtained and included for reference purposes in the Annual 

Environmental Management Report (AEMR). 

C3.3 FLUVIAL GEOMORPHOLOGY AND RIPARIAN ZONE MANAGEMENT 

As stated in Appendix 21, floods up to and including the 5 year ARI event pose the 

greatest threat to the stability of the river channel because all the flow is retained within the 

channel and these floods are not sufficiently large to cause a backwater effect from the 

Bickham Gorge.  The proposed overburden dump on the floodplain has no impact on this 

event, because the channel fully contains the flow.  Overbank floods with a frequency 



Bickham Coal WRA & draft WMP 

Part C: Draft Water Management Plan 

 

 

 Page C-25 March 2009 
 

 

between 10 and 20 year ARI may cause a small increase in the risk of erosion due to the 

effect of the overburden dump.  Floods larger than the 20 year ARI flood will not be affected 

by the overburden dump because of backwater ponding caused by the Bickham Gorge. 

A Riparian Management Plan (Appendix 26) was prepared in 2004 by Hunter Land 

Management for the whole of the Pages River within “South Bickham”.  The 

recommendations of that plan have been progressively implemented, principally through 

exclusion of stock from the river and weed management.  Further details of the proposed 

management of the riparian zone are set out in Section C6 below and a copy of the 

Riparian Management Plan is provided in Appendix 26.  

Monitoring of the state of the Pages River channel between the northern boundary of “South 

Bickham” and the Bickham Gorge will include: 

 Preparing an annual photographic record of the channel and floodplain of the Pages 

River and floodplain in this zone; 

 Conducting a topographic survey of the channel and floodplain at seven previously 

surveyed locations (Appendix 20) after any significant flood that causes noticeable 

channel changes in this reach of the river or which overtops the riverbank in this 

reach. 

 Annual photography looking both upstream and downstream from designated 

locations to show the trend in riparian vegetation health over time. 

C3.4 SUMMARY OF MONITORING PLAN 

Table C3-3:  Summary of Monitoring Plan  

Parameter Location Frequency 

Groundwater   

Groundwater Extraction 

(volume of water pumped) 

 Flow meters on all pit sump pumps and 

dewatering bores 

Weekly 

Groundwater levels  Existing piezometer network (Figure C3.1) 

 Additional piezometer installed to replace those 

destroyed by mining 

 Additional piezometers installed in areas where 

potential adverse impacts on either environmental 

or beneficial use values may occur (including 

piezometers between mien and neighbours’ 

existing supplies if necessary) 

Monthly or 

quarterly 

Groundwater Quality 

(pH, EC, TDS) 

 Dewatering bores and sumps Weekly 

Groundwater Quality 

(Refer Table C3.2 for 

parameters) 

 Dewatering bores and sumps 

 Piezometers 

Quarterly 

Quarterly 

Surface Water   

Surface Water quality 

(SS, turbidity, pH, EC) 

 Existing 9 monitoring sites (Figure C3.1) 

 Additional site on s-w boundary of “South 

Bickham” (u/s of culvert on New England 

Highway) 

Monthly 
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Table C3-3:  Summary of Monitoring Plan  

Parameter Location Frequency 

Sediment basin water 

quality (SS < 50 mg/L)  

 Sediment basin from which discharge is to occur Prior to 

discharge 

Sediment basin water 

quality (TSS, turbidity, pH, 

EC) 

 2 times/year 

Surface Water levels  Existing 9 monitoring sites (Figure C3.1) 

 Two water level recorders to be installed on Pages 

River (u/s and d/s of mine pit) 

 One level recorder to be installed on the main 

channel of Kingdon Ponds, d/s of eastern tributary  

Monthly 

Continuous 

 

Continuous 

Fluvial Geomorphology/ Riparian Management  

Photographic record   Channel and floodplain of Pages River between 

northern boundary of “South Bickham” and 

Bickham Gorge  

Annually 

Photographic record  Looking upstream and downstream from 

designated locations to show the trend in riparian 

vegetation health over time 

Annually 

Topographic survey   The channel and floodplain at previously surveyed 

locations (refer Appendix 20)  

After a 

significant 

flood  
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C4. DRAFT MITIGATION AND CONTINGENCY PLANS 

C4.1 IDENTIFIED RISKS 

Groundwater issues that may lead to adverse impacts include:  

• Direct leakage from the Pages River to the pit; 

• Excessive inflow rates to the pit; 

• Excessive baseflow impacts to either the Pages River or Kingdon Ponds; 

• Very low groundwater inflow rates to the pit;  

• Drawdown interference with neighbouring water supply bores, wells or soaks; 

• Interception of saline groundwater that might significantly elevate the salinity or 

lower the pH of the groundwater discharge into the pit or the dewatering bores; 

• Salinity of in-pit water post-mining and whether this could adversely impact 

groundwater quality around the pit; 

• Salinity of stormwater infiltrating through the out-of-pit dump and whether this could 

adversely impact on groundwater/surface water quality; 

• pH changes from any potential acid mine drainage and whether this could adversely 

impact on groundwater/surface water quality. 

Surface water issues that may lead to adverse impacts include: 

 Sediment discharge from the construction of the mine facilities or overburden 

dumps; 

 Scouring at the toe of the northern overburden dump; 

 Inadvertent discharge or leakage of mine water to the Pages River; 

 Reduction of surface runoff to Kingdon Ponds; 

 Impacts on water quality in the Pages River and Kingdon Ponds; 

 Mine water exceeds predicted volumes; 

 Mine water is significantly less than predicted. 

C4.2 GENERAL RESPONSE PROCEDURE  

The procedure to be followed in the event of unforeseen surface water or groundwater 

impacts being detected during the project will be as follows: 

 The nature of the suspected impact and all relevant monitoring data will be 

immediately referred to an independent qualified hydrologist or hydrogeologist as 

appropriate for assessment; 

 An assessment will be made of the potential magnitude of the impact and the level 

of risk; 

 Alternative response and mitigation measures will be detailed for discussion with 

DWE, DECC and/or DPI-Minerals as appropriate; 
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 A response/mitigation plan will be implemented to the satisfaction of DWE, DECC 

and/or DPI-Minerals. 

Specific responses to particular issues, including the triggers to these issues, are provided 

in the sections below. 

C4.3 GROUNDWATER 

The triggers for implementation of the mitigation and contingency plans presented below 

are based on the results of baseline monitoring and groundwater modelling. 

Table C4-1:  Groundwater Impact Triggers 

Parameter Trigger 

Pages River  

Electrical Conductivity (EC) >1,500 µS/cm 

pH (in situ) < 6.0 

Dewatering Discharge  

Electrical Conductivity >1,500 µS/cm (more than 3 successive samples) 

pH (in situ) < 5.5 

Mine Inflow Rate  inflow rate exceeds the model predicted rate by more 

than 50% on a sustained basis over a 3-month period; 

  baseflow reduction more than 20% greater than 

predicted, averaged over a 6-month period; 

  sustained very low groundwater inflow rates to the pit, at 

levels below the required water supply rate for the 

project; 

  a sustained average EC >1,500 μS/cm or pH <5.5 for 

the groundwater discharge from either the mine or from 

the dewatering bores; 

Groundwater Users  any existing water supply adversely impacted by the 

mining operation. 

