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1  Introduction 
 

Liddell Coal, located in the Upper Hunter Valley, is operated by Liddell Coal Operations Pty Limited (LCO) under the 

conditions of development consent DA 305-11-01. This Annual Environmental Management Report (AEMR) has been 

prepared by Clibborn Environmental Consulting on behalf of LCO in accordance with the Guidelines to the Mining, 

Rehabilitation and Environmental Management Process (DPI, 2006) and Schedule 5, Condition 3 of the DA 305-11-01. 
 

The AEMR is distributed to: 
 

- the Department of Planning and Environment (DP&E); 
 

- Department of Trade and Investment (DTI); 
 

- Environment Protection Agency (EPA); 
 

- Heritage Branch, Office of Environment and Heritage (OEH); 
 

- NSW Office of Water; 
 

- Singleton Council; 
 

- Muswellbrook Shire Council; and 
 

- LCO Community Consultative Committee 
 

 
The reporting period for this AEMR extends from 1 January 2013 to 31 December 2013. 

 
1.1 Background 

 

Liddell Coal Operations (LCO) is an established open-cut mine located at Ravensworth, approximately 25 kilometres north-

west of Singleton in the Upper Hunter Valley of New South Wales.  LCO is operated and managed by Liddell Coal 

Operations Pty Limited, a wholly owned subsidiary of Glencore Coal Pty Limited (Glencore), on behalf of a joint venture 

between Glencore (67.5%) and Mitsui Matsushima Australia (32.5%).   
 

Mining operations at Liddell Coal have been continuous since the 1950s. Operations prior to the 1950s were intermittent, 

with underground operations commencing in 1923 and open cut operations in 1946. Current open cut operations access 

the coal reserves previously not mined by the underground operations. The current open cut mining operation has been in 

operation since 1990. 
 

An aerial photograph of the operation is shown in Figure 2. 
 

During the reporting period mining operations were undertaken using the excavator and truck /shovel method of   

operation. LCO has consent to extract no more than eight million tonnes of run-of-mine (ROM) coal per annum. Product 

coal, both semi-soft and thermal, is transported to Newcastle Port by rail via the Hunter Valley Rail Loop and Main Northern 

Railway Line, for sale to the export market. 

 
1.2 Consents, Leases, Licences and Other Approvals 

 

A number of consents, leases, licences and other approvals regulate mining operations at LCO. The status of development 

consents, licenses and relevant approvals are listed in Table 1. 
 

LCO operates primarily under one consolidated mining lease, ML 1597, as shown in Figure 3. 
 

Compliance with the EPL is reported annually to the Office of Environment and Heritage (OEH) in the EPL Annual Return. 

LCO’s compliance with the EPL is also discussed in Section 3.0 of this report. 
 

1.2.1 Mining Operations Plan 
 

There were no changes to the current approved Mining Operations Plan during 2013. During 2014 a MOP amendment will be 
submitted to allow for continued operations for a further 12 months or until a new MOP is required under the DA 305-11-01 
Modification 5 application.
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Figure 1 Locality Map 
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Figure 2 Aerial Photographs of LCO 2013 –December 2013 
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Table 1 LCO development consents, leases, licences and other approvals 

 

Development Consents 

Approval Number Description Expiry Date 

DA 305-11-01 Continued operation of the Liddell Colliery 31 December 2023 

DA 305-11-01 Modification - Increase in the maximum total ROM coal production rate from 4.5 to 8 Mtpa tonnes per annum; 

- increase in the mining footprint within the approved South and Barrier Pits by a total of 47 hectares; 

- construction and operation of a new preparation section of the Coal Handling and Preparation Plant and 

minor upgrades to the ROM receival and product coal facility; 

- establishment of a new supplementary coal stockpile; 

- receival and delivery of up to 1.5 Mtpa of coal to and from Cumnock No. 1 Colliery; 

- increase in the maximum transportation rate of reclaimed tailings from 0.3 to 0.5 Mtpa to Macquarie 

Generation; 

- realignment of an already approved access road and services corridor relocation of part of the Old New 

England Highway; 

- relocation and construction of the open cut mining offices, workshops and associated infrastructure to 

the south eastern portion of the Liddell development consent area; 

- construction of a bridge over the Main Northern Railway to provide for more efficient movement of coal 

and overburden between open cut pits; and 

- modifications to the footprint and size of the already approved Dam 13B. 

31 December 2023 

DA 305-11-01 MOD 3 - Alterations to the approved intersection layout for the Old New England Highway/mine access road 

intersection; 

- minor realignment of the development consent boundary to accommodate the road works; 

- reuse of treated effluent from the office/workshop complex; and 

- corrections to numbering in the development consent. 

31 December 2023 

DA 305-11-01 MOD 4 Additions to the Mining Infrastructure Area including: 

- two additional high machinery workshop bays; 

- additional relocatable admin & workshop offices; 

- fuel farm extension; 

- storage shed and compound. 

31 December 2023 
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Mining Leases 

Title Authority Expiry Date 

Mining Lease 1597 DTIRIS 5 November 2028 

Consolidated Coal Lease No. 

708 

DTIRIS 30 December 2023 

Mining Lease No. 1313 DTIRIS 13 October 2023 

Cumnock Sublease 

Mining lease No. 1552 

DTIRIS 10 March 2025 

Environmental Protection Licence 

Licence Description Expiry Date 

EPL 2094 Environmental Protection Licence (File number 27051) 30 June (Anniversary Date) 

7 September 2014 (Review Due Date) 
Mining Operation Plan 

Name Commencement Date Expiry Date 

Liddell Colliery Mining 

Operations Plan 2008 – 2015 

(MOP) 

31 January 2008 31 May 2014 

Surface Water Extraction Licences 

Locality Licence No. Holder Use Water Source/ Management 
Zone/ Type 

Annual Use  
(ML) 

Annual 
Allocation 
(ML) 

Bowmans Creek    WAL 18320 

 

Enex Foydell Pty Ltd Irrigation Jerrys Water Source/ Jerrys 
Management Zone/ 
Unregulated River 

Nil 50 

Bowmans Creek WAL18304 Enex Foydell Pty Ltd Irrigation Jerrys Water Source/ Jerrys 
Management Zone/ 
Unregulated River 

Nil 32 

Bowmans Creek WAL18318 Enex Foydell Pty Ltd Irrigation Jerrys Water Source/ Jerrys 
Management Zone/ 
Unregulated River 

Nil 55 

Bayswater Creek    WAL 18306 

 

   Mitsushima Australia Pty Ltd 

   Enex Liddell Pty Ltd 

Gabume Pty Ltd 

Industrial (coal 

mining)  

Jerrys Water Source/ Jerrys 
Management Zone/ 
Unregulated River 

Nil 100 

Hunter River via Macquarie 
Generation 

   WAL7815 

 

Liddell Tenements Pty Ltd Industrial Hunter Regulated River Water 
Source/ Zone 1B Regulated 
River 

Nil 20 

Swamp Creek 20SL042837 LCO Pty Ltd Monitoring  Nil NA – Diversion 
Works 
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Groundwater Licences 

 
Locality 

 
Licence No. 

 
Holder 

 
Lot/DP 

 
Purpose 

 
Annual Extraction Allocation 

(ML) 

 

 Haz 6 20BL168066 Liddell Tenements Pty Ltd 81/607296 Monitoring N/A  

 

Dur 3 20BL168065 Liddell Tenements Pty Ltd 31/837350 Monitoring N/A  

 

LC1 20BL168064 Liddell Tenements Pty Ltd 353/867083 Monitoring N/A 

 Durham 1 20BL168063 Liddell Tenements Pty Ltd 33/862516 Industrial 6000 

 8 South 3 & 4 20BL168062 Liddell Tenements Pty Ltd 32/870789 Industrial 6000 

 Durham 2 & 4 20BL168061 Liddell Tenements Pty Ltd 3/237654 Industrial (2 bores) 1000  

 Haz 2 20BL168060 Liddell Tenements Pty Ltd 81/607296 Industrial (2 bores) 5500 

 ALV1, ALV2, ALV3, ALV4, 
ALV7, ALV8 

20BL168053 LCO Pty Ltd 43/654013 

201/848078 

4/255403 

81/607296 

6/255403 

32/545601 

Test bore/ Monitoring N/A  

 

Bowmans Creek Alluvial WAL18302 Liddell Southern Tenements 
Pty Ltd 

32/545601 Irrigation 5 

 
 20BL017861 Enex Foydell Limited 6/1077004 Irrigation 5 

M49 20BL172293 Liddell Southern Tenements 

Pty Ltd 

32/545601 Dewatering 2500 (Combined with 20BL168209) 

 

Mt Owen 1 20BL168209 Mt Owen Pty Ltd 353/867083 Stock, domestic, farming 

and test purposes 

2500 (Combined with 20BL172293) 

 

Mt Owen 2 20BL169544 Mt Owen Pty Ltd 353/867083 Dewatering 2500 

 Middle Liddell 20BL172588 LCO Pty Ltd 1/237766 Dewatering 6000 

 

Aboriginal Heritage Permits 

Licence Site Salvage Date Expiry Date 

#2348 (dated 7 August 2007) Chain of Ponds Site Area (LID 28, 29, 30, 31, 
32) 

21, 22, 23 November 2006 3 October 2016 

   S87 #2883 

S90 #2896 

Bayswater Creek March/April 2008 18 February 2010 

18 March 2020 
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Radiation Density Gauge Licences 

Radionuclide EPA Registration Number Nominal Activity Serial Number Expiry Date 

Am-241 RR1259 12 GBq 2338LG  
23/06/2014 

Cs-137 RR1260 370 MBq FL542  
23/06/2014 

Cs-137 RR20148 370 MBq PS838  
1/12/2014 

Cs-137 RR20152 7.4 GBq PS837  
1/12/2014 

Cs-137 RR20153 7.4 GBq PS836  
1/12/2014 

Licence #RL28136 (Possess Radioactive Apparatus & Substances) 24/06/2014 
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Figure 3 Mining Leases 
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1.3 Mine Contacts 
 

The contact details for the personnel directly responsible for the environmental management of the LCO are shown in Table 

2. 
 

Table 2 Mine Contacts 

Name Position Company Contact Numbers 

David Foster Operations Manager Liddell Coal Operations (02) 6570 9919 

(M) 0459 168 589 

Murray Gregson Mining Manager Liddell Coal Operations (02) 6570 9964 

(M) 0447 886 810 

Ben de Somer Environment and Community 

Superintendent 

Liddell Coal Operations (02) 6570 9947 

(M) 0427 936 734 
 

 
1.4 Actions Required at Previous AEMR Review 

 

DRE and DP&E conducted a site inspection on 22 July 2013 following a review of the previous AEMR. In  follow up letters 

received from DP&E on 26 July 2013 and DRE on 19 September 2013, regarding the 2012 AEMR and the previous 

inspection, a number of issues were raised that required rectification in the 2013 AEMR. While general compliance was 

observed during the site inspection, the actions in Table 3 below were identified by DRE and DP&E as requiring attention. 
 

Table 3 Actions required at Previous AEMR Review 

 

Action Number Issue/Observation Action Action Achieved 

1 AEMR Reporting 1. Tailings management must be fully 

reported in the AEMR, detailing 

strategy, inspections and monitoring, 

responsibilities, operation, disposal, 

quantities, capacities and events. 

2. The management of contaminated 

material and the bioremediation area 

must be fully reported in the AEMR 

detailing strategy, inspections and 

monitoring, responsibilities, operation, 

disposal, quantities, capacities and 

events. 

3. Section 5 (Rehabilitation) must be fully 

addressed in the AEMR. 

1. See section 2.6 of this 

AEMR 

2. See section 2.7 of this 

AEMR 

3. Section 5 reviewed and 

amended and is now in 

accordance with 

Section 5 of edg03 

mremp guideline. 

2 Rhodes Grass 

dominating 

rehabilitation 

areas 

1. The company is to develop a strategy to 

manage Rhodes Grass which is consistent 

with final landuse outcomes. 

2. The company is to review seed mix to 

prevent Rhodes Grass domination.  

1. See section 5 of this 

AEMR 

2. See table 5.1 of this 

AEMR 

3 Rehabilitation 

areas 

damaged by 

vehicles 

The company is to review and update 

procedures to prevent further damage.  

See section 5  

4 Liddell 

Workshop 

Area 

inappropriate 

management 

of  a portable 

self bunded 

pallet 

The portable self bunded pallet which 

contained water was dewatered following the 

inspection. All self bunded pallets are now 

included as a part of the weekly waste 

contractor inspection to determine 

dewatering requirements. Where possible all 

self bunded pallets are kept undercover.  

See section 2.7.2 

5 Rehabilitation 

South 

Pit/grazing 

area weed 

management 

A weed management strategy was developed 

and implemented during 2013 for the control 

of targeted weed species in both 

rehabilitation and grazing areas.  

See section 5.5  
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6 Antiene Void long 

term liability 

A number of strategies are currently being 

assessed for the capping of the Antiene tailing 

dam.  During 2013, testing and monitoring 

program for the Antiene Tailings Emplacement 

Area identified it was not suitable for 

rehabilitation to commence.  

See section 2.6.1 

 

 

1.5 Compliance summary 
 

This AEMR has been prepared to address all relevant conditions of the LCO Approval DA 305-11-01. The requirements 

relating to the AEMR as set out in DA 305-11-01 are summarised in Table 4, which also indicates where each condition is 

addressed in this AEMR. 

Table 4 DA 305-11-01 Conditions relating to the AEMR 

 
 

Condition 
AEMR 

Section 

Schedule 3, Condition 27 

Groundwater Monitoring 

The Applicant shall regularly monitor: 

(a) the volume of groundwater seeping into the open cut mine workings; 

(b) regional groundwater levels and quality in the surrounding aquifers; 

(c) the groundwater pressure response in the surrounding coal measures; and 

(d) report the results of this monitoring in the AEMR, 

to the satisfaction of the Director-General. 

 

3.8 

 
Appendix F 

Schedule 3, Condition 42 

Monitoring of Coal Transport 

The Applicant shall: 

(a) keep records of the: 
• amount of coal transported from the site each year; and 

• number of coal haulage train movements generated by the development (on a daily basis); 

and 

(b) include these records in the AEMR. 

 

Section 2.5 

Appendix A 

Schedule 3, Condition 46 

GREENHOUSE GAS 

Monitoring and Reporting 

The Applicant shall: 

(a) monitor the greenhouse gas emissions generated by the development; 

(b) investigate ways to reduce greenhouse gas emissions generated by the development; and 

(c) report on greenhouse gas monitoring and abatement measures in the AEMR, 

to the satisfaction of the Director-General. 

 

Section 3.18 

Schedule 3, Condition 47 

WASTE MINIMISATION 

The Applicant shall: 

(a) monitor the amount of waste generated by the development; 

(b) investigate ways to minimise waste generated by the development; 

(c) implement reasonable and feasible measures to minimise waste generated by the development; 

(d) ensure irrigation of treated wastewater is undertaken in accordance with DECC’s Environmental 

Guideline for the Utilisation of Treated Effluent; and 

(e) report on waste management and minimisation in the AEMR, 

to the satisfaction of the Director-General. 

 

Section 2.7 
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Condition 
AEMR 

Section 

Schedule 5, Condition 3  

ANNUAL REPORTING 

Each year, the Applicant shall prepare an AEMR to the satisfaction of the Director-General.  

This report must: 

(a) identify the standards and performance measures that apply to the development; 

(b) describe the works carried out in the last 12 months; 

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

(d) include a summary of the complaints received during the past year, and compare this to the 
complaints received in the previous 5 years; 

(e) include a summary of the monitoring results on the development during the past year, 

(f) include an analysis of these monitoring results against the relevant: 

 limits/criteria in this consent; 

 monitoring results from previous years; and 

 predictions in the EA noted in condition 2(i) of Schedule 3; 

 

 

This document 

 

Section 3.0 

Section 2.0 

Section 6.0 

Section 4.1 

Section 3.0 

Section 3.0 

  (g) identify any trends in the monitoring over the life of the development; 

  (h) identify and discuss any non-compliance during the previous year; and 

  (i) describe what actions were, or are being, taken to ensure compliance 

Section 3.0 
 

Section 3.0 
 

Section 3.0 

Schedule 5, Condition 10 

ACCESS TO INFORMATION 

Within 3 months of the approval of any plan/strategy/program required under this consent (or any 

subsequent revision of these plans/strategies/programs), or the completion of the audits or AEMRs 

required under this consent, the Applicant shall: 

(a) provide a copy of the relevant document/s to the relevant agencies; 

(b) ensure that a copy of the relevant document/s is made publicly available at the mine; and 

(c) put a copy of the relevant document/s on its website. 

 

 

Section 4.0 

Appendix 5 Statement of Commitment 1.45 

Annual Reporting 

Details of the Liddell operations including compliance with the Conditions of Consent will continue to be 

reported annually in an Annual Environmental Management Report (AEMR) 

 

This 

document 
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1.6 Key Performance Indicators for Liddell Coal Operations 
 

Table 5 provides an overview of the key performance indicators for LCO during the reporting period. 
 

 
Table 5 Key Performance Indicators for LCO for the reporting period 

 

Economic Indicators Target Actual 

Coal ROM (Kt) 7,122 7,124 

Employees 334 306 

Environmental Indicators   

Land area rehabilitated during reporting period (ha) 51 61 

Potable water consumed (ML) 3.9 3.85 

Average annual deposited dust range (private residence) 4 g/m
2
/month <2 g/m

2
/month 

Total Suspended Particulate (annual average) 

exceedances 

Nil Nil 

PM10 dust exceedances (annual average) due to LCO 

activities 

Nil Nil 

Percentage of noise samples exceeding criteria Nil Nil 

Number of blasts exceeding criteria Nil 1 – Chain of Ponds 

Social Indicators   

Complaints 5 3 
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2 Summary of Operations during 2013 
 
2.1 Exploration 
 

During 2012 and 2013, LCO undertook a drilling exploration program across Mining Lease 1597 consisting of two exploration 

holes during this 2013 reporting period. The primary purpose of the exploration holes was to improve the geological 

knowledge of the area and resources/reserves within the lease area. Table 6 provides summary details of the two exploration 

holes.  

 

Table 6 Summary of exploration holes 

 

Borehole 

ID 
Drilling Duration Eastings Northings Collar RL Depth 

 Commencement Completion   (m) (m) 

FYC1261 14-Dec-12 10-Jan-13 314645.691 6413144.879 92.231 207.41 

FYC1262 14-Jan-13 22-Jan-13 314705.216 6412796.165 100.892 213.48 

 

The findings of the program was reported in line with the Joint Ore Reserves Committee (JORC) Code and exploration activities 

were carried out using LCO’s exploration drilling and land clearing procedures. The sites for the exploration holes were selected 

to minimize clearing and disturbance impacts and upon drilling and capping completion, the site were rehabilitated.  

 

Rehabilitation works were completed including seeding of cleared areas. See Figures 4 and 5 for pre and post drilling site 

photos.  

 
Figure 4 Image of drill site FYC1261 prior to drilling works (left) and immediately after drilling operations (right) 

 
 
 
 
Figure 5 Image of drill site FYC1262 prior to drilling works (left) and immediately after drilling operations (right) 
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2.2 Land Preparation 
 

 Land preparation at LCO is undertaken generally in accordance with the LCO MOP. Land preparation ahead of mining operations 
involves the construction of appropriate erosion and sediment control structures, the clearing of vegetation and stripping and 
stockpiling of topsoil. Clearing activities consist of flora, fauna and archaeological assessment of the area; mulching of non-
habitat vegetation (the mulch is left on the ground surface and recovered during topsoil salvage works); preservation of suitable 
habitat features and erosion and sediment controls. 
 
2.2.1 Clearing 

 

Vegetation clearing is undertaken in accordance with the LCO Environmental Procedure for Site Clearing and the control 

measures outlined in the Environmental Assessment for Modification to Liddell Coal Development Consent (EA). The major 

measures implemented for controlled clearing under this Procedure are described below. 

 

Clearing operations are planned, designed and completed with the aim of minimizing the impact to flora and fauna as much as 

practicable. To achieve this aim LCO completes preclearance due diligence flora and fauna survey’s, stages the clearing 

activities to smallest practical areas, preserves suitable habitat features, utilizing appropriate erosion and sediment controls 

and various other measures. Land disturbance is minimized by clearing the smallest practical area of land for the shortest 

possible time. This is achieved by: 

- limiting the cleared width to that required to accommodate excavation plus areas required for access, overburden 

emplacement and topsoil stockpiling; and 

- programming the works so that only the areas which are actively being excavated are cleared. 
 
Pre clearance surveys are completed of each proposed disturbance are by a suitably qualified ecologist to identify any 
threatened species habitat trees or other features with potential to provide habitat for threatened fauna. Potential 
trees/features are inspected to gain visual access to all limbs and trunks with all suitable habitat clearly demarcated and 
preservation/salvage opportunities determined.  
 
Suitable habitat features such as hollow bearing tree trunks are salvaged and strategically incorporated into existing 
rehabilitation areas.  
 
Clearing of vegetation was undertaken so as to minimise the likelihood of harming native fauna species and as a consequence 

the following procedures were followed:  

- non-habitat vegetation was cleared in the days leading up to habitat tree felling so as to discourage fauna from the 

area;  

- supervision was undertaken by a suitably qualified and experienced Ecologist; 

- the identified habitat tree was shaken vigorously with heavy machinery 24hrs and immediately prior to felling to 

allow and encourage fauna to leave the area; 

- the machinery operator pushed the tree over as slowly as possible under the instruction of the Ecologist to avoid 

damage caused by the intensity of impact when hitting the ground; and  

- the felled tree was inspected by an ecologist for signs of trapped or injured fauna.  

 

During the reporting period, a total of 28 potential habitat trees were felled with approximately 12 suitable for salvage. The 
salvaged habitat was relocated and incorporated into the Blue Billed Duck Pond Rehabilitation Area onsite. While felling these 
potential habitat features; 
- five tree skinks (egernia striolata) were displaced of which four were relocated and one escaped; 

- four juvenile common mynas (acridotheres tristis) were displaced, these were all humanely euthanized by the 

ecologist considering their age and unlikeliness to survive in care; 

- one black shouldered kite (elanus axillaris) was displaced and flew away. 

 
Erosion and sediment control measures are implemented in advance of, or in conjunction with clearing operations to control and 
manage dirty water.  
 
The mulched vegetation product is left on the ground surface to assist in erosion protection and be incorporated into the topsoil 
resource. This provides excellent nutrient matter and improves the quality of the topsoil resource significantly.  
 

 

2.2.2 Topsoil Stripping and Handling 
 

Approximately 42 hectares of topsoil was removed ahead of open cut mining during the reporting period. The topsoil was 

stockpiled as per LCO Land Clearing and Topsoil Stripping Procedure (October 2012) and a portion was recovered and used in 

rehabilitation during the reporting period and the remaining stockpiled for future use. 
 

To ensure topsoil is managed effectively at LCO: 
 

- soils are stripped as much as practicable in optimum moisture conditions, not in wet or dry conditions; 
 

- stripped material is placed directly onto reshaped overburden and spread where possible; 
 

- soils are strategically located in stockpiles not exceeding three metres in height; and 
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- stockpiles are sown and fertilised as soon as possible to prevent weed growth. 

 
2.3 Construction 
 

During the reporting period there were a number of construction projects undertaken in accordance with the approved MOP 

and DA305-11-01.  This included the construction of new sediment dams, known as the Entrance Pit and Chain of Ponds dams 

to manage dirty water runoff from pre-strip progression in the South Pit and Entrance Pit mining areas. The existing Durham 

Void (northern extent of the South Pit) commenced as a tailings emplacement area as per the associated s100 approval 

(known as the Durham Tailings Emplacement Area). As a result of the mine progression, the Licensed Discharge Point (LDP2) 

was relocated further downstream on Chain of Ponds Creek as per the EPL2094 license variation (1518698). Two new in pit 

water cart fill points were also installed to allow for mine progression. 

 

The Entrance Pit and Chain of Ponds sediment dams were constructed as a result of a new disturbance footprint created by 

progression of the mine. These dams were constructed in accordance with the sites Landscape Management Plan and the 

Managing Urban Stormwater: Soils and Construction Manual (Landcom, 2004). The Entrance Pit and Chain of Ponds sediment 

dams have a designed capacity of 11.6ML and 29.049ML respectively.  

 

As a part of long term mine planning the Durham void was converted into a tailings storage facility during 2013. Tailings 

emplacement began late 2013. The Durham Tailings emplacement is estimated to have capacity for 3.85 million m
3
 of tailings 

through to 2018, and it will be rehabilitated in accordance with Liddell’s approved MOP. 

 

Two water cart fill points were also relocated to allow for mine progression, efficient dust control management and flexibility 

with fire fighting capabilities. One is located in South Pit adjacent to the coal handling preparation plant and the other is 

located on the southern side of South Pit adjacent to the Link Road (main haul road linking the MIA to the mining area). 

 

2.4 Mining 
DA 305-11-01 allows for the use of three mining methods at LCO; truck and excavator, dragline, and high wall mining (utilising an 
auger or continuous mining). Following the vegetation and topsoil stripping process discussed above, any weathered material is 
removed using excavators, bulldozers and trucks depending on its thickness, hardness and the competency of underlying strata.  
The area is then prepared for overburden blasting by creating a flat bench to permit drill rig access. Holes are drilled into the 
overburden in a designated pattern giving strict attention to the angle, depth and spacing of holes.  Bulk explosive products are 
placed into the holes and detonated in a controlled sequence in order to break up the rock strata.   
 
The blasted overburden is loaded into rear dump trucks to be transported to either out-of-pit emplacement areas or backfilling 
in-pit completed sections.  The haul roads are maintained using dozers, graders and water carts to minimise dust generation and 
provide a safe working roadway. Following removal of the overburden to emplacement areas, the exposed coal is mined using 
hydraulic excavators.  The coal is loaded into haul trucks for transport along internal haul roads to the ROM stockpile located in 
the CHPP area. 

 
 

2.4.1 Mining Operations during 2013 
 

Mining at LCO is primarily undertaken using hydraulic excavators and trucks, which allows the flexibility required to work within 
relatively small multiple pits that are constrained from expansion by the Main Northern Railway Line, Bowmans Creek and 
Bayswater Creek.  The truck and excavator technique is also suitable for recovering multiple coal seams.  Recovery of coal within 
previously underground mined areas is best achieved using an excavator enabling selective recovery of coal and waste from 
within the underground workings. Table 7 below contains a list of typical mining equipment in operation at LCO. 

 

Mining activities were carried out generally in accordance with the Liddell Coal MOP. During the reporting period active mining 

areas included South Pit and the Entrance Pit. During 2013, the Durham Pit was being converted to a tailings emplacement 

area. Figure 6 identifies the key site features including operational area, infrastructure and other notable features. 

 

No mining was undertaken during 2013 utilising either dragline or high extraction methods. 
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Table 7 LCO Mining Equipment Fleet 

 

Type Model Capacity No units Function 
 

Hydraulic Shovel 
 

Hitachi EX8000 
 

43m³ 
 

1 
 

Overburden 
 

Hydraulic Excavator 
 

Liebherr R996 
 

36m³ 
 

2 
 

Overburden 
 

Hydraulic Excavator 
 

Liebherr R9400 
 

22m³ 
 

3 
 

Coal and Partings 
 

Rear Dump Truck 
 

Hitachi EH5000 
 

300t 
 

18 
 

Overburden 
 

Rear Dump Truck 
 

Caterpillar 789C 
 

180t 
 

12 
 

Coal and Partings 

Rear Dump Truck Caterpillar 793C 224t 2 Coal and Partings 
 

Loader 
 

Caterpillar 992G 
 

12m³ 
 

1 
 

Coal Handling and Prep 
 

Track Dozer 
 

Caterpillar D11R 
 

N/A 
 

3 
 

Coal Handling and Prep 
 

Track Dozer 
 

Caterpillar D11R 
 

N/A 
 

1 
 

Ancillary 
 

Track Dozer 
 

Caterpillar D11R 
 

N/A 
 

1 
 

Rehabilitation 
 

Track Dozer 
 

Caterpillar D10T 
 

N/A 
 

9 
 

Ancillary 
 

Rubber Tyred Dozer 
 

Caterpillar 854K 
 

N/A 
 

1 
 

Ancillary 
 

Drill 
 

Terex Reedrill SKF50 
 

229mm 
 

3 
 

Overburden, Coal and Partings 
 

Grader 
 

Caterpillar 24M 
 

N/A 
 

1 
 

Ancillary 
 

Grader 
 

Caterpillar 16M 
 

N/A 
 

2 
 

Ancillary 
 

Grader 
 

Caterpillar 16G 
 

N/A 
 

1 
 

Ancillary 
 

Water Truck 
 

Caterpillar 777F 
 

70kL 
 

4 
 

Ancillary 
 

Service Truck 
 

Caterpillar 775F 
 

25kL 
 

2 
 

Ancillary 
 

Service Truck 
 

Volvo FM 
 

24kL 
 

1 
 

Ancillary 

 
LCO have approval for production of 8.0Mt of coal per year. A summary of coal production and waste material production 

for the previous, current and next reporting period is provided in Table 8. 
 

Table 8 Production and Waste Summary 

 

  
DA 305-11-01 

 
Previous Reporting Period 

Current 

Reporting 

Period 

Next Reporting 

Period 

(estimated) 

Material  
Approval 

limits 

 
July 2011 – 

December 2011 

 
January 2012 – 

December 2012 

 
January 2013 – 

December 2013 

 
January 2014 – 

December 2014 

Topsoil stripped (m
3
) N/A 38,102 33,520 42,000 88,000 

Topsoil used/spread (m
3
) N/A 53,000 33,420 51,000 60,000 

Waste rock (m
3
) N/A 41,703,918 39,100,464 39,209,255 39,975,062 

ROM Coal (tonnes) 8,000,000 6,824,944 6,868,258 7,123,490 6,763,365 

Processing waste (coarse and 

fine reject) (tonnes) 

 
N/A 

 
2,232,414 

 
2,227,300 2,413,377 

2,353,043 

Product coal (tonnes) 8,000,000 4,610,603 4,509,770 4,710,113 4,410,322 



20  

Figure 6 Map of key site features 
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2.4.2 Forecast production for 2014 
 

Open cut operations in the 2014 reporting period are expected to produce 6,763,365 tonnes of ROM coal, producing 2,353,043 

tonnes of reject and 4,410,322 tonnes of product coal with a yield of approximately 65.2%. 

 
2.5 Coal Handling 
 

2.5.1 Coal Stockpiles 
 

Coal is transported from the open cut areas by truck to a ROM stockpile with an approximate capacity of 200,000 tonnes for 

storage prior to processing in the CHPP.  Coal is also stockpiled in a supplementary stockpile, adjacent to the ROM stockpile, 

which has a capacity of up to 450,000 tonnes.  Coal types placed on this stockpile are selected for their low propensity to 

spontaneously heat. Both these stockpiles are created using rear dump trucks and dozers.  

 
 

2.5.2 Processing Throughput 
 

Coal is recovered from the stockpiles using a loader or dozer to transport into the adjacent ROM dump bin.  Coal is then 

transferred onto a feed conveyor, through a rotary breaker or sizer and then onto a conveyor, which transfers the ROM coal 

to the CHPP.  The coal is then crushed, sized, washed, screened, rinsed and dewatered, with a product yield of approximately 

70%. 

 

The CHPP produces both semi soft coking coal and thermal coal. The CHPP operates 24 hours a day, seven days a week, with 

the exception of downtime due to maintenance (generally 10 to 12 hours each fortnight).  The CHPP has a processing 

capacity of 8 Mtpa following upgrades made to the plant in 2008. 
 

The total ROM coal processed at Liddell’s CHPP during the 2013 reporting period was 7,123,490 tonnes (refer Table 8). The 

total product coal produced was 4,710,113 tonnes with 2,413,377 tonnes of coarse and fine rejects generated. 

 
 

2.5.3 Product Coal Sale and Transport 
 

Following processing by the CHPP, the product coal (including semi-soft coal and thermal coal) is stockpiled separately in 

product stockpiles, with an approximate combined capacity of 400,000 tonnes.  The product coal stockpiles are formed 

by dumping coal off an overhead conveyor belt and coal is recovered by an underground reclaim tunnel through valves 

for train loading to the Port of Newcastle. 
 

In accordance with condition 38 (b) of DA 305-11-01, transport of ROM coal to and from Cumnock No. 1 Coal is restricted to 

internal mine haul roads, Pikes Gully Road and Liddell Station Road. No ROM coal was received from or transported to Cumnock 

No. 1 Coal during this reporting period. 
 

During the reporting period, 4,632,000 tonnes of product coal including export thermal coal and export semi soft coal were 

railed to the Port of Newcastle by trains along the Main Northern Railway Line. 
 

In accordance with Schedule 3, condition 42 of DA 305-11-01, LCO monitored coal haulage movements as part of standard 

operations. LCO generated 510 loaded coal haulage train movements during the reporting period. Daily train haulage 

movements are presented in Appendix A. There was no sales of tailings during the reporting period and no truck movements 

for the transportation of tailings along the New England Highway. 

 
2.6 Tailings and Rejects Management 

 

The processing of ROM coal in the CHPP produces both tailings and coarse rejects. This section details the tailings and rejects 

management strategy employed by LCO.  

 
 

2.6.1 Tailings and Rejects Management Strategy, Operation and Disposal 
 

Tailings and reject production is dependent on a number of factors including the source coal seam, seam section, in-pit mining 

conditions, out of seam dilution, stockpile weathering prior to washing, and weather conditions during and prior to mining.  

The amount of tailings produced from the LCO CHPP is in the order of approximately 9% of ROM coal processed. Coarse 

rejects generated from the LCO CHPP are in the order of 26% of ROM coal processed, and consist of carbonaceous shale, 

mudstone and claystone, with minor coarser rocks such as siltstone and sandstone.  Coarse rejects are co-dispersed into the 

overburden dumps in layers to minimise the risk of spontaneous combustion. Carbonaceous shale in the coarse rejects has a 

very low spontaneous combustion potential.  LCO caps coarse rejects with at least 1m of inert material however have never 

experienced spontaneous combustion issues with this material.  

 

Under DA305-11-01, up to 0.5 Mtpa of tailings reclaimed from LCO can be sold to Macquarie Generation, with the actual 

annual rate depending on the moisture content of tailings in situ, and the energy content after mining, recovery, drying and 

screening.  The tailings are to be transported in haul trucks via Pikes Gully Road underpass and a merging lane to the New 

England Highway to the nearby power station at a rate of no more than 114 truck movements per day, 5 days per week. No 

transportation of tailings to Macquarie Generation occurred during 2013. 

 

LCO has approval to dispose of tailings in the Antiene, Reservoir West, Reservoir South and the Railway fines (now referred to 
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as the Durham Tailings) emplacement areas. The Antiene tailings dam has reached capacity and use of this void as an active 

tailings emplacement area ceased in August 2009.  A number of strategies are currently being assessed for the capping of the 

Antiene tailing dam. Deposition into the Reservoir South Tailings Dam will be completed in 2014. Deposition into the 

Reservoir West Tailings Dam was completed in December 2013. 

 

The Durham Tailings Dam is the only active tailings dam at Liddell with approximately 2.9million m
3
 of capacity remaining. 

The Durham Tailings emplacement is estimated to have capacity for 3.85 million m
3
 of tailings through to 2018, with a 

potential additional 2 million m
3
 available within the existing void from 2019-2020, subject to further detailed design. Tailings 

quantities produced at the onsite CHPP are summarised in the below Table 11. 

 

In order to assist in settlement of the tailings, free standing water is pumped from the surface of the tailings dams when 

required. A trailer pump is rotated between the three inactive tailings dams and water is syphoned off when it is a suitable 

depth. 

 

Water in the Durham Tailings Dam is managed through secondary flocculation and decant ponds. Flocculent is mixed with the 

tailings at the tailings pipe outlet to increase solids density. Water then filters through the decant structures and is then 

pumped to the mine water storage dams. 

 

Table 9 below shows indicative timeframes for capping and final rehabilitation for each facility. Yellow cells indicate active 

deposition. 

 

Table 9 Capping and Rehabilitation Time Frames 

 
 

Liddell Coal Operations has been liaising with the Department of Trade and Investment since November 2012 regarding the 

development and submission of detailed decommissioning plans for approval relating to the Antiene Tailings Dam. LCO has 

met with Tim Martin (Mine Safety Officer) to discuss and inspect tailings emplacement facilities. At that meeting LCO tabled a 

draft proposal to complete geotechnical analysis and develop detailed decommissioning plans for approval. LCO has 

committed to submit decommissioning plans for the Antiene Tailings Dam to the NSW DTI by the end of 2014 with an 

intention to commence work in 2016. 

 

2.6.2 Inspections, Monitoring and Responsibilities 
 

The tailings emplacement and associated infrastructure are managed to NSW Dams Safety Committee (DSC) Guidelines 

relating to mine and tailings dams and relevant legislation such as The Mining Act 1992, Dam Safety Act 1978, Environmental 

Planning and Assessment Act 1979.  

 

Tailings dams, pipelines and associated infrastructure are inspected and monitored frequently to ensure integrity and 

operation effectiveness. Pipeline flow meters provide leak detection in real time.   

 

The structural integrity of the dam is inspected routinely by competent persons holding accreditation under the NSW Dams 

Safety Committee. Further, geotechnical surveys and assessments are completed regularly.  

 

See Table 10 for a brief outline of the roles and responsibilities of key personnel involved with tailings management.  

Table 10 Outline of Tailings Management Key Personnel  

 

  Role  Responsibilities   

Operations Manager  Overall operation, maintenance and integrity of the facility. 