C4.3.1 Direct Leakage from the Pages River to the Pit 

Should inflow rates to the pit significantly exceed predicted inflow rates, it may indicate the 

intersection of a more direct pathway than any detected/inferred by the field investigations 

for water to flow directly from the Pages River to the pit.  An inflow rate that exceeds the 

model predicted inflow rate for that time by more than 20% on a sustained basis over any 

3-month period would be the trigger to initiate remedial and/or preventative measures. 

The contingency plan for the unanticipated intersection of a permeable pathway that causes 

water to flow directly from the Pages River to the pit at rates significantly in excess of the 

model predictions is to immediately cease pumping/dewatering and investigate the nature 

of the inflow, then to implement remedial and/or preventative measures that may include: 

 Placement of a low permeability clay seal in the pit in front of any visible leakage 

inflow zone; 
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 Injection grouting of any visible inflow zone between the pit and the river; 

 Redesign of the pit to avoid further intersection of the inflow zone; 

 Discharge of additional clean groundwater to the Pages River to compensate for any 

additional water loss from the river relative to the model predictions; 

 Additional focussed monitoring to verify the effectiveness of the preventative or 

remedial measures; 

 If appropriate, the groundwater model would be modified to incorporate the high 

flow zone, and forward predictions of inflows and impacts would be re-determined. 

Any remedial and/or preventative measures would be discussed with DWE prior to 

implementation. 

One potential mechanism for high flows from the Pages River to the pit may be intersection 

by the pit of the old underground mine workings near the north-eastern end of the pit.  

Although the WRA indicated that this is an extremely unlikely outcome, the contingency 

plan outlined above will be implemented if necessary.  To further reduce the risk of this 

outcome, it is proposed that after the completion of mining down to the E seam floor in the 

very north-eastern end of the pit, a program using geophysical methods, such as 

magnetometer or radar, would be undertaken to identify if any old workings exist within the 

vicinity of the open cut.  If geophysical results prove inconclusive, a dedicated probe drilling 

campaign may be conducted along the strike of the coal seams at intervals to identify and 

map any G seam voids. 

C4.3.2 Excessive Groundwater Inflows to the Pit 

Sustained groundwater inflows to the pit significantly in excess of the predicted inflow rates, 

even if no prominent inflow zone is apparent, may be an indicator of a potentially greater 

impact on stream baseflows than predicted by the groundwater model.  They may also lead 

to additional water management issues in light of the management principle of no release of 

mine wastewater during the project. 

The trigger for response action would be an inflow rate more than 20% in excess of the 

predicted inflow rate on a sustained basis over any consecutive 3-month period.  The 

response action would comprise: 

 Investigation by an independent hydrogeologist to establish the reasons for the 

excessive inflows relative to predictions; 

 Identification of any possible specific major flow pathway between the pit and the 

Pages River; 

 Determination by the hydrogeologist of the likely impact on future inflows; 

 If necessary and feasible, possible re-design of the mine plan to reduce overall 

inflow rates; or 

 Expansion of the proposed program for disposal/alternative use of the excess water. 

C4.3.3 Excessive Baseflow Impacts on the Pages River or Kingdon Ponds 

In the event that baseflow impacts are assessed to be greater than predicted by the 

groundwater model, and no specific pathway is identified as the source of the exceedence, 
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then additional clean groundwater discharge to Pages River or Kingdon Ponds as appropriate 

will be initiated.  The trigger for this response action will be an assessed baseflow reduction 

more than 20 percent greater than predicted, taken as an average over any consecutive 6-

month period. 

C4.3.4 Very Low Groundwater Inflows to the Pit 

Sustained very low groundwater inflow rates to the pit, at levels below the required water 

supply rate for the project, could lead to a water shortfall, which may require the sourcing 

of an alternative water supply, or a change to the mine plan or mining rate to accommodate 

the available supply. 

Low groundwater inflow rates are predicted in the early years of the mine.  In the event that 

surface runoff into the pit is not sufficient to meet mine operating requirements, a bore will 

be installed in a location that will eventually become part of the West Pit.  Modelling 

analysis indicates that advanced de-watering from this area in the early years of the mine 

will not have any additional impact on groundwater levels outside the immediate area of the 

mine. 

The WRA studies suggest that sustained very low groundwater inflow rates to the pit are 

more likely to occur at later stages of the project, but it is anticipated that early warning 

will be given by the observed inflow rates and groundwater level impacts during the early 

years of the project.  An independent supply of groundwater from the Permian hard rock 

aquifer is likely to be available from sources in other parts of the “South Bickham” property 

away from the pit, or from the “Glencoe” property to the east, where the coal measures 

sequence outcrops and contains similar quality groundwater to the “South Bickham” area. 

A potential cause of lower groundwater inflow rates could be the presence of hydraulic 

barriers, causing compartmentalisation of the aquifer system.  Sourcing additional water to 

meet the project’s requirements would then be achieved by installing additional bores in 

other parts of the aquifer beyond the barrier boundaries, or in other aquifer 

“compartments”.  

C4.3.5 Interception of Saline or Acidic (low pH) Groundwater 

The WRA studies showed that the hard rock groundwater in the mine vicinity and 

surrounding areas is of similar average quality to the average streamflow quality in the 

Pages River.  Pockets of both higher salinity and lower pH groundwater do occur within the 

vicinity of the mine, but they were found to be in much less permeable parts of the hard 

rock sequence, and are therefore expected to comprise a very small component of the total 

groundwater inflow.  No high salinity or low pH water has been found in association with 

high aquifer permeability. 

In the unlikely event that an unforeseen high salinity or low pH groundwater source is 

intersected by the pit or the cone of drawdown associated with dewatering, that might lead 

to a significant deterioration in the quality of groundwater flowing into the mine or pumped 

from dewatering bores, it may create difficulties for the proposed discharges to Pages River 

to compensate for any baseflow impacts. 

The trigger for a response action would be a sustained average EC >1500 μS/cm or pH <5.5 

for the groundwater discharge from either the mine or from the dewatering bores.  The 
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response action would depend on the degree of exceedence of the trigger levels, but could 

include: 

 Investigation by an independent hydrogeologist to establish the reasons for the high 

average EC or low average pH, and to recommend an appropriate remedial and/or 

preventative action plan; 

 Continued monitoring to establish likely longer-term trends in water quality; 

 If the level of exceedence is small, and trends suggest no significant further quality 

deterioration, then the response action may involve additional water treatment of 

the component of dewatering discharge needed for compensating flows to Pages 

River. 

As the dewatering discharge is primarily to be used in the mining operation, mainly for dust 

suppression, and no releases of mine water are contemplated, no water treatment is 

considered necessary for the remainder of the groundwater pumped from the pit. 