Allocate appropriate resources to implement appropriate emplacement 

management. 

Manager Mining Engineering  Development and implementation of safe systems of work. 

Establish competency criteria. 

Technical Services Manager  Conduct six monthly assessments on emplacement activities. 

Arrange independent engineering assessments as required. 

Coal Preparation Plant Manager  Ensure adequate resources are available to monitor the operation and maintenance 

of the tailings pipeline and emplacement area. 

Competent Persons   Coordinate and complete activities in accordance with the safe systems of work. 

Complete and record inspections as required. 

Facilitate inspections by suitably qualified personnel as required. 
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2.6.3 Tailings Quantities and Capacities 
 

Table 11 Tailings Quantities   

 

Tailings Quantities 

Current Reporting 

Period 

Next Reporting 

Period 

January 2013 – 

December 2013 

January 2014 – 

December 2014 

Coarse Rejects (tonnes) 1,729,231 

2,3543,043 
Fine Rejects (Tailings) (tonnes) 991,795 

 

2.6.4 Tailings Events 
 

There were no reportable tailings incidents during 2013.  

 
2.7 Waste Management 
 

LCO implement the waste management hierarchy established under the Waste Avoidance and Resource Recovery Act 2001. 

The hierarchy is recognised both nationally and internationally as the desired approach to waste management. The hierarchy 

focuses on developing resource management options against the following priorities, from most desirable to least desirable: 
 

1. Avoidance - including actions and best practice environmental options to reduce the amount of waste generated by 

LCO. 
 

2. Resource recovery - including best available techniques reuse, recycling, reprocessing and energy recovery, 

consistent with the most efficient use of the recovered resources. 
 

3. Disposal - including management of all disposal options in the most environmentally responsible manner. 
 

Reusable and recyclable material that can be found at LCO includes, but isn’t limited to: 
 

- Waste oil and grease; 
 

- Comingled Recyclables (paper, cardboard, aluminium cans, plastic); 
 

- Scrap steel and G.E.T. (Ground Engaging Tools); 
 

- Timber pallets; 
 

- Oil and Air filters; 
 

- Tyres; 
 

- Batteries; and 
 

- Effluent. 
 

LCO identified a recycling target of 86% of waste recycled for 2012, with an aim to increase this to 91% of waste recycled by the 

end of 2014. During 2013, 88.60% of waste was recycled. 

 
2.7.1 Sewage Treatment and Disposal 

 

Sewage generated by the CHPP and associated workshop and offices is collected in the CHPP sewage treatment tanks, and 

pumped to the aerated sewage treatment plant prior to disposal at the designated effluent irrigation area. Where required 

from the results of a regular inspection program, deactivated sludge from the treatment plant is periodically removed by a 

licensed contractor for disposal. 
 

Sewage generated by the office and workshop complex is treated by a waste water treatment system to a quality suitable for 

human contact. The treated effluent is pumped to the sites main mine water storage (Raw Water Transfer Void) for re- use in 

the mine water system (see Section 2.7). The Liddell Coal Crib Huts are serviced on a weekly basis. 
 

Both waste water treatment plants are regularly maintained and sampled by a qualified contractor and maintenance reports 
submitted to local government authorities as required. 
 
2.7.2 Fuel and other Chemical Containment 

 

Fuel, lubricants and waste oil for the open cut operations are stored in a bulk fuel area at the new office and workshop 

complex, which consists of five tanks with capacities up to 110 kL. The bulk fuel storage area is bunded and linked to an oil 

water separator located nearby. 
 

The fuel, lubricants and waste oil for the CHPP is stored within two tank farms located adjacent to the CHPP workshop. 

Both tank farms are contained within a concrete bund.  
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Minor storages of chemicals and fuels in the workshop area may be temporarily stored on bunded pallets for accessibility 

and short term storage purposes. These self bunded pallets are inspected weekly by a licensed waste contractor and 

maintained as required.  
 

The waste oil tanks located on site are also inspected weekly and are emptied by licensed contractors as required. All storage 

of fuels and chemicals is conducted in accordance with LCO’s Sustainable Development Procedure Hazardous Substances and 

Dangerous Goods LCO SD PRO 0071. 
 

2.7.3 Oil and Grease Containment and Disposal 
 

Oil and grease containment and disposal is managed by two different systems, one system at the open cut operations and the 

second system at the CHPP workshop washdown facilities. 
 

Rainfall runoff from the re-fuelling bays and tank farm bund at the open cut operations site is directed into a large capacity first 

flush holding tank and through a small secondary oil water separator. The treated water released from the oil water separator is 

stored in a designated on site dam. The oil refuse is disposed of by a licensed contractor on a monthly basis. 
 

The second oil water separator is located adjacent to the workshop wash down and refuelling area at the CHPP. The rainfall and 

wash down runoff is reticulated via grit traps to a first flush holding tank prior to controlled flow through the oil water separator. 

If excess runoff overflows from the first flush tank, the water passes directly to the retention dam adjacent to the diesel 

workshop before being reused by the CHPP. 
 

Oily water collected on site is removed by a licensed waste reduction and disposal contractor. 
 
2.7.4 Rubbish Disposal 

 

The main sources of waste at LCO include: 
 

- fuel and fuel filters; 
 

- tyres; 
 

- batteries; 
 

- scrap metal; 
 

- paper and cardboard; and 
 

- domestic waste. 
 

All waste generated by LCO is stored onsite and removed for recycling or disposal by licensed contractors. During the 

reporting period, LCO sent 250 tonnes of non-recyclable waste to landfill and recycled 1,946 tonnes of waste Figure 7 shows 

non-recycled waste versus recycled waste during 2013. 

 

Figure 7 Total monthly non-recycled waste vs recycled waste 2013 
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2.8 Management of Hydrocarbon Contaminated Material 
 

Hydrocarbon contaminated material resulting from spillages are cleaned up using oil absorbent material. Contaminated 

material is stockpiled onsite in a contained area in pit for soil testing to determine remediation requirements. Where 

required, contaminated material is then placed into 205 litre drums and taken offsite by appropriately licensed transporters 

to a licensed facility for treatment and disposal in accordance with site procedures as part of the EMS. In the event of 

accidental contamination of on-site dams, contaminated water is sucked up into a truck and disposed of off-site by an 

appropriately licensed contractor. 

 

During 2013, LCO had one Category 2 Incident involving 2500 litres of hydraulic oil spilling to an open cut work area. The spill 

was contained and approximately 30 cubic metres of contaminated overburden was placed into a designated contained area. 

The material was then laboratory tested and found to have a C10-C36 Fraction measurement of 6,960 mg/k. With this 

measurement being under 10,000 mg/kg the waste is classified as general solid waste in accordance with the Waste 

Classification Guidelines issued by the EPA. The material was disposed of in-pit and the location of disposed waste was 

surveyed for record keeping purposes. . 

 

A log of all hydrocarbon related incidents is detailed below. 
 

Table 12 Hydrocarbon incident log 

 

Detail Learnings 

Hydraulic oil leak on machine causing 2500 litres of oil 

to spill to the ground. Spill was contained. 

Contaminated material was sampled and found to be 

within General Waste Classification Guidelines and 

disposed of accordingly.  

Maintenance fitter error causing the failure of an O-Ring 

causing the hydraulic pump to release oil. A TBT was given 

to maintenance crews on the importance of maintaining 

machines in accordance with procedures.  

Machines main hydraulic return tube hold down 

bracket failed allowing a pipe cluster to spring free. 

This movement broke the coupling connection causing 

approx. 100 litres to spill to the ground.  

Issues with the travel motor pressure circuit main relief's 

were found (relieving early and dumping through the 

return circuit). All of these units were replaced and 

regular inspections increased (every 2000 hours).  

A 10 weight flow meter on the service station in bay 4 

of the workshop failed a gasket which allowed oil to 

escape as mist. The majority of oil was contained by 

the catch tray underneath however some oil fell to the 

workshop floor.  

A faulty seal was identified to have caused the leak. 

Workshop continued to implement maintenance 

programs to ensure that issues are identified and 

addressed as soon as possible.  

Diesel spill of approx. 80 litres caused by the detainer 

that holds the gun off the bulk diesel refuelling gun 

releasing. This allowed diesel to flow under gravity 

through the connector into the drain container which 

overflowed approximately 80 litres onto the floor of 

the workshop. The spill was cleaned up using 

absorbent material.  

A blank fuel gun fittings were engineered onto the service 

truck to ensure that no fuel can pass through the fitting 

into the waste oil tube.  

Diesel spill of approx. 140 litres to concrete pad from 

service cart when refuelling a haul truck. The spill was 

contained and cleaned up using absorbent material 

and a sucker truck.  

The connection from the service truck to the haul truck 

was not connected properly and the shut off valves did 

not function. Corrosion of coupling was found to be the 

failure mode. The coupling was replaced and the service 

provider was instructed to ensure coupling condition is 

reported on maintenance reports.  

Diesel spill from contractors diesel tanker when 

unloading. Approx. 15 litres spilled to the hardstand 

area. The area was cleaned up using absorbent spill 

products.  

An operator error caused an incorrect valve on one of the 

unloading compartments to be left open allowing diesel 

to spill from the compartment from which the refuelling 

hose was not attached. The operator was retrained and a 

maintenance check was completed on the diesel tanker.  
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Detail Learnings 

A large rock fell over the backboard of EX101 and 

crushed the LH clam cylinder hose causing 

approximately 150 litres of oil to spill to the ground.  

Operator error causing material to spill over the back of 

the bucket. Operator was re-trained on operating 

procedures.  

Front end loader rolled over whilst loading a DT. 

Diesel dripped from the machine causing approx. 200 

litres to spill to the ground over a 24 hour period.  

TBT – TMP was re-iterated. TBT – hazard awareness. A 

procedure was developed and implemented for the 

appropriate operation of the loader.   

Refuelling completed on lube truck and when re-

placing fuel gun back onto manifold the operator 

accidently opened the engine oil dispensing tap 

spilling approx 

150-200ltrs of engine oil to the bunded area. Oil was 

cleaned up appropriately.  

The redundant one way valves were removed from the 

system. A set of isolation gate valves were engineered and 

placed at the end of the system to prevent recurrence of 

this issue  

Oil hose blew on a contractors 20T Franna Crane.  Contractor removed crane offsite for repair in accordance 

with their maintenance system.  

Hydraulic oil leak on excavator causing approximately 

1000 litres to spill to the ground. Contaminated 

overburden was stockpiled in a contained area in pit 

and appropriate testing was undertaken.  

A coupling had failed and required repair. Continue to 

undertake maintenance checks on couplings and replace 

when required.  

 
2.9 Water Management 
 

2.9.1 Water Management System 
 

Water management is one of the key operational constraints at LCO and is managed through the LCO Water Management 

Plan. The current integrated water management system at LCO has been designed to address four main issues: 
 

1) surface water runoff to existing pits and operational areas; 
 

2) groundwater seepage in open cut and old underground workings; 
 

3) provision of mine operation water for the coal handling and preparation plant (CHPP) and dust suppression; and 
 

4) off-site discharges and water sharing arrangements. 
 

The groundwater environment in the vicinity of LCO is complex due to both the local geology and historical seam 

dewatering that has occurred during previous and current mining operations. Clean water diversion banks and sediment 

ponds provide a segregated system for the handling of clean and dirty water. 
 

Excess water is: 
 

- stored in on-site dams; 
 

- discharged under the Hunter River Salinity Trading Scheme (HRSTS); 
 

- transferred to other neighboring mining operations. 
 

The existing water management system at LCO operates as follows: 
 

- clean water runoff is diverted away from disturbed areas; 
 

- sediment laden runoff is collected in pit floors or sedimentation dams; 
 

- water from all storages is transferred to Dam 13, Dam 4, Dam 17 and RWTV (Raw Water Transfer Void) which provide 

central storage for the site, via a number of staging dams and pumps; 

- RWTV is the main mine water dam which supplies the LCO CHPP and from time to time the Howick and Newdell 

CHPPs as well as other allied operations; 
 

- excess mine water from Liddell Coal Operations can be transferred to Mt Owen complex; 
 

- water is supplied to the RWTV from underground storage in the Liddell seam workings of the former Hazeldene and 

Liddell underground coal mines. 
 

- surplus water in the RWTV may be discharged into Chain of Ponds Creek at a current maximum rate of 100 ML/day in 

accordance with the HRSTS regulations; 
 

- surplus water can also be pumped back into the underground workings when discharge opportunities under the 

HRSTS are unavailable; 
 



27  

- coarse rejects are dewatered and co-disposed in pit spoils; 
 

- tailings from the LCO CHPP are pumped to onsite Tailings emplacements; 
 

- tailings supernatant migrates northward and is decanted into the Decant Dam which is pumped into Dam 4. Water 

recovered from Dam 4 is transferred to Dam 17 and either pumped back to the RWTV for use onsite or to the Mt 

Owen CHPP; 
 

- excess water is held in Dam 4 where a portion percolates downward into the old Hazeldene underground workings; 
 

- runoff in the LCO CHPP area is contained in a local sump and then recycled into the CHPP for use as process water in a 

closed operating loop. 
 

Stored water volumes during the reporting period are provided in Figure 8. 
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Figure 8 LCO Water Balance January – December 2013 

 

 
 

2.9.2 Water Consumption 
 

The water uses at LCO include CHPP uses, tailings export, dust suppression (haul roads and stockpiles), equipment wash 

down and potable water usage. 
 

Water is also lost on site through evaporation from dam water surfaces. Measures 

implemented by LCO to minimise water use include: 

- regular monitoring and review of the potable water used on site, taking into account the increase in mine personnel 

due to an expansion of operations; 
 

- rainwater storage and reuse in the toilet system; 
 

- reduced flow showerheads are used in the bathhouse; and 
 

- water efficient design in the CHPP. 
 

Monthly consumption data for the reporting period is provided in Table 13. 
 

Table 13 Water Consumption 2013 

 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL 

Raw 
Water 
(ML) 182.20 139.54 213.59 278.89 275.03 140.06 180.07 219.32 246.42 262.33 170.09 189.28 2496.81 

Export 
(ML) 35.64 0.00 167.51 390.48 197.04 389.36 41.60 34.00 0.00 5.49 0.00 0.00 1261.11 

Potable 
(ML) 0.3135 0.311 0.2995 0.4195 0.4055 0.2578 0.2848 0.3495 0.3155 0.2815 0.303 0.3115 3.8526 

Discharge 
(ML) 21.07 167.3 93.25 0 0 0 0 0 0 0 0 0 281.62 

 
A total 3.85ML of potable water and 2,496.81ML of raw water were used during the reporting period. 1261.11ML was 

exported to other mining operations, and 281.62ML was discharged from LCO during the reporting period. 
 

The water consumption at LCO was generally consistent with previous reporting periods. 
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2.10 Hazardous Material Management 
 

The LCO Explosives Management Plan (LCO 2010) defines a system to ensure the safe handling and use of explosives on 

site. 
 

2.10.1 Inventory of Material Data Sheets 
 

Hazardous materials at LCO are managed by the site’s ChemAlert data management system. Hard copies of the Material 

Safety Data Sheets are held at each site and in locations nominated by the respective Safety Management Plans. 

 
2.11 Other Infrastructure Management 
 

There is no additional infrastructure at LCO that is not included in the management of the CHPP or Open Cut. 

 
2.12 Modifications to Development Consent 
 

LCO currently has approval to conduct mining operations until the end of 2023 within an approved mining footprint.  However, 
open cut mining activities will reach this approved boundary in 2014.  Coal reserves have been identified outside of this 
footprint, within the development consent boundary. As reported in the 2012 AEMR, LCO therefore propose to extend the 
existing open cut mining operations outside the approved mining area to enable continuity of mining and maximise recovery 
of coal resources within the existing development consent boundary.  The proposed extension of mining is within both the 
existing development consent (DA 305-11-01) boundary and LCO’s mining lease (ML 1597).   
 
To recap, the primary components of the Project are: 
 

- Extension of the South and Entrance Pits to the south east and, upon completion of mining in these pits, the mining 
of coal resources under the Mine Infrastructure Area (MIA) during which time the MIA will be relocated to 
temporary facilities. The extension will enable the recovery of approximately 38 million tonnes (Mt) of Run of Mine 
(ROM) coal. 

- The extension of open cut mining activities will lead to an associated extension of the life of mine at LCO from 2023 
to 2028. 

- A tailings emplacement area will be constructed within the final void of the South Pit to dispose of the additional 
tailings associated with the extension of open cut mining activities.    

- Coal will continue to be processed at the LCO Coal Handling and Preparation Plant (CHPP) at the approved rate of up 
to 8 Mt per annum (Mtpa).  Coal will however no longer be received from, or sent to, the Cumnock CHPP for 
processing as currently approved under DA 305-11-01, as this CHPP has been demolished following the cessation of 
mining operations at Cumnock No. 1 Colliery.  LCO seeks to maintain a contingency for coal processing by delivery of 
up to 1.5 Mtpa of ROM coal to Ravensworth Central Coal Processing facility (RCCP) for washing via a new connection 
to the existing overland conveyor or by road transport route to RCCP.  In addition, up to 2 Mtpa may be received at 
the LCO CHPP from the Mt Owen Complex for processing via the same existing overland conveyor. 

- Minor additional infrastructure as follows:  

- Construction and commissioning of a transfer point and conveyor connected to the existing Mt 
Owen/Glendell/Macquarie Generation conveyor is proposed, enabling LCO to send coal to Ravensworth, and 
receive coal and crushed gravel from Mt Owen, via the existing conveyor system. The new conveyor will 
deliver/take material to/from a new 50,000 tonne stockpile; and 

- Infrastructure and ancillary surface disturbance to support the new mining areas will be required, including but 
not limited to, powerlines, water management infrastructure and haul roads. 

 
LCO proposes to continue to employ approximately 360 full time personnel and approximately 100 contractors as required. 
 
No changes are proposed to the approved operating hours, annual production levels, mining methods, or mining equipment, 
which will remain as approved under DA 305-11-01, as modified. 
 
During 2013, the Environmental Assessment to support the application was completed and placed on public exhibition during 
September and October. Following public exhibition of the EA, 14 submissions were received.  Of these, 11 submissions were 
from government agencies, three from special interest groups, and one was a submission received from the general public in 
support of the Project, as summarised below in Table 14. 
 
 

Table 14 Submissions received 

Government Agencies 
Department of Primary Industries  - NSW Office of Water 

Department of Primary Industries - Office of Agricultural Sustainability and Food 
Security  
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Department of Trade and Investment, Regional Infrastructure and Services 
(DTIRIS) – Division of Resources and Energy (DRE) 

Office of Environment and Heritage 

Environment Protection Authority 

NSW Health – Hunter New England Local Health District 

NSW Heritage Council 

Muswellbrook Shire Council 

Singleton Council 

Dams Safety Committee 

Rural Fire Service 

Special Interest Groups 

Construction, Forestry, Mining and Energy Union (CFMEU) 

Rio Tinto Coal Australia 

Economists at Large 

Public Anonymous 

 
The public submission received in support of the Project stated that: 
 
“I support investment in NSW and the continuation of this project for ongoing job security.” 
 
The Environmental Assessment, including discussion of environmental impacts and findings, as well as all submissions can be 
viewed on the Department of Planning and Infrastructure’s website at the following address:  
http://majorprojects.planning.nsw.gov.au/index.pl?action=view_job&job_id=5165. LCO have since lodged a “Response to 
Submissions” during February 2014 and this is also available on the website. 
 
LCO also referred the Project to the Federal Department of the Environment (DoE) in June 2013 due to the likelihood of 
significant impact on matters of National Environmental Significance (NES) prescribed by the Environment Protection and 
Biodiversity Conservation Act 1999 (EPBC Act). In summary, the likely significant impacts include: 
 

- The removal, fragmentation and/or isolation of potential habitat for three EPBC Act listed endangered species; the 
Spotted Tailed Quoll, Swift Parrot and Regent Honeyeater; and 

- A likely significant impact on water resources including Bowmans and Bayswater Creeks, as a result of surface and/or 
groundwater impacts. 

 
In a letter dated 21 October 2013, LCO were advised by DoE that the Minister’s delegate determined the Proposed Action 
(EPBC 2013/6908) to be a controlled action, and as such requires assessment and a decision on approval under the EPBC Act 
before it can proceed.  The Minister’s delegate also decided that the project will need to be assessed through preliminary 
documentation. This report was compiled and submitted in February 2014, and is currently under assessment by DoE. 
 
During the remainder of 2014, LCO expect the project to move through the remaining regulatory assessment process to 
determination. 

  

http://majorprojects.planning.nsw.gov.au/index.pl?action=view_job&job_id=5165
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3 Environmental Management and Performance 
 
3.1 Environmental Management System 
 

LCO has developed and implemented an Environmental Management System (EMS) generally in accordance with ISO 14001. 

The principle focus of LCO’s EMS is on continual environmental improvement. The EMS was reviewed and updated during the 

reporting period following the Independent Environmental Audit. The EMS was updated to reflect current operations and also 

include Glencore PLC Sustainable Development requirements. 
 

The EMS includes management plans and system procedures to manage activities on site and hence minimise the risk of 

impact to the environment. These plans and procedures are prepared and regularly updated to ensure compliance with 

both development consent, and EPL conditions. 
 

The LCO Environmental Management Strategy was developed in accordance with Schedule 5, Condition 1 of DA 305-11-01 and 

updates the LCO EMS. The LCO Environmental Management Strategy provides the framework for environmental management 

during the construction and operation of LCO to ensure compliance with development consent conditions and other legal 

requirements. The LCO Environmental Management Strategy builds on the environmental management controls outlined in the 

EA prepared for the project. 
 

The LCO Environmental Management Strategy was developed generally in accordance with ISO 14001, the international 

standard for environmental management systems and is consistent with the Glencore Sustainable Development 

Management Framework. The LCO Environmental Management Strategy applies to all components of the operations. 
 

Implementation of the EMS assists in minimising the environmental impacts of LCO by facilitating continual improvement in 

environmental performance. 

 
3.2 Environmental Risk Identification 
 

Glencore utilises a common methodology in accordance with ISO 31000:2009 to ensure that business associated risks  are 

identified, analysed and evaluated, treated as appropriate, and then monitored and reviewed. The standard ensures an 

appropriate risk assessment is performed for all business activities identifying controls critical to the achievement of the overall 

objectives of the relevant activity. 
 

In June 2009 a Broad Brush Risk Assessment (BBRA) was completed by Umwelt Australia Pty Limited. The BBRA was reviewed 

and updated in 2010, and again during 2012 and 2013. The BBRA Review is presented in Appendix B. 

 
3.3 Environmental Incidents 
 

3.3.1 Environmental Management 
 

During the reporting period, LCO recorded 2 reportable environmental incidents. 
 
Both reportable incidents were in relation to blasting.  
 
On 11 July 2013, a blast was fired that resulted in an elevated overpressure of 134.1dB being recorded at the Chain of Ponds 
Hotel. The approved overpressure limit for this site is 133dB.  An investigation into the incident indicated that the air blast 
overpressure exceedance was primarily caused by bridging of stemming in at least three of the loaded blast holes. The bridging 
prevented the design depth of stemming being achieved, resulting in inadequate confinement of the explosives. An 
independent review of the potential effects of the elevated overpressure on the Chain of Ponds Hotel concluded that and 
airblast overpressure of 134.1dB would not have a detrimental effect on the Hotel and outbuildings. An incident report was 
submitted to the DP&I, with no further action being required.  
 
A blast was fired on 4 September 2013 that resulted in blast fume crossing over the site boundary. The post blast fume was 
observed to cross over the Old New England Highway at height to a point above unoccupied mine owned land in the vicinity of 
Bayswater Creek as it dissipated.  The blast video, load sheets and product specifications were reviewed, and shot firers were 
interviewed regarding the incident. The blast fume was found to be caused by cavities in the strata that led to the deflagration 
of 700kg of product. The cavity had been identified during loading and the hole was bagged off and stemmed in order to 
minimise the generation of fume. As a result of the investigation into the event, LCO reviewed and updated the relevant 
procedures and implemented a number of actions to reduce the likelihood of a repeat incident. Actions included that drill 
records will be reviewed in future to place airbags down the boreholes at least four meters above the cracked substrata, where 
this exists, and that column rise of product placement will be more closely monitored to limit the amount of product runaway if 
a loss is observed. An incident report was submitted to the DP&I and a response received 9 December 2013 acknowledging the 
measures being implemented and requiring no further action from LCO. 
 
In addition to the two externally reportable incidents, LCO recorded nineteen incidents during 2013 that were defined as 

Category 1 or less and two incidents that were defined as Category 2 on Glencore’s Environmental Incident Category Matrix 

(Table 15) and did not require external reporting. Of these, thirteen related to minor oil, coolant and diesel spills, two related 

to blasting, four relating to water (a penalty notice received for equipment failure at the HRSTS discharge point, a treated water 

leak, sewage spill and tailings overflow), one regarding a haul truck driving on a rehabilitated area and one regarding a Front 

End Loader roll over. The penalty notice received for HRSTS equipment failure related to the non-compliance of LCO’s EPL 

2094 condition which requires continuous operation and maintenance of communication equipment which makes the 
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conductivity and flow measurements at the LCO HRSTS monitoring point available during discharge events to the Hunter 

Integrated Telemetry System (HITS), within one hour of those measurements being taken. The communication had not been 

operating since approximately May 2011. The communication equipment was reinstated and commissioned and has been 

fully functional since this incident.    

Table 15 Glencore’s Environmental Incident Category Matrix 

 

Category Definition 

Nil Potential environmental incident, hazard, near miss or actual incident resulting in no environmental harm. 

Category 1 An incident that has caused negligible, reversible environmental impact requiring very minor or no 

remediation. 

Category 2 An incident that has caused minor, reversible environmental impact requiring minor remediation. 

Category 3 An incident that has caused moderate, reversible environmental impact with short-term effect requiring 

moderate remediation. 

Category 4 An incident that has caused serious environmental impact, with medium-term effect requiring significant 

remediation. 

Category 5 An incident that has caused disastrous environmental impact, with long-term effect requiring major 

remediation. 

 
 

3.4 Meteorological Monitoring 
 

3.4.1 Environmental Management 
 

The meteorological station established at the office and workshop complex was installed and is operated in accordance with 

the Approved Methods for Sampling of Air Pollutants in New South Wales (Department of Environment and Climate Change 

(DECC), 2007) and the requirements outlined in the DECC submission for the Environmental Assessment for the Liddell Coal 

Modification to Development Consent. Meteorological conditions at LCO are continuously monitored on site. 
 

3.4.2 Environmental Performance 
 

3.4.2.1 Rainfall 
 

Total annual rainfall for the reporting period was 671.4mm. The highest daily rainfall of 71mm was recorded in November 

2013. The wettest month was November, with 157mm of rainfall recorded, while the driest month was October, recording 

only 5.6mm of rainfall. The total monthly rainfall data for the monitoring period is shown on Figure 9. 

 Figure 9 Total monthly rainfall January – December 2013 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4.2.2 Temperature 
 

The average daily temperature recorded at the meteorological station varied from 12.5°C to 25.0°C during the reporting period. 

On average, July 2013 was the coolest month, and January 2013 was the warmest month. The temperature data was consistent 

with standard seasonal patterns. 
 

The annual temperature data is presented in Figure 10. 
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Figure 10 Minimum, average and maximum monthly temperatures January – December 2013 

 

 

3.4.2.3 Wind Speed and Wind Direction 
 

Seasonal patterns for wind direction are evident at LCO. During the summer and autumn months (November to April) wind 

direction is predominantly south east. In comparison, during the winter and spring months (May to September) the prevailing 

wind direction is north-west. Wind directions are referenced to magnetic north. 
 

The annual wind rose for 2013 is presented in Figure 11. The monthly wind roses for 2013 are presented in Appendix C. 

Figure 11 Annual Wind Rose 2013 
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3.5 Air Quality 
 

3.5.1 Environmental Management 
 

Air quality monitoring is undertaken in accordance with the Liddell Coal Air Quality Monitoring Program. In addition, the LCO 

Environmental Monitoring Program (November 2009), LCO Dust Management TARP and LCO Spontaneous Combustion 

Management Plan are used for the ongoing management of air quality. 
 

The Air Quality Monitoring Program (AQMP) was developed in accordance with Schedule 3 Condition 19 of DA-305-11-01.   In 

accordance with this condition, the AQMP includes a combination of deposited dust gauges and high volume air samplers 

(HVAS) to monitor any dust emissions, and an air quality monitoring protocol for evaluation of compliance with the air quality 

impact assessment and land acquisition criteria. The AQMP was reviewed and updated during 2012 following the Independent 

Environmental Audit and was approved by DP&I during May 2013.  
 

The LCO air quality monitoring network is shown in Figure 12. The LCO air quality monitoring network comprises ten 

deposited dust gauges and six high volume air samplers (HVAS). 
 

Suspended particulate dust was measured in the reporting period by six HVAS, including three TSP samplers and three PM10 

samplers. Each HVAS was run for 24 hours on a six-day cycle in accordance with OEH requirements. 
 

Control measures undertaken to minimise potential impact on air quality at LCO include: 
 

- Regular dust inspections are carried out and excavation and tipping activities may be ceased or modified if excessive 

dust is observed; 
 

- Real time dust monitoring is undertaken to assist with the management of dust on-site; 
 

- disturbance of the minimum area necessary for construction and prompt rehabilitation of construction areas; 
 

- watering of roads and trafficked areas to minimise the generation of dust; permanent roads are constructed from 

hard non-friable material and have defined marker posts to prevent vehicle deviations; 
 

- long term topsoil stockpiles are vegetated to reduce dust generation; 
 

- overburden emplacements are shaped to 10 degrees or less and seeded; 
 

- dust suppression sprays situated on the ROM dump hopper and transfer conveyor points are actuated to reduce 

potential dust generation; and 
 

- all equipment is maintained in good working order to reduce emissions. 

 
Air Quality Criteria 

 

Schedule 3, Condition 16 of DA 305-11-01 requires that LCO manage their operations so as to satisfy the relevant OEH air 

quality criteria for deposited dust and dust concentration emitted to privately owned land not owned by LCO. 
 

Deposited dust levels refer to the quantity of dust particles that settle out from the air as measured in grams per square 

meter per month (g/m
2
/month) at a particular location. The LCO Air Quality Impact Assessment Criteria for deposited dust 

is summarised in Table 16. 
 

Table 16 Impact Assessment Criteria for Deposited Dust 

 
 

Pollutant 
 

Averaging Period 
Maximum increase in 

deposition dust level 

Maximum total deposition 

dust level 

Deposited dust Annual 2 g/m
2
/month 4 g/m

2
/month 

 

Dust concentration refers to airborne dust and is measured in micrograms per cubic meter (µg/m
3
). Dust concentration is 

measured as total suspended particulate matter (TSP) and particulate matter of less than 10 microns in diameter (PM10 ). 

TSP relates to all suspended particles, which are usually in size range of zero to 50 micrometres (µm). TSP measurements 
include PM10 particles. TSP and PM10 are compared to long term (annual average) and short term (24 hour maximum) 

goals. Particle sizes larger than 50 µm are measured as deposited dust. The LCO Air Quality Impact Assessment Criteria for 
dust concentration (particulate matter) is summarised in Table 17. 

 

Table 17 Impact Assessment Criteria for Particulate Matter 

 

Pollutant Standard/Goal Averaging Period 

Total Suspended Particulate Matter 

(TSP) 

90 µg/m
3 

(Long-term goal) Annual 

Particulate Matter <10µg (PM10 ) 50 µg/m
3 

(Short-term goal) 24 hour maximum 

30 µg/ m
3 

(Long-term goal) Annual 
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Figure 12  LCO Air Quality Monitoring Sites 
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3.5.2 Environmental Performance  
 

Deposited Dust 
 
The location of LCO’s deposited dust gauges are shown on Figure 12. 

 

In accordance with the EPL and Air Quality Monitoring Program, monitoring results are collected from all deposited dust 

gauges on a monthly basis. Deposited dust monitoring results are provided in Appendix D. Figure 13 shows the average 

deposited dust results for the reporting compared with the deposited dust impact assessment criterion of 4 g/m
2
/month 

(maximum total deposited dust). 
 

Figure 13 Deposited Dust - Annual Average Insoluble Matter 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Two dust gauges maintained by LCO are representative of private residences (D56, and D62). During the reporting period 

both monitoring sites met the annual average criteria. The remaining eight dust gauges are representative of mine owned 

residences and are used for internal management purposes. 
 

Data recovery for the ten dust deposition gauges varied between 16% and 100%. Gauges that had high levels of 

contamination throughout the reporting period included D57 and D60. Gauges can become contaminated with organic 

material such as bird droppings, insects, vegetation or algae growth and the contamination of gauges is determined on the 

basis of field observations and laboratory analysis. The contaminated results were not included when calculating the annual 

average results. 
 

Comparison of the annual average deposited dust levels to the previous two reporting periods is presented in Table 18. 

Three of these locations (D53, D57 & D61) are above the annual average deposited dust criteria of 4 g/m
2
/month. These 

gauges are not representative of residential properties, are located on mine owned land and are heavily impacted by the 
nearby mining operations. The results are used for internal management purposes only and, as predicted, the increases in 

deposited dust levels are predominantly related to the mine progressing towards these monitoring sites. 
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Table 18 Annual Average Deposited Dust (g/m2/month) Comparisons 

 
 

Monitoring Location 
January 2011 – 

December 2011 

January 2012 – 

December 2012 

January 2013 – 

December 2013 

D53 3.1 4.2 4.5 

D54 2.4 3.5 3.0 

D55 1.3 1.7 2.3 

D56 1.0 1.8 1.3 

D57 5.5 5.4 4.4 

D58 1.3 2.0 1.6 

D59 1.0 1.5 1.2 

D60 2.0 2.4 2.6 

D61 5.3 5.0 7.0 

D62 1.8 2.2 1.7 

 
Comparison to EA Predictions 

 

The Liddell Coal Modification to Development Consent Environmental Assessment (EA) (Umwelt, 2006) makes predictions 

that the modifications will not result in exceedances of the relevant deposited dust criteria at any private residence in the 

surrounding area. This is an annual average criterion. 
 

A summary of annual average deposited dust predictions is given in the EA. Annual average dust deposition predictions 

from Liddell operations considered in isolation are above 2 g/m
2
/month with no residences affected. Annual average dust 

deposition predictions from Liddell operations and other sources combined are above 4 g/m
2
/month with no private 

residences affected. 
 

All annual averages at dust gauges representative of private residences were below the maximum annual average 

deposited dust level of 4 g/m
2
/month, as the modelling predicted. 

 

High Volume Air Sampling - TSP 
 

LCO operates three High Volume Air Samplers (HVAS) which sample Total Suspended Particulates (TSP), as shown in  

Figure 12. In accordance with the Air Quality Monitoring Program and EPL requirements, TSP is measured by the samplers 

every six days. 
 

TSP monitoring results are presented in Figure 14 to Figure 16 and provided in Appendix D. 
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Figure 14 Annual Average HVAS TSP Results – Scrivens (HVAS11) 

 

 
 

Figure 15 Annual Average HVAS TSP Results – Ravensworth Farm (HVAS13) 
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Figure 16 Annual Average HVAS TSP Results – Antiene (HVAS20) 

 

 

 

During the reporting period LCO complied with the TSP annual average goal (90µg/m
3
) at the Scrivens property (HVAS 11) 

and Antiene (HVAS20). The Scrivens property is privately owned land. The annual average TSP at HVAS 11 was 34µg/m
3 

with 

a maximum concentration of 101µg/m
3 

(recorded on 24 September 2013). HVAS20 (owned by LCO) was commissioned in 

May 2010. The annual average TSP at HVAS 20 was 50µg/m
3 

with a maximum concentration of 110µg/m
3

 

(recorded on 31 August 2013). 
 

Ravensworth Farm, located on mine owned land (HVAS 13) is not a compliance monitor and is used for on-site management 
purposes only. To date, there has been a private Licence Agreement with the tenant to allow an alternative air quality criterion 

of 100µg/m
3
. This criterion was exceeded during the 2012 reporting period, with an annual average of 120 µg/m

3 
being 

recorded. As a result of ongoing monitoring indicating that dust levels were approaching agreed trigger levels, the rental 
agreement was terminated during 2012 and the property is now vacant. The maximum TSP concentration recorded at HVAS 13 

during the reporting period was 288µg/m
3 

on 23 December 2013. This result is likely to have been due to a regional scale air 
quality event as the Upper Hunter Air Quality Monitoring Network (UHAQMN) monitors at Camberwell, Maison Dieu, Singleton 
and Mt Thorley also showed elevated results on this day. 

 

Comparison of annual average TSP levels to the previous two reporting periods is presented in Table 19. HVAS 11 and HVAS 

20 both display a decrease in TSP levels from the previous reporting period. 
 

Table 19 Annual Average TSP (µg/m
3
) Monitoring Results Comparison 

 

Monitoring Location July 2010 – December 2011 January – December 2012 January – December 2013 

HVAS 11 (Scrivens) 30.0 44.0 34.0 

HVAS 13 (Ravensworth Farm) 85.0 120.0 122.0 

HVAS 20 (Antiene) 43.0 56.0 50.0 

 
Comparison to EA Predictions 
 

Predictions made in the EA (2006) indicate that when considered in isolation Liddell operations is unlikely to result in 

exceedances of the air quality goals for annual average TSP at any private properties in the vicinity of the site. Exceedances of 

annual average TSP above 90 µg/m
3 

due to LCO and other sources combined were identified with no privately owned residence 

predicted to be affected. Monitoring results during the reporting period confirm these predictions. 
 

High Volume Air Sampling – PM10 
 

LCO operates three HVAS which sample fine particulates with an aerodynamic diameter of less than 10 microns (PM10 ), as 

shown in Figure 12. In accordance with the Air Quality Monitoring Program and EPL requirements, PM10 is measured by the 

samplers every six days. 
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PM10 monitoring results are presented in Figure 17 to Figure 19 and provided in Appendix D. These results are compared 

against daily meteorological data (wind speed and direction) to determine whether dust levels are attributable to Liddell 
Coal Operations. 

 

During the reporting period, LCO complied with the PM10 long term (annual average) goal (30µg/m
3
) at Scrivens and 

Antiene. Ravensworth Farm is not a compliance monitor and has a private Licence Agreement with alternative air quality 

criterion of 40 µg/m
3
, and this criterion was also complied with. 

 

The short term (24 hour) goal of 50µg/m
3 

was exceeded at HVAS 6 on four occasions during the reporting period (19 

August, 24 September, 24 October and 23 December). An investigation based on a review of the meteorological data for 

these days indicates that the most likely source of the elevated results was LCO as the wind was predominantly from a west 

to north westerly direction. However, these results are also likely to have been due to a regional scale air quality event as 

the UHAQMN monitors at Camberwell, Maison Dieu, Singleton and Mt Thorley also showed elevated results on these days. 
 

Comparison of annual average PM10 levels to the previous two reporting periods is presented in Table 20. Results have 

increased for HVAS 6 and remained relatively steady for HVAS 12 and for HVAS 21. The annual average for all locations is 
below the relevant annual average criteria. 

 

Table 20 Annual Average PM 10 (µg/m3) Monitoring Results Comparison 

 

Monitoring Location July 2010 – December 2011 January – December 2012 January – December 2013 

HVAS 6 (Ravensworth Farm) 25 36 38 

HVAS 12 (Scrivens) 11 15 13 

HVAS 21 (Antiene) 14 17 19 
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Figure 17 Annual Average HVAS PM 10 Results – Ravensworth Farm (HVAS6) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18 Annual Average HVAS PM 10 Results – Scrivens (HVAS12) 
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Figure 19 Annual Average HVAS PM 10 Results – Antiene (HVAS21) 

 

 

Comparison to EA Predictions 
 

The Liddell Coal EA (2006) predicts that when considered in isolation, Liddell operations is unlikely to result in exceedances of 
the air quality goals for annual average PM10 at any privately owned properties in the vicinity of the site. However, when 
considering Liddell operations and other sources combined, annual average PM10 exceedances above 30 µg/m

3
 and 24-hour 

PM10 exceedances above 50 g/m
3
 are identified, with mine owned properties 23 and 25 most affected. HVAS 6 is located at mine 

owned property 23 (Ravensworth Farm) which has a private Licence Agreement with alternative air quality criteria. The PM10 

monitoring results for the reporting period generally confirm these predictions with no exceedance at the monitors located on 
privately owned land. 
 

Pollution Reduction Programs 
 

LCO undertake dust management in accordance with a Pollution Reduction Program (PRP) approved by the EPA.  This PRP is 

based on best practice dust management procedures, consistent with the published Katestone report. In 2011 the NSW EPA 

published the NSW Coal Benchmarking Study International Best Practice Measures to Prevent and/or Minimise Emission from 

Coal Mining [Katestone Report] (Donnelly et al 2011). One of the key recommendations of the Katestone report was that 

mining operations should carry out a site-specific determination of best management practice. 

 

The Dust Stop program was then implemented with the aim to ensure that the most reasonable and feasible particulate 

control options are implemented by coal mining operations. Under a Pollution Reduction Program (PRP) placed on EPL 2094, 

LCO prepared a report, LCO Coal Mine Particulate Matter Control Best Management Practice Determination (Xstrata Coal 

Liddell, 2012) comparing the operation with international best practice. The PRP also required LCO to report on the 

practicability of implementing each best practice measure. At present, LCO is completing three further PRPs requiring the 

implementation of identified best practice measures involving control efficiency measures for haul roads, alterations to the 

operation during adverse weather conditions, and trialling of dust suppression technology. Further information regarding 

LCO’s air quality management measures is documented within the current Air Quality Management and Monitoring Program 

(LCO, 2013f), including source specific control measures and site wide management and monitoring measures. 
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3.6 Erosion and Sediment Control 
 

3.6.1 Environmental Management and Performance 
 

LCO undertakes erosion and sediment control in accordance with the LCO Erosion and Sediment Control Plan. The Erosion 

and Sediment Control Plan forms part of the LCO Water Management Plan required under Schedule 3, Condition 23 of DA 

305-11-01. 
 

Furthermore, in accordance with Schedule 3, Condition 25, LCO implements a range of standard erosion and sediment 

controls during both construction and operational phases. Controls are generally implemented in accordance with the 

requirements of the Managing Urban Stormwater: Soils and Construction Manual (Landcom, 2004). The requirements 

outlined under Schedule 3, Condition 25 are contained in the Erosion and Sediment Control Plan. 
 

In accordance with the plan, control measures are implemented at LCO to limit erosion and sediment issues arising from 

construction and mining operations and include: 
 

- catch drains; 
 

- clean water diversion banks and drains; 
 

- sediment dams; and 
 

- silt fences. 

In addition to the abovementioned controls, management of sediment and erosion is achieved through the implementation of 

the following measures: 
 

- minimising all disturbed areas and stabilisation by progressive rehabilitation as soon as practicable; 
 

- construction of catch drains to capture runoff from disturbed areas and direct runoff into sediment dams; 
 

- other erosion and sediment controls are constructed, such as silt fences and sediment basins, prior to construction 

works commencing within the catchment area; 
 

- construction of drainage controls such as table drains at roadsides and on hardstand areas; 
 

- construction of sediment dams to capture runoff from the office and workshop facility and roadside table drains; 
 

- placement of geotextile liners and rock check dams in drains where appropriate to reduce water velocities and 

prevent scouring; 
 

- regular maintenance of all controls is undertaken and inspections of all works are regularly conducted to ensure erosion 

and sediment controls are performing adequately; 
 

- earthworks stockpiles are maintained in a condition that minimised wind blown dust; 
 

- road and earthworks cut and fill batters are constructed at appropriate slope angles, to maximise long term stability; 

and 
 

- erosion and sediment controls that were not performing adequately are repaired or redesigned. 
 

In addition, the construction plans for the site detailed the specific inspection, maintenance and revegetation requirements for 

each works area. 

 
3.7 Surface Water 
 

3.7.1 Environmental Management 
 

The LCO Surface Water Monitoring Program outlines the surface water monitoring required to be undertaken by Liddell Coal 

to ensure compliance with statutory requirements. The program addresses the requirements contained in DA 305-11- 01 and 

the LCO EPL 2094. 
 

LCO also participates in the Hunter River Salinity Trading Scheme (HRSTS), allowing it to discharge from licensed discharge point 

located on Chain of Ponds Creek. These discharges take place during high flow periods in compliance with strict HRSTS 

regulations. 
 

3.7.2 Environmental Performance 
 

Surface water quality was monitored on a monthly basis at 11 sites, as shown in Figure 20. All 

surface water samples were collected and analysed according to: 

- The Approved Methods for Sampling and Analysis of Water Pollutants in New South Wales (Department of 

Environment, Climate Change and Water (DECCW) 2004); 
 

- AS/NZS 5667.1. 1998. Water Quality – Sampling – Guidance on the Design of Sampling Programs, Sampling 

Techniques and the Preservation and Handling of Samples; and 
 

- AS/NZS 5667.6. 1998. Water Quality – Sampling – Guidance on the Sampling of Rivers and Streams. 
 

Due to the highly disturbed nature of the site, as recommended by ANZECC Water Quality Guidelines (ANZECC, 2000) and 
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adopted in the LCO Water Management Plan, site-specific historic monitoring data has been used to define the trigger values 

for electrical conductivity (EC), total dissolved solids (TDS) and the upper bound value for pH. Furthermore, an 80th percentile 

value has been applied to these values to account for the highly disturbed nature of the ecosystem, with the objective of 

improving water quality. 80th percentile upper bound refers to the value below which 80% of all sample values fall. The trigger 

values for the total suspended solids (TSS) and the lower bound for pH have been adopted from the default trigger value 

defined by ANZECC Water Quality Guidelines (ANZECC, 2000). 
 

The trigger values based on the historic site-specific monitoring data and ANZECC (2000) guidelines are outlined in Table 21. 
 

Table 21 Trigger Values for Surface Water Quality 

 

 

Analyte 
Bayswater Creek Surface Water Bowmans Creek Surface Water Onsite Dams Surface Water 

80
th 

%ile Maximum 80
th 

%ile Maximum 80
th 

%ile Maximum 

pH
1

 6.5 – 8.3 6.5 – 8.7 6.5 – 8.0 6.5 – 7.9 6.5 – 9.2 6.5 – 10.2 

Conductivity 

(µS/cm) 

 

5024 
 

7110 
 

2270 
 

2450 
 

6180 
 

12 000 

TSS (mg/L) 50
2

 235 50
2

 50
2

 50
2

 386 

TDS (mg/L) 3460 6845 1420 1168 3880 10 500 
1 - ANZECC criteria for pH lower limit. 80th percentile used for upper limit. 

2 - ANZECC criteria for TSS upper limit 

 
These guideline trigger values are the concentrations (or loads) of the key performance indicators, below which there is a 

low risk of adverse biological effects. The physical and chemical trigger values are not designed to be used as ‘magic 

numbers’ or threshold values at which an environmental problem is inferred if they are exceeded. Rather they are designed 

to be used in conjunction with professional judgment, to provide an initial assessment of the state of the water body 

regarding the issue in question. 
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Figure 20 LCO Surface and Ground Water Monitoring Sites 
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Condition L2.4 of EPL 2094 contains criteria for Surface Water Quality; however these criteria apply only to water to be 

discharged via Licensed Discharge Point 2. These limits are: 
 

- pH: 6.5 - 9.0; and 
 

- TSS: 120 mg/L. 
 

 
Surface Water Monitoring - Bayswater Creek 

 

Surface water quality was monitored on a monthly basis at three sites along Bayswater Creek: 
 

- Bayswater Creek Upstream; 
 

- Bayswater Creek Midstream; 
 

- Bayswater Creek Downstream. 
 

All surface water samples were analysed for pH, EC, TSS and TDS. These sites are also analysed on a bi-annual basis for 

chemical species present. Full surface water monitoring results are presented in Appendix E. 
 

Bayswater Creek pH 
 

The monitoring results for pH for Bayswater Creek are shown on Figure 21. 
 

pH levels for Bayswater ranged from 7.6 (upstream) to 8.4 (upstream and midstream). Two readings lie outside the 80
th 

percentile trigger value of 8.3. These were recorded during January at both the upstream and midstream sites. Bayswater 
Creek is a highly modified watercourse and regularly experiences periods of low or no flow. These levels are likely a result of 
stagnant water being sampled. 
 
There were no exceedances of the maximum trigger value (pH 8.7) during the reporting period. 
 
Bayswater Creek Electrical Conductivity (EC) 

 

The monitoring results for EC for Bayswater Creek are shown on Figure22. 
 

Monthly EC results vary between 2070 µS/cm (upstream) and 4240 µS/cm (midstream). There were no exceedances of EC 

trigger values during the reporting period. 
 

Bayswater Creek Total Suspended Solids (TSS) 
 

The monitoring results for TSS for Bayswater Creek are shown on Figure 23. 
 

Monitoring results for the TSS ranged between <5 mg/L (midstream and downstream) and 54 mg/L (upstream) for the 

reporting period. There was 1 exceedance of the 80
th 

percentile trigger value during the reporting period. These were 
recorded in April at the upstream sampling site. Bayswater Creek is a highly modified watercourse and regularly experiences 
periods of low or no flow. These levels are likely a result of stagnant water being sampled. 
 
There were no exceedances of the maximum trigger level during the reporting period. 

 

Bayswater Creek Total Dissolved Solids (TDS) 
 

The monitoring results for TDS for Bayswater Creek are shown on Figure 24. 
 

Monitoring results for Bayswater Creek TDS generally correlate with the EC results. TDS results ranged between 1300 mg/L 

and 2630 mg/L. All results lie below the 80th percentile trigger value (3460 mg/L) for TDS. 
 

Bayswater Creek Chemical Speciation 
 

Biannual chemical speciation monitoring was carried out during January and July 2013. There are no site specific trigger 

values available for comparison with the results, and the majority of results returned fell below the limit of reporting for 

each element. 
 

LCO proposes to continue to monitor the catchment so that site specific long term monitoring trigger values can be 

established. 
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Figure 21 Bayswater Creek Surface Water pH 2013 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

Figure 22 Bayswater Creek Surface Water Electrical Conductivity 2013 
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Figure 23 Bayswater Creek Surface Water TSS 2013 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

Figure 24 Bayswater Creek Surface Water TDS 2013 
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Bayswater Creek Three Year Comparison 
 

Comparison of annual average pH, EC, TSS and TDS levels to the previous two reporting periods is presented in Table 22. 

Annual average results for pH remained relatively steady at all Bayswater Creek monitoring locations over the three year 

comparison period. Electrical conductivity, TSS and TDS levels have decreased at all sites since 2012.  
 

No long term trends were detailed in the EA, so no comparison between the predicted and observed surface water quality 

can be provided. 
 

Surface Water Monitoring – Bowmans Creek 
 

Surface water quality was monitored on a monthly basis at two sites along Bowmans Creek: 
 

- Bowmans Creek Upstream (BCK1); 
 

- Bowmans Creek Downstream (BCK6). 
 

All surface water samples were analysed for pH, EC, TSS and TDS. These sites are also analysed on a bi-annual basis for 

chemical species present. Six additional sites along Bowmans creek (BCK1A, BCK2, BCK2A, BCK3, BCK4 and BCK5) were 

sampled quarterly and analysed for pH, EC, TSS and TDS. Full surface water monitoring results are presented in Appendix E. 
 

Bowmans Creek pH 
 

The monitoring results for pH for Bowmans Creek are shown on Figure 25 and Figure 26. 
 

Monthly pH levels for Bowmans Creeks ranged from 7.4 (downstream) to 8 (upstream). There were 5 exceedances of the  

pH 80
th

 percentile trigger value during the reporting period; three at the upstream sampling site (January, May and August) 

and two at the downstream site (April and August). 
 

Bowmans Creek EC 
 

The monitoring results for EC for Bowmans Creek are shown on Figure 27 and Figure 28. 
 

Monthly EC results vary between 351 µS/cm (upstream) and 1560 µS/cm (downstream) for the reporting period. There 

were no exceedances of EC trigger values during the reporting period. 
 

Bowmans Creek TSS 
 

The monitoring results for TSS for Bowmans Creek are shown on Figure 29 and Figure 30. 
 

Monthly monitoring results for the TSS range between <5 mg/L and 55 mg/L for the reporting period. There were no 

exceedances of the TSS trigger values during the reporting period.  
 

Bowmans Creek TDS 
 

The monitoring results for TDS for Bowmans Creek are shown on Figure 31 and Figure 32. 
 

Monthly monitoring results for TDS generally correlate with the EC results. TDS results ranged between 188 mg/L 

(upstream) and 940 mg/L (downstream). There were no exceedances of trigger values during the reporting period. 
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Table 22 Annual Average Surface Water Comparisons of Bayswater Creek for pH, EC, TSS and TDS 

 

 Bayswater Creek Upstream Bayswater Creek Midstream Bayswater Creek Downstream 
 

pH 
Conductivity 

(μS/cm) 

 

TSS (mg/L) 
 

TDS (mg/L) 
 

pH 
Conductivity 

(μS/cm) 

 

TSS (mg/L) 
 

TDS (mg/L) 
 

pH 
Conductivity 

(μS/cm) 

 

TSS (mg/L) 
TDS 

(mg/L) 

January 
2011 – 
December 
2011 

 

 
7.7 

 

 
3101 

 

 
13 

 

 
2037 

 

 
8.1 

 

 
3451 

 

 
13 

 

 
2020 

 

 
7.8 

 

 
3780 

 

 
10 

 

 
2395 

January 
2012 – 
December 
2012 

 

 
8 

 

 
3000 

 

 
24 

 

 
1960 

 

 
8 

 

 
3517 

 

 
147 

 

 
2274 

 

 
8 

 

 
3425 

 

 
28 

 

 
2287 

January 
2013 – 
December 
2013 

 
 

8 

 
 

2728 

 
 

15 

 
 

1678 

 
 

8 

 
 

3105 

 
 

8 

 
 
1899 

 
 

8 

 
 

3155 

 
 

11 

 
 
1965 
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Figure 25  Bowmans Creek Surface Water pH (Monthly) 2013 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

Figure 26 Bowmans Creek Surface Water pH (Quarterly) 2013 
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Figure 27 Bowmans Creek Surface Water EC (Monthly) 2013 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Figure 28 Bowmans Creek Surface Water EC (Quarterly) 2013 
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Figure 29 Bowmans Creek Surface Water TSS (Monthly) 2013 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 30  Bowmans Creek Surface Water TSS (Quarterly) 2013 
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Figure 31 Bowmans Creek Surface Water TDS (Monthly) 2013 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 32 Bowmans Creek Surface Water TDS (Quarterly) 2013 
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Bowmans Creek Chemical Speciation 
 

Biannual chemical speciation monitoring was carried out during January and July 2013. There are no site specific trigger 

values available for comparison with the results, and the majority of results returned fell below the limit of reporting for 

each element. 
 

LCO proposes to continue to monitor the catchment so that site specific long term monitoring trigger values can be 

established. 
 

Bowmans Creek Three Year Comparison 
 

Comparison of annual average pH, EC, TSS and TDS levels to the previous two reporting periods is presented in Table 23. 

Annual average pH results remained relatively consistent over the three reporting periods. Annual average conductivity, TSS 

and TDS results are varied and no significant trends are identifiable over the three reporting periods. 
 

No long term trends were detailed in the Environmental Assessment, so no comparison between the predicted and 

observed surface water quality can be provided. 
 

 
Surface Water Monitoring Results for On-site Dams 

 

Surface water quality was monitored on a monthly basis at eight on-site dams – Dam 1, Dam 3, Dam 4, Dam 13, Dam 17, 

the Mount Owen Transfer Dam, the Reservoir Tailings Dam and Raw Water Transfer Void (RWTV). 
 

All surface water samples were analysed for pH, EC, TSS and TDS. These sites are also analysed on a bi-annual basis for 

chemical species present. Full surface water monitoring results are presented in Appendix E. 
 

On-site Dams pH Results 
 

The monitoring results for pH for On Site Dams are shown on Figure 30. 
 

Monthly pH testing for the annual reporting period shows variations between pH 7.7 (Dam 17) and pH 9.5 (Dam 13). There 

were 2 80
th 

percentile trigger value (pH 6.5-9.2) exceedances during the reporting period, 1 at Dam 13 in January and (9.5) 
and 1 at Dam 3 in February (pH 9.3). The maximum trigger value was not exceeded during the reporting period. 

 

On-site Dams EC Results 
 

The monitoring results for EC for On Site Dams are shown on Figure 34. 
 

The EC results for the on-site dams shows variations between 619 μS/cm (Dam 3) and 12,400 μS/cm (Dam 13). There were 4 

exceedances of the 80
th 

percentile trigger value during the reporting period. Two of these results were recorded at the 

Reservoir Tailings Dam in July and August (6,170 μS/cm and 7,800 μS/cm), and two were at the Raw Water Transfer Void in 

September and October (6240 μS/cm and 6230 μS/cm). There was one exceedance of the maximum trigger value recorded 

at Dam 13 in January (12,400 μS/cm). 
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Table 23 Annual Average Surface Water Comparisons of Bowmans Creek for pH, EC, TSS and TDS 

 

 BCK1 (Bowmans Creek Upstream) BCK1A BCK2 BCK2A 
 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
EC 

(μS/cm) 

TSS 

(mg/L) 

TDS 

(mg/L) 

January 

2011 – Dec 

2011 

 
7.8 

 
1019.5 

 
10 

 
653.2 

 
7.9 

 
1667.8 

 
8.3 

 
1087 

 
8 

 
871.5 

 
39.3 

 
490 

 
8 

 
775.3 

 
19.3 

 
417.3 

January 

2012 – Dec 

2012 

 
8 

 
762 

 
21 

 
441 

 
8 

 
1324 

 
5 

 
804 

 
8 

 
877 

 
6 

 
517 

 
8 

 
877 

 
21 

 
502 

January 

2013 – Dec 

2013 

 
8 

 
823 

 
15 

 
462 

 
8 

 
2533 

 
5 

 

 
1626 

 
8 

 
1725 

 
9 

 
998 

 
8 

 
1120 

 
<5 

 
598 

 BCK3 BCK4 BCK5 BCK6 (Bowmans Creek Downstream) 
 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
EC 

(μS/cm) 

TSS 

(mg/L) 

TDS 

(mg/L) 

January 

2011 – Dec 

2011 

 
8 

 
880.5 

 
23 

 
501.5 

 
8 

 
1094 

 
12 

 
630 

 
8.1 

 
1036 

 
18 

 
600.5 

 
7.8 

 
903.2 

 
13.1 

 
772 

January 

2012 – Dec 

2012 

 
8 

 
1022 

 
24 

 
599 

 
8 

 
1061 

 
35 

 
609 

 
8 

 
1084 

 
21 

 
643 

 
8 

 
991 

 
22 

 
572 

January 

2013 – Dec 

2013 

 
8 

 
1097 

 
46 

 
590 

 
8 

 
1560 

 
35 

 
936 

 
8.1 

 
1448 

 
7 

 
832 

 
7.8 

 
2151 

 
10 

 
724 
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Figure 33 On Site Dams Surface Water pH 2013 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 34  On Site Dams Surface Water EC 2013 
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Figure 355 On Site Dams Surface Water TDS 2013 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 366 On Site Dams Surface Water TSS 2013 
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On-site Dams TDS Results 

 

The monitoring results for TDS for On Site Dams are shown on Figure 35. 
 

Monitoring results for the Total Dissolved Solids (TDS) for the on-site dams correlate with the EC results. During the 

reporting period, there were 11 exceedances of the 80th percentile trigger limit (3880 mg/L) during the reporting period, 

including: 
 

- 2 occasions at Dam 13 in January (8150 mg/L) and April (3890 mg/L). 

- 2 occasions at Dam 17 in January (3930 mg/L), and July (3900 mg/L). 
 

- 4 occasions at the Reservoir Tailings Dam in May, June, July and August (4350 mg/L, 4100 mg/L, 3950 mg/L and 

4890 mg/L). 
 

- 3 occasions at the Raw Water Transfer Void in April, May and September (4160 mg/L, 3940 mg/L and 4120 mg/L). 

 
No result exceeded the maximum trigger value for TDS (10500 mg/L). 

 

On-site Dams TSS Results 
 

The monitoring results for EC for On Site Dams are shown on Figure 36. 
 

There were 11 exceedances of the 80th percentile trigger limit (50 mg/L) during the reporting period, including: 
 

- One occasion at Dam 1 in January (347 mg/L). 

- Two occasions at Dam 3 in January (1010 mg/L) and May (68 mg/L). 

- One occasion at Dam 4 in November (351 mg/L). 
 

- Two occasions at Dam 13 in January (63 mg/L) and April (760 mg/L). 
 
 

- Three occasions at the Reservoir Tailings Dam in March (86 mg/L), July (103 mg/L) and August (90 mg/L). 
 

There were two exceedances of the maximum trigger value (386 mg/L) during the reporting period, one at Dam 13 during April 
(760 mg/L) and one during January at Dam 3 (1010 mg/L). 

 

On-site Dams Chemical Speciation Results 
 

Biannual chemical speciation monitoring was carried out during January and July 2012. There are no site specific trigger 

values available for comparison with the results, and the majority of results returned fell below the limit of reporting for 

each element. 
 

LCO proposes to continue to monitor the catchment so that site specific long term monitoring trigger values can be 

established. 
 

On-site Dams Three Year Comparison 
 

Comparison of annual average pH, EC, TSS and TDS levels to the previous two reporting periods is presented in Table 24. 

Annual average pH and EC levels remained generally constant at all dams over the three year reporting periods. Annual 

Average TSS has increased at Dams 1, 3, 4 and 13, and decreased at Dam 17, the Raw Water Transfer Void, Reservoir 

Tailings Dam and Mt Owen Transfer Dam. The annual average TDS remained stable at all sites. 
 

No long term trends were detailed in the environmental assessment, and as such, no comparison between the predicted 

and observed surface water quality can be provided. 
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Table 24 Annual Average Surface Water Comparisons of Onsite Dams for pH, EC, TSS and TDS 

 

 Dam 1 Dam 3 Dam 4 Dam 13 
 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
E
C 

(μS/c
m) 

TSS 

(mg/L) 

TDS 

(mg/L) 

January 

2011 – Dec 

2011 

 
8.5 

 
1006 

 
7 

 
605 

 
8.8 

 
1206 

 
15 

 
750 

 
8.9 

 
5693 

 
16 

 
3623 

 
8.9 

 
4925 

 
78 

 
3086 

January 

2012 – 

December 
2012 

 
 

8.5 

 
 

833 

 
 

15 

 
 

479 

 
 

9 

 
 

745 

 
 

10 

 
 

438 

 
 

9 

 
 

5076 

 
 

19 

 
 

3239 

 
 

9 

 
 

5479 

 
 

55 

 
 

3591 

 
January – 
December 
2013 

 
8.5 

 
1070 

 
94 

 
606 

 
9 

 
1504 

 
186 

 
885 

 
9 

 
4662 

 
44 

 
2756 

 
9 

 
5528 

 
220 

 
3548 

 Dam 17 Reservoir Tailings Dam Mt Owen Transfer Dam Raw Water Transfer Void 
 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
 

EC (μS/cm) 
TSS 

(mg/L) 

TDS 

(mg/L) 

 

pH 
EC 

(μS/cm) 

TSS 

(mg/L) 

TDS 

(mg/L) 

January 

2011 – Dec 

2011 

 
8.8 

 
6122 

 
120 

 
3836 

 
8.8 

 
6432 

 
414 

 
4086 

 
9.3 

 
4744 

 
57 

 
2819 

 
8.5 

 
5767 

 
21 

 
3570 

January 

2012 – 

December 

2012 

 

 
9 

 

 
5543 

 

 
23 

 

 
3568 

 

 
9 

 

 
7648 

 

 
47 

 

 
5126 

 

 
9 

 

 
3704 

 

 
23 

 

 
2276 

 

 
9 

 

 
5833 

 

 
23 

 

 
3739 

 

January – 
December 
2013 

 
 

9 

 
 

5493 

 
 

10 

 
 
3307 

 
 

9 

 
 
6378 

 
 

62 

 
 
3970 

 
 

Sampling Ceased 

 
 

9 

 
 
6028 

 
 

15 

 
 
3544 



62  

 

HRSTS Discharge Monitoring 
 

Any discharges from the Liddell Colliery must be undertaken in accordance with the Hunter River Salinity Trading 

Scheme (HRSTS). 20 discharges occurred during the reporting period. Monitoring results at the Stilling Basin during the 

discharge events are presented in Table 25. The EPL discharge license stipulates criteria for pH and TSS during discharge 

events. All discharge monitoring results were within the criteria outlined in the EPL. 

Table 25 HRSTS Discharge Events 2013 

 
 

Date 
Discharge Volume 

(ML) 

pH 

(Stilling Basin) 

EC (µS/cm) 

(Stilling Basin) 

TDS (Stilling 

Basin) 

30/01/13 12.8 8.6 5765 15.6 

31/01/13 28.2 8.6 568
0 

13.9 

01/02/13 23.7 8.6 528
8 

49.6 

02/02/13 4.9 8.6 5013 107.5 

04/2/13 26.4 8.6 4648 19.8 

03/02/13 12.0 8.6 4687 32.3 

04/02/13 26.4 8.6 4647 25.4 

5/2/13 20.1 8.6 4715 21.3 

6/2/13 12.3 8.4 5701 18.3 

25/2/13 17.0 8.4 5624 19.72 

26/2/13 28.7 8.4 5739 12.8 

27/02/13 21.8 8.4 5867 12.1 

28/02/13 11.4 8.4 5934 9.0 

1/03/13 5.1 8.4 455
5 

60.4 

03/03/13 15.0 8.4 492
2 

39.3 

04/03/13 29.1 8.4 493
2 

31.1 

05/03/13 37.7 8.4 482
5 

44.8 

06/03/13 38.3 8.4 466
1 

76.2 

07/03/13 27.4 8.3 493
2 

57.4 

08/03/13 14.7 8.3 503
6 

50.4 

 

3.8 Groundwater 
3.8.1 Environmental Management 

 

The Liddell Colliery – Groundwater Monitoring Program outlines the groundwater monitoring required to be 

undertaken by LCO to ensure compliance with statutory requirements and is part of a set of documents prepared to 

support the Liddell Colliery – Water Management Plan. The monitoring program addresses the requirements specified 

in Development Consent DA 305-11-01 MOD 4 and LCO’s Environmental Protection Licence EPL 2094. The monitoring 

program specifically satisfies schedule 3, condition 27 of the development consent, which requires the development of 

a groundwater monitoring program as a component of the overall Water Management Plan prepared for the 

development. 

 

LCO is located within an area of the Upper Hunter Valley subject to extensive underground and open cut mining 

activities since the early 20th century. Current and historical mining operations have extensively altered the physical 

features and environmental setting of the local area, including the region’s surface water and groundwater systems. 

Mining operations to the west, south and east of LCO, Lake Liddell to the west, and the major geological feature 

Hunter Thrust to the north, all 

have major influence on groundwater levels in the region. Due to such operations and features regional groundwater 

levels largely reflect current and past mining activities, with water levels varying with time and location according to 

local mining activities. 

 

LCO has an established groundwater monitoring program comprising a network of 19 piezometers (refer to Figure 20) 

that target both the surrounding alluvial aquifer associated with Bowmans Creek and the regional hard rock aquifer 

associated with the coal measures. All of the piezometers in the monitoring network are located outside the current 

open cut pits at LCO, and as such are considered appropriate locations for providing data on groundwater levels and 

pressures and groundwater quality for surrounding aquifers, including both alluvial aquifer systems and the regional 

hard rock aquifers associated with the coal measures. Piezometers targeting the alluvium are paired and monitor both 

the alluvial aquifer and the adjacent underlying shallow bedrock strata (where the bore name suffix L = alluvium and S 

= shallow bedrock or overburden). The piezometers are monitored monthly for groundwater level and every two 

months for water quality parameters pH and electrical conductivity. Eleven of the piezometers are also sampled 

biannually and analysed for a range of inorganic species. 
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3.8.2 Environmental Performance 
 

Groundwater sampling was conducted in accordance with the Groundwater Monitoring Guidelines for Mine Sites 

within the Hunter Region (Department of Infrastructure, Planning and Natural Resources (DIPNR), 2003), as adapted 

from AS 5667.11 (1998). 

 

As described in the Liddell Colliery – Groundwater Monitoring Program and as recommended in the ANZECC (2000) 

Water Quality Guidelines, historic monitoring data has been used to define the default assessment criteria for 

groundwater at the site. Due to the highly disturbed nature of the site, an 80th percentile value has been applied to 

the default trigger values for the water quality parameters pH and electrical conductivity (EC). The trigger values based 

on historical monitoring data for the alluvial and hard rock aquifers are summarized in Table 26. 

 

Table 26 Trigger Values for Groundwater Quality 

 

 

Analyte 
Alluvial Aquifer Hard Rock Aquifer 

80
th 

percentile
1

 Maximum 80
th 

percentile
1

 Maximum 

pH 6.5 – 7.8 3.2 – 9.6 6.5 – 8.2 6.5 – 10.7 

Electrical Conductivity (µS/cm) 2791 5480 5356 5840 
1 - ANZECC criteria for pH lower limit; 80th percentile of historical monitoring data used for upper limit. 

 

 
The trigger values for pH in the alluvial aquifer defined in the Liddell Colliery – Groundwater Monitoring Program 

comprise a smaller pH range than the default trigger values for pH for south-east Australia for slightly disturbed 

lowland river ecosystems (pH range 6.5 to 8; ANZECC, 2000). As such the trigger values defined in the monitoring 

program are conservative in comparison to default guideline values provided in the ANZECC (2000) Water Quality 

Guideline. Re- evaluation of the groundwater assessment criteria adopted is considered worthwhile in the next 

revision of the LCO groundwater monitoring program. 

 

The trigger values adopted for the groundwater monitoring program are intended to provide an indication of potential 

impacts to groundwater resources as a result of mining operations. Further investigations into such potential impacts 

are to be conducted if monitoring results suggest significant and continuous deviation from historical or background 

trends in water quality parameters. 

 

In addition to pH and EC, the other key parameter measured as part of the groundwater monitoring program is 

groundwater level. Monitoring of these parameters provides an indication of pressures / water levels and groundwater 

quality within the coal measures and the alluvial aquifer associated with Bowmans Creek and its shallow underlying 

strata (i.e. overburden). 

 

Groundwater Quality Monitoring Results 
 

Groundwater quality is monitored at seven locations targeting the alluvial aquifer associated with Bowmans Creek 

using dual piezometers penetrating the alluvium and the underlying hard rock strata (ie. overburden). Piezometers 

ALV1L through ALV8L and LBH target the Bowmans Creek alluvium while piezometers ALV1S through ALV8S target the 

hard rock strata immediately beneath the alluvium. Groundwater quality in the deeper hard rock aquifer associated 

with the coal measures is monitored at six other locations (PGW5L, PGW5S, HAZ 3/4, HAZ 6, LC1 and Mt Owen 2).  

 

Location PGW5 includes a dual piezometer targeting the overburden (PGW5L) and Pikes Gully coal seam (PGW5S).  

 

Groundwater at each of these locations is monitored monthly for depth to water and in situ pH and EC readings using a 

field pH/EC probe. In addition, every six months groundwater samples are collected and analysed for TSS, TDS, heavy 

metals, cations and anions. Groundwater quality monitoring results for the reporting period are shown in Figure 34 to 

Figure 40 and in Appendix F, and a summary of these results is provided below. 
 

Alluvial and Shallow Bedrock Aquifers 
 

During the reporting period (January 2013 to December 2013), the 80th percentile trigger value for pH (pH 6.5 to 7.8) 

was just exceeded on 6 separate occasions and only for shallow bedrock bores:  

 

- Once at ALV1S in October (7.87); 

- Twice at ALV2S in October (7.83) and December (7.97); and 

- Three times at ALV4S in February (7.91), March (7.98) and April (7.82). 

The ANZECC (2000) Water Quality Guideline (pH=8), and the minimum pH (pH 3.2) and maximum upper limit trigger 

value for pH (pH 9.6) were not exceeded during the reporting period. The range in observed values is within the long-
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term variability of measurements and suggests a revision of the 80% trigger value should be undertaken based on the 

longer period of data now collected. 

 

Electrical conductivity measurements provide a proxy for groundwater salinity. Based on the measured data (Appendix 

E), an approximation can be made that total dissolved solids (TDS) ≈ 0.58 x EC. 

 

The EC for piezometer ALV4S exceeded the 80th percentile trigger value (2791 µS/cm) for the entire reporting period 

(also exceeded the maximum trigger value (5480 µS/cm) in May 2013 (6430 µS/cm)). The long-term (2003-2013) 

average EC at this bore is 5,200 EC, hence the values observed during the reporting period are not anomalous. 

 

Other monitoring results above the 80th percentile trigger value for EC included: 

 

- Six exceedances at ALV2S in January (2810 µS/cm), June (2830 µS/cm), July (2980 µS/cm), August (3040 µS/cm), 

October (2910 µS/cm) and November (2850 µS/cm); 

- Two exceedances at ALV3S in October (2820 µS/cm) and November (4340 µS/cm); and 

- Five exceedances at ALV2L in July (3150 µS/cm), August (3430 µS/cm), October (3010 µS/cm), November (3480 

µS/cm) and December (3000 µS/cm). 

The pH and EC monitoring data collected between January 2013 and December 2013 for all alluvium and shallow 

bedrock bores is consistent with historical monitoring data recorded for these locations (AECOM, 2012).  

 

 

Hard Rock Aquifer (Coal Measures) 
 

Sampling equipment limitations prevented LCO from monitoring bores LC1 and Mt Owen 2 as the water level was 

beyond the depth at which it could be sampled, hence there was no chemistry data collected at these locations. Over 

the reporting period Haz4 had been damaged (bent) and therefore no sampling data could be obtained during this 

period. Piezometers PGW5L and PGW5S were intermittently dry during the reporting period, hence an incomplete 

record is recorded. A complete record was available for Haz 6. 

 

pH values recorded at PGW5L and PGW5S were within the minimum and 80th percentile pH trigger value range for the 

entire reporting period.  One pH measurement at Haz 6 during December 2013 (8.21) exceeded the 80th percentile 

trigger value (pH = 6.5 to 8.2).  

 

The pH data collected for the hard rock aquifer during the monitoring period is consistent with historical monitoring 

data recorded for these locations (AECOM, 2012). 

 

Electrical conductivity measurements for PGW-5S exceeded the 80th percentile trigger value (5356 µS/cm) for the 

entire reporting period, except for September 2013. Three EC measurements exceeded the 80th percentile trigger 

value for Haz 6 in May (5780 µS/cm), July (5750 µS/cm) and August (5590 µS/cm), and two exceeded for PGW5-L in 

May (6060 µS/cm) and August (5450 µS/cm). 