C4.3.6 Drawdown Interference with Existing Water Supply Bores, Wells or 
Soaks 

There is only a small number of existing water supply sources supported by groundwater 

within the zone of anticipated impact.  It is proposed that should any existing water supply 

be adversely impacted by the mining operation, a replacement water supply at similar or 

better quality and yield will be provided by BCC, or alternative agreed compensation 

provided.  It is proposed to monitor for potential impacts by one or more of the following 

means: 

 Direct access to each neighbour’s bore, well or soak by agreement with the 

landholder/occupier, and monthly monitoring to establish water level and water 

quality trends; 

 If direct access to the neighbour’s water supply is not possible, a monitoring 

piezometer would be installed directly between the pit and the water supply, 

designed to monitor the same aquifer as the water supply source, and it would be 

monitored monthly to establish water level and water quality trends; 

 In the event of a neighbour advising of a potential adverse impact, the matter would 

be referred to an independent hydrogeologist, together with all available monitoring 

data, to assess the validity of the claim, and to advise on the likely extent of impact; 

 If appropriate, the independent hydrogeologist would provide advice on any remedial 

or preventative actions, which would be agreed between the landowner and BCC 

prior to implementation. 

C4.4 SURFACE WATER 

The triggers for implementation of the mitigation and contingency plans presented below 

are based on: 

 The expected performance of sediment basins designed and operated in accordance 

with the requirements for Type F basins as set out in Managing Urban Stormwater: 

Soils and Construction (Landcom, 2004); 
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 The anticipated salinity and pH of runoff from the overburden dumps based on the 

monitored groundwater quality which is expected to reflect the chemistry of the 

overburden. 

Table C4-2:  Surface Water Quality Impact Triggers for Sediment Basins 

Parameter Trigger 

Field Electrical Conductivity (EC) >1,500 µS/cm 

Field pH (in situ) < 6.0 

Field suspended solids  

(measured as turbidity) 

>50 mg/L 

C4.4.1 Sediment Discharge 

The proposed measures to control sediment discharge from the site include: 

 Retention of all water from haul roads and operational areas within the mine water 

system which will not discharge to the environment. 

 Diversion channels and sediment basins to capture and treat runoff from all 

overburden dumps and other disturbed areas that do not report to the mine water 

management system. 

Potential threats resulting from the escape of water from the mine water system are 

discussed in Section C4.4.3 below.   

The risk of sediment discharge will be managed in the following manner: 

 All diversions channels will be inspected after significant rainfall (> 20 mm in a day) 

to check for excessive scouring of channels or overtopping of banks.  Any necessary 

repairs will be carried out promptly. 

 All sediment basins will be inspected after significant rainfall (> 20 mm in a day) to 

ensure that the embankment and spillway have not been damaged.  Any necessary 

repairs will be carried out promptly.  At the same time, the low level outlet will be 

checked to ensure that the outlet valve is closed. 

 The water in the sediment basin will be monitored after 3 days following rainfall to 

verify whether the suspended solids concentration is less than 50 mg/L which would 

allow discharge to commence.  If < 50 mg/L has not been achieved, an approved 

flocculant may be added to speed settlement of sediments. 

 If the suspended solids remains at levels above 50 mg/L persistently in a particular 

sediment basin, consideration will be given to adding an approved flocculant 

immediately after the rainfall event and subsequently allowing three days for 

settlement of sediment prior to discharge.  

Note that for practical management purposes, the suspended solids limit of 50 mg/L will be 

monitored by means of a field portable turbidity meter from which the suspended solids 

concentration will be inferred by means of a correlation between suspended solids and 

turbidity. 
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C4.4.2 Scouring of Toe of Overburden Dump 

The northern overburden dump will be located on the edge of the alluvial floodplain on the 

western bank of the Pages River upstream of the Bickham Gorge.  The presence of the 

overburden dump is expected to lead to a minor increase in flood flow velocity for floods in 

the range of 10 to 20 years ARI.  More frequent floods (5 year ARI or less) will be confined 

within the channel of the Pages River, while larger floods will be under the backwater 

influence of the Bickham Gorge and the flow velocities will remain substantially the same as 

at present. 

The fluvial geomorphology assessment (Appendix 21) concludes that the flow velocities on 

the floodplain following the construction of the overburden dump will be substantially 

unchanged and will be sufficiently low that grass cover would provide adequate scour 

protection.  Notwithstanding, it is proposed to provide rock armouring up to a level 

corresponding to 500 mm above the 100 year ARI flood level.  In addition, the dump will be 

inspected after any flood that encroaches onto the floodplain and repairs made if necessary. 

C4.4.3 Inadvertent Discharge or Leakage of Mine Water 

The mine water system has been designed to retain all surface and groundwater that 

reports to the pit as well as runoff from the haul roads and coal stockpile area under all 

circumstances.  If the mine water storage dams approach full capacity, water will be 

retained within a mine pit.  The two potential ways in which water could be inadvertently 

discharged from the mine water system, and the consequential management responses are 

set out below. 

Leakage from Transfer Pipes   

The mine water management system will rely on pumps and pipes to transfer mine water 

from collection points (mine pit, Stockpile Dam, etc) to the mine water storage dams and to 

transfer water from the dams to the stockpile area and the fill stations for the water carts.  

Any leakage from the pipe system has the potential to drain off-site via a natural drainage 

line.  Because much of the pipework will be located in areas that report back to the pit, any 

leakage in these areas would not have any adverse consequences.  Any leakage from 

pipework onto land that drains off-site would be addressed as follows: 

 Stop the relevant pump; 

 Assess whether construction of a temporary dam would prevent off-site discharge – 

if so, construct a temporary dam immediately; 

 Arrange for a water cart to collect water from the temporary dam and return it to 

one of the main mine water storage dams; 

 Repair the pipe.  

Inadvertent Overtopping of a Mine Water Storage Dam 

None of the out-of-pit mine water storage dams will have a significant catchment area 

draining to it.  The only means by which these dams could overflow would be if heavy 

persistent rainfall occurred and water was not taken out of the dam, or if discharge into the 

dam continued past the full supply level.  All mine water storage dams will be constructed 

with a freeboard of at least 0.5 m to provide additional storage to allow for such 

eventualities.  If a dam was overfilled for some reason, the situation would be managed by 
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promptly shutting off any pumped inflow and starting to pump water from the dam to 

another location within the mine water management system – the mine pit as an option of 

last resort. 

Leakage from a Mine Water Dam 

From the commencement of operations the main storage will be a “turkeys nest” dam 

constructed in the middle of the rail loop.  In the early years of the mine, two of the mine 

water storage dams will be constructed as conventional hill-side storages located up-slope 

of the coal stockpile area.  Any leakage as a result of a geotechnical fault in the structure 

will drain to the Stockpile Dam or Dam 2 which is designated as a “clean” water dam.   

Management for this issue will be the same as for inadvertent overtopping of a mine water 

storage dam described above, i.e. shutting off any pumped inflow and pumping from the 

affected dam to another location within the mine water management system.  In the event 

that any mine water enters Dam 2, the water in Dam 2 will be treated and pumped to the 

pit or to a competent storage. 