 

The maximum trigger value (5840 µS/cm) was also exceeded on the following occasions: 

 

- Twice at PGW5-S in July (6160 µS/cm) and August (6280 µS/cm); and 

- Once at PGW5-L in May (6060 µS/cm).  

PGW5-L and PGW5-S show similar EC levels and trends where data is present, suggesting connectivity between the 

overburden and the Pikes Gully coal seam.  

The EC data collected for the hard rock aquifer during the monitoring period is consistent with historical monitoring 

data recorded for these locations (AECOM, 2012). 
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Figure 377 pH Data for Alluvial and Shallow Bedrock (ie. overburden) Piezometers – January to December 2012 

 

 



66  

 
Figure 388 EC Data for Alluvial Piezometers – January to December 2013 

 

 
 

Figure 39 EC Data for Shallow Bedrock Piezometers – January to December 2013 
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Figure 40 EC Data for Hardrock (Coal Measures) Bores – January 2012 to December 2013 

 

 
 

Figure 41 pH Data for Alluvial Bores – January to December 2013 
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Figure 42 pH Data for Shallow Bedrock (overburden) Bores – January to December 2013 

 

 
 

Figure 43 pH Data for Bedrock (Coal Measures) Bores – January to December 2013 
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Groundwater Levels 
 

Groundwater level trends are shown in Figure 44 to Figure 46 for all of the piezometers monitored as part of LCO’s 

groundwater monitoring program.  

 
 

Alluvial and Shallow Bedrock Aquifers 
 

Hydrographs for piezometers targeting the alluvium and shallow bedrock are displayed in Figure 37, 38, 39,41,42 & 

43.Error! Reference source not found.  Also shown is the cumulative deviation from mean monthly rainfall to compare 

changes in water levels to changes in rainfall. Historic rainfall data from weather station 061397, located at Singleton was 

obtained from the Bureau of Meteorology (BoM) website. Periods of greater than average rainfall are indicated by upward 

trends; lower than average as downward trends. Thus, the drought conditions that extended across NSW can be seen in 

the predominantly downward trajectory of the cumulative deviation through to 2007. This was followed by a period of 

average rainfall conditions (horizontal trend), with a wetter period starting at the end of 2010. Conditions have oscillated 

since then. 

  

Groundwater elevations decrease with distance downstream. The sympathetic water levels and responses observed in the 

paired bores indicate hydraulic connectivity between the alluvium and shallow bedrock. Water level relationships show a 

shift from slight upward pressures (gaining stream) upstream (ALV1), through to equal pressures adjacent to LCO (ALV3, 

ALV4, ALV2) to slight downward pressures (losing stream) to the south (ALV7, ALV8). Rainfall (recharge) appears to be the 

dominant driver for groundwater level variability for the Bowmans Creek alluvium. 

 

Groundwater levels generally decreased from 2001 to 2006 (during drought conditions) before rebounding to 2001 levels 

following the 2007 floods. Since then groundwater levels have remained relatively stable, with muted responses to 

changes in rainfall regime.   

 

Hard Rock Aquifer (Coal Measures) 
 

Hydrographs for piezometers targeting the regional hard rock aquifer associated with the coal measures are shown in  

Figure 40. The groundwater elevations shown vary significantly between the piezometers monitored, reflecting differences 

in groundwater levels between stratigraphic layers and due to current and historical mining and dewatering operations. 
 

Groundwater levels observed for the paired piezometers PGW5L and PGW5S, which target the overburden and Pikes Gully 

coal seam, respectively, have been very consistent since 2006. PGW5 is located above the Hazeldene underground 

workings, which have been subject to periodic dewatering operations to accommodate mining operations at LCO. 

Hydrographs for Haz 3/4 and Haz 6 reflect such dewatering (and subsequent recovery) operations for the Hazeldene 

workings. The lack of response in groundwater levels for PGW5L and PGW5S indicates the intervening strata between the 

deeper Hazeldene underground workings and the Pikes Gully seam and overburden effectively confines any 

depressurization (and recovery) to the deeper strata, with little impact to the overlying strata or aquifers. The similar 

hydrographs for Haz 3/4 and Haz 6 also indicate these bores or hydraulically connected, presumably via the Hazeldene 

underground workings. 
 

Hydrographs for piezometers LC1 and Mt Owen 2 are also similar, suggesting these bores are hydraulically connected 

through the former Liddell underground workings. Groundwater levels in the Liddell underground workings are subject to 

depressurization due to dewatering activities to accommodate current open cut mining operations at LCO. Piezometer LC1 

has been dry since July 2010 as a result of these dewatering activities. 
 

Groundwater Extraction Summary 
 

Reduced groundwater levels are observed in the open cut pit due to dewatering ahead of mining from M49 bore 

(20BL172293), Middle Liddell Bore (20BL172588) and Mt Owen bore (20BL168209).  Groundwater extraction is summarised as 

per Table 27 below.  
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Groundwater Extraction Licences

Locality Licence No. Holder Lot/DP Purpose Relevant legislation
Annual 

Allocation (ML)

Annual direct 

extraction (ML)

Annual indirect 

extraction (ML)*

Haz 6 20BL168066 Liddell Tenements Pty Ltd 81/607296 Monitoring Water Act 1912 n/a n/a n/a

Dur 3 20BL168065 Liddell Tenements Pty Ltd 31/837350 Monitoring Water Act 1913 n/a n/a n/a

LC1 20BL168064 Liddell Tenements Pty Ltd 353/867083 Monitoring Water Act 1914 n/a n/a n/a

Durham 1 20BL168063 Liddell Tenements Pty Ltd 33/862516 Industrial Water Act 1915 6000 nil nil

8 South 3 & 4 20BL168062 Liddell Tenements Pty Ltd 32/870789 Industrial Water Act 1916

Middle Liddell (MLB) 20BL172588 LCO pty Ltd 1/237767 Dewatering Water Act 1917

Durham 2 & 4 20BL168061 Liddell Tenements Pty Ltd 3/237654 Industrial (2 bores) Water Act 1918 1000 nil nil

Haz 2 20BL168060 Liddell Tenements Pty Ltd 81/607296 Industrial (2 bores) Water Act 1919 5500 nil nil

ALV1, ALV2, ALV3, 

ALV4, ALV7, ALV8
20BL168053 LCO Pty Ltd

43/654013, 201/848078, 

4/255403, 81/607296, 

6/255403, 32/545601

Test bore / monitoring Water Act 1920 n/a n/a n/a

M49 20BL172293 Liddell Southern Tenements Pty Ltd 32/545601 Dewatering Water Act 1921

Mt Owen 1 20BL168209 Mt Owen Pty Ltd 353/867083
Stock, domestic, farming and 

test purposes
Water Act 1922

Mt Owen 2 20BL169544 Mt Owen Pty Ltd 353/867083 Dewatering Water Act 1923

Bowmans Creek Alluvium
WAL 18302 (ex: 

20BL017861

Liddell Southern (ex: Enex 

Foydell Pty Ltd)
32/545601, 6/1077004 Irrigation

Hunter Unregulated 

and Alluvium Water 

Sharing Plan

5 nil 5

Note: * indirect extraction includes inflow and other passive take as determined through numerical modelling  by Jacobs (2014)

6000

2500 1029

552 2257

1000

Table 27 Groundwater extraction summary 2013 
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Figure 44 Groundwater Levels for Alluvial Piezometers – 2006 to 2013 

 

 
 
 

Figure 45 Groundwater Levels for Shallow Bedrock Piezometers – 2006 to 2013 
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Figure 46 Groundwater Levels for Hard Rock Piezometers – 2006 to 2013 

 

 
 
3.9 Contaminated Land 
 

3.9.1 Environmental Management and Performance 
 

Operations at LCO are conducted with the aim of minimising the potential for land contamination. In accordance with the LCO 

Waste Management Plan, all contaminated waste, with the exception of hydrocarbon contaminated soil is removed from site by 

a licensed contractor. 

 

3.10 Flora and Fauna 
 

3.10.1 Environmental Management and Performance 
 

A review of the flora and fauna monitoring program was undertaken in 2012 and a revised program has been implemented. 

The revised program is based on 6 specific objectives, as listed below: 

 
1. Implement functional Blue-billed Duck habitat. 

 

2. Avoid impacts from mining operations on remnant vegetation within Liddell Colliery. 
 

3. Avoid impacts from mining operations on native fauna that utilise habitat within Liddell Colliery (especially 

threatened fauna). 
 

4. Implement revegetation program to restore disturbed areas designated for native vegetation to pre-mining 

condition. 
 

5. Native revegetation supports native fauna (especially threatened species) at similar diversity and abundance to 

pre-mining condition. 
 

6. Implement revegetation program to restore pasture land to reference condition. 
 
The flora and fauna monitoring survey was undertaken from 25 – 29 November 2013.  

The 2013 monitoring survey collected year two and baseline flora and fauna data for riparian (R01, R02) and woodland 

habitat (W01, W02) and woodland revegetation (WR01, WR02). Flora data for pasture rehabilitation (Objective 6) has now 

been included into the Annual Rehabilitation Inspection and associated report (see Section 5).  
 
 

No threatened flora species were recorded during the 2013 monitoring surveys at LCO. Threatened fauna species recorded 

during the 2013 survey included Circus assimilis (Spotted Harrier), Chthonicola sagittatus (Speckled Warbler),  

Pomatostomus temporalis temporalis (Grey-crowned Babbler – eastern subspecies), Mormopterus norfolkensis (East Coast 

Freetail-bat), Miniopterus schreibersii oceanensis (Eastern Bentwing Bat), Falsistrellus tasmaniensis (Eastern falsistrelle) and 
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Myotis macropus (Large-footed Myotis). Two other fauna species observed during the monitoring, Merops ornatus 

(Rainbow Bee-eater) and Haliaeetus leucogaster (White-bellied Sea Eagle) are listed as migratory under the EPBC Act.  

 

Objective 1 – Implement functional Blue-billed Duck Habitat 

 

Despite planting vegetation in 2011 at Dam 3 to encourage the species, the Blue-billed Duck was not observed during the 

waterbird surveys at these sites. Dam 3 contained the largest number and highest diversity of waterbirds of all the dams 

surveyed during 2013.  

 

Objective 2 – Avoid  impacts from mining operations on remnant vegetation within Liddell Colliery 

 

Results of the remnant vegetation plot surveys indicated that there were no direct mining impacts to the vegetation within 

and immediately surrounding the five control monitoring plots, as no obvious clearing or plant and equipment incursions 

or subsidence is obvious. No evidence of natural dieback was noticed at any of the five sites, although damage from cattle 

was evident, particularly in regard to W02 and to an extent both R01 and R02. Results of the flora monitoring at these 

sites, compared with 2012 monitoring results, are detailed in Table 28.  

 

Objective 3 - Avoid impacts from mining operations on native fauna that utilise habitat within Liddell Colliery (especially 

threatened fauna). 

 

The overall number of woodland bird species detected at woodland and n sites remained relatively constant with a slight 

decrease from thirty six species recorded in 2012 to thirty three species in 2013.  

 

Threatened bat activity varied substantially between annual surveys and between sites. Future monitoring will build on this 

data and begin to draw conclusions as to trends in diversity and bat activity. In total, thirteen species of bat from three 

different families were detected, including four threatened species listed as Vulnerable under Schedule 2 of the NSW TSC 

Act. 

 

The Spotted-tailed Quoll was not detected during the 2013 monitoring period. Previously a number of Spotted-tailed 

Quolls, including a den site and two juveniles, were discovered in a log jam along Bowmans Creek. These animals generally 

have a large home range and often a low detectability, thus this result is not unexpected. Repeat surveys over a number of 

years are likely to be required to gather evidence as to whether this lack of detection was simply due to chance or other 

biological reasons, such as low population size or local extinction.  

 

In general, there were no obvious adverse impacts to fauna and fauna habitat areas directly attributable to mining 

activities.  

 

Objective 4 - Implement revegetation program to restore disturbed areas designated for native vegetation to pre-mining 

condition 

 

Both rehabilitation monitoring sites have not yet reached the performance targets, with native plant species richness, 

native canopy mid-storey and grass cover all below 75% of woodland scores (Table 29). Exotic plant cover within the 

rehabilitation area is much higher than woodland areas and conversely, leaf litter cover was much reduced. This result is 

not unexpected as  canopy species are generally less than 2 metres in height.  

 

Objective 5 - Native revegetation supports native fauna (especially threatened species) at similar diversity and 

abundance to pre-mining condition 

 

Revegetation works are currently at an early stage and support a different fauna assemblage to that of nearby woodland 

areas. Twenty native fauna species were detected within both rehabilitation sites, including twelve bird species, four bat 

species, three frogs and one mammal. Two exotic species were also detected, Vulpes vulpes (Red Fox) and Lepus europaeus 

(European Brown Hare).  

 

In comparison, Woodland sites 1 and 2 combined had more than double the diversity of birds and bats detected than the 

rehabilitation sites combined.  

 

The rehabilitation area is in an early stage of growth, with trees reaching 2 metres in height. At this early stage in the 

rehabilitation process, meeting the set performance target is not realistic.  

 
Table 28 Flora Monitoring Results at Woodland and Riparian Sites 2013 

 

 

Site 

 
Native Species Count 
2012 

 
Native Species Count 
2013 

 
Introduced Species Count 
2012 

 
Introduced Species Count 
2013 

 
W01 25 28 11 15 
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Table 29 Comparison of species diversity and structure between rehabilitation area, performance target and remnant woodland areas 

 

 Woodland rehabilitation 
site 1 (WR01) 

Woodland rehabilitation 
site 2 (WR02) 

Performance Target (75% of 
mean woodland score) 

Woodland site 
2 (W02) 

Woodland 
site 3 (W03) 

Number of native 
plant species 

12 7 20 26 28 

Native overstorey 
(projected foliage 
cover %) 

0 0 19 28 21.5 

Native mid-story 
(projected foliage 
cover %) 

0 2 4.5 12 0 

Native grasses (% 
cover) 

6 0 22 26 32 

Exotic plant cover (% 
cover) 

68 86 2 2 0 

Leaf litter cover 

(% cover) 
8 4 59 62 56 

 

 

As a result of the 2013 monitoring, a number of recommendations were developed in order to meet LCO’s environmental 

objectives. These include: 

 

- Restricting access by cattle at strategic locations,  including in the vicinity of certain waterbodies and Bowmans 

Creek, as well as remnant and naturally regenerating woodland areas. 

-  Continue to enhance fauna habitat and native vegetation areas for Blue-billed Duck around and within dams, 

riparian and woodland habitats for threatened species such as Spotted-Tail Quoll and woodland birds and 

microchiropteran  bats. 

- Increase the functionality of revegetated woodland vegetation (ie structure and native flora diversity) to provide 

a wider habitat value for a greater diversity of fauna species. This includes placement of wood debris, increasing 

flora species cover utilising local native species and continued targeted weed control.  

 

3.11 Blasting 
 

3.11.1 Environmental Management 
 

Blasting criteria for LCO are prescribed in Schedule 3, Conditions 6 and 7 of DA 305-11-01. The consent condition covers 

criteria for overpressure, ground vibration and vibration limits at designed structures. 
 

The development consent stipulates that the air blast overpressure level from blasting operations must not exceed 115 

dB(L) for more than 5% of the total number of blasts over a period of 12 months and never exceed 120 dB(L) at any 

residence on privately owned land. Limits for ground vibration caused by blasting have also been specified in the 

development consent, and should not exceed a peak velocity of 5 mm/s for more than 5% of the total number of blasts 

over a period of 12 months and must never exceed 10 mm/s at any time, at any residence on privately owned land. Limits 

for blast overpressure and ground vibration at the Chain of Ponds Hotel have been set as 133 dB(L) and 10 mm/s 

respectively. 
 

Blasting activities can only be undertaken at LCO between 9 am and 5 pm Monday to Saturday, inclusive. No blasting is 

allowed to be undertaken on Sundays, public holidays, or at any other time without the written approval of OEH. 
 

LCO operates a combined 24 hour blasting information and community complaints hotline (1800 037 317). 
 

3.11.2 Environmental Performance 
 

Blast monitoring locations are presented in Figure 48 and monitoring results for the reporting period are provided in 

Appendix G. 
 

Blast monitoring was undertaken at two privately owned residences and the Chain of Ponds Hotel throughout the reporting 

 
W02 26 26 7 9 

W03 Site added 2013 28 Site added 2013 7 

 
R01 11 10 

 
25 

11 

 
R02 25 13 30 23 
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period. There were 133 blasts fired throughout the reporting period. 
 

During the reporting period, there were no levels above the ground vibration limit of 5mm/s or the overpressure limit of 

115dB(L) recorded at privately owned residences.  
 

No levels above the ground vibration limit of 10 mm/s were recorded at the Chain of Ponds Hotel during the 

reporting period. However, there was one exceedance of the overpressure limit of 133dB(L) recorded at the Chain 

of Ponds Hotel during the reporting period.  

 

On 11 July 2013, a blast was fired that resulted in an elevated overpressure of 134.1dB being recorded at the Chain 

of Ponds Hotel. The approved overpressure limit for this site is 133dB.  An incident report was submitted to the 

DP&I, with no further action being required.  
 

All blasts were conducted within the hours of 09:00 and 17:00 and on Monday to Saturday No blasts were undertaken on 

Public Holidays. 
 

The blast monitoring system recorded 100% blast data at all sites. 
 

A comparison of blast monitoring compliance for the last three reporting periods is presented in Table 30. 

Table 30 Three Year Blast Monitoring Compliance Comparison 

 

Reporting Period Number of Blasts Criteria Exceedances Non-compliance 

January 2011 – December 

2011 

106 Two blasts (1.9%) above 

115dB(L) (within 5% criteria) 

and one result above 

120dB(L) at ‘Scrivens’ which 

was wind affected. 

1 (Overpressure >120dB(L) – 

wind affected) 

January 2012 – December 

2012 

150 One blast (0.67%) above 
115dB(L) (within 5% criteria) 
at ‘Scrivens’ 

1 (Overpressure >115dB(L) – 
wind affected) 

January 2013 – December 

2013 

133 Nil 1 (Overpressure >133db(L) 

at Chain of Ponds Hotel) 

 

3.12 Operational Noise 
 

3.12.1 Environmental Management 
 

The Noise Monitoring Program outlines the noise monitoring required to be undertaken by LCO to ensure compliance with 

statutory requirements at LCO. The program addresses the requirements contained in DA 305-11-01 and the LCO EPL 2094. 
 

Regular attended noise monitoring is undertaken at representative locations surrounding LCO (refer to Figure 47). 

Monitoring also consists of unattended continuous noise logging over a minimum 72 hour period on a biannual basis during 

the mining operations at LCO. Operator attended noise measurements over 15 minute periods are also undertaken during 

the bi-annual monitoring which is undertaken at representative periods of the summer and winter seasons. 
 

Long term noise monitoring is undertaken for a period of at least three days using loggers programmed to measure and 

store average (LAeq) noise levels every second. Short term noise monitoring is attended by a noise consultant, at each 

location, noise levels are surveyed for two minute periods during the day and evening. 
 

Noise criteria for LCO are prescribed in Schedule 3, Condition 1 of DA 305-11-01. LCO are required to ensure that noise 

generated by the development does not exceed the noise impact criteria in Table 31 at any residence on, or on more than 

25 percent of, any privately owned land. The criteria do not apply to mine owned residences. 
 

Table 31 Noise Criteria 

 

Assigned Residential Location Number Noise Criteria LAeq (15 minute) Sleep Disturbance Noise Criteria 

LA (1 min) 

1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 35 dB(A) Day - 

35 dB(A) Evening - 

35 dB(A) Night 45 dB(A) Night 

Day – 7 am to 10 pm Monday to Saturday; 8 am to 10 pm Sundays and Public Holiday 

Night – 10 pm to 7 am Monday to Saturday; 10 pm to 8 am Sundays and Public Holidays 
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The noise emission limits identified in Table 27 applies under meteorological conditions of: 
 

- wind speeds up to 3 m/s at 10 metres above ground level; or 

- temperature inversion conditions of up to 3
o
C/100 metres, and wind speeds of up to 2 m/s at 10 metres above 

ground level. 
 

3.12.2 Environmental Performance 
 

All monitoring is undertaken in accordance with the LCO procedure for environmental monitoring and evaluation. 
 

Noise monitoring during the reporting period was undertaken in March and September 2013 by a specialist noise consultant 
(Global Acoustics). Results of attended noise monitoring during the reporting period show that LCO complied with the noise 
limits applicable at all monitoring locations. 

 
Wind speed and/or estimated temperature inversion conditions resulted in development consent criteria not always being 
applicable. 

 
Results summaries are presented in Table 32 and Table 33 below. 
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Figure 47 Noise Monitoring Locations  
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Figure 48 LCO Blast and Noise Monitoring Locations 
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Table 32 Attended Noise Monitoring Results March 2013 

 
 

Location 
 

Date 
 

Wind Speed (m/s) 
LCO 

LAeq (15 min) dB(A) 

3 (Day) 25/3/13 2.6 Inaudible 

6 (Day) 25/3/13 4.9 Inaudible 

14 (Day) 25/3/13 3.8 Inaudible 

17 (Day) 25/3/13 2.6 Not Measurable 

23 (Day) 25/3/13 2.3 Inaudible  

LRA (Day) 25/3/13 5.3 Inaudible 

3 (Evening) 25/3/13 3.0 Not Measurable 

6 (Evening) 25/3/13 6.4 Inaudible 

14 (Evening) 25/3/13 4.5 Inaudible 

17 (Evening) 25/3/13 3.4 Not Measurable 

23 (Evening) 25/3/13 3.6 Inaudible 

LRA (Evening) 25/3/13 5.6 Inaudible 

3 (Night) 25/3/13 1.5 <25 

6 (Night) 25/3/13 2.0 Inaudible 

14 (Night) 25/3/13 2.9 Inaudible 

17 (Night) 25/3/13 2.5 27* 

23 (Night) 25/3/13 1.8 Inaudible 

LRA (Night) 25/3/13 3.1 Inaudible 

* denotes atmospheric conditions outside conditions specified in development consent and so criterion is not applicable 

 
Table 33 Attended Noise Monitoring Results September 2013 

 

Location Date Wind Speed (m/s) LCO 

 LAeq (15 min) dB(A) 

3 (Day) 25/9/13 3.4 25* 

6 (Day) 25/9/13 1.7 Inaudible 

14 (Day) 25/9/13 3.2 Inaudible 

17 (Day) 25/9/13 3.8 20* 

23 (Day) 25/9/13 4.8 Not Measurable 

LRA (Day) 25/9/13 3.9 Inaudible 

3 (Evening) 25/9/13 1.5 28* 

6 (Evening) 25/9/13 1.8 Inaudible 

14 (Evening) 25/9/13 0.7 Not Measurable 

17 (Evening) 25/9/13 1.6 Not Measurable 

23 (Evening) 25/9/13 2.0 41* 

LRA (Evening) 25/9/13 1.7 Inaudible 

3 (Night) 25/9/13 1.4 31* 

6 (Night) 25/9/13 0.7 Inaudible 

14 (Night) 25/9/13 1.1 Inaudible 

17 (Night) 25/9/13 0.6 Not Measurable 

23 (Night) 25/9/13 0.4 37* 

LRA (Night) 25/9/13 0.5 Inaudible 

* denotes atmospheric conditions outside conditions specified in development consent and so criterion is not applicable 
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Comparison to EA Predictions 
 

The Liddell Coal EA (2006) proposes that modifications to the development consent would not produce an exceedance of 
the LCO operational specific noise criteria at any surrounding privately owned residence, however, noise levels were 
expected to exceed criteria at a number of mined owned residences. The noise monitoring for 2013 and previous 
reporting periods confirm these predictions. 

 

3.13 Visual and Stray Light 
 

3.13.1 Environmental Management 
 

Visual impact management is undertaken in accordance with the practices outlined in the Liddell Coal MOP (LCO, 2008) and 

the LCO Landscape Management Plan. Under these plans, visual impacts are managed through: 
 

- prompt rehabilitation; 
 

- prioritisation of rehabilitation, focusing effort on areas that are most visually prominent from off-site private 

residences and public transport routes; and 
 

- directing of light away from residences. 
 

3.13.2 Environmental Performance 
 

During the reporting period, flood lighting in mining areas was located to minimise direct light emitted to Hebden Road, 

Antiene Road, the New England Highway, the Main Northern Railway, or towards any dwellings. Lighting louvers or shields 

are fitted to equipment lights to minimise peripheral illumination of the night sky. Night inspections of the mining areas are 

undertaken by the Mining Supervisor and mobile lighting plants are located to reduce the offsite impact of lighting where 

ever possible. 

 
3.14 Aboriginal Heritage 
 

3.14.1 Environmental Management and Performance 
 

The LCO development consent area has been the subject of a number of archaeological investigations. A total of 40 sites 

have been recorded within the LCO development consent area, consisting of 27 artefact scatters and 13 isolated finds. The 

approximate location of the sites are shown in Figure 49. 
 

The most extensive sites (both in terms of areal extent and numbers of artefacts) were identified along the major drainage 

lines within the development consent area, namely Bayswater Creek, Chain of Ponds Creek and Bowmans Creek. Three site 

complexes were identified in 2001 and consisted of separate artefact exposures (recorded as loci or sites) bordering these 

watercourses. The site complexes were the Bayswater Creek site area (containing Brayshaw Site A, Brayshaw Site B, 

Brayshaw Site C, Brayshaw Site D and LID4), the Bowmans Creek site area (containing sites PL1, Davies’ Site 5) and the Chain 

of Ponds site area (containing LID29, LID31 and LID32). 
 

Artefact salvage and management at Liddell has occurred under eight Section 90 and three section 87 Aboriginal Heritage 

Impact Permits issued under the National Parks and Wildlife Act 1974. During the reporting period artefact management 

was covered by three of these permits (2348, 2896 and 2883). Section 90 Permit 2348 provides consent for the destruction 

of Aboriginal objects during dam infrastructure works in the Chain of Ponds Area and covers Aboriginal sites LID29, LID 30, 

LID 31 and LID 32. Section 90 Permit 2896 has been issued to enable surface collection and salvage in the Bayswater Creek 

area which includes Aboriginal sites LID 5, LID 23, LID 24, LID 25, SP 1, SP 2, SP 3, and Liddell Fines 1. Section 87 Permit 2883 

permits the carrying out of preliminary research ahead of coal mining at Brayshaw Site B. 
 

Schedule 3, Condition 35 of DA 305-11-01 required LCO to revise the Aboriginal Cultural Heritage Management Plan in 

consultation with relevant Aboriginal stakeholders and to the satisfaction of the Director-General. This revision was 

undertaken by Umwelt (Australia) Pty Limited and approved by the Director-General in January 2008 

Works completed during 2013 
 

During 2013 LCO engaged OzArk Environmental & Heritage Management (OzArk) to enact surface collection over two sites, LID 

30 (AHIMS #37-3-0426) and LID 32 (AHIMS #37-3-0464), that had been approved for salvage under an existing valid AHIP 

#2348 (Appendix 2). 

 

Extensive archaeological investigations have occurred within the Subject Area since mining was initiated, and these studies 

have identified a large number of archaeological sites. In 2011, OzArk was engaged to undertake Aboriginal and Historic 

Heritage Assessments towards the Environmental Assessment for the proposed modification # 5 to Development Consent DA 

305-11-01. The Aboriginal sites identified during this assessment were placed into management groups based on the 

proposed project impacts. Sites along Chain of Ponds Creek were included in these management groupings, despite the fact 

that they had already undergone previous salvage in 2006, under AHIP #2348 (issued Oct 2, 2006 and enacted 21-23 Nov 

2006). This was specifically because two sites, LID 30 and LID 32, still exhibited surface artefacts during the 2011 survey, 

because the permitted project impacts to these sites had not yet occurred. As a result, these sites were placed into 

Management Group 2 (surface collection and/or relocation) in reference to the proposed development modification #5. This 

was management was agreed upon with the Registered Aboriginal Parties (RAPs) for the project, but it is noteworthy that 

LCO were not specifically required to undertake further salvage at these sites, due to the fact that the AHIP remained active. 

Nonetheless, in good faith, and because it had been agreed to in reference to the newly proposed modification, LCO 
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supported the further surface salvage of these two sites, and as AHIP #2348 was still active a surface collection of remaining 

artefacts was recommended prior to Development Modification 5 being approved. 

 

The surface artefacts within these sites were collected on 30 September 2013 by the following people: 

 

- Nick Harrop (OzArk) 
- Wayne French (Ungooroo Aboriginal Corporation) 
- Steve Verrey (Tocumwall) 
 

Wonnarua Nation were also offered a position on the collection team but were unable to provide a representative on the 

day. 

 

The sites were thoroughly investigated, with particular attention given to exposures and areas where artefacts had been 

previously located. The sites are briefly described below, but OzArk’s assessment report (2013) should be referred to for 

more detail. All artefacts collected were photographed and recorded in the field, and were labelled and bagged prior to 

handing them over to Liddell Coal Operations for interim secure storage. Many of the broken artefacts at both sites were 

likely damaged by the salvage grader scrapes, and some of the smaller flakes and ‘debitage’ may have been created in this 

process. 

 

LID 30 

This site is an artefact scatter located on a small ridge crest 180 m west above Chain of Ponds Creek. It was evident on a 

sheetwash erosion scar in a small stand of trees to the southeast of an access track that crosses Chain of Ponds Creek. Lithic 

materials recorded at the site included silcrete and indurated mudstone. The site has been impacted by a vehicle track and a 

surface pipeline that both run through the northern portion of the site. LID 30 is listed as destroyed according to a recent 

ASIRF for the site and on AHIMS. Eight artefacts were collected from the remnants of LID 30. They were located in two main 

exposures, including a former grader scrape an embankment also created by machinery. 

 

LID 32  

This site consists of artefacts eroding out of a cut terrace bank to the east above Chain of Ponds Creek. The site has been 

impacted significantly by development works since initial salvage which is best illustrated by the presence of a partially 

buried pipeline that passes through the southern portion of the site. LID 32 is listed as destroyed according to a recent ASIRF 

for the site and on AHIMS. Seven artefacts were retrieved from LID 32. All were protruding from the eroding bank of an 

ephemeral creek line. 

 

No further archaeological investigation or salvage is required at sites LID 30 (AHIMS #37-3-0426) and LID 32 (AHIMS #37-3-

0464). The following recommendations are made: 

 

1. The artefacts collected from the salvage should remain in the custody of Liddell Coal Operations until their long-

term management is resolved through the development of an Aboriginal Cultural Heritage Management Plan 

(ACHMP) in consultation with Registered Aboriginal Parties (RAPs). 
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Figure 49 Archaeological Sites within the LCO Consent Area 
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3.15 Historic Sites 
 

3.15.1 Environmental Management and Performance  
 
Chain of Ponds Hotel 
The Chain of Ponds Hotel is located adjacent to the project area and approximately 40 metres south-west of the 

development consent boundary. The Chain of Ponds Hotel is listed on the Register of the National Estate maintained by the 

Australian Heritage Commission and is also listed on the State Heritage Register maintained by the NSW Heritage 

Commission. 
 

Schedule 3 Condition 36 of DA 305-11-01 required LCO to prepare a photographic record of the condition and integrity of 

the accessible sections of the Chain of Ponds Hotel site. An updated photographic record was prepared by EJE Heritage in 

accordance with this condition and was provided to DoP on 28 March 2013. These records are to be updated every five 

years until the cessation of mining to the satisfaction of the DG. The next review is due to occur during 2018. As at the end 

of the reporting period, there have been no development activities at Chain of Ponds Hotel site. Of the 133 blasts fired 

throughout the reporting period, none were recorded above the ground vibration limit of 10 mm/s, but one exceedance of  

the overpressure limit of 133dB(L) was recorded (as established by the Department of Planning). 

 
Former Police Lock-up Site 

 

The Police Lock-up is located approximately 40 metres south-west of the development consent boundary. Schedule 3 

Condition 37 of DA 305-11-01 required LCO to prepare an archival record of the former Police Lock Up precinct, prior to any 

activity associated with the development that may disturb this site. An archival record prepared in accordance with this 

condition was provided to the DoP on 11 February 2011. There was no development during the reporting period that 

impacted this site. 

 
3.16 Spontaneous Combustion 
 

3.16.1 Environmental Management and Performance 
 

Fine coal along the ribs of exposed pillars in old underground workings associated with the Liddell coal seam have been 

historically linked to spontaneous combustion at LCO.  To manage spontaneous combustion the mine plan aims to keep the 

underground workings full of water to limit coal exposure to oxygen for as long as possible.  Once exposed, the mine design 

then incorporates benches for sealing off the highwall, which minimises the ingress of oxygen. Where areas of spontaneous 

combustion are exposed, the affected material is removed where possible, dumped low in spoil areas and covered with at 

least 5 m of inert material. If removal is not feasible, care is taken to minimise potential dust generation, and the coal is 

processed in the CHPP as soon as practicable to minimise ROM stockpile time. Spontaneous combustion of stockpiled 

product coal at LCO is rare due to the moisture introduced during the washing process and the regular transfer of coal to the 

Port of Newcastle for export.  In the event that stockpiles start to generate heat due to delays in transportation, coal in the 

stockpiles is spread out and soaked to allow the heat to dissipate. Measures to control spontaneous combustion are 

documented in the LCO Spontaneous Combustion Management Plan, which is reviewed and updated regularly. 

 

During the Independent Environmental Audit completed in 2012, a recommendation was provided by Joncris Sentinel 

Services for LCO to undertake a trial in consultation with DRE and Macquarie Generation to source fly ash product from the 

neighbouring Power Stations to cover spontaneous combustion affected overburden material and reduce emissions from 

such sources onsite. LCO proposed to investigate the feasibility of trialling fly ash product as a capping material, noting that 

further planning approval may be needed. 

 

Since the audit, a review of spontaneous combustion management at LCO has been conducted with a view to eliminate its 

occurrence rather than engineer a solution once it is present. This review has led to a change in the overall mining 

methodology which was successfully implemented in 2013.   

 

Historically, underground workings in the Liddell seam were de-watered a number of months prior to mining. This allowed 

the coal to be exposed to oxygen, facilitating spontaneous combustion. The revised mining process sees a just-in-time 

methodology, where by an increased pumping network has enabled the workings to be de-watered just prior to excavation. 

By eliminating the coal’s exposure to the atmosphere and propensity to combust, rather than relying on an engineering 

treatment once exposed, a significant reduction in the environmental hazard has been realised.   

 

During 2013, the revised methodology has proven successful with a considerable reduction of spontaneous combustion in 

the Liddell Seam workings in South Cut Strip 15 and 16. Whilst there have been, occurrences of spontaneous combustion 

within these working areas, the extent and duration of these affected areas has reduced.  

 

Given that our alternate strategy has proven successful to date, pursuing the fly ash trial was viewed and agreed with the 

Dept Planning & Infrastructure as unnecessary. Furthermore, Liddell has consulted other operations that have trialled fly ash 

treatments and feel that the conditions at Liddell particularity the seam depth and saturation of the seam, precludes the use 

of this method. 

 

LCO remains committed to developing and improving environmental management strategies. If the adopted spontaneous 
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combustion strategy exhibits unsatisfactory performance, then the methodology will be reassessed and an effective strategy 

implemented to achieve acceptable outcomes. 

 

3.17 Bushfire 
 

Bushfire management is undertaken in accordance with the LCO Landscape Management Plan. There were no incidents of 

bushfire at LCO during the reporting period. 

 
3.18 Greenhouse Gas and Energy 
 

3.18.1 Environmental Management and Performance 
 

LCO continuously seeks ways of reducing emissions through mine planning, revision of current practices, regular 

monitoring, and the reduction of fuel consumption through the efficient operation and regular maintenance of machinery. 
 

LCO monitors the greenhouse gas emissions generated by the development and investigates ways to reduce greenhouse 

gas emissions. Greenhouse gas emission monitoring and investigation is covered by Glencore Hunter Valley (GHV) on a 

Group- wide basis. Greenhouse emissions are estimated on coal production, electricity usage and diesel consumption. 
 

During the reporting period, a revised Energy Savings Action Plan (ESAP) was completed as required by Schedule 3, 

Condition 46 of DA 305-11- 01. At the time of reporting, the revised ESAP was still being finalised. Recommendations from 

the report will be implemented as required throughout the 2014 reporting period, and progress will be reported in the 

2014 AEMR.  

 

3.19 Public Safety 
 

3.19.1 Environmental Management and Performance 
 

LCO has perimeter fencing to exclude unauthorised personnel entry. All visitors to LCO are required to report to the main 

offices and log in as a visitor indicating who they are visiting. When visitors leave the site, they are required to log out. All 

contractors and employees working on site are inducted in mine safety and environmental management issues prior to 

working within the mine area. During blasting activities sentries are posted to prevent unauthorised entry. LCO also has a 

standard in place to ensure the safe storage of blast materials in magazines that are kept safe and secure at all times. 
 

During the reporting period, there were no incidents involving members of the general public being detected in vehicles on 

the LCO site. 
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4 Community Relations 
 
4.1 Environmental Complaints 
 

The management of complaints is undertaken in accordance with EMS procedures and Schedule 5, Condition 1 of DA 

305- 11-01. LCO operates a combined 24 hour community complaints and blasting information hotline (1800 037 317) 

which is advertised in the community newsletter and on the LCO website. 

 

Three environmental complaints were received during the reporting period, and are summarised in Table 34. A 

complaints comparison summary for the previous five reporting periods is presented in Figure 50. 
 

Table 34 Summary of Complaints January 2013 – December 2013 

 

Date Source Management 

12/3/13 Blasting Complainant called regarding vibration from the blast. The blast results were reviewed and the 

complainant’s call was returned. The complainant was informed that the results were in 

compliance (GV 0.17mm/s and OP 100.36dB(L)). The complainant acknowledged that the 

results were quite low and stated that no further action was required. The complainant noted 

that they had also contacted DP&I to register the complaint.  

28/3/13 Blasting Complainant called regarding vibration from the blast. The blast results were reviewed and the 

complainant’s call was returned. The complainant was informed that the results were in 

compliance (GV 0.22mm/s and OP 97.88dB(L)). The complainant acknowledged that the results 

were quite low and stated that no further action was required. 

19/5/13 Dust Complainant called whilst driving past the site to report that there was a lot of dust coming 

from site.  

The Mining Supervisor contacted the E&C Superintendent immediately after the complaint was 

received and advised that wind speeds onsite had increased prior to the call and a considerable 

amount of dust was being blown off exposed areas where water carts were unable to access 

(i.e. shot ground, and dump faces). He also advised that he was making alterations to the 

operation to reduce dust generation, including the shutdown of the EX112 work area until 

conditions improved due to its elevated position.  

 

Four water carts were in operation at the time and the Mining Supervisor advised that he 

would continue to monitor the operation and make changes as necessary, as per the site dust 

management TARP. 

 

The site weather station recorded a peak wind speed of 30.7km/hr at 11.35am, and wind 

speeds generally began to decline from 11.45am onwards. No dust alarms were received from 

the site real time dust monitoring network. 

 

E&C Superintendent attempted to contact the caller on two occasions, but could only leave a 

message. 
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Figure 50 Environmental complaints current and previous reporting periods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2 Community Liaison 
 

4.2.1 Community relations 
 

LCO undertakes community liaison activities in accordance with the Social Involvement and Community Engagement Plan 

which was developed in consultation with the Community Consultative Committee (CCC). The plan identifies the 

objectives for consultation and community engagement, methods of consultation for the various stakeholder groups and 

priorities for community enhancement. 
 

LCO personnel regularly engage with the community in person and over the phone regarding a range of issues. 
 
During 2013 LCO held a Community Open Day during May to offer the local community members an opportunity to 
experience the inside workings of Liddell’s open cut operation. 

 
 

4.2.2 Community Consultative Committee 
 

Schedule 5 Condition 7 of DA 305-11-01 requires LCO maintain a CCC comprising of: 
 

- two representatives from LCO, including the person responsible for environmental management at the mine; 
 

- at least one representative from each of Muswellbrook Shire Council and Singleton Shire Council (if available); and 
 

- at least three (or as otherwise agreed with the Director-General) representatives from the local community 
whose appointment has been approved by the Director-General 

 
The LCO CCC provides a forum for local community, local government and mine management to meet and discuss key 

environmental issues. CCC meetings are held every six months in accordance with Liddell Coal’s development consent. The 

CCC met on two occasions during the reporting period May 2013 and November 2013. 
 

CCC Meeting Minutes are available to download from the LCO website. 
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4.2.3 Liddell Coal Operations Website 
 

In accordance with Schedule 5, Condition 9 of DA 305-11-01, LCO has established a website (www.liddellcoal.com.au) to 

provide access to information on the operation including environmental, community and operational updates. 
 

Copies of all relevant plans, programs and strategies (once approved by DP&I or other relevant agencies) are available on 

the website. In addition, environmental monitoring results are uploaded to the website quarterly. 
 

4.2.4 Donations and Sponsorships 
 

LCO aims to provide support for local projects relating to the community, health, education and the environment, in the 

form of cash donations, sponsorship, and in-kind support for a range of community, educational and environmental 

initiatives. 
 

During the reporting period LCO made donations to the following organisations and charities: 
 

• Cancer Council NSWSingleton Amatuer Theatrical Society 
 

• Singleton Heights Pre-school 
 

• Lake Liddell Trust  
 

• MS - Sydney to Gong Ride 
 

• Muswellbrook Public School - Award Sponsorship 
 

• Muswellbrook High School - Awards night sponsorship 
 

• Singleton Primary School - Award Sponsorship 
 

• Singleton High School - Awards night sponsorship 
 

• Variety Special Children’s Christmas Party 
 

• Singleton High School – Tommy’s Day 
 

• Muswellbrook High School - 2013 welfare programs 
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5 Rehabilitation 
 
The principle objective for rehabilitation of mined land at Liddell is to return the site to a condition where its landforms, 

soils, hydrology, and flora and fauna are self-sustaining and compatible with the surrounding land uses.  The proposed end 

land use for the site includes a combination of grazing and bushland/wildlife habitat.  The post mining landscape will be 

dominated by a land capability of Class VI grazing land and Class VI and VII bushland habitat. See Figure 51 for the current 

approved MOP Final Landform design. Rehabilitation of the overburden emplacement areas and backfilled pits will be 

conducted progressively over the life of LCO, as an integral component of mining operations. Rehabilitation of infrastructure 

areas will occur as soon as practical following cessation of mining. 
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 Figure 51 Current Approved MOP Final Landform 
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5.1 Buildings & Other Infrastructure 
 

No buildings or other infrastructure were removed, installed or renovated during the reporting period at LCO. 

 

5.2 Rehabilitation of Disturbed Land 
 

The post-mining landform design of LCO has been generally undertaken in accordance with the DPI’s ‘Synoptic Plan: 

Integrated Landscapes for Coal Mine Rehabilitation in the Hunter Valley of NSW’.  

 

Overburden dumps will be reshaped to around 10 degrees slope with a maximum of 18 degrees.  Where steep slopes are 

constructed, suitable erosion control structures such as contour banks, drop structures may be utilised to provide for 

stability.  

 

Elements such as drainage paths, contour drains, ridgelines, and emplacements are shaped into undulating informal profiles 

in keeping with natural landforms of the surrounding environment and allowing for a greater diversity of plant species over 

time. 

 

The drainage characteristics for the site have been developed in accordance with the Draft Guidelines for Designing Stable 

Drainage Lines on Rehabilitated Mine Sites formulated by the former NSW Department of Land and Water Conservation 

(1999). The drainage system at LCO provides for the combination of a connected surface drainage network and distributed 

storage/infiltration. The system integrates surface storage during periods of high runoff and manages deep infiltration to 

levels which can be safely tolerated and at the same time reduced size surface drainage conveyances to remove excess 

water safely from the system. 

 

Surface preparation activities for rehabilitated areas are commenced as soon as possible following the completion of mining 

activities.  A general overview of surface preparation activities undertaken at LCO include: 

 

 prior to revegetation activities, spoils and topsoils will be characterised to determine the type and application 

rate that may be required for the addition of soil ameliorants (e.g. gypsum, lime, fertiliser, organic growth 

medium.); 

 The shaped landform surface is ripped along the contour to remove surface compaction by machinery and raked 

with rocks removed and buried in current dumping areas; 

 appropriate soil ameliorants will be applied for incorporation into the final shaped surface; 

 topsoil will be applied, where available, at a nominal depth of 100-150mm in thickness. 

 where direct tree seeding is planned, final shaped surfaces will be deep ripped parallel with the contour prior to 

the application of seed to provide for an adequate seed bed is obtained; 

 where pasture seeding is planned the surface will be cultivated across the contour to provide for an adequate 

seed bed;  

 suitable erosion control measures (e.g. silt fences, mulches etc.) will be implemented to minimise soil loss from 

areas undergoing rehabilitation; and 

 where appropriate and practical, structures such as tree hollows/logs and rock piles may be 

incorporated into the final landform to augment the habitat value of proposed habitat corridors. 

 

After surface soil amelioration and tillage is completed for any given area, revegetation will commence as soon as 

practicable. Primarily, revegetation will involve sowing of pasture species and direct seeding of native tree species; see 

Tables 34, 35 & 36 below. A range of other techniques may also be utilised where appropriate over isolated areas associated 

with steep slopes. Revegetation techniques will be continually developed and refined over the life of the mine through a 

continual process of research, trialling, monitoring and improvement. 

 

The establishment of the proposed habitat corridors will be undertaken using a native species seed mix. The habitat 

corridors will be developed with the aim of providing a functional and sustainable ecosystem which will be consistent with 

the rehabilitation closure criteria.  Tree and shrub seed will be applied at a rate determined appropriate to site conditions. 

Where required, seed will be appropriately pre-treated to enhance germination and will be evenly mixed and spread.  

 

 

Table 35 lists pasture species and application rates to be used for stabilisation of the final landform.  This seed mix has been 

developed by a local Agronomist following spoil and topsoil testing after being requested to review the seed mix by DRE 

during the AEMR inspection, with the view to removing Rhodes Grass from the mix.  All legumes will be inoculated and lime 

pelleted prior to seeding. 

 

Tables 36 and 37 list tree, shrub and groundcover species selected in consultation with an Ecologist to represent native 

forest and woodland endangered ecological communities found in the area. 

 

Application rates for any rehabilitation are indicative only and may vary according to site conditions or other variables. 
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Table 35 Pasture seed mix 

Species 
Rate (kg/ha) 

Spring / Summer Autumn / Winter 

Japanese Millet 15 0 

Oats 0 25 

Green Panic 3 2 

Premier Digit Grass 5 3 

Setaria 2 1 

Kikuyu 5 3 

Couch Grass 5 3 

Tall Fescue 2 5 

Cocksfoot 0 2 

Wimmera Ryegrass 2 6 

Lucerne (Aurora) 6 8 

White Clover (Haifa) 2 2 

Medic (Sephi) 0 5 

Chicory 2 2 

Plantain (Tonic) 1 3 

Woolly Pod Vetch (Namoi) 0 5 

TOTAL 50 75 

 

Table 36 Grey Box – Ironbark woodland community seed mix 

Species Application rate 

Acacia pendula 0.3 kg/ha 

Allocasuarina luehmanii 0.3 kg/ha 

Angophora floribunda 0.3 kg/ha 

Austrostipa scabra 1.0 kg/ha 

Bothriochloa decipiens 0.3 kg/ha 

Brachychiton populneus subsp. Populneus 0.3 kg/ha 

Bursaria spinosa subsp. Spinosa 0.4 kg/ha 

Calotis lappulacea 0.3 kg/ha 

Callitris endlicheri 0.3 kg/ha 

Cassinia quinquefaria 0.3 kg/ha 

Chrysocephalum apiculatum 0.3 kg/ha 

Cyperus gracilis 0.3 kg/ha 

Dodonaea viscosa 0.3 kg/ha 

Eragrostis leptostachya 0.4 kg/ha 

Einadia nutans 0.4 kg/ha 

Eremophila debilis 375 seeds/ha 

Eucalyptus crebra 1.0 kg/ha 

Eucalyptus moluccana 1.0 kg/ha 

Glycine tabacina 0.4 kg/ha 

Microlaena stipoides var. stipoides 0.4 kg/ha 

  



93  

Table 37 Ironbark - Spotted Gum - Grey Box forest community seed mix 

Species Application rate 

Acacia falcate 0.3 kg/ha 

Acacia parvipinnula 0.2 kg/ha 

Allocasuarina luehmanii 0.2 kg/ha 

Bursaria spinosa subsp. Spinosa 0.5 kg/ha 

Corymbia maculate 1.0 kg/ha 

Daviesia ulicifolia subsp. ulicifolia 310 seeds/ha 

Dianella revoluta var. revoluta 375 seeds/ha 

 

5.3 Rehabilitation Performance 
 

During 2013, at total of 51ha was shaped and re-contoured as per final landform requirements. The entire 51ha of shaped 

land was rehabilitated. A further 10ha of land shaped late 2012 was also rehabilitated early 2013 once climatic conditions 

more favourable to the successful growth of vegetation set in. The total of 61ha of rehabilitated land included the 

construction of water management structures, topsoil application and seeding. The MOP rehabilitation target for 2013 was 

51ha. Tables 38 and 39 present a summary of the rehabilitation undertaken by LCO during the reporting period. 

 

During 2013, LCO undertook a reconciliation of all historical land management GIS data. Through this reconciliation it 

became apparent that errors in GIS rehabilitation measurement and reporting had been carried over numbers of years; 

multiple minor rounding and double counting errors had developed into approximately 18ha of discrepancy from actual.  

The reconciliation involved a complete review and correction of all historical GIS data culminating in an accurate 

representation of current land management status. LCO have taken this reporting opportunity to set the current benchmark 

rehabilitation status; Table 38 below contains the reconciled rehabilitation data. 

 

Table 38 Summary of Disturbed and Rehabilitation areas 

 

 

Area 

Area Affected (ha) 

To Date (31 

December 2013) 

Last Report (31 

December 2012) 

At Next report (estimated) 

(31 

December 2014) 

A: MINE LEASE AREA 

A1 Mine Lease(s) Area 2084 2084 2084 

B: DISTURBED AREAS 

B1 Infrastructure area (other disturbed areas to be 

rehabilitated at closure including facilities, roads) 
103.1 128.1 68 

B2 Active mining area (excluding items B3-B5 below) 170.4 164.6 189.2 

B3 Waste emplacements (active/unshaped/uncapped) 415.25 321.9 277.3 

B4 Tailings emplacements (active/unshaped/uncapped) 78.5 49 78.5 

B5 Shaped waste emplacement (awaits final vegetation) 0 0 0 

TOTAL DISTURBED AREA 676.5 663.6 630.4 

 

C1 Total rehabilitated area (except for maintenance) 697.25 635.27 
 

D: REHABILITATION ON SLOPES 

D1 10 to 18 degrees 62.2 62.2 74.2 

D2 Greater than 18 degrees 10.0 10.0 12.0 

E: SURFACE OF REHABILITATED LAND 

E1 Pasture and grasses 
 

549.82 
 

E2 Native forest/ecosystems 65.2 65.2 65.2 

E3 Plantations and crops 0.0 0.0 0.0 

E4 Other (include non-vegetative outcomes) 0.0 0.0 0.0 
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Table 39 Summary of Rehabilitation Quantities 

  
 

DA 305-11-01 

 

Previous Reporting Period 

Current Reporting 

Period 

Next Reporting 

Period (estimated) 

Material 

 

Approval limits 

 

January 2011 – 

December 2011 

 

January 2012 – 

December 2012 

 

January 2013 – 

December 2013 

 

January 2014 – 

December 2014 

Topsoil stripped (m3) N/A 38,102 33,520 42,000 88,000 

Topsoil used/spread (m3) N/A 53,000 33,420 51,000 60,000 

Waste rock (m3) N/A 41,703,918 39,100,464 39,209,255 39,975,062 

ROM Coal (tonnes) 8,000,000 6,824,944 6,868,258 7,123,490 6,763,365 

Processing waste (coarse and fine 

reject) (tonnes) 

 

N/A 

 

2,232,414 

 

2,227,300 
2,413,377 2,353,043 

Product coal (tonnes) 8,000,000 4,610,603 4,509,770 4,710,113 4,410,322 

 

Areas rehabilitated shaped and rehabilitated during 2013 are also presented in AEMR Plan 4 – Mining Activities and 

Rehabilitation. The following tables outline rehabilitation undertaken for each area completed in 2012. 

 

The rehabilitation undertaken can be broken down into eight specific areas based on location and time of rehabilitation. The 

following Tables 40 to 47 provide a summary of the rehabilitation works completed in these areas.  

 

Table 40 2013 Area 1   

Domain D4 Reveg Date: 13 Sept. 2013 Area: 3.8ha 

Name: Durham 210 Plateau 

Land Use: Temporary rehabilitation 

Seed/Plant Mix: Liddell summer pasture seed mix  

 

It is anticipated that this rehabilitation will be largely re-disturbed during capping operations of the final Durham tailings 

emplacement to the North West. Landform shaping completed in Quarter 2 2013 comprising flat plateau area rolling off 

short 8-10 degree slope on south western side. Surface water drainage for the area comprises of graded contour banks 

directing flow into 8% conveyance channel, an energy dissipation basin and then into a level spreader onto grassed area. 

Area rock raked, gypsum applied at 10T/ha (50% recycled and 50% natural mined) and area ripped to approx. 400mm over 

clay areas, no ripping of rocky areas. Chisel ploughed entire area prior to seeding which was undertaken immediately 

following site preparation. Liddell summer pasture seed mix applied using locally sourced seed (see Table 5.1 for details) 

with Granulock 15 fertilizer applied at 360kg/ha and organic Growth Medium (OGM) spread at 100t/ha.  

Status/Progress: Good strike rate and germination of cover crops. No significant erosion evident. Continue monitor and 

apply maintenance measures as necessary. 
 

Table 41 2013 Area 2 

Domain D4 Reveg Date: 28 March 2013 Area: 4.5ha 

Name: Durham 210  Eastern slope 

Land Use: Temporary Rehabilitation 

Seed/Plant Mix: Pasture seed mix (Cocksfoot (9kg/Ha), Wimmera Rye (10.8kg/Ha), Kangaroo Valley Rye (10.8kg/Ha), 

Setaria (9kg/Ha), Rhodes (5.4kg/Ha), Couch (5.4kg/Ha), Lucerne (9kg/Ha), Haifa Clover (9kg/Ha), Sephic medic (3.6kg/Ha), 

Seaton Park clover (5.4kg/Ha), Vetch (5.4kg/Ha), Puna Chickory (3.6kg/Ha), Plantain tonic (3.6kg/Ha). 

 

It is anticipated that this rehabilitation will be largely re-disturbed during capping operations of the final Durham tailings 

emplacement to the West. The area had previously been rehabilitated (topsoil, pasture seed) however not at final 

emplacement design height. The topsoil and vegetation on the area was stripped and stockpiled for rehabilitation 

immediately after final shaping was completed. Landform shaping completed in Quarter 1 2013 comprising 8-10 degree 

eastern facing slope. Surface water drainage for the area comprises of graded contour banks directing flow into 8% 

conveyance channel, an energy dissipation basin and then into a level spreader onto grassed area. Area rock raked and 

topsoil spread at 100mm thick; since the topsoil had already been ameliorated with gypsum during initial rehabilitation, 

no additional gypsum was required. Chisel ploughed entire area prior to seeding which was undertaken immediately 

following site preparation. A locally sourced pasture seed mix was applied (as above) with Granulock 15 fertilizer applied 

at 360kg/ha ). 

Status/Progress: Grass cover crops have established well after laying dormant for a short period of time. Good strike rate 

and germination of cover crops. No significant erosion evident. Continue monitor and apply maintenance measures as 

necessary. 
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Table 42 2013 Area 3 

Domain D4 Reveg Date: 30 Sept. 2013 Area: 9.9ha 

Name: Durham 210 South Eastern slope 

Land Use: Temporary Rehabilitation 

Seed/Plant Mix: Liddell summer pasture seed mix  

 

It is anticipated that this rehabilitation will be partly re-disturbed during capping operations of the final Durham tailings 

emplacement to the North West. Surface water drainage for the area comprises of graded contour banks directing flow 

into 8% conveyance channel, an energy dissipation basin and then into a level spreader onto grassed area. Area rock raked 

and topsoil spread at 100mm thick; Gypsum spread at 10t/ha (50% recycled and 50% natural mined). Chisel ploughed 

entire area prior to seeding which was undertaken immediately following site preparation. Liddell summer pasture seed 

mix applied using locally sourced seed (see Table 5.1 for details) with Granulock 15 fertilizer applied at 360kg/ha  

 

Status/Progress: Grass cover crops have established well after laying dormant for a short period of time. Good strike rate 

and germination of cover crops. No significant erosion evident. Continue monitor and apply maintenance measures as 

necessary. 

 

Table 43 2013 Area 4 

Domain D4 Reveg Date: 25 Sept. 2013 Area: 3.7ha 

Name: Durham 210 South Facing Slope 

Land Use: Temporary rehabilitation 

Seed/Plant Mix: Liddell summer pasture seed mix  

 

It is anticipated that this rehabilitation will be partly re-disturbed during capping operations of the final Durham tailings 

emplacement to the North West. Landform shaping completed in Quarter 3 2013 comprising of a short 8-10 degree slope 

between the RL210 and RL195 elevations. Surface water drainage for the area comprises of graded contour banks 

directing flow into 8% conveyance channel, an energy dissipation basin and then into a level spreader onto grassed area. 

Substrate and Topsoil have high levels of clay material (30-40%). Area rock raked with topsoiled spread at 100mm thick. 

Gypsum applied at 10T/ha (50% recycled and 50% natural mined) and area ripped to approx. 400mm over clay areas. 

Chisel ploughed entire area prior to seeding which was undertaken immediately following site preparation. Liddell 

summer pasture seed mix applied using locally sourced seed (see Table 5.1 for details) with Granulock 15 fertilizer applied 

at 360kg/ha .  

Status/Progress: Grass cover crops have established well after laying dormant for a short period of time.. Good strike rate 

and germination of cover crops. No significant erosion evident. Continue monitor and apply maintenance measures as 

necessary. 

 

Table 44 2013 Area 5 

Domain D3 Reveg Date: 4 April 2013 Area: 3.3ha 

Name: South Cut RL195  

Land Use: Habitat Corridor 

Seed/Plant Mix: Pasture seed mix (Cocksfoot (9kg/Ha), Wimmera Rye (10.8kg/Ha), Kangaroo Valley Rye (10.8kg/Ha), 

Setaria (9kg/Ha), Rhodes (5.4kg/Ha), Couch (5.4kg/Ha), Lucerne (9kg/Ha), Haifa Clover (9kg/Ha), Sephic medic (3.6kg/Ha), 

Seaton Park clover (5.4kg/Ha), Vetch (5.4kg/Ha), Puna Chickory (3.6kg/Ha), Plantain tonic (3.6kg/Ha). 

 

This current final landform use for this area is largely part of a habitat corridor across the landscape. This is often achieved 

in two stages by firstly establishing a cover crop then establishing native tree communities. Landform shaping completed 

in Quarter 2 2013 comprising of a softly undulating plateau. Substrate consists of typical rocky overburden. Area rock 

raked with local topsoil spread at 100mm thick. Recycled gypsum applied at 10T/ and area ripped to approx. 400mm. 

Chisel ploughed entire area prior to seeding which was undertaken immediately following site preparation. A locally 

sourced pasture seed mix was applied (as above) with Granulock 15 fertilizer applied at 360kg/ha ) and organic growth 

medium applied at 100t/ha. Once suitably advance and climatic conditions favourable, a tree seed mix will be spread to 

develop the habitat corridor community. 

Status/Progress: Excellent development of Lucerne crops.  No significant erosion evident. Continue monitor and apply 

maintenance measures as necessary. 
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Table 45 2013 Area 6 

Domain D3 Reveg Date: 15 Nov. 2013 Area: 9.0ha 

Name: South Cut RL195  

Land Use: Class V Pasture 

Seed/Plant Mix: Liddell summer pasture seed mix  

 

Landform shaping completed in Quarter 4 2013 comprising of gently undulating plateau along the RL195 elevation. Area 

rock raked and chisel ploughed prior to seeding which was undertaken immediately following site preparation with 

gypsum applied at 10T/ha. Liddell summer pasture seed mix applied using locally sourced seed (see Table 5.1 for details) 

with Granulock 15 fertilizer applied at 360kg/ha and organic Growth Medium (OGM) spread at 100t/ha.  

 

Status/Progress: Good strike rate and germination of cover crops with rain shortly after seeding. No significant erosion 

evident. Continue monitor and apply maintenance measures as necessary. 

 

Table 46 2013 Area 7 

Domain D3 Reveg Date: 8 Feb. 2013 Area: 1.9ha 

Name: South Cut RL195 Eastern Slope 

Land Use: Class V Pasture 

Seed/Plant Mix: Liddell summer pasture seed mix 

 

Landform shaping completed in Quarter 1 2013 comprising of east facing slope from the RL195 elevation down to RL180. 

Topsoil applied at 100mm thick and ripped to 400mm along the contours. Liddell summer pasture seed mix applied using 

locally sourced seed (see Table 5.1 for details) with Granulock 15 fertilizer applied at 360kg/ha.   

 

Status/Progress: Heavy rain shortly after seeding created minor rill erosion along the short slope. Established vegetation 

This reduced the plant strike rate considerably. Continue monitor and apply maintenance measures as necessary. 

 

Table 47 2013 Area 8 

Domain D6 Reveg Date: 9 Aug. 2013 Area: 25.2ha 

Name: Entrance Northern Slope 160-192RL 

Land Use: Temporary Rehabilitation 

Seed/Plant Mix: Liddell summer pasture seed mix  

 

It is anticipated that this rehabilitation will be largely re-disturbed during capping operations of the final Antiene and 

Reservoir tailings emplacement to the North. Landform shaping completed in Quarter 2 2013 comprising of stable north 

facing slope from RL160 level (adjacent two tailings emplacements) to RL192. Contour banks were constructed to control 

surface water drainage and will connect with a proposed drop structure to the west once landform shaping in that area is 

complete. Substrate consists of typical rocky overburden. Area rock raked with local topsoil spread at 100mm thick. The 

area was ripped to 400mm then shallow contour ripped to 150mm prior to seeding which was undertaken immediately 

following site preparation. Liddell summer pasture seed mix applied using locally sourced seed (see Table 5.1 for details) 

with Granulock 15 fertilizer applied at 360kg/ha. 

 

Status/Progress: Good strike rate and germination of cover crops with rain late November 2013. No significant erosion 

evident. Continue monitor and apply maintenance measures as necessary.  
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Figure 52 2013 Rehabilitated Areas 
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5.4 Other Infrastructure 
 

No infrastructure sites were decommissioned for rehabilitation.  

 

5.5 Rehabilitation Maintenance  
 

Rehabilitation areas are inspected monthly as part of the routine environmental inspection regime for LCO. Any identified 

issues such as weed infestations, erosion for example, is recorded and actions tracked as appropriate. LCO also engages a 

consultant to complete an annual inspection of all rehabilitation areas to assist in prioritising maintenance activities for the 

coming year. Rehabilitated areas are demarcated and signage is erected to ensure that they are clearly defined to prevent 

disturbance from plant and equipment working in close proximity to rehabilitation areas. Ground disturbance Permits are 

the management tool in place to prevent impact to rehabilitation areas when ground disturbing activities are taking place in 

close proximity to rehabilitation areas.  

 

Rehabilitation management and maintenance activities undertaken in the reporting period are summarised in Table 8. 

 

Table 48 Maintenance Activities on Rehabilitated Land 

 

 

 

Nature of Treatment 

Area Treated (ha) 

This Reporting 

Period 

Next Reporting 

Period 
Comment/control strategies/ treatment detail 

Additional erosion control works 

(drains re-contouring, rock protection) 
0 As required 

Erosion and sediment control works completed on 

an as required basis. 

Re-covering 

(detail - further topsoil, subsoil sealing etc) 

 

0 

 

As required 

 

Recovering works completed on an as required 

basis. 

Soil treatment 

(detail - fertiliser, lime, gypsum etc) 
14 0 

As identified through annual monitoring program of 

the Biodiveristy Trail Tree Areas (see section 5.7), 

Organic Growth Medium was applied to encourage 

flora development. 

Treatment/Management 

(detail - grazing, cropping, slashing etc) 

 

 

123 

 

 

123 

Mountain Block fenced and rotational grazing 

conducted. Reservoir block fenced with grazing trials 

currently being conducted. 

Re-seeding/Replanting 

(detail - species density, season etc) 
0 As required Reseeding works completed as required. 

Adversely Affected by Weeds 

(detail - type and treatment) 

 

 

 

25 

 

 

 

25 

Primarily targeting Galenia pubescens using foliar 

spray application of Glyphosate and Picloram based 

herbicide (refer below) 

Feral animal control 

(detail - additional fencing, trapping, baiting etc) 
200 200 

Wild dog baiting, pig trapping and open range 

shooting as per the Vertebrate Pest Control Program 

(refer below) 

 

 

Weed Management 

 

During 2013, Liddell Coal Operations undertook site weed management activities as a continuation of the 2012 Liddell Weed 

Action Plan 2012. During the development of the plan, a day long weed survey was undertaken across Liddell’s mining 

operation prior to the prioritising of weed management activities and the development of a detailed treatment schedule. 

LCO undertakes the weed control program in accordance with the site Rehabilitation Management Plan that was prepared 

in accordance with Schedule 3, Condition 30, of DA 305-11-01. 

 

To improve effectiveness of the weed management activities; it was determined that a more strategic approach to weed 

file://aucravsrv103/Liddell/01%20HSEC/02%20Environment/13%20Reporting/AEMR/2012%20AEMR/Final/260312_Liddell_Coal_AEMR_Final_MS_Word.docx%23_bookmark85
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management across the entire LCO operational and buffer lands (including trial grazing areas) should be developed.  

Therefore, a site wide approach to weed management was developed to ensure consistent and strategic weed management 

for native and pasture/agricultural areas.  Ecological Australia (ELA) was engaged to develop a Weed Management Strategy 

(WMS) with practical information relating to strategic weed management across LCO managed lands.   

 

The WMS involves the following: 

 

- The Weed Management Strategy (WMS) will incorporate both long term objectives (~20 years), and short-term 

weed control goals, and will be reviewed every 3 to 5 years.  

- Weed management issues / processes on rehabilitation areas (both native and pasture), remnant areas, and 

areas marked for future clearance 

- Identification of priority areas for weed control 

- Discussion / research in regard to best practice weed control and trials or experimental methods 

- Vehicle and equipment hygiene and control 

- Assessment of whether the project is complying with the relevant standards, performance measures and 

statutory requirements 

- Review the adequacy of any existing strategies / plans or recommendations to improve the environmental 

outcomes 

 

Weed control works were undertaken at LCO by Enright Land Management Pty Limited during the reporting period and are 

summarised in Table 49. 

 

Table 49 Weed control – target species 2013 

 

Weed species Scientific Name Legislative Listing Target Area 

African Boxthorn Lycium ferrocissimum Class 4 Noxious Weed Sporadic across the LCO site 

African Olive Olea europaea Environmental Weed Bowmans Creek 

Blackberry Rubus fruiticosus Class 4 Noxious Weed Hillcrest 

Bitou Bush Chrysanthemoides monilifera Class 4 Noxious Weed Slopes facing Lake Liddell 

Castor Oil Plant Ricinus communis Environmental Weed Old New England Hwy 

Coolatai Grass Hyparrhenia hirta Class 3 Noxious Weed Workshop and office areas 

Galenia Galenia pubescens Environmental Weed 
Sporadic across the LCO site Bowmans 

Creek 

Green Cestrum Cestrum parquai Class 3 Noxious Weed Bowmans Creek 

Inkbush Phytolacca octandra Environmental Weed Bowmans Creek 

Juncus Juncus acutus Class 4 Noxious Weed Bowmans Creek and Antiene dams 

Kei Apple Dovyalis caffra Class 4 Noxious Weed Bowmans Creek 

Lantana Lantana species Class 4 Noxious Weed Bowmans Creek 

Mother of Millions Bryophyllum delagoense Class 3 Noxious Weed Bowmans Creek and Chain of Ponds Creek 

Noogoora Burr Xanthium occidentale Class 4 Noxious Weed Bowmans Creek 

Pampas Grass Cortaderia selloana Class 4 Noxious Weed Sporadic across the LCO site 

Patersons Curse Echium plantagineum Class 4 Noxious Weed Bowmans Creek 

Prickly Pear Opuntia species Class 4 Noxious Weed Bowmans Creek 
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Weed species Scientific Name Legislative Listing Target Area 

St John’s Wort Hypericum perforatum Class 4 Noxious Weed Bowmans Creek 

Tiger Pear Opuntia aurantiaca Environmental Weed Bowmans Creek 

Tree tobacco Nicotiana glauca Environmental Weed CHPP and Antiene dams 

White Cedar Melia azedarach Special Interest Sporadic across the LCO site 

Willows Salix species Class 5 Noxious Weed Bowmans Creek 

 

Vertebrate Pest Control 

 

Vertebrate pest control is undertaken in consultation with the NSW Local Land Services, the Hebden Wild Dog Association 

and neighbouring landholders. Programs to control vertebrate pests include the determination of appropriate control 

practices, consultation with appropriate authority, obtaining appropriate approvals, implementing control practice and 

undertaking follow-up monitoring and control as required. 

LLS  

 

If monitoring shows a substantial increase in the density of any known vertebrate pest species or the occurrence of a 

previously unrecorded species is discovered, LCO will seek expert advice on the management and control options for that 

species and endeavour to minimise its impact on native flora and fauna. 

 

A Vertebrate Pest Control Program was carried out on a seasonal basis (Winter, Autumn and Spring) by Enright Land 

Management Pty Limited during the reporting period. Each season, the results from the previous program (along with any 

focused control required) are considered to plan the following control program. As with previous control programs, the 2013 

vertebrate pest control program was based on a comprehensive baiting program to target wild dogs and foxes using meat 

baits injected with sodium monoflouroacetate (commonly known as 1080) traps were utilised for both feral pigs and cats in 

the area. Open range shooting was also used to control pest species including kangaroos, foxes, wild dogs, pigs, cats, rabbits 

and hares.  

 

Table 50 summarises the vertebrate pest control undertaken at LCO during the reporting period. 

 

Table 50 2013 Vertebrate Pest Control Summary 

 

 

Season 

Total lethal 

baits laid 

 

Wild dog 

takes 

 

Fox takes/Open 

Range 

Non-target 

species takes 

Pig trapping 

results 

Cat trapping 

results 

Kangaroo Open 

Range 

Rabbit/Hare Open 

Range 

Autumn 175 8 40 12 22 0 0 30 

Winter 0 0 1 0 8 2 178 25 

Spring 152 10 20 2 2 0 22 0 

TOTAL 327 18 61 14 32 2 200 55 

 

 

5.6 Rehabilitation Trials and Research 
 

Biodiversity Rehabilitation Trial (Carbon Based Environmental, August 2012) 

 

This rehabilitation project aims to establish two ecological communities over a 16 ha area of overburden, at Liddell Coal 

Mine. Of the 16 ha, 8 ha was seeded with a Central Ironbark, Spotted Gum, Grey Box Forest community seed mix (Area 1). 

The second 8 ha was seeded with a Central Hunter Grey Box, Ironbark Woodland community seed mix (Area 2). Both areas 

received the same preparation treatments which included the application of 5 t/ha of Gypsum, 2 t/ha of Cal-S, 2 t/ha of lime 

and 120 t/ha of the composted soil conditioner Organic Growth Medium (OGM).  

 

Initial monitoring of the rehabilitation areas conducted in 2012, six months after seeding to assess germination, found that 

germination rates of the tree species for both ecological communities were promising (Biodiversity Rehabilitation Trial at 

Liddell Coal, 2012). Grass species included in respective seed mixes were evident at both sites, however there appeared to 

be a lack of shrub species establishing.  
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At the time of the 2012 monitoring, Area 1 was dominated by Japanese Millet. Area 2 appeared sparser with respect to 

vegetation establishment, yet species diversity was higher at this site than for Area 1.  

 

Monitoring of the same sites was conducted in 2013. Results from the 2013 monitoring showed an increase in tree numbers 

and growth for both Area 1 and Area 2. The majority of tree species for both seed mixes had germinated and were 

establishing. Some, but not all shrub, herb and grass species from both seed mixes were also establishing.  

 

Area 1 was no longer dominated by Japanese Millet, and tree growth and establishment had increased significantly since 

2012. In 2012, 31 tree seedlings were observed within the monitoring quadrat. This had increased to 132 in 2013, of which 

127 were eucalypts (Corymbia maculata, Eucalyptus tereticornis, Eucalyptus moluccana, and Eucalyptus fibrosa. A few 

Eucalyptus citriodora were also observed) and 5 were acacias (Acacia parvipinnula and Acacia falcata). No acacia seedlings 

had been observed within the quadrat in 2012, although they were present within the trial area adjacent to the monitoring 

plot. The shrub Bursaria spinosa subsp. Spinosa which had not previously been observed was observed within the 

monitoring quadrat in 2013. Of the 17 species in the seed mix, 8 were confirmed to have established within the monitoring 

quadrat.  

 

The location of the monitoring quadrat for Area 2 was on a slope that had become colonised with the perennial weed 

galenia since last monitored in 2012. The area of the trial on the flat land, adjacent the monitoring, site had established to a 

greater extent than the area on the slope where the monitoring site was located. However, despite the infestation of 

galenia, tree growth and establishment had increased within the monitoring quadrat since 2012. In 2013, 168 trees were 

observed within the monitoring quadrat compared with 48 in 2012. Of the 168 trees/seedlings observed, 123 were 

eucalypts (Eucalyptus moluccana, Eucalyptus crebra and Angophora floribunda) and 45 were acacias (predominately Acacia 

pendula, however a number of Acacia saligna were present). The shrub Dodonaea viscosa, which was not obseverd in 2012, 

was also establishing well in 2013. Although not observed in the monitoring quadrat, a Kurrajong seedling (Brachychiton 

populeneus) was observed in the surrounding trial area. Of the 20 species in the seed mix, 9 were observed within the 

motioning quadrat, and 2 others were confirmed to be within the surrounding trial area. 

 

Initial soil analyses for both Areas 1 and 2 indicated that the growth mediums (soils) of both areas were sodic, alkaline and 

slightly saline. Following treatment with soil ameliorants, the CEC increased along with the levels of available phosphorous 

and organic matter in the soil. Conductivity also increased, most probably due to the increased levels of calcium and sulphur 

in the soil as a result of application of gypsum and Cal-S and the addition of the organic ameliorant OCM. Results from the 

2013 soil analyses show that the soil chemistry is moving back towards pre-treatment levels, with pH being slightly alkaline, 

and conductivity and CEC decreasing slightly, and ESP moving towards more desirable levels. (Soil nitrate and phosphorous 

levels have decreased since 2012. 