C4.4.4 Surface Runoff to Kingdon Ponds 

The existing catchment that drains to Kingdon Ponds from “South Bickham” has an area of 

about 158 ha.  During mining, the contributing catchment area will reduce to about 120 ha, 

before being restored to the same area as present.  The reduction in contributing catchment 

area during mining may result in a temporary reduction in the volume of runoff draining to 

Kingdon Ponds.   

Although likely to be minor, a reduction in flow could impact on the owner of the land 

immediately west of the railway.  If required, water would be provided for stock watering 

purposes from an interception bore as a top-up flow into the farm dam in this location.   

C4.4.5 Surface Water Quality in the Pages River and Kingdon Ponds 

Potential impacts on water quality in Pages River and Kingdon Ponds will be managed by 

retention of all mine water and treatment of all runoff from overburden dumps.  The threats 

to water quality in either of these river systems arise from potential failures in the facilities 

or management measures associated with water management on the site.  The relevant 

management responses to possible contingencies are outlined in Sections C4.4.1 and 

C4.4.3 above. 

C4.4.6 Excess Mine Water 

The mine water balance model has been used to assess the management options and 

determine a set of storage sizes and irrigation areas that would ensure that no discharge of 

mine water occurs.  This analysis takes account of all possible combinations of mine staging 

with climate sequences that have occurred in the past 129 years.  This includes sequences 

of very wet years occurring at the time when the groundwater inflow to the pit is predicted 

to be a maximum.  On the basis of that analysis, the staged development in the capacity of 

the mine water storages and the irrigation areas has been determined (see Sections 

C2.4.2 and C2.4.4).   

The analysis shows that there may be circumstances that have a low probability of 

occurrence in which the water to be retained in the mine water management system 
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exceeds the capacity of the out-of-pit mine water storage dams.  Under these 

circumstances, excess water will be retained in a pit until such time as it can be put to a 

beneficial use for dust suppression or irrigation. 

In the event that the surface runoff or groundwater inflow to the pit exceeds the range 

catered for in the analysis, arrangements will be made with adjoining landholders, who have 

already expressed interest, to provide additional land for irrigation. 

C4.4.7 Shortage of Mine Water 

As described in Section B8.2, the water balance model has also been used to test the 

sensitivity of the proposed water management system to different climate sequences and 

different assumed groundwater inflows.  The effect of reduced mine inflows has been tested 

by progressively reducing the predicted groundwater inflow rate after Year 5 to reach 50% 

of the original estimates from Year 10 onwards.  This analysis was combined with a 25 year 

historic rainfall sequence that most closely matched the long term average rainfall. 

The analysis showed that by reserving 50 ML of mine water for mining purposes (ie no 

irrigation) and reducing the available irrigation areas in line with the reduced groundwater 

inflow, the mine water management system could be operated so as to ensure that 

operational needs for water were met at all times and that no discharge of mine water 

occurred. 

C4.5 SUMMARY 

The proposed Mitigation and Contingency Plan is summarised in Table C4-3 below. 
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Table C4-3:  Mitigation and Contingency Plan 

Issue Trigger Response  

GROUNDWATER   

Direct leakage from the Pages 

River to the Pit 

Inflow rate exceeds the model 

predicted rate by more the 20% on a 

sustained basis over a 3-month period 

 Immediately cease pumping/dewatering and investigate the nature of 

the inflow 

 Implement remedial and/or preventative measures that may include: 

 Placement of a low permeability clay seal in the pit in front of any 

visible leakage inflow zone; 

 Injection grouting of any visible inflow zone between the pit and the 

river; 

 Redesign of the pit to avoid further intersection of the inflow zone; 

 Discharge of additional clean groundwater to the Pages River to 

compensate for any additional water loss from the river relative to 

the model predictions; 

 Additional focussed monitoring to verify the effectiveness of the 

preventative or remedial measures; 

 If appropriate, the groundwater model would be modified to 

incorporate the high flow zone, and forward predictions of inflows 

and impacts would be re-determined. 

Excessive Groundwater Inflows 

to the Pit 

Inflow rate exceeds the model 

predicted rate by more the 20% on a 

sustained basis over a 3-month period 

 Investigation by an independent hydrogeologist to establish the reasons 

for the excessive inflows relative to predictions; 

 Identification of any possible specific major flow pathway between the 

pit and the Pages River; 

 Determination by the hydrogeologist of the likely impact on future 

inflows; 

 If necessary, possible re-design of the mine plan to reduce overall inflow 

rates; or 

 Expansion of the proposed program for disposal/alternative use of the 

excess water. 
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Table C4-3:  Mitigation and Contingency Plan 

Issue Trigger Response  

Excessive baseflow impacts on 

the Pages River  

Baseflow reduction of more than 20% 

greater than predicted over 6 month 

period. 

 Additional clean groundwater discharge to Pages River as appropriate 

Very low groundwater inflow to 

the mine pit 

Inflow rates to the pit at levels below 

the required water supply rate for the 

project 

 Source an alternative water supply 

 Change mine plan or mining rate to accommodate available supply 

Interception of Saline or Acidic 

(low pH) Groundwater 

A sustained average EC of 

>1,500 μS/cm or pH <5.5 for the 

groundwater discharge from either the 

mine or from the dewatering bores 

 Independent hydrogeologist to establish reasons for the high average 

EC or low average pH and recommend an appropriate remedial and/or 

preventative action plan; 

 Continued monitoring to establish likely longer-term trends in water 

quality; 

 If the level of exceedence is small and trends suggest no significant 

further quality deterioration, then increase water treatment of the 

component of water supply needed for compensating discharges to 

Pages River. 

Drawdown interference with 

existing water supply bores, 

wells or soaks 

Existing water supply adversely 

impacted by mining operation 

 Monitor monthly to establish water level and water quality trends by: 

 direct access to each neighbour’s bore, well or soak by agreement 

with the landholder/occupier; or 

 a monitoring piezometer installed directly between the pit and the 

water supply designed to monitor the same aquifer as the water 

supply source; 

 In the event of potential adverse impact, refer matter to independent 

hydrogeologist to assess validity of claim and to advise on likely extent 

of impact; 

 If appropriate, independent hydrogeologist to provide advice on 

remedial / preventative actions, to be agreed between the landowner 

and BCC prior to implementation. 
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Table C4-3:  Mitigation and Contingency Plan 

Issue Trigger Response  

SURFACE WATER   

Sediment discharge off site Sediment discharge off site  Inspect diversions channels after significant rainfall (>20 mm/day) to 

check for excessive scouring of channels or overtopping of banks.  Carry 

out any necessary repairs promptly.   

 Inspect sediment basins after significant rainfall (>20 mm/day) to 

ensure that the embankment and spillway have not been damaged.  

Carry out any necessary repairs promptly.  Check low level outlet to 

ensure outlet valve is closed. 

 Monitor water in sediments basin 8 days after rainfall.  Discharge if 

SS<50 mg/L discharge can commence.  If SS>50 mg/L an approved 

flocculant may be added to speed settlement. 