 

LFA indices for stability, infiltration and nutrient recycling all remain relatively unchanged since 2012, and are low. As the 

sites are immature rehabilitation sites on relatively fresh overburden from mining activities, the low LFA results were not 

unexpected. It is hoped that over time as the sites mature, the LFA indices will improve. 

 

Overall, germination rates of the tree species are promising for both seed mixes with 7 of the 8 tree species included in the 

Area 1 seed mix being observed, and 5 of the 7 tree species in the Area 2 seed mix observed. Allocasuarina luehmannii 

(Bulloak) was included in both seed mixes, and has yet to be observed within either of the trial areas. It is the only tree 

species included in the Area 1 seed mix to have not yet been observed. Callitris endlicheri (Black Cypress Pine) was included 

in the Area 2 seed mix and has yet to be observed. However, Brachychiton populeneus (Kurrajong) which was included in the 

Area 2 seed mix, has not been observed within the Area 2 monitoring quadrat, although a small seedling was observed 

within the wider Area 2 trial area. Germination of the understory shrub, grass and herb species was not as prevalent as for 

the tree species.  

 

 Figure 53  Area 1 in 2012 (left) and 2013 (right) 
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Figure 54 Area 2 in 2012 (left) and 2013 (right) 

 

 

5.7 Further Development of the Final Rehabilitation Plan 
 

LCO currently operates under an approved Mining Operations Plan including a final landform design.  

 

LCO is in the process of a modification to DA305-11-01 to extend the mining footprint within the current DA and Mining 

Lease 1597 boundaries. An environmental assessment to support the application has been prepared and is going through 

the necessary approval process. Due to obvious changes associated with extending the open cut, a new final landform and 

associated rehabilitation strategy has been developed for approval as part of the modification. The proposed rehabilitation 

strategy for the Project, is being developed in consideration of a number of factors including site opportunities and 

constraints, ecological and rural land use values and existing strategic land use objectives. In particular, the strategy 

considers the integration of rehabilitation at LCO with the strategies developed for surrounding operations within the 

Greater Ravensworth Area.  

 

The overall objectives of the proposed post-mining land use design are: 

 

- to contribute to effective native corridors through the area which promote fauna movements between 

Ravensworth Operations, Mt Owen Complex, Lake Liddell and the Ravensworth  Operations Hillcrest Offset Area; 

- to maintain and provide additional suitable habitat for the spotted-tailed quoll (Dasyurus maculatus maculatus) 

identified during fauna monitoring programs in 2012, particularly around the Bowmans Creek area; 

- to provide opportunities for future agricultural activities such as sustainable grazing; 

- to improve the visual amenity of the area; and 

- not to preclude other potential post mining land use options should they be determined to be viable and 

preferable as part of the detailed mine closure planning process that commences at least five years prior to the 

planned cessation of mining.  

 

Pending the outcome of the DA modification approval, the final landform design may change and will be reported in detail in 

a revised Mine Operations Plan for the site. 
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6 Activities Proposed in Next AEMR Period 
 

All activities proposed in the next AEMR period will be consistent with the MOP that was approved by DPI on 24th April 

2008. According to the guidelines for AEMRs (Department of Trade & Investment, undated), three plans are required for 

submission with the AEMR. The plans are to be current at the end date of the reporting period, of the same scale and with 

equivalent information to Plan 3 Land Preparation, Plan 4 Proposed Mining Activities and Plan 5 Proposed Rehabilitation of 

the current MOP. These plans are included in Appendix I, with the Proposed Mining Activities and Proposed Rehabilitation 

Plans being displayed as one consolidated plan. 

 
6.1 Targets for Next Reporting Period 
 

Consistent with the Liddell Coal SD Plan, key targets for the next reporting period include but are not limited to: 
 

- compliance with regulatory requirements during mine operation; 
 

- continued improvement of the current real time dust and noise monitoring network for improved operational control; 
 

- conduct Noise Management and Dust Management TARP training with appropriate personnel onsite; 
 

- continued Implementation of the site energy savings action plan (ESAP); 
 

- continual review and update of the mine’s EMS; 
 

- continue progressing approval of modification to DA 305-11-01 to allow for the extension of mining activities; 

 
- continue  pipeline monitoring and inspection system; 

 
- design and construct a new bioremediation area in pit for the containment and treatment of contaminated waste; 

 

- continued implementation and improvements to Water Management TARP; 
 

- continued implementation of site weed management strategy with a focus on systematic weed management within, 

but not limited to rehabilitated areas; 
 

- continue site wide vertebrate pest management program; 
 

- develop an additional 61 hectares of rehabilitated pasture and grassland; 
 

- review and update final landform design and mine closure criteria for Life Of Mine; 
 

- develop and implement hydrocarbon spill control training program; 
 

- conduct CCC meetings as scheduled; 
 

- distribute LCO community newsletters as scheduled; 
 

- implement recommendations from environmental inspections and audits; and 
 

- continue to support community initiatives in accordance with LCO’s Social Involvement Plan. 
 

The continual review of environmental performance is critical to ensuring on-going improvement in environmental 

performance. Environmental performance is assessed in the following manner: 
 

- annual planning and budgeting; 
 

- annual review and development of environmental targets and improvement programs by management team and 

other key personnel; 
 

- development of key environmental performance indicators aligned with overall business objectives; 
 

- continual review of environmental monitoring data; 
 

- environmental inspections; 
 

- a scheduled program of internal and external environmental auditing; and 
 

- participation in a variety of environmental and community forums 
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qê~áå iç~ÇáåÖ oÉéçêí

a~íÉW NLMNLOMNP íç PNLNOLOMNP

páíÉW iáÇÇÉää `ç~ä j~êâÉíáåÖ míó iáãáíÉÇ

a~í~ êÉíêáÉîÉÇ çåW cêá g~å NM NNWQRWPR OMNQ m~ÖÉW N

`WyrëÉêëy~Ä~ääyaÉëâíçéyqê~áåiç~ÇáåÖoÉéçêíKêéí

qê~áå kç sÉëëÉä k~ãÉ ^êêáî~ä qáãÉ

iç~Ç

pí~êí

iç~Ç båÇ

qáãÉ níó aìê~íáçå Eãáå iç~Ç o~íÉ EqLeêF

iaOTS lhfk^t^ NLNLOMNP NOWMM ~ MNWMM ~ UISVM SM UISVM
iaPPU lhfk^t^ OLNLOMNP NOWNV ~ MOWPR ~ UIVNP NPS PIVPO
iaORU kloa p^qrok TLNLOMNP MRWOQ é MTWOT é TIVVT NOP PIVMN
iaPPS kloa p^qrok TLNLOMNP NNWOR é MNWPO ~ UITSN NOT QINPV
iaOVS kloa p^qrok ULNLOMNP MVWNV é NNWNV é UIPUV NOM QINVR
iaPUQ kloa p^qrok VLNLOMNP MOWRM ~ MQWRV ~ UIPRU NOV PIUUT
iaNSS kloa p^qrok VLNLOMNP MVWMV ~ NNWOP ~ UIQPO NPQ PITTS
iaOMU kloa p^qrok VLNLOMNP MPWMT é MRWOP é UIRMT NPS PITRP
iaOQM kloa p^qrok VLNLOMNP MSWMQ é MUWMV é UIRRO NOR QINMR
iaPQQ kloa p^qrok VLNLOMNP NMWMR é NOWNM ~ UISOS NOR QINQM
iaNPM rkfqba ^asbkqrob NMLNLOMNP MRWRN ~ MTWRU ~ UIPQT NOT PIVQP
iaNUS prkofpb p^irqb NMLNLOMNP NOWNP é MOWOO é UIQST NOV PIVPU
iaPTS rkfqba ^asbkqrob NNLNLOMNP MOWQU ~ MQWRT ~ UIOQR NOV PIUPR
iaNSS rkfqba ^asbkqrob NNLNLOMNP NMWQO ~ NOWRO é UISRN NPM PIVVP
iaOSQ rkfqba ^asbkqrob NNLNLOMNP MRWPS é MTWRN é UISTU NPR PIURT
iaPNU rkfqba ^asbkqrob NNLNLOMNP NMWPR é NOWQP ~ UIQUT NOU PIVTU
iaNUM prkofpb p^irqb NOLNLOMNP MNWOP é MQWMT é UIPNN NSQ PIMQN
iaOTQ rkfqba ^asbkqrob NOLNLOMNP MVWNT é NNWPU é UIRVO NQN PISRS
iaPSQ rkfqba ^asbkqrob NPLNLOMNP MOWNT ~ MQWOP ~ UISVS NOS QINQN
iaPUU rkfqba ^asbkqrob NPLNLOMNP MSWNT ~ MUWOO ~ UIQOT NOR QIMQR
iaONM pfk`bob mfp`bp NPLNLOMNP MNWRR é MQWMQ é UIROS NOV PIVSS
iaOSU rkfqba ^asbkqrob NPLNLOMNP MQWRV é MTWMS é UIRTR NOT QIMRN
iaPOU j^qprro^ NQLNLOMNP NMWNV é NOWQQ ~ UIUPT NQR PISRT
iaOSM pqbii^o k^sfd^qlo NRLNLOMNP MRWNM é MTWOM é UITSM NPM QIMQP
iaPPM pqbii^o k^sfd^qlo NRLNLOMNP MVWOO é NNWPU é VIOUO NPS QIMVR
iaNPM `lolk  ̂ nrbbk NSLNLOMNP MRWMM ~ MTWRO ~ VIOTV NTO PIOPT
iaNVU `lolk  ̂ nrbbk NSLNLOMNP NOWQM é MOWRR é VIORO NPR QINNO
iaOQM `lolk  ̂ nrbbk NSLNLOMNP MQWMN é MSWNV é UIRUP NPU PITPO
iaPMO elrvl NSLNLOMNP MTWRQ é NMWNO é UIURP NPU PIUQV
iaPPU elrvl NSLNLOMNP NNWPQ é MNWQM ~ UISPQ NOS QINNO
iaNPO `lolk  ̂ nrbbk NTLNLOMNP MTWQR ~ NMWMS ~ UISQM NQN PISTS
iaNNQ dil_^i pmibkalro NVLNLOMNP MRWNQ ~ MTWPT ~ VIOTP NQP PIUVN
iaOMS mobqqv NVLNLOMNP MOWRT é MRWNQ é UIUON NPT PIUSP
iaOTS mobqqv NVLNLOMNP MTWNO é MVWOM é UIQSV NOU PIVTM
iaOPQ prfdl ONLNLOMNP MPWMR é MRWNS é UIUMT NPN QIMPQ
iaPNM prfdl OOLNLOMNP NOWMM ~ MNWMM ~ UITTV SM UITTV
iaORM `lolk  ̂ ^`b OPLNLOMNP NOWMM ~ MNWMM ~ VIOSQ SM VIOSQ
iaPNM elhrofhr j^or NOWMM ~ MNWMM ~ UIROR SM UIROR
iaNUU elhrofhr j^or OQLNLOMNP NOWMM ~ MNWMM ~ UIRRQ SM UIRRQ
iaNQQ `lolk  ̂ ^`b OQLNLOMNP MRWRU ~ MUWOQ ~ VIOSP NQS PIUMT
iaORU `lolk  ̂ ^`b OQLNLOMNP MRWMT é MTWPO é VIPMN NQR PIUQV
iaPRQ pq^il OSLNLOMNP MOWQN ~ MQWQQ ~ UINRS NOP PIVTU
iaONS o^fgr OTLNLOMNP MPWQN é MSWMV é UITSM NQU PIRRN
iaNSO q^orj^bp^k j^or OLOLOMNP MVWNQ ~ NNWPU ~ UISRS NQQ PISMT
iaONS qtfkhib p^irqb PLOLOMNP NOWPN é MOWPT é UIRPU NOS QIMSS
iaPRO qtfkhib p^irqb QLOLOMNP MOWRM ~ MRWMP ~ UIPQR NPP PITSR
iaNTQ q^orj^bp^k j^or QLOLOMNP MVWPT ~ NNWQV ~ UITPS NPO PIVTN
iaPRS p^fhl SLOLOMNP NOWMM ~ MNWMM ~ UISQU SM UISQU
iaPMQ p^fhl TLOLOMNP NOWMM ~ MNWMM ~ UIUQQ SM UIUQQ
iaPQQ pefo^o^ NMLOLOMNP NOWMM ~ MOWQN ~ VIOTO NSN PIQRS
iaNQO p^fhl NOLOLOMNP MTWRM ~ MVWRU ~ UIUQS NOU QINQT
iaNNO colkqfbo ^j_fqflk NULOLOMNP MQWQQ ~ MTWMS ~ VINOO NQO PIURQ
iaNUS colkqfbo ^j_fqflk NULOLOMNP NOWNT é MOWOT é UIROO NPM PIVPP
iaOVU colkqfbo ^j_fqflk NULOLOMNP MTWPN é MVWQS é UISVS NPR PIUSR
iaORS pefk p^kvl j^or OSLOLOMNP NOWMM ~ MNWMM ~ UISPS SM UISPS
iaNMO pefk p^kvl j^or OSLOLOMNP MQWNS ~ MSWPS ~ UIRTQ NQM PISTR
iaNTS kpp bkab^slo OTLOLOMNP NOWRM é MPWMU é UISSP NPU PITST
iaORM kpp bkab^slo OTLOLOMNP MQWOP é MSWQM é VIMQT NPT PIVSO
iaOUS kpp bkab^slo OTLOLOMNP MUWQS é NNWNN é UIRRO NQR PIRPV
iaPNQ kpp bkab^slo PLPLOMNP NOWPT ~ MOWQN ~ UIMVT NOQ PIVNU
iaPSU kpp bkab^slo PLPLOMNP MRWPN ~ MUWPR ~ UISVT NUQ OIUPS
iaOVS elhrofhr j^or PLPLOMNP MSWPM é MUWRQ é VIQQT NQQ PIVPS
iaPUM kpp bkab^slo QLPLOMNP MPWNS ~ MQWPU ~ UIOTQ UO SIMRQ
iaNQU jfwrk^df ff QLPLOMNP MUWOR ~ MVWPM ~ UIMVV SR TIQTS
iaPOS jfwrk^df ff QLPLOMNP MVWOT é NMWOT é TIVRR SM TIVRR
iaNVU jfwrk^df ff RLPLOMNP MOWRP é MRWNT é UIRQN NQQ PIRRV
iaPSS elhrofhr j^or SLPLOMNP MNWMM ~ MPWNS ~ VINPP NPS QIMOV
iaNOO jfwrk^df ff SLPLOMNP MSWNS ~ MUWOU ~ UITPR NPO PIVTM
iaPNU avk  ̂ `o^kb SLPLOMNP NMWOQ é NOWPT ~ UISPU NPP PIUVT