 If the SS remains persistently above 50 mg/L for a particular basin, 

consider adding an approved flocculant immediately after rainfall. .  

Scouring of Toe of Overburden 

Dump 

Scouring of Toe of Overburden Dump  Fluvial geomorphology assessment concludes that flow velocities on the 

floodplain will be sufficiently low that grass cover would provide 

adequate scour protection.   

 Pay special attention to the rehabilitation of the lower 5 m of the 

overburden dump.   

 Inspect overburden dump after any flood that encroaches onto the 

floodplain and make repairs if necessary. 

Inadvertent Discharge or 

Leakage of Mine Water 

(General) 

Inadvertent Discharge or Leakage of 

Mine Water 

 Mine water system has been designed to retain all surface and 

groundwater that reports to the pit as well as runoff from the haul roads 

and coal stockpile area.   

 If mine water dams approach full capacity, water will be retained within 

the mine pit. 
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Table C4-3:  Mitigation and Contingency Plan 

Issue Trigger Response  

 Leakage from Transfer 

Pipes  

Leakage from Transfer Pipes   Stop the relevant pump. 

 Construct a temporary dam immediately to prevent off-site discharge. 

 Use a water cart to collect water from temporary dam and return it to 

one of the main mine water dams. 

 Repair pipe.  

 Inadvertent Overtopping of 

a Mine Water Dam 

Persistent heavy rainfall and water not 

taken out of dam; OR 

 Mine water dams constructed with minimum freeboard of 0.5 m to 

provide additional storage for these conditions.   

 Discharge into dam past full supply 

level. 

 Promptly shut off pumped inflow. 

 Pump water from overfilled dam to another storage within the mine 

water management system (mine pit as last resort). 

 Leakage from a Mine Water 

Dam 

Leakage from a Mine Water Dam  Before Year 5 any leakage as a result of a geotechnical fault in the dam 

will drain to the coal stockpile dam. 

 Promptly shut off any pumped inflow to leaking dam. 

 Pump water from leaking dam to another storage within the mine water 

management system (mine pit as last resort). 

Reduction in water quantity 

draining to land immediately 

west of the railway in Kingdon 

Ponds catchment 

Impact on the owner of the land 

immediately west of the railway 

 Provide water from an interception bore as top-up flow into the farm 

dam immediately west of the railway. 

Excess Mine Water Water to be retained in the mine water 

management system exceeds the 

capacity of the mine water dams 

 Retain excess water in pit until it can be used for dust suppression or 

irrigation. 

Shortage of Mine Water Inadequate supply of water for 

operational requirements 

 Modelling shows that operational needs for water can be met at all times 

by: 

 Reserving 50 ML of mine water for mining purposes (ie no irrigation) 

 Reducing available irrigation areas 
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C5. DRAFT EROSION AND SEDIMENT CONTROL PLAN 

C5.1 BACKGROUND 

This draft Erosion and Sediment Control Plan (ESCP) outlines the measures that will be 

implemented to ensure that no undue pollution of receiving waters occurs during earthworks 

construction for the surface infrastructure facilities for the Bickham Mine Project.  The ESCP 

has been prepared in accordance with guidelines contained in Managing Urban Stormwater: 

Soils and Construction (Landcom, 2004). 

C5.2 EROSION AND SEDIMENT CONTROL – GENERAL REQUIREMENTS 

C5.2.1 General 

The general characteristics of surface soils on the site have been ascertained from Soil 

Landscapes of the Murrurundi 1:100 000 Sheet (McInnes-Clarke, 2002) and are summarised 

in Section B2.3.2.  Relevant site conditions relating to erosion and sediment control are set 

out in Table C5-1.  The site is located within Rainfall Zone 6 where the erosion hazard is 

highest in the period December to February but also needs to be considered in the period 

November to March for situations where the Soil Loss Class (as defined in Table 4.2 of 

Managing Urban Stormwater: Soils and Construction – Landcom 2004) is Class 6 or higher.   

Table C5-1:  Soil and Site Physical Characteristics 

Characteristic Value 

Erodibility (max) (Soils and Construction Table C11) 0.035 

Slope length/gradient factor (Soils and Construction Table A1) 

 

1.76 for 7% slope 

7.32 for 20% slope 

Soil textures Sandy loam/clay loam 

Sediment type  F 

Soil hydrologic group B/C 

Rainfall erosivity  1,450 

Annual potential soil loss without controls1 – 7% slope 

 

89 t/ha/year 

(Soil Loss Class 1)2 

Annual potential soil loss without controls1 – 20% slope 

 

371 t/ha/year 

(Soil Loss Class 4)2 

 

Note 1:  Potential annual soil loss figures calculated using the Revised Universal Soil Loss 

Equation and are based on combinations of worst site conditions listed and: 

  The P–Factor (erosion control factor) assumed to be 1 (Managing Urban 

Stormwater: Soils and Construction - Table A2);  

  The C–Factor (soil cover factor) assumed to be 1.0 for bare soil on construction 

areas (Managing Urban Stormwater: Soils and Construction - Figure A5).  

Note 2:  Soil Loss Class determined from Table 4.2 of Managing Urban Stormwater: Soils 

and Construction 

Table C5-1 indicates that: 

 Earthworks associated with the facilities area generally fall into Soil Loss Class 1, for 

which no special erosion and sediment controls are required. 
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 Earthworks associated with the access road, coal stockpile area, overburden dumps 

and dams fall into Soil Loss Class 4, for which no special erosion and sediment 

controls are required (see Table 4.3 of Managing Urban Stormwater: Soils and 

Construction). 

C5.2.2 Erosion Control 

The erosion control mechanisms to be employed will include: 

 Stabilisation of exposed batters as soon as practicable after earthworks using mulch 

obtained from on-site vegetation and sterile grasses; 

 Soil stockpiles will not be located within 5 m of any identified overland flow path and 

are to be protected from water run-on by means of a diversion drain directly up-

slope; 

 If soil stockpiles are to remain for longer than 2 months, the surface is to be 

stabilised with a sterile cover crop or using mulch (minimum 50 mm) derived from 

the site; 

 Up-slope runoff will be diverted around the soil stockpiles by means of diversion 

drains; 

 Sediment fencing will be installed down-slope of soil stockpiles and along the down-

slope side of any earthworks that do not drain to a sediment dam. 

C5.2.3 Sediment Control 

The earthworks will largely involve overburden dumps, a rail loop, road works, sediment 

basins and other dams for which appropriate sediment control can be achieved by means of: 

 Sediment fences placed along the down-slope side of all work areas; 

 Diversion drains to divert runoff from undisturbed areas away from the earthworks 

and discharge to the natural surface in a controlled manner; 

 Nine sediment basins will be constructed to receive runoff from established and 

recent overburden dumps (Figures C2.2 to C2.6).  Diversion drains will direct 

runoff from the overburden dumps into the sediment basins; 

 The sediment basins have been sized on the basis of a 95th percentile 5 day storm 

(refer Chapter 6 of Managing Urban Stormwater: Soils and Construction (Landcom, 

2004).  Refer Appendix 25 for details.   

 Special precautions to ensure that discharge from sediment basins located within the 

Kingdon Ponds catchment occurs in a controlled manner; 

 The sediment basins will be operated in the following manner: 

– Within 3 days of the end of rainfall, and once water in the sediment basins is 

less than 50 mg/L of suspended solids (as measured using a portable turbidity 

meter), the water from those sediment basins will be drained onto a grassed 

area immediately down-slope until the water level is drawn down below the 

lower level of the sediment settlement zone.  A sample of the discharge will be 

monitored for turbidity, pH and EC using a portable meter. 
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– If adequate settlement of sediments is not achieved, gypsum at a rate of 

approximately 30 kg/100 kL of water, or an approved flocculant, will be added 

to cause flocculation and settlement of the finer sediment particles. 

 A water storage will be constructed to receive runoff from the facilities, rail loop and 

coal handling areas.  Diversion drains will direct runoff from these works areas into 

the water storage. 

C5.2.4 Site Clearing 

Boundaries of areas to be cleared of vegetation will be clearly marked.  Topsoil will be 

removed and stockpiled for later rehabilitation of disturbed areas.  All vegetation cleared 

from construction areas will be mulched and stockpiled for subsequent use in rehabilitation 

of disturbed areas. 

C5.2.5 Alluvial Soil Stockpile 

Prior to commencement of construction of the northern overburden dump, alluvial soil will 

be stripped from the area to be occupied by the overburden dump and will be stockpiled for 

subsequent use in the rehabilitation of the overburden dumps.  The alluvial soil stockpile 

will be protected using the erosion control measures set out in Section C5.2.2. 

C5.2.6 Stabilisation and Revegetation 

To minimise weed infestation in the disturbed area on the perimeter of the access road and 

mine facilities, these areas will be rehabilitated using species consistent with those growing 

in the area prior to disturbance.  Where practicable, local seed will be used for the 

revegetation of disturbed areas.  Temporary stabilisation and permanent revegetation at the 

site include: 

 For temporary stabilisation of soil stockpiles either a sterile cover crop or mulch 

derived from vegetation removed from site in preference to imported mulch will be 

used.  Mulch will be applied at least 60 mm thick to provide surface protection while 

inhibiting vegetation growth on temporary soil stockpiles.  When soil from the 

stockpile is being removed, mulch will be salvaged for subsequent use in 

rehabilitation works. 

 Completed batters will be within 15 days following the completion of earthworks: 

– topsoil (minimum 70 mm) will be across disturbed areas; 

– topsoil will be cultivated parallel to the contour to leave a rough surface; 

– any mulch recovered from previously cleared vegetation will be used to 

supplement topsoil in rehabilitation. 

 Any salvaged trees or logs having hollows will be placed on the rehabilitation areas 

to form fauna habitat in order to aid in re-colonisation. 

 Where steep slopes or areas of concentrated flow are not protected by engineering 

measures such as concrete or rip-rap, but require greater erosion protection than 

afforded by mulch, the following options may be used with care: 

– sterile grasses such as oats (winter) or Japanese millet (spring/summer) may 

be used (seed mixes used for urban revegetation will be avoided in order to 

avoid introduction of viable exotic “weed” species; 
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– bio-degradable erosion control meshing (e.g jute or similar plant fibre matting) 

sprayed with anionic bitumen emulsion at a rate of 1-3 L/m2. 

 The rehabilitation areas will be regularly inspected for weed development and any 

weed patches will be treated early with the appropriate herbicide. 

C5.2.7 Monitoring and Maintenance 

All sediment basins, diversion channels, sediment fencing and straw bale sediment traps 

will be inspected after significant rainfall (20 mm in a day) and repaired as necessary. 
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C6. RIPARIAN ZONE MANAGEMENT 

A Riparian Management Plan (copy in Appendix 26) was prepared in 2004 by Hunter Land 

Management for the whole of the Pages River within “South Bickham”.  The aims of this Plan 

are to: 

 Identify the current processes occurring in this reach of the Pages River; 

 Identify and prioritise riparian areas to be rehabilitated and managed into the future; 

 Guide the rehabilitation of priority areas in the Pages River riparian zone through 

“South Bickham” using techniques such as stock management, revegetation and 

weed control; 

 Provide a management plan for the on-going management of the riparian zone of 

“South Bickham” for on-ground managers of the Bickham Coal Company. 

The outcome of the plan is that areas of riparian vegetation within land owned or controlled 

by the Bickham Coal Company are protected and/or rehabilitated, so as to provide improved 

riverine health and improved bank stability, and to assist maintenance of healthy aquatic 

ecosystems. 

The plan divides the Pages River frontage of “South Bickham” into seven zones A to G, as 

shown in Figure 3 in Appendix 26.  Each zone has similar rehabilitation issues and on-

going management requirements to maintain the health of the Pages River through “South 

Bickham”. 

The recommendations of the Plan have been progressively implemented, principally through 

exclusion of stock from the river and weed management. 

The Bickham Coal Company intends to continue to implement the Riparian Management Plan 

with particular emphasis on the reach adjacent to the alluvial floodplain located between the 

northern boundary and the Bickham Gorge.  The recommendations of the Riparian 

Management Plan that relate to this reach of the river (identified as Project Area A in the 

Riparian Management Plan) are summarised in the sections below. 

C6.1 STOCK 

The existing riparian fencing to be maintained to exclude stock from the riparian zone.  

Crash grazing will be used to control weed growth.  Cattle will be  introduced into areas 

which have no recently (3-4 years) planted native vegetation for short periods of time (1-2 

days) and then removed.  This management practice is site specific and cattle will be 

constantly monitored to ensure that there is no excessive damage.  Frequency of crash 

grazing is season dependent, with Spring and Summer being the most effective.  The 

Riparian Management Plan envisages that crash grazing  1-2 times per year should be 

sufficient to achieve a high level of control of the amount of perennial and annual weeds 

previously found in the riparian zone. 

C6.2 WEEDS 

Riparian weeds, particularly Willows, will be removed through this Project Area on a staged 

basis over 3 years, allowing for native vegetation to take its place and stability to be 

maintained.  The willows will be poisoned in position, using the frilling method which 

involves ringbarking all the stems of the specimen and injecting Round-Up Bi-activeTM into 
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the cut using an injector bottle.  While this technique usually kills the tree in 1-2 months, 

follow-up poisoning will be undertaken if a full kill is not achieved.  On-going weed 

management will be undertaken to control any future infestation which may initiate from 

surrounding sources. 

C6.3 NATIVE VEGETATION 

Native vegetation will be planted in the riparian zone.  Longstem native tubestock will be 

used as they have the best survival rate in the riparian environment.  Native tree species to 

be used include Yellow Box and Kurrajong on the high bank, Rough-barked Apple and Forest 

Red Gum on the high bank/face of a bank and River Oak on the toe and face of a bank.  