qê~áå iç~ÇáåÖ oÉéçêí

a~íÉW NLMNLOMNP íç PNLNOLOMNP

páíÉW iáÇÇÉää `ç~ä j~êâÉíáåÖ míó iáãáíÉÇ

a~í~ êÉíêáÉîÉÇ çåW cêá g~å NM NNWQRWPR OMNQ m~ÖÉW O

`WyrëÉêëy~Ä~ääyaÉëâíçéyqê~áåiç~ÇáåÖoÉéçêíKêéí

qê~áå kç sÉëëÉä k~ãÉ ^êêáî~ä qáãÉ

iç~Ç

pí~êí

iç~Ç båÇ

qáãÉ níó aìê~íáçå Eãáå iç~Ç o~íÉ EqLeêF

iaNRQ avk  ̂ `o^kb TLPLOMNP NNWOO ~ MNWPT é UIOUR NPR PISUO
iaPPM `lolk  ̂ glvcri TLPLOMNP MPWPN ~ MRWRR ~ VIORV NQQ PIURU
iaNOS bfdbk VLPLOMNP NOWMM ~ MNWMM ~ VIONS SM VIONS
iaPRQ `lolk  ̂ glvcri NOWMM ~ MNWMM ~ UITVM SM UITVM
iaNUS `lo^i ofkd NSLPLOMNP NNWPO ~ MNWQO é VIMRR NPM QINTV
iaONU `lo^i ofkd NSLPLOMNP MOWMO é MQWNV é UIUMU NPT PIURU
iaPMS `lo^i ofkd NSLPLOMNP MVWOU é NNWQN é VIPVN NPP QIOPT
iaPOO `lo^i ofkd NTLPLOMNP NOWMM ~ MNWMM ~ UINVU SM UINVU
iaNTQ `lo^i ofkd NTLPLOMNP NNWRP ~ MOWNV é VIOSU NQS PIUMV
iaOVQ `lo^i ofkd NTLPLOMNP MVWOQ é NNWQR é UIRTN NQN PISQT
iaPTQ `lo^i ofkd NULPLOMNP MPWQS ~ MSWNS ~ VITVS NRM PIVNU
iaNOO e p ` NULPLOMNP MUWRV ~ MNWQO é UIQTS OUP NITVT
iaORQ `K pK lifsb NULPLOMNP MTWNQ é MVWOT é VIPVP NPP QIOPT
iaOUQ e p ` NULPLOMNP NMWMN é NOWNQ ~ UIQMR NPP PITVO
iaPOS e p ` NVLPLOMNP MOWMM ~ MQWMT ~ TIUMR NOT PISUT
iaONQ p^db p^dfqq^ofrp NVLPLOMNP MTWNR é MVWOT é VIMQV NPO QINNP
iaPRS p^db p^dfqq^ofrp OMLPLOMNP MNWOT ~ MPWPV ~ UIVRT NPO QIMTN
iaPUS p^db p^dfqq^ofrp OMLPLOMNP MRWOO ~ NMWQM ~ VIMQS PNU NITMT
iaNTO k^k^rjf OMLPLOMNP MNWMT é MPWQM é VIRVS NRP PITSP
iaOSS e^hrvl OMLPLOMNP MQWRN é MTWMT é UIVRR NPS PIVRN
iaPUM e^hrvl ONLPLOMNP MOWQT ~ MRWMP ~ UIVOR NPS PIVPT
iaNSQ e^hrvl ONLPLOMNP NMWQM ~ MNWPM é UIVVN NTM PINTP
iaNVQ j^mib t^sb OPLPLOMNP NOWMM ~ MNWMM ~ UISUN SM UISUN
iaNSM `K pK lifsb OPLPLOMNP MTWQV ~ NMWOO ~ UIVOO NRP PIQVV
iaOUO `K pK lifsb OPLPLOMNP MTWQM é NMWMN é VIORS NQN PIVPV
iaPOS p^fhl OQLPLOMNP NNWNN é MNWOM ~ UIQVM NOV PIVQV
iaNVO p^fhl ORLPLOMNP NOWRM é MPWMP é UIOVP NPP PITQN
iaPSM j^mib t^sb ORLPLOMNP NNWRU é MOWMV ~ UIVOS NPN QIMUU
iaORU j^mib t^sb OSLPLOMNP MRWNU é MTWPN é VINMQ NPP QINMT
iaPTQ kpp do^kabro PMLPLOMNP MPWNQ ~ MRWPP ~ UIQMU NPV PISOV
iaNVO kpp do^kabro PMLPLOMNP NNWOR ~ MNWPR é UIQVQ NPM PIVOM
iaORM kpp do^kabro PMLPLOMNP MQWQN é MSWQU é UIROP NOT QIMOT
iaNMQ ofk vl SLQLOMNP NOWMM ~ MNWMM ~ UISSV SM UISSV
iaOPS ofk vl NOWMM ~ MNWMM ~ UITRO SM UITRO
iaNTQ ofk vl SLQLOMNP NMWOT ~ NOWQU é UITUM NQN PITPS
iaOUO ofk vl TLQLOMNP NOWMM ~ MNWMM ~ UIUNU SM UIUNU
iaPNU ofk vl TLQLOMNP NOWQT ~ MOWON ~ UITTO VQ RIRVV
iaNQM ofk vl TLQLOMNP MTWPQ ~ MVWQU ~ UITOS NPQ PIVMT
iaOPQ ofk vl TLQLOMNP MOWPP é MQWQT é VIOSR NPQ QINQU
iaPSQ ofk vl ULQLOMNP MOWOT ~ MQWQU ~ UISQV NQN PISUM
iaOUQ h^qpro^ ULQLOMNP MSWON é MUWPP é UIUMO NPO QIMMN
iaPPO h^qpro^ ULQLOMNP NNWQQ é MNWRQ ~ UIVRQ NPM QINPP
iaPTO h^qpro^ VLQLOMNP MPWNR ~ MRWPR ~ UIVMP NQM PIUNR
iaOUQ m^`fcf` hfkakbpp VLQLOMNP MSWOV é MVWMP é VIOUP NRQ PISNT
iaNRO m^`fcf` hfkakbpp NMLQLOMNP NMWQO ~ NOWRS é VIPON NPQ QINTP
iaORS m^`fcf` hfkakbpp NMLQLOMNP MPWMR é MRWOV é UISQT NQQ PISMP
iaPNM jfwrk^df ff NMLQLOMNP MVWQQ é NNWQS é UITUS NOO QIPON
iaNQM _rih qfq^k NNLQLOMNP MTWNN ~ MVWON ~ UIVUT NPM QINQU
iaPNS `lo^i or_v NNLQLOMNP MVWOV é NNWPV é UIUVQ NPM QINMR
iaPOO `lo^i or_v NOLQLOMNP MVWNN é NNWPP é VIPRM NQO PIVRN
iaNOS `lo^i or_v NPLQLOMNP MSWNS ~ MUWOU ~ UIRVO NPO PIVMR
iaPTQ jfwrk^df ff NQLQLOMNP MOWNQ ~ MQWPM ~ VIONP NPS QIMSR
iaNOQ jfwrk^df ff NQLQLOMNP MUWNO ~ NMWPV ~ UIUMT NQT PIRVR
iaOMO jfwrk^df ff NQLQLOMNP NOWPO é MOWRO é VIMMM NQM PIURT
iaOTS jfwrk^df ff NQLQLOMNP MSWQR é MUWRT é UITTQ NPO PIVUU
iaPMO pefk p^kvl j^or NRLQLOMNP NOWMM ~ MNWMM ~ UITPQ SM UITPQ
iaNSQ pefk p^kvl j^or NRLQLOMNP NMWQQ ~ NOWRQ é UIVUS NPM QINQT
iaOMQ pefk p^kvl j^or NRLQLOMNP MNWQN é MQWNM é UITVV NQV PIRQP
iaOUS pefk p^kvl j^or NRLQLOMNP MSWNU é MUWQO é VIONR NQQ PIUQM
iaPUU pefk p^kvl j^or NSLQLOMNP MSWQN ~ MVWMU ~ UIQRT NQT PIQRO
iaNUS pefk p^kvl j^or NSLQLOMNP NOWOM é MOWOV é UITRN NOV QIMTM
iaOSQ pefk p^kvl j^or NSLQLOMNP MSWPR é MUWRM é UIUPS NPR PIVOT
iaPNS j^e  ̂ ^klpe^ NSLQLOMNP NMWPN é MNWPO ~ UISNP NUN OIURR
iaPTU `efk  ̂ pqbbi fksbpql NVLQLOMNP MOWRV ~ MRWOM ~ UIVMM NQN PITUT
iaPUS `efk  ̂ pqbbi fksbpql OMLQLOMNP MQWNR ~ MSWOT ~ VIOOT NPO QINVQ
iaNUM pefo^hrjl ONLQLOMNP MVWNN ~ NNWPT ~ UIUMU NQS PISOM
iaNQO kbt pq^db OPLQLOMNP MSWON ~ MUWPS ~ UITNS NPR PIUTQ
iaNVU kbt pq^db OPLQLOMNP NOWNO é MOWOT é UIVUQ NPR PIVVP
iaORM j^fwror a^fhlhr OQLQLOMNP MUWNU é NMWQV é UIPTR NRN PIPOU
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iaNSS j^fwror a^fhlhr ORLQLOMNP MVWNR ~ NNWNU ~ UISSV NOP QIOOV
iaOOU pefo^hrjl OSLQLOMNP MNWQU é MQWMR é UISTO NPT PITVU
iaOTQ pefo^hrjl OSLQLOMNP MSWRS é MVWNR é UIVVQ NPV PIUUO
iaNVO q^`ef_^k^ OTLQLOMNP NMWRM ~ NOWRS é UITRN NOS QINST
iaORS q^`ef_^k^ OTLQLOMNP MPWQM é MRWRS é VINSM NPS QIMQN
iaPRM q^`ef_^k^ OTLQLOMNP NNWQM é MNWQU ~ UITMV NOU QIMUP
iaPUU q^`ef_^k^ OULQLOMNP MPWPS ~ MRWRS ~ VIOTS NQM PIVTR
iaNQO kpp cloqrkb OVLQLOMNP MSWPO ~ MUWRS ~ UISPO NQQ PIRVT
iaOMU `lo^i qlm^w OVLQLOMNP MNWNU é MQWPQ é UIRUM NVS OISOT
iaPRM `lo^i qlm^w OVLQLOMNP NOWMU ~ MOWNV ~ UITTU NPN QIMOM
iaNQM kpp cloqrkb PMLQLOMNP MTWNS ~ MVWPR ~ UITON NPV PITSQ
iaONM `lo^i qlm^w PMLQLOMNP NOWNQ é MOWOT é UIUMU NPP PIVTQ
iaOTU `lo^i qlm^w PMLQLOMNP MRWQQ é MUWMP é UIVSR NPV PIUTM
iaPOU kpp cloqrkb NLRLOMNP NOWMM ~ MNWMM ~ VIOQR SM VIOQR
iaNUO kpp cloqrkb NLRLOMNP MVWRU ~ NOWNS é VIPUV NPU QIMUO
iaOPO kpp cloqrkb NLRLOMNP MQWNU é MSWPR é UIRSN NPT PITQV
iaOUS kpp cloqrkb NLRLOMNP MTWPS é MVWRT é VIOMP NQN PIVNS
iaNUU kpp cloqrkb OLRLOMNP NOWPM é MOWRM é UIVSM NQM PIUQM
iaPMM kpp cloqrkb OLRLOMNP MTWNV é MVWPN é UIUTR NPO QIMPQ
iaPTU kpp cloqrkb PLRLOMNP MOWRQ ~ MRWOO ~ UIVRN NQU PISOV
iaNPS kpp cloqrkb PLRLOMNP MUWMN ~ NMWPS ~ UIVOV NRR PIQRS
iaPMM plvl PLRLOMNP NNWMN é MNWQQ ~ VIPMN NSP PIQOQ
iaPRQ plvl QLRLOMNP MOWOV ~ MQWPU ~ UIVMR NOV QINQO
iaPOS prkofpb p^irqb QLRLOMNP NNWNO é MOWMP ~ VIQVT NTN PIPPO
iaNSU p^kq  ̂ ir`f^ RLRLOMNP MUWPQ ~ NMWRT ~ UIUQT NQP PITNO
iaORO m^o^mli^ RLRLOMNP MRWOS é MTWQO é UIVMT NPS PIVOV
iaOVO p^kq  ̂ ir`f^ RLRLOMNP MVWQU é NOWNU ~ UIVSP NRM PIRUR
iaNNO p^kq  ̂ ir`f^ SLRLOMNP MRWQN ~ MTWRT ~ VIORN NPS QIMUN
iaOOU p^kq  ̂ ir`f^ SLRLOMNP MPWMQ é MRWOR é VINRQ NQN PIUVR
iaOUU p^kq  ̂ ir`f^ SLRLOMNP MUWQQ é NNWNP é VIOTP NQV PITPQ
iaPQM p^kq  ̂ ir`f^ SLRLOMNP NOWMM ~ MOWNS ~ VIOQT NPS QIMUM
iaNSO ebojbp fpi^ka TLRLOMNP MUWMT ~ NMWNT ~ UIUOR NPM QIMTP
iaONS ebojbp fpi^ka TLRLOMNP MPWOR é MRWQS é VIOSR NQN PIVQP
iaOMU p^kq  ̂ ir`f^ TLRLOMNP MSWNU é MVWMP é UIVNP NSR PIOQN
iaPRU ebojbp fpi^ka ULRLOMNP NOWQS ~ MPWMM ~ VIPNO NPQ QINTM
iaOPM m^o^mli^ ULRLOMNP MOWPP é MQWQO é UIRNR NOV PIVSN
iaOSS m^o^mli^ ULRLOMNP MRWRM é MUWMP é UIVNT NPP QIMOP
iaNOS m^o^mli^ VLRLOMNP MRWMM ~ MTWNP ~ VIPPU NPP QIONO
iaPQQ `lolk  ̂ colkqfbo VLRLOMNP NNWQT é MNWRT ~ VIMON NPM QINSQ
iaOTU qbkvl NMLRLOMNP MSWRQ é MVWOR é VIORV NRN PISTV
iaNMO qbkvl NNLRLOMNP MOWNV ~ MQWOU ~ UIRQO NOV PIVTP
iaOUO `lolk  ̂ colkqfbo NOLRLOMNP MTWNQ é NMWMT é VIONU NTP PINVT
iaNMQ vrofq^jlr NVLRLOMNP NOWMM ~ MNWMM ~ UIVRS SM UIVRS
iaNSS vrofq^jlr NOWMM ~ MNWMM ~ VINSQ SM VINSQ
iaNOO hbv erkqbo OMLRLOMNP MSWNV ~ MUWPM ~ VIOOP NPN QIOOQ
iaNQO `lolk  ̂ ^`b OMLRLOMNP MVWNT ~ NNWPP ~ VIPPS NPS QINNV
iaONU hbv erkqbo OMLRLOMNP MNWRQ é MQWPR é UIROM NSN PINTR
iaPTU hbv erkqbo ONLRLOMNP MPWQQ ~ MSWMR ~ VIQUQ NQN QIMPS
iaOMS `lolk  ̂ fkcfkfqv ONLRLOMNP NOWNT é MOWOQ é UIQVQ NOT QIMNP
iaNRU `lolk  ̂ fkcfkfqv OOLRLOMNP MVWMU ~ NNWOM ~ VIPQS NPO QIOQU
iaNTM `lolk  ̂ elofwlk OPLRLOMNP NNWPU ~ MOWNN é UITTN NRP PIQQM
iaOSU hbv erkqbo OPLRLOMNP MQWNT é MSWRP é VIRSN NRS PISTT
iaNQM t^h^v^j  ̂ j^or OQLRLOMNP MUWON ~ NNWNR ~ VIMST NTQ PINOT
iaOMQ t^h^v^j  ̂ j^or OQLRLOMNP MNWNO é MPWRP é UISSQ NSN PIOOV
iaNTM t^h^v^j  ̂ j^or ORLRLOMNP NMWMT ~ NOWOP é VIOUR NPS QIMVT
iaOOO t^h^v^j  ̂ j^or ORLRLOMNP MNWOT é MPWRN é VINMQ NQQ PITVQ
iaPRU t^h^v^j  ̂ j^or OSLRLOMNP MPWNT ~ MRWOP ~ UIVMP NOS QIOQM
iaNPU t^h^v^j  ̂ j^or OSLRLOMNP MTWNQ ~ MVWQU ~ UITOT NRQ PIQMM
iaOQU t^h^v^j  ̂ j^or OSLRLOMNP MOWRU é MRWNT é UIURN NPV PIUON
iaPSO t^h^v^j  ̂ j^or OTLRLOMNP NOWPP ~ MOWQM ~ UITPT NOT QINOU
iaNQM t^h^v^j  ̂ j^or OTLRLOMNP NMWRN ~ MNWNN é VIMVU NQM PIUVV
iaONQ kloqe cloqrkb fff OTLRLOMNP MNWRV é MQWNP é UISRT NPQ PIUTS
iaOTM pefk p^mmlol j^or PLSLOMNP MUWMT é NMWNU é VIOUV NPN QIORR
iaPMU pefk p^mmlol j^or PLSLOMNP NMWQP é NOWRN ~ UISNS NOU QIMPV
iaNVQ eb_bf rkfsbopb ULSLOMNP NNWPN ~ MNWPT é UITQS NOS QINSR
iaOQM eb_bf rkfsbopb ULSLOMNP MQWPQ é MSWRT é VINTP NQP PIUQV
iaPRQ eb_bf rkfsbopb ULSLOMNP MNWOM ~ MPWQM ~ UIUSS NQM PIUMM
iaOOO eb_bf rkfsbopb VLSLOMNP MNWNT é MPWRR é UIVTU NRU PIQNM
iaNQO eb_bf rkfsbopb NMLSLOMNP MSWRT ~ MVWOP ~ VIQMR NQS PIUSR
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iaPTQ eb_bf rkfsbopb NPLSLOMNP MNWPV ~ MPWRN ~ UIUPV NPO QIMNU
iaNOS ebolalqrp NPLSLOMNP MQWRV ~ MTWNO ~ VIOTV NPP QINUS
iaOMM ebolalqrp NPLSLOMNP NNWMO ~ MNWNS é UIVUN NPQ QIMOO
iaORO ebolalqrp NPLSLOMNP MSWPT é MVWNR é VINVV NRU PIQVP
iaOUM prkofpb p^irqb NPLSLOMNP MVWQS é NOWOS ~ VINUO NSM PIQQP
iaPTQ ebolalqrp NQLSLOMNP MNWOQ ~ MPWQS ~ UIQRP NQO PIRTO
iaNMU ebolalqrp NQLSLOMNP MUWOQ ~ NMWQM ~ UIRVM NPS PITVM
iaOPQ ebolalqrp NQLSLOMNP MPWRO é MSWOM é UIVSS NQU PISPR
iaPOO ebolalqrp NRLSLOMNP MNWOS ~ MPWRM ~ VIQQT NQQ PIVPS
iaNOM ebolalqrp NRLSLOMNP MQWRQ ~ MTWNR ~ VIMPT NQN PIUQS
iaNUM ebolalqrp NRLSLOMNP NOWMR é MOWON é UIQSM NPS PITPO
iaPUQ h^pefj  ̂ j^or NSLSLOMNP MOWRM ~ MRWMV ~ VIORV NPV PIVVT
iaNSS h^pefj  ̂ j^or NSLSLOMNP MVWNQ ~ NNWQM ~ VISQT NQS PIVSR
iaOPQ h^pefj  ̂ j^or NSLSLOMNP MOWNN é MQWPR é VIMRS NQQ PITTP
iaPNQ h^pefj  ̂ j^or NSLSLOMNP MVWNR é NNWPM é UIPSP NPR PITNT
iaNQQ h^pefj  ̂ j^or NTLSLOMNP MUWNU ~ NMWOT ~ UIQSR NOV PIVPT
iaNTU h^pefj  ̂ j^or NTLSLOMNP NMWRQ ~ MNWMR é UIPTO NPN PIUPR
iaOVQ h^pefj  ̂ j^or NTLSLOMNP MTWMN é MVWNV é UIUVT NPU PIUSU
iaOOQ `efk  ̂ pqbbi absbilm NULSLOMNP MOWOR é MQWPV é UIOPP NPQ PISUS
iaPNS `efk  ̂ pqbbi absbilm NULSLOMNP NOWNU ~ MOWOU ~ VIMPN NPM QINSU
iaPSS `efk  ̂ pqbbi absbilm NVLSLOMNP MPWPP ~ MRWQU ~ VIMNV NPR QIMMU
iaOOS qqj e^osbpq OOLSLOMNP MPWMR é MRWPN é VIRSP NQS PIVPM
iaPOO qqj e^osbpq OOLSLOMNP MVWNT é NNWPN é UIUVN NPQ PIVUN
iaPUQ qqj e^osbpq OTLSLOMNP MQWNM ~ MSWQM ~ VIONN NRM PISUQ
iaOPQ qf^k cr e^f OTLSLOMNP MNWOT é MPWQR é VIQSP NPU QINNQ
iaNOM qf^k cr e^f OULSLOMNP NOWMM ~ MNWMM ~ VIRTT SM VIRTT
iaPTU qf^k cr e^f OULSLOMNP MPWMV ~ MRWPM ~ UITST NQN PITPN
iaOOO qf^k cr e^f OULSLOMNP MOWQV é MRWQR é VIOQV NTS PINRP
iaOUS qf^k cr e^f OULSLOMNP MTWQU é NMWMQ é VIOOR NPS QIMTM
iaPOU qf^k cr e^f OULSLOMNP NOWMQ ~ MOWPV ~ VITST NRR PITUN
iaPMQ kpp cloqrkb OVLSLOMNP MUWRN é NNWMS é UIUOU NPR PIVOQ
iaOMQ kpp cloqrkb PMLSLOMNP NMWRV ~ MNWNT é UIRSV NPU PITOS
iaPRQ kpp cloqrkb NLTLOMNP NOWPQ ~ MPWMU ~ UIRUM NRQ PIPQP
iaOTO kpp cloqrkb NLTLOMNP MRWPV é MTWRU é VIMQO NPV PIVMP
iaOUS prfdl NLTLOMNP NMWPQ é NOWRT ~ VINUU NQP PIURR
iaOMM prfdl OLTLOMNP MNWOS é MQWNR é UIVNP NSV PINSQ
iaOTU prfdl OLTLOMNP MRWQO é MTWRO é UIVNU NPM QINNS
iaPOQ prfdl OLTLOMNP NMWRV é MNWOU ~ UISVR NQV PIRMN
iaPUQ prfdl PLTLOMNP MQWQS ~ MTWNQ ~ VIPRM NQU PITVN
iaNVU prfdl PLTLOMNP MPWNQ é MRWPS é UITTP NQO PITMT
iaPMO prfdl PLTLOMNP MTWNV é NMWMN é VIPVV NSO PIQUN
iaPTU pfk`bob mfp`bp QLTLOMNP MOWON ~ MQWPN ~ UIVMQ NPM QINMV
iaOSS pfk`bob mfp`bp QLTLOMNP MTWNQ é NMWNN é VIRNO NTT PIOOQ
iaNNO `^mb ^pqbo TLTLOMNP NOWMM ~ MNWMM ~ UIVUT SM UIVUT
iaNUU `^mb ^pqbo NOWMM ~ MNWMM ~ VIMPV SM VIMPV
iaNVQ `^mb ^pqbo NOWMM ~ MNWMM ~ VIMNV SM VIMNV
iaORO `^mb ^pqbo TLTLOMNP MUWOM é NMWRS é VIPNM NRS PIRUN
iaOOO a^ov  ̂ gvlqf VLTLOMNP NOWMM ~ MNWMM ~ UIUMO SM UIUMO
iaNQO a^ov  ̂ gvlqf VLTLOMNP MTWNP ~ MVWOP ~ UIQTM NPM PIVMV
iaORO hbv hkfdeq NQLTLOMNP MQWOS é MTWMQ é VIRRT NRU PISOV
iaPUS `lo^i qlm^w NTLTLOMNP NOWMM ~ MNWMM ~ UIVMS SM UIVMS
iaPNM `lo^i qlm^w NTLTLOMNP MUWRU é NNWQM é VIQOV NSO PIQVO
iaOPO `lo^i qlm^w NULTLOMNP NOWMM ~ MNWMM ~ UIUPR SM UIUPR
iaPTQ `lo^i qlm^w NOWMM ~ MNWMM ~ VIPPR SM VIPPR
iaONU _ofdeq tfka NVLTLOMNP MOWQV é MRWNM é VINQU NQN PIUVP
iaORU _ofdeq tfka NVLTLOMNP MSWOR é MVWMU é UIOSU NSP PIMQP
iaPMM _ofdeq tfka NVLTLOMNP MVWPR é NOWOM ~ UIVQS NSR PIORP
iaNNS _ofdeq tfka OMLTLOMNP MRWNQ ~ MTWOS ~ VIMUR NPO QINOV
iaNVU j^fwror _bkqbk OMLTLOMNP NNWMN ~ MNWOT é VIUTO NQS QIMRT
iaORQ j^fwror _bkqbk OMLTLOMNP MQWOP é MSWQP é VIPTV NQM QIMNV
iaNSU j^fwror _bkqbk ONLTLOMNP MVWPR ~ NNWRP ~ VIOSV NPU QIMPM
iaOSQ bjfi ONLTLOMNP MRWMT é MUWNR é UIUUS NUU OIUPS
iaNNO ^i^j m^ar OOLTLOMNP MRWMM ~ MTWRQ ~ VIQUR NTQ PIOTN
iaNSQ ^i^j m^ar OOLTLOMNP MVWQM ~ NNWRR ~ VIMVM NPR QIMQM
iaOTQ ^i^j m^ar OOLTLOMNP MRWPT é MTWRP é UIOUM NPS PISRP
iaNVM ^i^j m^ar OPLTLOMNP MOWQR é MRWMP é VIOQM NPU QIMNT
iaOQM bjfi OPLTLOMNP MTWPS é MVWPR é UIPRT NNV QIONQ
iaPQO bjfi OQLTLOMNP MPWQS ~ MSWMN ~ VIMNP NPR QIMMS
iaNVU bjfi OQLTLOMNP NOWOQ é MOWQM é VIMRS NPS PIVVR
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iaOTS bjfi OQLTLOMNP MSWPM é MUWRQ é VIRNR NQQ PIVSR
iaPQQ bjfi OQLTLOMNP NOWOM ~ MOWQP ~ VIMOV NQP PITUU
iaPTS _rih e^osbpq ORLTLOMNP MPWMS ~ MRWPQ ~ UIVNV NQU PISNS
iaNOO _rih e^osbpq ORLTLOMNP MSWPN ~ MUWQV ~ UITUS NPU PIUOM
iaPTM _rih e^osbpq OSLTLOMNP NOWMM ~ MNWMM ~ VIMPR SM VIMPR
iaNSU _rih e^osbpq OSLTLOMNP MUWOR ~ NMWQQ ~ VISTQ NPV QINTS
iaONM gfk i^kd OSLTLOMNP NOWOO é MOWPT é UIPTU NPR PITOQ
iaPRQ _rih e^osbpq OTLTLOMNP MNWOQ ~ MQWMO ~ UITQQ NRU PIPOM
iaPUM _rih e^osbpq OTLTLOMNP MQWRO ~ MTWOQ ~ UIVOU NRO PIROQ
iaNVS gfk i^kd OTLTLOMNP NMWPN ~ NOWRR é UIVVN NQQ PITQS
iaOTQ gfk i^kd OTLTLOMNP NNWMT é MNWNU ~ UIRQN NPN PIVNO
iaPQO gfk i^kd OULTLOMNP MOWNM ~ MVWPR ~ VINVS QQR NIOQM
iaONS _rih fkaf^ OVLTLOMNP MNWNR é MPWQM é VIRVN NQR PIVSV
iaPRO _rih fkaf^ OVLTLOMNP NNWRP é MOWPO ~ VIOTV NRV PIRMN
iaPUM _rih fkaf^ PNLTLOMNP MOWRV ~ MRWPM ~ VIQMM NRN PITPR
iaOSS hrolq^hfp^k j^or NLULOMNP MQWOM é MSWPS é VISQM NPS QIORP
iaPTU hrolq^hfp^k j^or QLULOMNP MQWPQ ~ MTWMM ~ VIRQU NQS PIVOQ
iaPUU jfk^jf NNLULOMNP MQWNN ~ MSWOO ~ VINRN NPN QINVN
iaNTS `pb e^ojlkv bumob NNLULOMNP NMWNO ~ NOWPN é VIMSV NPV PIVNR
iaPMQ `pb e^ojlkv bumob NNLULOMNP MVWOO é NNWPN é UIQTM NOV PIVQM
iaNSS jfk^jf NOLULOMNP MTWPO ~ MVWQU ~ VIRSM NPS QIONU
iaNUQ kbt elofwlk NSLULOMNP NOWOS é MPWNV é VIQNS NTP PIOSS
iaOSO kbt elofwlk NSLULOMNP MQWRQ é MTWNV é UITOQ NQR PISNM
iaNUM prfdl NTLULOMNP MVWMO ~ NNWMQ ~ UIMVM NOO PIVTV
iaNRQ prfdl NULULOMNP MUWQM ~ NNWON ~ VIOSS NSN PIQRP
iaONU prfdl NULULOMNP MNWRM é MQWMQ é UIRSN NPQ PIUPP
iaNRQ prfdl NVLULOMNP MUWNR ~ NMWPU ~ UITRO NQP PISTO
iaORQ prfdl NVLULOMNP MRWQM é MUWMQ é VINOP NQQ PIUMN
iaNPM ibd^ql ff OMLULOMNP MTWMS ~ MVWPP ~ VISMS NQT PIVON
iaOOS q^`ef_^k^ OMLULOMNP MNWPR é MPWRV é VISPM NQQ QIMNO
iaORO q^`ef_^k^ OMLULOMNP MQWQN é MTWMT é UIVRM NQS PISTU
iaNSU ibd^ql ff ONLULOMNP MUWRP ~ NNWNV ~ UISMP NQS PIRPS
iaOPS ibd^ql ff ONLULOMNP MOWMT é MQWNV é UIUVV NPO QIMQR
iaPNS ibd^ql ff ONLULOMNP MVWMN é NNWOV é UIQUQ NQU PIQQM
iaPSS bKoK _o^kabk_rod OOLULOMNP MNWQS ~ MQWNM ~ VIQRQ NQQ PIVPV
iaNVM ibd^ql ff OOLULOMNP NNWRN ~ MOWMS é UISNP NPR PIUOU
iaORM ibd^ql ff OOLULOMNP MPWOQ é MRWRT é UITVN NRP PIQQT
iaPPO `lolk  ̂ hfkdalj OOLULOMNP NMWNS é NOWPR ~ VINTU NPV PIVSO
iaNTM bKoK _o^kabk_rod OPLULOMNP NOWMM ~ MNWMM ~ VIRMS SM VIRMS
iaOQM bKoK _o^kabk_rod OPLULOMNP MOWOS é MQWQR é VIRNO NPV QINMS
iaPNU bKoK _o^kabk_rod OPLULOMNP MVWRM é NOWNN ~ VIQNQ NQN QIMMS
iaPQQ bKoK _o^kabk_rod OQLULOMNP MNWNM ~ MPWQQ ~ UITVP NRQ PIQOS
iaNOU `lolk  ̂ hfkdalj OQLULOMNP MRWOP ~ MTWQR ~ UIVMT NQO PITSP
iaNUS `lolk  ̂ hfkdalj OQLULOMNP NMWNP ~ NOWQN é UIVUU NQU PISQQ
iaOQU bKoK _o^kabk_rod OQLULOMNP MQWNN é MSWOS é VIOVM NPR QINOV
iaPOO bKoK _o^kabk_rod OQLULOMNP MVWMV é NNWOT é UITNQ NPU PITUV
iaOMQ ^nr^`e^oj OSLULOMNP NOWMM ~ MNWMM ~ VIQUP SM VIQUP
iaOSS ^nr^`e^oj NOWMM ~ MNWMM ~ UIVVT SM UIVVT
iaPQU ^nr^`e^oj NOWMM ~ MNWMM ~ UIPPP SM UIPPP
iaNSS ^nr^`e^oj OTLULOMNP NMWPQ ~ MNWMN é UIUNR NQT PIRVU
iaPTO ^nr^`e^oj OULULOMNP MOWMS ~ MRWNU ~ UITQT NVO OITPP
iaNPQ jfwrk^df ff OULULOMNP MSWPU ~ MVWNQ ~ VIPTN NRS PISMQ
iaOPQ jfwrk^df ff OULULOMNP MPWPN é MSWMT é VIQQS NRS PISPP
iaPQO jfwrk^df ff OULULOMNP NNWON é MNWQU ~ UIVSQ NQT PISRV
iaNRU jfwrk^df ff OVLULOMNP MTWPV ~ NMWMO ~ VIRUP NQP QIMON
iaOOS jfwrk^df ff OVLULOMNP MNWPQ é MPWRO é UIVPV NPU PIUUS
iaOUM `lo^i qlm^w OVLULOMNP MSWRR é MVWMR é UIRPO NPM PIVPU
iaNSU jfwrk^df ff PMLULOMNP NMWQQ ~ NOWRP é UIPNR NOV PIUSU
iaOMQ jfwrk^df ff PMLULOMNP MNWOV é MPWRN é VIQNT NQO PIVTV
iaOQM `lo^i qlm^w PMLULOMNP MQWPN é MSWQT é UIUNO NPS PIUUU
iaNRS plj  ̂ j^or PNLULOMNP MTWRQ ~ NMWOO ~ UITQS NQU PIRQS
iaOPU plj  ̂ j^or PNLULOMNP MOWNS é MQWPP é UIVPP NPT PIVNO
iaONU plj  ̂ j^or NLVLOMNP NOWOM é MOWPO é VIOVR NPO QIOOR
iaORU plj  ̂ j^or NLVLOMNP MQWMS é MSWPT é VIOSQ NRN PISUN
iaNRO pmofkd mofab OLVLOMNP MTWQM ~ MVWRR ~ VIORO NPR QINNO
iaOSO pmofkd mofab OLVLOMNP MPWQU é MSWPM é VIPQO NSO PIQSM
iaNSU pmofkd mofab PLVLOMNP MUWRM ~ NNWMO ~ UIRMP NPO PIUSR
iaORO pmofkd mofab PLVLOMNP MQWOQ é MSWPP é UISPT NOV QIMNT
iaNRS pmofkd mofab QLVLOMNP MUWNQ ~ NMWPU ~ UISVT NQQ PISOQ
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iaOPO kbt pq^db QLVLOMNP MPWQR é MSWMV é UIUPM NQQ PISTV
iaNSO kbt pq^db RLVLOMNP NMWRS ~ MNWOO é UITVM NQS PISNO
iaORQ kbt pq^db RLVLOMNP MQWRN é MTWNP é VINNP NQO PIURN
iaNTQ kbt pq^db SLVLOMNP MVWOT ~ NNWQP ~ VINOU NPS QIMOT
iaOOU kbt pq^db SLVLOMNP MOWMR é MQWOM é UISRS NPR PIUQT
iaNUS kbt pq^db ULVLOMNP NNWRM ~ MOWNS é VINVQ NQS PITTU
iaOMM kbt pq^db VLVLOMNP NOWQP é MPWPO é UIQSV NSV PIMMT
iaNTM l`b^k tfka NMLVLOMNP MVWOT ~ NNWRQ ~ UIQVP NQT PIQST
iaNTU l`b^k tfka NNLVLOMNP MVWMP ~ NNWNR ~ VIOMQ NPO QINUQ
iaNRM m^`fcf` qof^kdib NOLVLOMNP MTWPN ~ MVWQT ~ UITVQ NPS PIUUM
iaONS m^`fcf` qof^kdib NOLVLOMNP MOWOO é MQWOR é UIPMM NOP QIMQV
iaORM m^`fcf` qof^kdib NPLVLOMNP NOWMM ~ MNWMM ~ VIQVT SM VIQVT
iaNRQ m^`fcf` qof^kdib NPLVLOMNP MUWMN ~ NMWOR ~ VIMSP NQQ PITTS
iaOMS m^`fcf` qof^kdib NQLVLOMNP NNWRR ~ MOWNN é UITTT NPS PIUTO
iaOSQ m^`fcf` qof^kdib NQLVLOMNP MQWQN é MTWPU é VIQVT NTT PIONV
iaNSM m^`fcf` qof^kdib NRLVLOMNP MUWOM ~ NMWPT ~ UIUPM NPT PIUST
iaORU m^`fcf` qof^kdib NRLVLOMNP MQWMR é MSWRO é VIRNS NST PIQNV
iaNQU `lolk  ̂ ^`b NSLVLOMNP MUWMP ~ NMWOT ~ VIRRM NQQ PIVTV
iaOMO `lolk  ̂ ^`b NSLVLOMNP NNWQO ~ MOWMQ é VINVP NQO PIUUQ
iaNUM `lolk  ̂ ^`b NTLVLOMNP NNWMV ~ MNWPQ é VISQU NQR PIVVO
iaNUS `lolk  ̂ ^`b NVLVLOMNP NMWOV ~ NOWRT é VIPPS NQU PITUR
iaONU `lolk  ̂ ^`b NVLVLOMNP MNWOO é MPWRM é UIVSQ NQU PISPQ
iaNVO kl_ib e^il OMLVLOMNP NMWRS ~ MNWNU é VIPMM NQO PIVPM
iaORQ `lolk  ̂ ^`b OMLVLOMNP MPWRP é MUWNQ é UIUNP OSN OIMOS
iaNTO kl_ib e^il ONLVLOMNP MUWQR ~ NNWQN ~ VIPUQ NTS PINVV
iaNVO kl_ib e^il OOLVLOMNP NMWQU ~ MOWOS é UIURU ONU OIQPU
iaOMQ w^jm  ̂ _irb OPLVLOMNP MNWQP é MPWRP é UIQNR NPM PIUUQ
iaPSS w^jm  ̂ _irb OQLVLOMNP MNWRT ~ MOWRT ~ VIOTU SM VIOTU
iaNQU w^jm  ̂ _irb OQLVLOMNP MTWRV ~ NMWPN ~ UITPV NRO PIQRM
iaOOM `efk  ̂ pqbbi `e^iibk OQLVLOMNP MNWMO é MPWNP é VIMNO NPN QINOT
iaONO `efk  ̂ pqbbi `e^iibk ORLVLOMNP NOWNQ é MOWMT é TISMP NNP QIMPT
iaNQU h^pefj  ̂ j^or OTLVLOMNP MTWNM ~ MVWPN ~ UISRT NQN PISUQ
iaONM h^pefj  ̂ j^or OTLVLOMNP NOWRQ é MPWNV é UISOT NQR PIRTM
iaOTU h^pefj  ̂ j^or OULVLOMNP MSWMO é MUWOV é VIOUV NQT PITVN
iaOMM h^pefj  ̂ j^or OVLVLOMNP NNWRR ~ MOWNQ é VIMMN NPV PIUUR
iaPOO h^pefj  ̂ j^or OVLVLOMNP MVWOP é NNWRR é VIQVV NRO PITRM
iaOOO prfdl PLNMLOMNP MNWQP é MPWRQ é UISUR NPN PIVTU
iaOMU prfdl QLNMLOMNP NNWMP ~ MNWNT é UIVQN NPQ QIMMP
iaPMQ pele^hr QLNMLOMNP MUWPN é NMWPU é UITOQ NOT QINON
iaPSQ pele^hr RLNMLOMNP MNWQQ ~ MPWQS ~ UIRMT NOO QINUQ
iaOMM lo^kdb qorqe RLNMLOMNP NOWOO é MOWPT é VIMMO NPR QIMMN
iaORO lo^kdb qorqe RLNMLOMNP MPWNU é MRWPQ é UIQUR NPS PITQP
iaPTM pele^hr SLNMLOMNP NOWMM ~ MNWMM ~ UIOTU SM UIOTU
iaNNU lo^kdb qorqe SLNMLOMNP MSWMU ~ MUWQM ~ VINSS NRO PISNU
iaNTQ kbt jfdeqv TLNMLOMNP NOWMM ~ MNWMM ~ UIRNR SM UIRNR
iaOSM kbt jfdeqv NOWMM ~ MNWMM ~ UISUO SM UISUO
iaOUU kbt jfdeqv ULNMLOMNP NOWMM ~ MNWMM ~ UISNS SM UISNS
iaPRS kbt jfdeqv NOWMM ~ MNWMM ~ VIOVM SM VIOVM
iaOQM pefkJp^h^fab VLNMLOMNP NOWMM ~ MNWMM ~ UIUUV SM UIUUV
iaPPO pefkJp^h^fab VLNMLOMNP NMWMP é NOWOR ~ UISVQ NQO PISTP
iaNOU kbt jfdeqv NMLNMLOMNP MRWRU ~ MUWON ~ VIRMP NQP PIVUT
iaONS pefkJp^h^fab NMLNMLOMNP MNWQP é MQWMR é UISNV NQO PISQO
iaNPM pefkJp^h^fab NNLNMLOMNP MRWRM ~ MUWNO ~ VIPNQ NQO PIVPR
iaONU pefkJp^h^fab NNLNMLOMNP MNWPO é MPWRP é UISQR NQN PISTV
iaOTU fpefwr`ef NOLNMLOMNP MSWRS é MVWOP é VIPRS NQT PIUNV
iaPRU fpefwr`ef NPLNMLOMNP MNWOO ~ MPWPT ~ UIUTM NPR PIVQO
iaNPU `efk  ̂ pqbbi bumobpp NPLNMLOMNP MUWNQ ~ NMWPQ ~ VINUO NQM PIVPR
iaOTM `efk  ̂ pqbbi bumobpp NPLNMLOMNP MSWMP é NMWMQ é VIOVV OQN OIPNR
iaPUS `efk  ̂ pqbbi bumobpp NQLNMLOMNP MOWQN ~ MRWPV ~ UIQUO NTU OIURV
iaOTU q^`ef_^k^ NRLNMLOMNP MTWPO é NMWMT é VIPPM NRR PISNO
iaPOS q^`ef_^k^ NSLNMLOMNP NMWOS é NOWPP ~ UISPO NOT QIMTU
iaNOU q^`ef_^k^ NULNMLOMNP MQWRM ~ MTWMP ~ UITQR NPP PIVQR
iaNUM `bkqrov t^sb NULNMLOMNP MUWQM ~ NMWQU ~ UITPR NOU QIMVR
iaOOU `bkqrov t^sb NULNMLOMNP MNWNN é MPWPO é VIPUM NQN PIVVO
iaNSO `bkqrov t^sb NVLNMLOMNP MVWMM ~ NNWMU ~ UIVOS NOU QINUQ
iaOMQ `bkqrov t^sb NVLNMLOMNP NOWMN é MOWOT é VIOVP NQS PIUNV
iaNPM rkfqba ^asbkqrob OMLNMLOMNP MSWMO ~ MUWQR ~ VIOTT NSP PIQNR
iaOMQ rkfqba ^asbkqrob OMLNMLOMNP NNWQR ~ MNWRR é UIRMN NPM PIVOQ
iaPOM rkfqba ^asbkqrob OMLNMLOMNP MTWRQ é NMWOV é UITVN NRR PIQMP
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iaNPM rkfqba ^asbkqrob ONLNMLOMNP MSWNU ~ MVWMV ~ UIUMS NTN PIMVM
iaNSU rkfqba ^asbkqrob ONLNMLOMNP NMWPS ~ MNWMO é VIOOT NQS PITVO
iaPNM rkfqba ^asbkqrob ONLNMLOMNP MVWMT é NNWPM é VIPQU NQP PIVOO
iaNPO pefk p^mmlol j^or OOLNMLOMNP MSWRU ~ MVWNU ~ UIUUV NQM PIUNM
iaNTS pefk p^mmlol j^or OOLNMLOMNP NMWRT ~ MNWNV é VIRMT NQO QIMNT
iaORS pefk p^mmlol j^or OOLNMLOMNP MQWNQ é MSWOT é UITPM NPP PIVPU
iaPTM pefk p^mmlol j^or OPLNMLOMNP MPWRQ ~ MSWQV ~ VISMQ NTR PIOVP
iaNQS pefk p^mmlol j^or OPLNMLOMNP NMWPN ~ MNWNP é VINOT NSO PIPUN
iaNOM pefk p^mmlol j^or OQLNMLOMNP MQWNO ~ MSWQM ~ VIPPS NQU PITUR
iaNRU pefk p^mmlol j^or OQLNMLOMNP MTWRP ~ NMWOM ~ VIQOO NQT PIUQS
iaOOS pefk p^mmlol j^or OQLNMLOMNP MOWNS é MQWOV é UIUUN NPP QIMMS
iaNRQ j^fwror hf`efgl OTLNMLOMNP MTWMT ~ MVWQR ~ VIRNN NRU PISNO
iaPQO dil_^i d^i^uv OTLNMLOMNP NNWPV é MOWRR ~ VIPMO NVS OIUQU
iaNQO j^fwror hf`efgl OULNMLOMNP MSWQR ~ MVWMV ~ UIVOT NQQ PITOM
iaOTQ vrvl PMLNMLOMNP MSWOV é MVWON é UITUT NTO PIMSR
iaOQM vrvl PNLNMLOMNP MRWMO é MTWOR é UIVMO NQP PITPR
iaORS p^mmefob OLNNLOMNP MQWPR é MTWPS é UIVUO NUN OIVTU
iaPPO p^mmefob OLNNLOMNP NMWMT é NOWOQ ~ UITTN NPT PIUQN
iaNSO p^mmefob PLNNLOMNP MVWQU ~ NOWNN é UISPM NQP PISON
iaOTM p^mmefob PLNNLOMNP MRWRR é MUWNV é VISPU NQQ QIMNS
iaNQQ p^mmefob QLNNLOMNP MSWQS ~ MVWNS ~ VIRPS NRM PIUNQ
iaOSO p^mmefob QLNNLOMNP MTWMT é MVWQQ é VIMVO NRT PIQTR
iaNQQ p^mmefob RLNNLOMNP MUWMU ~ NMWOT ~ UIVTR NPV PIUTQ
iaNTM p^mmefob SLNNLOMNP MVWMV ~ NNWOT ~ VINVT NPU PIVVV
iaOQO bkbodv mofj^sbo^ SLNNLOMNP MOWPQ é MQWRP é VIPSP NPV QIMQO
iaNQO bkbodv mofj^sbo^ TLNNLOMNP MSWOR ~ MVWNR ~ UITRN NTM PIMUU
iaPMQ dilov ^`b NNLNNLOMNP MUWOV é NNWNO é VIPMS NSP PIQOS
iaPTU `efk  ̂ pqbbi bumobpp NPLNNLOMNP MPWPO ~ MRWQV ~ VINTR NPT QIMNU
iaNPQ `efk  ̂ pqbbi bumobpp NPLNNLOMNP MTWQU ~ NMWOT ~ VINTS NRV PIQSP
iaPOS pmofkd mofab NPLNNLOMNP MUWRR é NNWOS é VITNO NRN PIURV
iaONO pmofkd mofab NQLNNLOMNP NOWNR é MPWOO é UITTO NUT OIUNR
iaOVU pmofkd mofab NRLNNLOMNP MSWQN é MVWNU é VIOPS NRT PIRPM
iaPQQ pmofkd mofab NRLNNLOMNP NNWMR é MNWOQ ~ UITUT NPV PITVP
iaNSO pmofkd mofab NSLNNLOMNP MUWMT ~ NMWOV ~ VIPVN NQO PIVSU
iaOUQ pmofkd mofab NSLNNLOMNP MRWQV é MUWNM é VIMSV NQN PIURV
iaNVU hrolq^hfp^k j^or OOLNNLOMNP NOWMM ~ MNWMM ~ VIOSQ SM VIOSQ
iaPPS hrolq^hfp^k j^or OOLNNLOMNP MOWPT ~ MRWMV ~ VINQQ NRO PISMV
iaNOS hrolq^hfp^k j^or OOLNNLOMNP MTWQV ~ NMWNS ~ VIMMV NQT PISTT
iaORU `K pK prkpefkb OOLNNLOMNP MSWNQ é MVWPT é UITTT OMP OIRVQ
iaNOS h^fbk OPLNNLOMNP MRWQN ~ MUWQQ ~ VIOMS NUP PIMNU
iaORM h^fbk OPLNNLOMNP MPWRN é MSWOO é UISUN NRN PIQQV
iaPOM h^fbk OPLNNLOMNP MVWRS é NOWPU ~ VIQTQ NSO PIRMV
iaPUS `K pK prkpefkb OQLNNLOMNP MQWOR ~ MSWRU ~ VIPMU NRP PISRM
iaNSQ p^fvl OQLNNLOMNP NNWNQ ~ MNWOU é UIOUO NPQ PITMU
iaOOS `K pK prkpefkb OQLNNLOMNP MOWNU é MQWQT é VIPQV NQV PITSR
iaNSO p^fvl ORLNNLOMNP MUWMS ~ NMWQP ~ VIPPV NRT PIRSV
iaOPO p^fvl ORLNNLOMNP MOWNU é MQWOV é UITTM NPN QIMNT
iaNRQ p^fvl OSLNNLOMNP NOWMM ~ MNWMM ~ VISUV SM VISUV
iaOMS p^fvl NOWMM ~ MNWMM ~ UIURR SM UIURR
iaPUU p^fvl OULNNLOMNP MRWMS ~ MTWPV ~ VINOQ NRP PIRTU
iaNQO prfdl OULNNLOMNP MVWNR ~ NNWQO ~ VINUV NQT PITRN
iaONM prfdl OULNNLOMNP MNWMR é MPWOM é UITRO NPR PIUVM
iaOUM prfdl OULNNLOMNP MSWNN é MUWQQ é UIVPT NRP PIRMR
iaNOU prfdl OVLNNLOMNP MSWPP ~ MVWMO ~ UIPTR NQV PIPTP
iaNTU dil_^i d^i^uv PLNOLOMNP MQWMN é MSWRV é UISPN NTU OIVMV
iaNNO plvl QLNOLOMNP MSWNN ~ MUWPU ~ UISOM NQT PIRNU
iaPSO plvl RLNOLOMNP NOWRU ~ MPWNR ~ UITST NPT PIUQM
iaPPU `lolk  ̂ fkcfkfqv NMLNOLOMNP NNWPV é MNWRP ~ UIVNR NPQ PIVVO
iaPSO `lolk  ̂ fkcfkfqv NOLNOLOMNP MOWMN ~ MQWPR ~ VIQSS NRQ PISUU
iaPQQ ebojbp fpi^ka NSLNOLOMNP NOWPQ ~ MOWRP ~ VIMMQ NPV PIUUT
iaPSM kloqe cloqrkb fff NTLNOLOMNP MPWNM ~ MRWQQ ~ VIPOP NRQ PISPO
iaNQO kloqe cloqrkb fff NTLNOLOMNP MUWMS ~ NMWOR ~ UIUMO NPV PIUMM
iaOUO kloqe cloqrkb fff NTLNOLOMNP MUWNT é NMWPP é UIURM NPS PIVMQ
iaRQS ebojbp fpi^ka NULNOLOMNP MNWNN ~ MPWPV ~ VISMM NQU PIUVO
iaNRQ `lo^i qlm^w NULNOLOMNP MTWOS ~ MVWQU ~ VIMPT NQO PIUNV
iaPMQ `lo^i qlm^w NULNOLOMNP MTWRM é NMWOQ é VIQMQ NRQ PISSQ
iaPTS `lo^i qlm^w NVLNOLOMNP MNWQU ~ MSWRV ~ VIROO PNN NIUPT
iaNUQ `lo^i qlm^w NVLNOLOMNP NNWQT ~ MOWOP é VIOON NRS PIRQT
iaOPO `lo^i qlm^w NVLNOLOMNP MPWNR é MRWPQ é UITMV NPV PITRV
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iaPPU dobbk mltbo NVLNOLOMNP NOWOP ~ MOWPR ~ VIOTQ NPO QIONS
iaNPQ dobbk mltbo OMLNOLOMNP NOWMM ~ MNWMM ~ UIVMO SM UIVMO
iaPTO `lo^i qlm^w OMLNOLOMNP MPWOP ~ MRWQV ~ VIRQP NQS PIVOO
iaNVO dobbk mltbo OMLNOLOMNP NNWOV ~ MNWRU é UITMP NQV PIRMQ
iaOQS dobbk mltbo OMLNOLOMNP MPWPT é MSWQT é UIUPS NVM OITVM
iaNNU dobbk mltbo ONLNOLOMNP MQWOV ~ MSWRM ~ VINPS NQN PIUUU
iaNTS plrqebok tfpalj ONLNOLOMNP NMWMN ~ NOWNN é UIPRR NPM PIURS
iaOSO dobbk mltbo ONLNOLOMNP MRWMP é MTWPU é VIOMQ NRR PIRSP
iaPOO plrqebok tfpalj ONLNOLOMNP NMWPM é NOWQQ ~ UIQUO NPQ PITVU
iaPTQ plrqebok tfpalj OOLNOLOMNP MNWQQ ~ MQWMU ~ VISVV NQQ QIMQN
iaNSS plrqebok tfpalj OOLNOLOMNP NMWNM ~ NOWPR é UIVTM NQR PITNO
iaORU leper j^or OOLNOLOMNP MQWQU é MTWNT é VIOTT NQV PITPS
iaNOU leper j^or OPLNOLOMNP MRWRV ~ MUWOQ ~ UISUN NQR PIRVO
iaPMQ leper j^or OPLNOLOMNP MUWRR é NNWQV é VIOTM NTQ PINVS
iaNTQ pele^hr OQLNOLOMNP NNWOU ~ MNWRU é VIPMN NRM PITOM
iaPQO pele^hr OSLNOLOMNP NMWQU é MNWMV ~ VIPQM NQN PIVTQ
iaPUM pele^hr OTLNOLOMNP MPWMP ~ MRWPT ~ UIUPR NRQ PIQQO
iaOOU pele^hr OTLNOLOMNP MPWOS é MRWRM é VISPO NQQ QIMNP
iaPOQ h^fbk OTLNOLOMNP MVWQT é NNWRV é VIOPQ NPO QINVT
iaPPO h^fbk OULNOLOMNP NOWMM ~ MNWMM ~ VIOQU SM VIOQU
iaPUM h^fbk OULNOLOMNP MOWPQ ~ MQWRS ~ VINUP NQO PIUUM
iaNSM h^fbk OULNOLOMNP MUWMN ~ NMWPN ~ UISMT NRM PIQQP
iaONM h^fbk OULNOLOMNP NOWPU é MOWRU é VIPTT NQM QIMNV
iaNPO h^fbk OVLNOLOMNP MSWPR ~ MVWMU ~ UIUMM NRP PIQRN
iaOSU h^fbk OVLNOLOMNP MSWNO é MUWOU é VIPQO NPS QINOO
iaOMO pmofkd mofab PMLNOLOMNP NNWNR ~ MNWPV é VIPTP NQQ PIVMR
iaOVU h^fbk PMLNOLOMNP MUWNO é NMWOT é UIUST NPR PIVQN

pìãã~êó

kìãÄÉê çÑ qê~áåëW RNM

qçí~ä kÉíí tÉáÖÜíW QIRSRINTUKM

^îÉê~ÖÉ kÉíí tÉáÖÜíW UIVRNKP

^îÉê~ÖÉ iç~Ç o~íÉW PIVNQKT

^îÉê~ÖÉ iç~Ç aìê~íáçåW NPTKO

qçí~ä qçååÉë o~áäÉÇ

ifaNM RRQIRUT
ifaNMKR PVQINNR
ifaNN NIMQQIUST
ifaNO RVSIQRO
ifaNOKR QQNIMSP
ifaNQ RPMIURS
ifaOO URIMNM
ifaPR NMITNU
ifaU NNRIVMV
ifaV OMRIUUO
ifaVKR RURITNU

píçÅâéáäÉ EíDëF PNLNOLOMNP

ifaNM OTIOVN
ifaNN VISUS
ifaNO PVINNQ
ifaNQ OIVTM
ifaOO UINPR
ifaPR M
ifaU OIRQM
ifaV OTITUM
ifaVKR POIVQP
ifaNOKR M
ifaNMKR M
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? @A BCDE FGHIJK
LJJKM
E FGHIJK
LKMK NO FKK

P QR BCDI FIHJGK
JEIKM
E FHGLHK
LOOKO
E FHGLGK
LMHKM

S @T BCDELJJK
JHLKM
E FJLKIK
JHOKE
E FJLKIK
JHKKJO

U VT BCDI FWHKWK
LKGKOG
E FJHJKK
JWEKO

S @X BCDI FWLOIK
JMHKE
E FLLWWK
JWLKM

? YA BCDI FILMWK
JMOKJJ
E FJHGJK
LKMK NO FKK

? YZ BCDI FELOMK
JOGKE
E FJLWMK
JEMK NO FKK

U Y[ BCDI FWLIKK
JMLKLM
ELWOK
JEJK NO FKK

\ QV BCDI FWLGWK
JMKKJG
E FHLWOK
JWKK NO FKK

] ^_ BCDI FELGIK
JOEKJW
E FLLWEK
JEKK NO FKK

` ab BCDI FMLGOK
JOIKE
I FELGHK
JOKKJH

c Q̂ BCDI FMLIOK
JMJMKK
E FLHGEK
JJLKKK

d efghif
jklkj
mnmolj
jpmqn
jmjrr
jpmnn
mronmms tu

v ,-1w
x @Xyz@_ QT{|} Vy_ TQ@~
x @Xyz@_ QT{|S�� y_ TQ@~
x @Xyz@_ QT{|c azAy_ TQ@~
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? @A BCDE FMJJKK
OGEHGI
E FWOMOK
HLGKM
E FOMHIK
GKLK NO FKK

P QR BCDE FEJKWK
MGK NO FKKE FWOOKK
HHKKI
E FOMJJK
GLMKJJ

S @T BCDE FGWGK
OOK NO FKKE FEHIOK
LLEKJL
E FJOOHK
GLHKJK

U VT BCDE FHWLM
OOG NO FKKE FEGOWK
LEKKE
E FLOGHK
HWKKJK

S @X BCDE FLWWW
OEH NO FKKE FEGIEK
LWWKE
EMLIK
GMJKJM

? YA BCDE FLJKMK
OWO NO FKKE FWGWMK
LWKKE
I FOMLGK
GHLK NO FKK

? YZ BCDE FGJKIK
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ÍÎÏÎÐÑÏÍÏÍ ÒÐÍÓÔÓÏÐÕ
Ö ×ØÙÚÛÜÙ
ÖÏÝÑÍ ÞßÓÝ ÞÐÕÑÔ àáâ àããÏÍäâåÏ æÍçÏÏÐ æèÑé êëÑ æÏìÏÑÑ æÍÑé êëÑ æÑçÏÑÏ æìé êë

ÍÎÏÎÐÑÏÍÏÍ ÒÐÝÓÔÓÏÐç
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÐ Þíîß ÞÐìÕïÔ àáâ àããÏÍäâåÏ æÐÍðÕ æÕÑé êëÑ æÏÝðè æèÑé êëÑ æÏÏÏÑÏ æÝé êë

ÕÎÏÎÐÑÏÍÏÍ ÒÐçÓÔÓÏÐî
Ö ×ØÙÚÛÜÙÖÏìÑÍ ÞåÛñ ÞÐÕç ÞÐÕÕ ÞÐÕèÔ àáâ àããÏÍäâåÏ æÑÐÏÑÕ æÕÑé êëÑ æÑÝðÍ æðÑé êëÑ æÑìÏÑè æçé êë

ÕÎÏÎÐÑÏÍÏÍ ÒÍÑÓÔÓÏÐí
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞÓäòï ÞÐÕìÔ àáâ àããÏÍäâåÑ æèìÏÑÍ æÐÑé êëÑ æÑÏÏÑè æÝÑé êëÑ æÑÐðÑ
é êë

ÏÑÎÏÎÐÑÏÍÏÍ ÒÏÑÓÔÓÏÐó
Ö ×ØÙÚÛÜÙÖ
ÏìÑÐ ÞåÛñ ÞÐÕÍÔ àáâ àããÏÍäâåÑ æçÝÏÏÑ æÍÑé êëÑ æÑÍðç æÍÑé êëÑ æÑÐÏÑç
é êë

ÏÑÎÏÎÐÑÏÍÏÍ ÒÏÐÓÔÓÏÐô
Ö ×ØÙÚÛÜÙÖÏÕÑÐ ÞÓäòÔ ÞÐìÐ ÞÓäòõÐÕðÔ àáâ àããÏÍäâåÑ æçìÏÑð æçÑé êëÑ æÑÍÏÏè æÏÑé êëÑ æÑèÏÑÏ æðé êë