Average density of plantings will be about one tree per 4 m2.  Native shrub species will 

include Slender Tea Tree on the high bank, Native Olive on the high bank/face of bank, and 

Narrow leaved Bottlebrush, Sweet Willow Bottlebrush, River Bottlebrush and Hickory Wattle 

in all areas.  Native grass species will include Spiny Headed Matt Rush on the toe of the 

bank. 

Annual monitoring of the riparian vegetation will be undertaken in the reach of the river 

between the northern boundary of “South Bickham” and the Bickham Gorge.  This 

monitoring will include photography looking both upstream and downstream from 

designated locations. 
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C7. DRAFT REHABILITATION PLAN 

This draft Mine Rehabilitation Plan has been prepared in accordance with principles in the 

draft Mine Rehabilitation Booklet (Department of Industry, Tourism and Resources, 2006).  

The Plan outlines general requirements but does not include any detail designs for 

rehabilitation. 

C7.1 PRINCIPLES AND OBJECTIVES 

The principles and objectives for the rehabilitation of the mine site are based on the 

following key criteria: 

 Reconstructed landforms are stable and able to support the intended subsequent land 

uses; 

 Vegetative cover is healthy, persistent and at a level sufficient to stabilise the surface 

under the pressures of the intended subsequent land use.  

The basic principles and objectives of the rehabilitation program for the project are: 

 To establish post-mining surfaces and vegetation cover, which ensures the pre-mining 

stability, capability and potential productivity of the site is achieved; 

 To return the land to a condition suitable for a range of post-mining land uses and the 

possible demands for development in the future; 

 To create new landforms to the east of the New England Highway which accommodate 

all overburden spoils produced by mining, and merge these landforms with adjoining 

undisturbed landforms; 

 To reinstate a viable drainage network on the site which is hydrologically stable and 

incorporates erosion controls and sediment collection dams which isolate effectively the 

rehabilitated area from adjoining areas; 

 To repair erosion damage and replace areas of grass, trees and shrubs which die or fail 

to establish. 

The Rehabilitation Plan is based on the concept of progressive rehabilitation.  This will 

provide an opportunity for testing rehabilitation practices and for gradual development and 

improvement of rehabilitation methods.  Visual amenity will also be improved.  Progressive 

establishment of vegetation will increase the stability of outer batter slopes.   

C7.2 GROUNDWATER 

Groundwater levels within the mine vicinity are predicted to be more uniform along the 

length of the pit than pre-mining levels, due to the homogenising effect of replacement of 

the heterogeneous in situ rock with overburden rock backfill.  This will have some effect on 

groundwater levels outside the pit area, particularly to the west of the project where the 

water table will be up to 10 m lower within the “South Bickham” property between the pit 

and the New England Highway, and up to 5 m lower in an area near the catchment divide on 

the western side of the highway.  Residual drawdowns of up to 0.5 m are predicted for a 

slightly larger area west of the Highway. 

In the underlying Permian hard rocks, long-term equilibrium groundwater pressures are 

predicted to be up to 40 m lower within the pit area, and more than 5 m lower generally 
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across to the New England Highway.  At the north-eastern end of the pit, post-mining 

groundwater pressures are predicted to be slightly higher than pre-mining levels. 

The rehabilitation measures recommended to minimise the long-term residual groundwater 

level and quality impacts are: 

 To landscape the surrounding mine areas to encourage infiltration of incident rainfall 

into the waste rock backfill material, and to direct runoff from the pit catchment into 

the final pit void. 

 This will ensure that rainfall recharge over the mine area is maximised, leading to a 

more rapid recovery of water levels, higher post-mining equilibrium groundwater levels 

and lower long-term salinity in both the pit void and in the backfill. 

C7.3 SURFACE WATER 

Erosion and sediment control are an integral part of the water management in rehabilitated 

areas.  Erosion control on reshaped and rehabilitation areas will be achieved by minimising 

the delay in establishing a vegetative cover over the topsoiled surface and managing 

drainage velocities across the rehabilitation as it matures.  Discussion regarding landform 

reconstruction is contained in Section C7.4 below. 

Sediment control basins will be constructed to allow settlement of suspended solids prior to 

water discharging to existing drainage lines.  Nine sediment basins (Figures C2.2 – C2.6) 

will be constructed on the drainage lines flowing from the overburden dumps.  These 

structures are de-silted as necessary when their capacity is reduced. 

During the course of the mining project the mine will largely subsume the creeks in draining 

to the north of the main ridge.  Catchments which drain to Kingdon Ponds will also be 

subsumed by the overburden dump.     

Geomorphologically they are all small tributaries, contributing a small but not insignificant 

volume of flow and sediment to the Pages River and Kingdon Ponds.  During the course of 

the mining, these natural processes will cease.  These catchment areas will be progressively 

restored in the course of mining.  This will mean similar soil hydraulic conductivity, similar 

vegetation cover, and similar drainage system will be restored.   

The drainage system will be a particularly sensitive area.  The re-created contour banks in 

the landforms and especially the drains will be carefully designed and constructed to be 

stable.   

C7.4 LANDFORM RECONSTRUCTION 

The aim of the landform re-construction will be to cost-effectively achieve a sustainable 

post-mining land use, while managing the risk of environmental impact and limiting the 

need for ongoing maintenance.  The landforms will, to the extent possible, mimic the 

natural pre-mining landform and drainage patterns.  This will include concave-shaped hill-

slopes, which mimic natural slopes (see Figure 4.2 in Managing Urban Stormwater: Soils 

and Construction – Volume 2E: Mines and Quarries (DECC, 2008)).  Such slopes tend to 

capture erosion sediment on the slope, thereby limiting the loss of sediment off the slopes, 

and are of diverse angle, length and surface texture.  Diversion banks will be used to assist 

in the general channelling and control of runoff. 
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All rehabilitation work will be undertaken by the Bickham Coal Company in accordance with 

standards set by the DPI – Minerals. 

It is the intention of the BCC to return the land to a condition suitable for a range of post 

mining land uses.  However, in the short term, it is proposed to establish the area for 

grazing, in accordance with the existing Rural Land Capability classification of VI and V. 

The proposed rehabilitation process will incorporate direct seeding of pasture grasses and 

tree species, as well as the use of tube stock in designated areas for screening and 

plantation.  The majority of the site will be sown with a pasture mixture to establish a 

cover, and thus, bind the soils and reduce the possibility of episodic dust events and sheet 

erosion. 

Tree lots will be incorporated in the rehabilitation scheme to provide shade and habitat to 

enhance the aesthetics of the completed landscape.  Such tree lots will be scattered 

throughout the site, as well as along ridge lines, with a tree density exceeding that which 

existed in the pre-mined grazing usage, where over-clearing had been undertaken. 

If there is insufficient existing topsoil to meet the requirements for rehabilitation of 

disturbed areas, it is proposed to rehabilitate those areas that will not be topsoiled by 

establishing trees.  It has been proven that one of the best methods to establish trees is by 

using direct seeding techniques into overburden material without topsoil.  This technique 

will be used to establish tree species on those areas. 

The proposed mining method provides for the disposal of overburden spoils by backfilling 

recently mined areas as well as out-of-pit dumps.  Because of a bulking factor of about 

30%, a surplus of spoil will result in the new land surface being higher than the pre-mining 

surface, with a new landform being developed to accommodate the change.  This will result 

in a general increase in RL of 15 m, however no rehabilitated topography will be above the 

level of existing elevated natural landforms, and it will blend with existing contours and 

maintain the pre-mining topography on a broad scale.  The design proposed for the mine 

takes into account the restriction of slope angles to 14o or less to ensure a stable new 

surface.  Incorporated in the design will be erosion control measures and the reinstatement 

of the drainage network to merge with existing watercourses beyond the site boundaries.  

The new topography will be visually and aesthetically compatible with the surrounding 

terrain.   

On the basis of the research undertaken by the Department of Mineral Resources, Soil 

Conservation Service and other authorities and operating companies, a general sequence of 

operations has been established for mine rehabilitation.  The procedure at most mine sites 

involves stages of reshaping, preparation, application of fertiliser, choice of sowing times, 

species selection and site maintenance. 

The following guidelines are proposed: 

 Overburden dumps will be reshaped to produce slopes, topography and drainage 

patterns, which blend visually with the surrounding topography.   

 Exposed surface rock greater than 500 mm in diameter will be removed or buried prior 

to the spreading of topsoil.  Topsoil stripped ahead of the mining operation will be 

applied to the new surface in an even layer.  The thickness of topsoil will be agreed to 

in consultation with the Department of Primary Industries but will be not less than 

70 mm.  The topdressing material may contain any soil horizon, mixture of horizons or 

mixture of overburden strata which has been found to be suitable to assist the 
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development and growth of vegetation.  Any rock greater than 300 mm left after final 

rehabilitation will be removed.  Depending on the quality of the topdressing material, 

soil ameliorants such as gypsum may be applied; 

 After topdressing, the slopes will be deep ripped on the contours, at pre-designed 

intervals, to assist in soil and spoil amelioration, as well as forming drainage 

catchments and seed entrapments.  Following this, the area will be contour cultivated 

using tynes to bond the new layer with the underlying spoil.  Fertiliser will then be 

applied, chisel ploughed on the contour, and sown or planted with grass, crop or 

appropriate tree species.  Autumn has proven the most successful season for the 

planting of pasture, with the sowing of tree seed extending into the months of June and 

July.  It has been found through on site experience that Spring sowing is only successful 

if ground moisture content is high, with mild climatic conditions anticipated; 

 All of the above-described works will be performed shortly after spreading the topsoil, 

so as to avoid the loss of activity in the pre-existing microflora, and also to minimise 

loss of topsoil due to wind and rain action; 

 As mining areas are progressively rehabilitated, redundant access roads will also be 

rehabilitated.  This will be completed using the same techniques as other rehabilitation 

activities.  

C7.5 REVEGETATION  

The mine will be rehabilitated using native plant species or grass, crop or tree species 

compatible with the Riparian Management Plan (see Section C6).  Where feasible, the 

vegetation established will be similar to the vegetation type and community that was 

present before mining commenced.  Local seeds and propagules contained within the top 

few centimetres of soil will be retained for later revegetation programs.   

C7.6 PROTECTION OF GROUNDWATER DEPENDENT ECOSYSTEMS  

As noted in Appendix 23, if impacts relating to water resources do occur, the groundwater 

dependent ecosystems most likely affected would be those associated with the Pages River 

and in particular the riparian vegetation.  The Riparian Management Plan outlined in  

Section C6 includes the control of weeds within the riparian vegetation, exclusion of stock 

and revegetation with native species.  As noted in Section C6, the BCC intends to continue 

to implement the Riparian Management Plan.  

C7.7 MAINTENANCE 

Ongoing maintenance of the rehabilitated landform areas will include: 

 After sowing, all cattle and other animals will be kept from the treated area.  So as to 

allow natural seeding of sown pasture, controlled light grazing will not be commenced 

until eighteen months to two years after sowing, unless pasture growth is suitably 

rapid.. 

 Maintenance of rehabilitated areas will be ongoing to ensure a complete stabilisation of 

the areas, and to achieve a land capability suitable for grazing.  Weed control will be 

maintained largely by the early detection of infestation and physical removal.  Where 

there is an occurrence of a large weed infestation, chemical control methods may be 

adopted. 
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 Any erosion occurrences will be investigated to ascertain the cause of the problem, and 

remedial actions implemented to prevent recurrence.  This may be in the form of re-

spreading topsoil on minor rill erosion, or for more major occurrences, reshaping of 

drainage paths and contour drainage prior to restoration of the eroded areas. 

 Where necessary, maintenance fertiliser applications for the first 5 years will consist of 

200 kg/ha of 'Grower’ fertiliser in autumn and 100 kg/ha of 'Nitrogen' in the spring.  

The need for the application will be assessed in conjunction with representatives of DPI. 
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C8. REPORTING AND REVIEW 

C8.1 ANNUAL ENVIRONMENTAL MANAGEMENT REPORT 

An Annual Environmental Management Report (AEMR) will be prepared according to the 

format identified in the Department of Primary Industry - Mineral Resources document 

entitled Guidelines to the Mining, Rehabilitation and Environmental Management Process 

(2006).   

The AEMR will address Government reporting requirements relating to environmental 

management and rehabilitation of mines by addressing: 

a) The current status of: 

 approvals; 

 leases; 

 licences; 

 environmental risk management and control strategies; 

b) For the previous 12 month period: 

 mining, mine development, and rehabilitation; 

 environmental performance in relation to the collective conditions of approvals, 

leases and licences; 

 community relations and liaison. 

c) For the next 12 month period: 

 proposed improvements in environmental performance and management 

systems; 

 environmental and rehabilitation targets to be achieved. 

C8.2 MANAGEMENT PLAN REVIEW 

All management plans will be reviewed and updated as required.   

C8.3 GROUNDWATER MODELLING REVIEW 

Groundwater inflows to the mine, and discharges from external dewatering bores, will be 

monitored for both quantity and quality.  Groundwater levels and water quality will also be 

monitored, as well as streamflows to assist in determining actual baseflows.  The actual 

inflows and impacts will be compared with the model predictions on a regular basis to verify 

the accuracy of the model.   

An initial review will be conducted 12 months after the commencement of mining, including 

re-calibration of the model if there is significant variance between observed and predicted 

inflows and impacts.  Forward predictions of potential impacts at later stages of the mine 

life will be re-determined using the model if it is necessary to make any modifications to the 

model parameters arising out of the initial 12-month review.  As indicated in the WRA, it is 

more likely that inflows and impact predictions will need to be reduced from those outlined 

in this document, rather than increased. 
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After the initial 12-month review of performance relative to the model predictions, it is 

proposed to undertake reviews at the end of Year 3, the end of Year 5, then every 5 years, 

based on the expected improved accuracy of model predictions as more operational data 

becomes available.  At each review date, the groundwater flow model would be re-

calibrated if necessary, based on observed performance data. 
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