ÏèÎÏÎÐÑÏÍÏÍ ÒÐÕÓÔÓÏÐò
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÐ Þíîß ÞÐçÑÔ àáâ àããÏÍäâåÏ æÝÑÏÏÐ æÝÑé êëÑ æÏèÏÑÕ æÑÑé êëÑ æÑððð æðé êë

ÏÝÎÏÎÐÑÏÍÏì ÒÍÝÓÔÓÏÐö
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ ÞÓäòõÍÑÑî
Ô àáâ àããÏÍäâåÑ æÐÝÏÑÑ æçÑé êëÑ æÑÐðð æÕÑé êëÑ æÑÏçç æÐé êë

ÏçÎÏÎÐÑÏÍÏÍ ÒÏçÓÔÓÏÐ÷
Ö ×ØÙÚÛÜÙÖ
ÏìÑÍ ÞåÛñ ÞÐçÏÔ àáâ àããÏÍäâåÏ æìÏÏÏÝ æÏÑé êëÑ æÑìÏÑì æÐÑé êëÑ æÑìÏÏÏ æÕé êë

ÐÏÎÏÎÐÑÏÍÏÐ ÒÝÏÓÔÓÏÐø
Ö ×ØÙÚÛÜÙÖÏ
ÕÑÍ ÞÓäòõ ÞÍÑÑíÔ àáâ àããÏÍäâåÑ æèèÏÑÕ æÑÑé êëÑ æÑÏðè æÑÑé êëÑ æÑÐçð æÝé êë

ÐÍÎÏÎÐÑÏÍÏÍ ÒÐÐÓÔÓÏÐù
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÏ ÞÓóÔí ÞÐçèÔ àáâ àããÏÍäâåÑ æÐÕÏÑÑ æÕÑé êëÑ æÑÍðç æÍÑé êëÑ æÑÐðÐ æÍé êë

ÐèÎÏÎÐÑÏÍÏÏ ÒÝÝÓÔÓÏÐú
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÐ Þíîß ÞÐçÝÔ àáâ àããÏÍäâåÏ æÝÑÏÑì æÏÑé êëÑ æÑçðì æìÑé êëÑ æÑçÏÑÑ æçé êë

ÐèÎÑÏÎÐÑÏÍÏÐ ÒÐèÓÔÓÏÐé
Ö ×ØÙÚÛÜÙÖ
ÏìÑÍ ÞåÛñ ÞÐçÐÔ àáâ àããÏÍäâåÏ æÐìÏÑì æÏÑé êëÑ æÑçðÑ æÐÑé êëÑ æÑÕçð æÍé êë

ÐÝÎÑÏÎÐÑÏÍÏÍ ÒÐÐÓÔÓÏÍÏ
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÏ ÞÓóÔí ÞÐççÔ àáâ àããÏÍäâåÑ æèÐÏÑÑ æçÑé êëÑ æÑÍðÐ æÐÍé êëÑ æÑÐðÑ æÕðé êë

ÐÝÎÑÏÎÐÑÏÍÏÍ ÒÐÑÓÔÓÏÍÑ
Ö ×ØÙÚÛÜÙÖ
ÏìÑÍ ÞåÛñ ÞÐçÍÔ àáâ àããÏÍäâåÑ æìÍÏÑÏ æÝÑé êëÑ æÑÐðÑ æÍÑé êëÑ æÑÐçç
é êë

ÍÑÎÑÏÎÐÑÏÍÏÍ ÒÍÏÓÔÓÏÍè
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞÓäòõ ÞÐìÍÔ àáâ àããÏÍäâåÐ æÍçÏÏÍ æìÑé êëÑ æÑÍðÍ æÐÑé êëÑ æÑÐðÕ æÍé êë

ÏÎÑÐÎÐÑÏÍÏÐ ÒÝèÓÔÓÏÍç
Ö ×ØÙÚÛÜÙÖÏ
ÝÑÍ ÞßÓè ÞÐçÕ æÐçìÔ àáâ àããÏÍäâåÏ æçÍÏÏÍ æÝÑé êëÑ æÏÏðÑ æÐÑé êëÑ æÑððÍ æèé êë

ìÎÑÐÎÐÑÏÍÏÍ ÒÏÝÓÔÓÏÍî
Ö ×ØÙÚÛÜÙÖÏì
ÑÍ ÞåÛñ ÞÐçÍ ÞÐÕÍíÔ àáâ àããÏÍäâåÏ æÍÏÏÑè æÍÑé êëÑ æÑèðÍ æçÑé êëÑ æÑèðÍ æìé êë

çÎÑÐÎÐÑÏÍÏÍ ÒÏÕÓÔÓÏÍï
Ö ×ØÙÚÛÜÙÖ
ÏìÑÏ ÞòÛñ ÞÐðÑÔ àáâ àããÏÍäâåÏ æçÑÏÏÐ æÍÑé êëÑ æÏÑçÕ æÐÑé êëÑ æÑÝðÏ æÝé êë

ÏÐÎÑÐÎÐÑÏÍÏÐ ÒèÍÓÔÓÏÍó
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ ÞÓäòÔ ÞÐðÏÔ àáâ àããÏÍäâåÑ æÝðÏÑì æÝÑé êëÑ æÑÐðÕ æÝÑé êëÑ æÑÍðè æðé êë

ÏÝÎÑÐÎÐÑÏÍÏÍ ÒèÏÓÔÓÏÍÓ
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞÓäòï ÞÐðÍÔ àáâ àããÏÍäâåÑ æçÏÏÑè æÍÑé êëÑ æÑÐðð æÐÑé êëÑ æÑÍðÝ æÏé êë

ÏÝÎÑÐÎÐÑÏÍÏÍ ÒèÍÓÔÓÏÍò
Ö ×ØÙÚÛÜÙ
ÖÏÝÑÍ ÞßÓè ÞÐðçÔ àáâ àããÏÍäâåÑ æÐçÏÑÍ æçÑé êëÑ æÑÐðÑ æÐÑé êëÑ æÑÍçç
é êë

ÏðÎÑÐÎÐÑÏÍÏÍ ÒÏÝÓÔÓÏÍö
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ ÞÓäòÔ ÞÐðÝÔ àáâ àããÏÍäâåÑ æìÕÏÏÝ æÑÑé êëÑ æÑÐðÐ æÑÑé êëÑ æÑÍðð æÐé êë

ÐÏÎÑÐÎÐÑÏÍÏè ÒÐÕÓÔÓÏÍß
Ö ×ØÙÚÛÜÙÖÏÝ
ÑÐ Þíîß ÞÐçÝ ÞÐçðÔ àáâ àããÏÍäâåÐ æÏðÏÑÕ æÑÑé êëÑ æÏÐÏÏè æÐÑé êëÑ æÏÏÏÏ æìé êë

ÐÝÎÑÐÎÐÑÏÍÏÍ ÒÏÝÓÔÓÏÍø
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ ÞÓäòÔ ÞÐðèÔ àáâ àããÏÍäâåÑ æÕðÏÏÐ æìÑé êëÑ æÑÐðè æÑÑé êëÑ æÑÐðì æÐé êë

ÐÕÎÑÐÎÐÑÏÍÏÐ ÒÑèÓÔÓÏÍâ
Ö ×ØÙÚÛÜÙÖÏì
ÑÏ ÞòÛñ ÞÐðÐÎÐðÕÔ àáâ àããÏÍäâåÏ æìÏÏÏÏ æÝÑé êëÑ æÏÐÏÑÍ æÏÑé êëÑ æÑìðð æèé êë

ÐÕÎÑÐÎÐÑÏÍÏÐ ÒÑÝÓÔÓÏÍú
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞÓäòï ÞÐðìÔ àáâ àããÏÍäâåÏ æÏìÏÏè æÝÑé êëÑ æÑÐçÝ æìÑé êëÑ æÑÐðÐ æÝé êë

ìÎÑÍÎÐÑÏÍÏÐ ÒÐÐÓÔÓÏèÑ
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ ÞÓóÔí ÞÍÑÝÔ àáâ àããÏÍäâåÑ æçÕÏÑè æÍÑé êëÑ æÑÝçç æìÑé êëÑ æÑÝðÍ æèé êë

ÕÎÑÍÎÐÑÏÍÏÍ ÒÏÍÓÔÓÏèÐ
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞÓäòï ÞÍÑèÔ àáâ àããÏÍäâåÏ æÏçÏÑÕ æÕÑé êëÑ æÑÐçÝ æìÑé êëÑ æÑÐðÐ æÐé êë

çÎÑÍÎÐÑÏÍÏÍ ÒÐÑÓÔÓÏèèä ûÙ üàûýêÛÜÙäÑÍ ÞßÓðÑ ÞÍÑÍÔ àáâ àããÏÍäâåÏ æèÐÏÑÕ æÝÑé êëÑ æÏìÏÑì æÍÑé êëÑ æÏÝÏÑÍ æÕé êë

ÏÐÎÑÍÎÐÑÏÍÏì ÒÏçÓÔÓÏèì
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ ÞÓóÔí ÞÍÑìÔ àáâ àããÏÍäâåÏ æðçÏÑÐ æìÑé êëÑ æÏÐðì æÕÑé êëÑ æÏÕÏÑÑ æèé êë

ÏèÎÑÍÎÐÑÏÍÏÍ ÒÐÏÓÔÓÏèí
Ö ×ØÙÚÛÜÙÔîò
ÑÏ ÞÓäòõ ÞÍÑÏÎÍÑÐÔ àáâ àããÏÍäâåÍ æÕÏÏÍÐ æÐÑé êëÑ æÑçðç æÑÑé êëÑ æÑÝðð æÐé êë

ÏèÎÑÍÎÐÑÏÍÏÍ ÒÐÐÓÔÓÏèï
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÏ ÞÓóÔí ÞÍÏÐÔ àáâ àããÏÍäâåÑ æÝèðÐ æÏÑé êëÑ æÑÐçÐ æÏÑé êëÑ æÑÐðÐ æìé êë

ÏÝÎÑÍÎÐÑÏÍÏÍ ÒÏÐÓÔÓÏèä
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞÓäòï ÞÍÑçÔ àáâ àããÏÍäâåÏ æÑÍÏÏÍ æÐÑé êëÑ æÑèðÝ æÑÑé êëÑ æÑÍðÕ æÏé êë

ÏÝÎÑÍÎÐÑÏÍÏÍ ÒÏÍÓÔÓÏèõ
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÏ Þíîß ÞÐððÔ àáâ àããÏÍäâåÏ æèèÏÑð æÝÑé êëÑ æÏÕðÍ æèÑé êëÑ æÑìÏÑÑ æìé êë

ÐÑÎÑÍÎÐÑÏÍÏÍ ÒÏðÓÔÓÏèÓ
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ ÞÓäòï ÞÍÏèÔ àáâ àããÏÍäâåÏ æèÏÏÑÐ æðÑé êëÑ æÑìÏÑÐ æÑÑé êëÑ æÑèçÕ æèé êë

ÐÐÎÑÍÎÐÑÏÍÏÍ ÒÏðÓÔÓÏèö
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÏ Þíîß ÞÍÏÑÔ àáâ àããÏÍäâåÏ æðÏÏÑç æÍÑé êëÑ æÏÍÏÑç æÝÑé êëÑ æÑÕÏÑè æÏé êë

ÐÐÎÑÍÎÐÑÏÍÏÍ ÒÐÏÓÔÓÏèÛ
Ö ×ØÙÚÛÜÙÖ
ÏìÑÐ ÞòÛñ ÞÍÑðÔ àáâ àããÏÍäâåÏ æèÝÏÏÍ æÍÑé êëÑ æÑèðç æðÑé êëÑ æÑÍçç æèé êë

ÐÝÎÑÍÎÐÑÏÍÏÍ ÒÏðÓÔÓÏèÖ
Ö ×ØÙÚÛÜÙÖ
ÏìÑÏ Þîßø ÞÍÏÍÔ àáâ àããÏÍäâåÐ æÐçÏÑÕ æÐÑé êëÑ æÏÐðç æÍÑé êëÑ æÑèçð æèé êë

ÐÝÎÑÍÎÐÑÏÍÏÍ ÒÐÑÓÔÓÏèø
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞÓäòï ÞÍÏÕÔ àáâ àããÏÍäâåÑ æÏìðÕ æÍÑé êëÑ æÑÏðÏ æÏÑé êëÑ æÑÏçÍ æìé êë

ÐçÎÑÍÎÐÑÏÍÏÐ ÒÝÍÓÔÓÏèú
Ö ×ØÙÚÛÜÙÖÏìÑÍ ÞòÛñ ÞÍÏÝ ÞÍÏç ÞÍÐÑÔ àáâ àããÏÍäâåÏ æÑÐÏÑç æÑÑé êëÑ æÑìÏÑÏ æÝÑé êëÑ æÑÝÏÏÑ æÏé êë

ÐçÎÑÍÎÐÑÏÍÏÍ ÒÐìÓÔÓÏèé
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ ÞÓóÔí ÞÍÏðÔ àáâ àããÏÍäâåÏ æÕðÏÑì æÏÑé êëÑ æÏððç æçÑé êëÑ æÏìÏÑç æÕé êë

èÎÑèÎÐÑÏÍÏÍ ÒÐçÓÔÓÏÝè
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÏ Þíîß ÞÍÐÐÔ àáâ àããÏÍäâåÍ æÐÍðÕ æèÑé êëÑ æÏÝÏÑÐ æèÑé êëÑ æÑÕðè æðé êë

ÝÎÑèÎÐÑÏÍÏÐ ÒÍçÓÔÓÏÝç
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ ÞÓäòï ÞÍÐÍÔ àáâ àããÏÍäâåÏ æÑÍÏÏÑ æçÑé êëÑ æÑÝÏÑÏ æÝÑé êëÑ æÑÍðè æçé êë

çÎÑèÎÐÑÏÍÏÍ ÒÐÍÓÔÓÏÝî
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ ÞÓóÔí ÞÍÐÝÔ àáâ àããÏÍäâåÏ æÏÐÏÏÍ æìÑé êëÑ æÑçðÕ æçÑé êëÑ æÑÝðð æðé êë

ÏÑÎÑèÎÐÑÏÍÏÍ ÒÐìÓÔÓÏÝï
Ö ×ØÙÚÛÜÙÖ
ÏìÑÍ ÞòÛñ ÞÍÏìÔ àáâ àããÏÍäâåÑ æÕÐÏÑç æÍÑé êëÑ æÑÍðð æÕÑé êëÑ æÑÍðÑ æèé êë

ÏÑÎÑèÎÐÑÏÍÏÍ ÒÐðÓÔÓÏÝÔ
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ ÞÓóÔí ÞÍÐÏÔ àáâ àããÏÍäâåÐ æÏìÏÑÕ æÕÑé êëÑ æÏÝðÑ æÕÑé êëÑ æÏÐçç æÍé êë

ÏÏÎÑèÎÐÑÏÍÏÍ ÒÐÑÓÔÓÏÝõ
Ö ×ØÙÚÛÜÙÖÏì
ÑÐ ÞòÛñ ÞÍÍÏ ÞÍÍÑÔ àáâ àããÏÍäâåÐ æÐÏÏÑÝ æçÑé êëÑ æÑÝðÑ æÕÑé êëÑ æÑèðÐ
é êë

ÏÕÎÑèÎÐÑÏÍÏÍ ÒÐÕÓÔÓÏÝþ
Ö ×ØÙÚÛÜÙÔ
îòÑÏ ÞÓäòõ ÞÍÍÍÔ àáâ àããÏÍäâåè æìÑÏÐÝ æèÑé êëÑ æÑçðè æìÑé êëÑ æÑÝðç æèé êë

ÏçÎÑèÎÐÑÏÍÏÍ ÒÏçÓÔÓÏÝò
Ö ×ØÙÚÛÜÙÖÏì
ÑÍ ÞòÛñ ÞÍÍèÎÍÍìÔ àáâ àããÏÍäâåÏ æÏÝÏÏè æÏÑé êëÑ æÑÝðè æÐÑé êëÑ æÑèçð æÝé êë

ÏðÎÑèÎÐÑÏÍÏÍ ÒÐÐÓÔÓÏÝö
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ ÞÓóÔí ÞÍÍÝÔ àáâ àããÏÍäâåÍ æÍÝÏÑç æÑÑé êëÑ æÏÝðè æÕÑé êëÑ æÏÐÏÑÑ æèé êë

ÐèÎÑèÎÐÑÏÍÏÍ ÒÏÏÓÔÓÏÝå
Ö ×ØÙÚÛÜÙÖÏ
ìÑÏ Þîßø ÞÍÍÐÎÍÍçÔ àáâ àããÏÍäâåÏ æèÕðÑ æèÑé êëÑ æÑìçì æÑÑé êëÑ æÑÐðÐ æÍé êë

ÍÑÎÑèÎÐÑÏÍÏÐ ÒÑÑÓÔÓÏìÏ
Ö ×ØÙÚÛÜÙÖ
ÏìÑÏ ÞòÛñ ÞÍèìÔ àáâ àããÏÍäâåÏ æÕÐÏÑì æÍÑé êëÑ æÑçðè æÍÑé êëÑ æÑÍÏÑÑ æèé êë

ÍÑÎÑèÎÐÑÏÍÏÐ ÒÑÐÓÔÓÏìÐ
Ö ×ØÙÚÛÜÙÖ
ÏìÑÐ ÞòÛñ ÞÍèÕÔ àáâ àããÏÍäâåÏ æÐìÏÑð æÏÑé êëÑ æÑìðÐ æìÑé êëÑ æÑÍðè æðé êë

ÐÎÑÝÎÐÑÏÍÏÍ ÒÐÏÓÔÓÏìÝ
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ ÞÓóÔí ÞÍèçÔ àáâ àããÏÍäâåÏ æìÝÏÑÐ æÐÑé êëÑ æÏÍÏÑÑ æÐÑé êëÑ æÏÐðÐ æìé êë

ìÎÑÝÎÐÑÏÍÏÍ ÒÏìÓÔÓÏìð
Ö ×ØÙÚÛÜÙÖ
ÏìÑÐ ÞòÛñ ÞÍÝÑÔ àáâ àããÏÍäâåÑ æèèÏÑÕ æÐÑé êëÑ æÑÍÏÑÑ æÑÑé êëÑ æÑÐðð æÕé êë

ÕÎÑÝÎÐÑÏÍÏÍ ÒÐÐÓÔÓÏìí
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞåÛñ ÞÍèÏÔ àáâ àããÏÍäâåÝ æÑÝÏÑç æðÑé êëÑ æÏÏðÍ æÏÑé êëÐ æÐÍðÝ æÝé êë

çÎÑÝÎÐÑÏÍÏÍ ÒÐÝÓÔÓÏìä
Ö ×ØÙÚÛÜÙÔ àáÑÍ ÞÓäòõñ ÞÍèèÎÍèÝÔ àáâ àããÏÍäâåè æìÕÏÐÑ æðÑé êëÑ æÏÍðÐ æÕÑé êëÑ æÑÕðð æèé êë
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ðÎÑÝÎÐÑÏÍÏÍ ÒÏèÓÔÓÏìñ
Ö ×ØÙÚÛÜÙÔîò
ÑÏ ÞÓäòõ ÞÍèÐÎÍÝÏÔ àáâ àããÏÍäâåè æÑìÏÏÏ æÏÑé êëÑ æÑÝðÑ æÑÑé êëÑ æÑÍðÍ
é êë

ÏìÎÑÝÎÐÑÏÍÏÍ ÒÍðÓÔÓÏìò
Ö ×ØÙÚÛÜÙÔ
îòÑÐ ÞÓäòõ ÞÍÝÐÔ àáâ àããÏÍäâåÝ æÏìÏÏÕ æÕÑé êëÑ æÑðçð æÝÑé êëÑ æÑèÏÑÑ æèé êë

ÐÏÎÑÝÎÐÑÏÍÏÍ ÒÏÝÓÔÓÏìß
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞåÛñ ÞÍèðÔ àáâ àããÏÍäâåÏ æçèÏÏÏ æèÑé êëÑ æÑçðÏ æçÑé êëÑ æÑÕÏÑç æÍé êë

ÐÍÎÑÝÎÐÑÏÍÏÍ ÒÐÝÓÔÓÏìø
Ö ×ØÙÚÛÜÙÔ
îòÑÐ ÞÓäòõ ÞÍÝÝÔ àáâ àããÏÍäâåè æÕÍÏÐÝ æèÑé êëÑ æÑðÏÑÍ æèÑé êëÑ æÑÝÏÑÕ æðé êë

ÍÎÑìÎÐÑÏÍÏÐ ÒÐÕÓÔÓÏÕö
Ö ×ØÙÚÛÜÙÖ
ÏìÑÏ Þîßø ÞÍÝìÔ àáâ àããÏÍäâåÐ æìÍÏÑç æÝÑé êëÑ æÑÐðÝ æðÑé êëÑ æÑìðð æèé êë

ÕÎÑìÎÐÑÏÍÏÍ ÒÍÍÓÔÓÏÕÍ
Ö ×ØÙÚÛÜÙÔ
îòÑÏ ÞÓäòÔ ÞÍÝðÔ àáâ àããÏÍäâåÏ æðçÏÐÏ æìÑé êëÑ æÑèðÍ æÝÑé êëÑ æÑÐðÐ æÝé êë

ÕÎÑìÎÐÑÏÍÏè ÒÑçÓÔÓÏÕè
Ö ×ØÙÚÛÜÙÔîòÑ
Ï ÞÓäòï ÞÔ ÞÍìÑ ÞÍìÏÔ àáâ àããÏÍäâåÑ æÐÕÏÏÑ æÝÑé êëÑ æÑÏðç æÍÑé êëÑ æÑÏÏÑÑ æÏé êë

ÏèÎÑìÎÐÑÏÍÏÍ ÒÏçÓÔÓÏÕç
Ö ×ØÙÚÛÜÙÖ
ÏìÑÏ Þîßø ÞÍÝÕÔ àáâ àããÏÍäâåÐ æìÐÏÏÍ æÝÑé êëÑ æÏÝÏÑç æÍÑé êëÑ æÑÝÏÏè æÐé êë

ÏçÎÑìÎÐÑÏÍÏÍ ÒÑÕÓÔÓÏÕï
Ö ×ØÙÚÛÜÙÔ
îòÑÐ ÞÓäòõ ÞÍìÐÔ àáâ àããÏÍäâåÍ æÏçÏÏì æðÑé êëÑ æÑìðð æÏÑé êëÑ æÑèðÍ
é êë

ÐÏÎÑìÎÐÑÏÍÏÍ ÒÏçÓÔÓÏÕñ
Ö ×ØÙÚÛÜÙÔîò
ÑÏ ÞÓäòÔ ÞÍìèÎÍìçÔ àáâ àããÏÍäâåÐ æÑÝÏÏÝ æçÑé êëÑ æÑèðÐ æÝÑé êëÑ æÑÍðç
é êë

ÐÕÎÑìÎÐÑÏÍÏÍ ÒÏèÓÔÓÏÕò
Ö ×ØÙÚÛÜÙÔîòÑÏ ÞÓäòï ÞÍìÝÎÍìÍÿ áÜ ëë�Ü üê�Ô àáâ àããÏÍäâåÏ æÕçÏÑÕ æÍÑé êëÑ æÑçðì æÝÑé êëÑ æÑèðì
é êë

ÏÎÑÕÎÐÑÏÍÏÍ ÒÏðÓÔÓÏÕö
Ö ×ØÙÚÛÜÙÖÏ
ÕÑÐ ÞòÛñ ÞÍìÍíÔ àáâ àããÏÍäâåÑ æèÐðç æÑÑé êëÑ æÑÏçÐ æèÑé êëÑ æÑÏðÑ æÏé êë

ÝÎÑÕÎÐÑÏÍÏÐ ÒèÑÓÔÓÏÕÖ
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ ÞåÛñ ÞÍèÍÔ àáâ àããÏÍäâåÏ æçÍÏÐÍ æçÑé êëÑ æÑìÏÏÐ æÝÑé êëÑ æÑÕÏÑì
é êë

ÝÎÑÕÎÐÑÏÍÏÐ ÒèÐÓÔÓÏÕø
Ö ×ØÙÚÛÜÙÔ
îòÑÍ ÞÓäòÔ ÞÍìðÔ àáâ àããÏÍäâåÐ æÏèÏÏÍ æðÑé êëÑ æÑìÏÏÍ æçÑé êëÑ æÑèÏÏÑ æÍé êë

ÏÏÎÑÕÎÐÑÏÍÏÍ ÒÏìÓÔÓÏÕú
Ö ×ØÙÚÛÜÙÔ
îòÑÐ ÞÓäòõ ÞÍÕÑÔ àáâ àããÏÍäâåÍ æÐÝÏÍè æÏÑé êëÑ æÑìðç æðÑé êëÑ æÑÝÏÑÐ æÍé êë

ÏÐÎÑÕÎÐÑÏÍÏÍ ÒÐÝÓÔÓÏÕ�Ö ×ØÙÚÛÜÙÖ
ÏìÑÐ Þîßø ÞÍììÔ àáâ àããÏÍäâåÐ æÍðÏÏè æÏÑé êëÑ æÏÑçì æÐÑé êëÑ æÑÕðÍ
é êë

ÏìÎÑÕÎÐÑÏÍÏÍ ÒÏçÓÔÓÏçè
Ö ×ØÙÚÛÜÙÖ
ÏìÑÐ Þîßø ÞÍÕÐÔ àáâ àããÏÍäâåÐ æÑÏÏÏì æÏÑé êëÑ æÑçðÐ æÕÑé êëÑ æÑìðÏ æèé êë

ÏðÎÑÕÎÐÑÏÍÏÍ ÒÐÐÓÔÓÏçð
Ö ×ØÙÚÛÜÙÔîò
ÑÏ ÞÓäòï ÞÍÕìÎÍÕÝ
�ã àáÐ æÑÑÏÐÐ æÏÑé êëÑ æÑèçì æèÑé êëÑ æÑÍðÍ æÝé êë

ÐÍÎÑÕÎÐÑÏÍÏÍ ÒÐÏÓÔÓÏç�Ö ×ØÙÚÛÜÙÔ
îòÑÍ ÞÓäòõ ÞÍÕðÔ àáâ àããÏÍäâåÐ æÑÏÏÏÝ æÑÑé êëÑ æÑÝÏÑì æìÑé êëÑ æÑÍðÕ æðé êë

ÐÍÎÑÕÎÐÑÏÍÏÍ ÒÐÐÓÔÓÏçó
Ö ×ØÙÚÛÜÙÖ
ÏìÑÐ Þîßø ÞÍÕèÔ àáâ àããÏÍäâåÑ æìÕÏÑì æÝÑé êëÑ æÑÝÏÑç æÕÑé êëÑ æÑÐÏÑÝ æèé êë

ÐÝÎÑÕÎÐÑÏÍÏÍ ÒÏçÓÔÓÏçÓ
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ Þíîß ÞÍÕÏÔ àáâ àããÏÍäâåÏ æççÏÑì æðÑé êëÑ æÏèðè æÕÑé êëÑ æÏÐðè
é êë

ÐÝÎÑÕÎÐÑÏÍÏÍ ÒÏðÓÔÓÏçò
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ ÞòÛñ ÞÍçÐÔ àáâ àããÏÍäâåÑ æÕÝÏÑÐ æÑÑé êëÑ æÑèçì æìÑé êëÑ æÑÐçð æçé êë

ÍÑÎÑÕÎÐÑÏÍÏÍ ÒÐÑÓÔÓÏç÷
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ Þíîß ÞÍÕÕÔ àáâ àããÏÍäâåÏ æðÐÏÑÕ æÕÑé êëÑ æÏÕçð æÕÑé êëÑ æÑððÕ æìé êë

ÍÏÎÑÕÎÐÑÏÍÏÍ ÒÏÍÓÔÓÏçø
Ö ×ØÙÚÛÜÙÔ
îòÑÏ ÞÓäòÔ ÞÍçÝÔ àáâ àããÏÍäâåÏ æÕÍÏÏÑ æÐÑé êëÑ æÑÍÏÑÏ æÏÑé êëÑ æÑÐðÍ æÏé êë

ÏÎÑçÎÐÑÏÍÏÍ ÒÏèÓÔÓÏçâ
Ö ×ØÙÚÛÜÙÖÏ
ìÑÐ Þîßø ÞÍÕÍÎÍçÑÔ àáâ àããÏÍäâåÐ æÐÍÏÑì æÏÑé êëÑ æÑççì æÐÑé êëÑ æÑçðÏ æÝé êë

çÎÑçÎÐÑÏÍÏÍ ÒÐÑÓÔÓÏðÍ
Ö ×ØÙÚÛÜÙÖÏ
ìÑÐ Þîßø ÞÍçìÎÍçÍÔ àáâ àããÏÍäâåÐ æÐçÏÏÏ æìÑé êëÑ æÏÝÏÑç æìÑé êëÑ æÑÝÏÏÑ æðé êë

ÏèÎÑçÎÐÑÏÍÏÍ ÒÏçÓÔÓÏðÕ
Ö ×ØÙÚÛÜÙÔ
îòÑÏ ÞåÛñ ÞÍÕçÔ àáâ àããÏÍäâåÍ æÏÍÏÏð æçÑé êëÑ æÏÑÏÑÐ æèÑé êëÑ æÑèÏÑÕ
é êë

ÐÑÎÑçÎÐÑÏÍð ÒèðÓÔÓÏð�
Ö ×ØÙÚÛÜÙò
Ûñ ÞÍðÐ ÞÖÏÕÑÍÔ àáâ àããÏÍäâåÑ æçÕÏÑç æÝÑé êëÑ æÑÝÏÑÑ æÝÑé êëÑ æÑÍðÕ
é êë

ÐÐÎÑçÎÐÑÏÍÏÍ ÒÐÏÓÔÓÏîÍ
Ö ×ØÙÚÛÜÙí
îß ÞÍçç ÞÖÏÝÑÍÔ àáâ àããÏÍäâåÏ æðÕðð æçÑé êëÑ æÏÏðÐ æÑÑé êëÑ æÏìÏÏÐ
é êë

ÐÐÎÑçÎÐÑÏÍÏÍ ÒÐÍÓÔÓÏîè
Ö ×ØÙÚÛÜÙÓä
òí ÞÍðÝ ÞÔîòÑÐÔ àáâ àããÏÍäâåÏ æÑçÏÐÑ æÍÑé êëÑ æÑÐÏÏÏ æèÑé êëÑ æÑÏÏÏÍ æèé êë

ÐçÎÑçÎÐÑÏÍÏÍ ÒÐÏÓÔÓÏîî
Ö ×ØÙÚÛÜÙÖ
ÏìÑÏ ÞÓóÔî ÞÍðìÔ àáâ àããÏÍäâåÐ æÍÕÏÑÕ æÐÑé êëÑ æÏÝðð æÝÑé êëÑ æÑÝðð æÍé êë

ÐçÎÑçÎÐÑÏÍÏÍ ÒÐÍÓÔÓÏîí
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÐ ÞòÛñ ÞÍðÕÔ àáâ àããÏÍäâåÑ æðÕÏÑÍ æÍÑé êëÑ æÑÍðÐ æÐÑé êëÑ æÑÐÏÑÝ æìé êë

ÍÑÎÑçÎÐÑÏÍÏÍ ÒÏÑÓÔÓÏîä
Ö ×ØÙÚÛÜÙÔ
îòÑÍ ÞÓäòõ ÞÍðèÔ àáâ àããÏÍäâåÏ æÝÝÏÏÍ æÐÑé êëÑ æÑÝÏÑð æÑÑé êëÑ æÑÍÏÏÑ æèé êë

èÎÑðÎÐÑÏÍÏÍ ÒÐÐÓÔÓÏîñ
Ö ×ØÙÚÛÜÙÓ
óÔî ÞÍðç ÞÖÏìÑÏÔ àáâ àããÏÍäâåÍ æÍðÏÑè æÝÑé êëÑ æÏÝðÐ æèÑé êëÑ æÏèðç æçé êë

ìÎÑðÎÐÑÏÍÏÍ ÒÏÝÓÔÓÏîô
Ö ×ØÙÚÛÜÙ

á�� ÞèÑÐ ÞëÏÕÑÐÔ àáâ àããÏÍäâåÏ æìÕÏÑÕ æÏÑé êëÑ æÑèðÕ æçÑé êëÑ æÑÍðç æÍé êë

ÏÏÎÑðÎÐÑÏÍÏÍ ÒÏçÓÔÓÏîÓ
Ö ×ØÙÚÛÜÙÓä
òÔ ÞèÑÑ ÞÔîòÑÐÔ àáâ àããÏÍäâåÐ æðèÏÐÏ æÐÑé êëÑ æÑèÏÑÏ æÏÑé êëÑ æÑÍÏÑÑ
é êë

ÏÐÎÑðÎÐÑÏÍÏÍ ÒÐÏÓÔÓÏîö
Ö ×ØÙÚÛÜÙÖ
ÏìÑÏ ÞÓóÔí ÞèÑÍÔ àáâ àããÏÍäâåè æÑÏÏÑè æÍÑé êëÑ æÏÐðð æÝÑé êëÑ æÑìÏÑÐ æÏé êë

ÏÕÎÑðÎÐÑÏÍÏÍ ÒÏÍÓÔÓÏîß
Ö ×ØÙÚÛÜÙÔ
îòÑÏ ÞåÛñ ÞÍðÏÔ àáâ àããÏÍäâåè æÑçÏÏÕ æÍÑé êëÑ æÑðÏÏÑ æÐÑé êëÑ æÑÝÏÏÍ
é êë

ÏðÎÑðÎÐÑÏÍÏÍ ÒÏÝÓÔÓÏîå
Ö ×ØÙÚÛÜÙÖ
ÏÝÑÍ Þíîß ÞÍçðÔ àáâ àããÏÍäâåÐ æìÏÏÑÝ æÕÑé êëÑ æÏçÏÑè æðÑé êëÑ æÑðÏÑì æðé êë

ÐÍÎÑðÎÐÑÏÍÏÍ ÒÐÑÓÔÓÏîú
Ö ×ØÙÚÛÜÙÖÏ
ìÑÏ ÞÓóÔ ÞèÑÍÎèÑÝÔ àáâ àããÏÍäâåÐ æçìÏÑì æÏÑé êëÑ æÏìÏÑð æðÑé êëÑ æÑçÏÑÐ æìé êë

ÐÝÎÑðÎÐÑÏÍÏÍ ÒÏìÓÔÓÏíÐ
Ö ×ØÙÚÛÜÙÔ
îòÑÍ ÞÓäòÔ ÞèÏÏÔ àáâ àããÏÍäâåÏ æÝçÏÐÕ æèÑé êëÑ æÑÍðÍ æÕÑé êëÑ æÑÐðç
é êë

ÐÕÎÑðÎÐÑÏÍÏÐ ÒÝìÓÔÓÏíÝ
Ö ×ØÙÚÛÜÙÖ
ÏìÑÍ Þîßø ÞèÑìÔ àáâ àããÏÍäâåÐ æèèÏÑç æèÑé êëÑ æÏÍðÝ æÝÑé êëÑ æÑçðÍ æÕé êë

ÐÎÏÑÎÐÑÏÍÏÍ ÒÐèÓÔÓÏíç
Ö ×ØÙÚÛÜÙÔ
îòÑÐ ÞÓäòï ÞèÏÍÔ àáâ àããÏÍäâåÏ æÍèÏÐÝ æÕÑé êëÑ æÑÐÏÑÍ æçÑé êëÑ æÑÏÏÏÑ
é êë

èÎÏÑÎÐÑÏÍÏÍ ÒÐèÓÔÓÏíï
Ö ×ØÙÚÛÜÙ
ÖÏìÑÏ ÞÓóÔ ÞèÑçÔ àáâ àããÏÍäâåÍ æÝÏÏÑÕ æÑÑé êëÑ æÏððì æÕÑé êëÑ æÏçðÝ
é êë

èÎÏÑÎÐÑÏÍÏÍ ÒÐìÓÔÓÏíÔ
Ö ×ØÙÚÛÜÙÔî
òÑÍ ÞÓäòÔ ÞèÏÏíÔ àáâ àããÏÍäâåÑ æÏÐÏÑÍ æÐÑé êëÑ æÑÏðÝ æÍÑé êëÑðì æèé êë

ðÎÏÑÎÐÑÏÍÏÍ ÒÏÍÓÔÓÏí�Ö ×ØÙÚÛÜÙÔ
îòÑÐ ÞåÛñ ÞèÏÐÔ àáâ àããÏÍäâåç æÍÐÏÏÍ æðÑé êëÑ æÏðÏÑÝ æÕÑé êëÑ æÏðÝ
é êë

ÏÏÎÏÑÎÐÑÏÍÏÍ ÒÏìÓÔÓÏíÓ
Ö ×ØÙÚÛÜÙÓä
òÔ ÞèÏì ÞÔîòÑÍÔ àáâ àããÏÍäâåÑ æÏÍÏÑÐ æÝÑé êëÑ æÑÏðð æèÑé êëÑÏÑð æÏé êë

ÏÝÎÏÑÎÐÑÏÍÏÍ ÒÐÝÓÔÓÏíö
Ö ×ØÙÚÛÜÙÔ
îòÑÏ ÞòÛñ ÞèÏÕÔ àáâ àããÏÍäâåÍ æÑÏÏÏÍ æÝÑé êëÑ æÏÏçì æèÑé êëÑ æÑèðè æÍé êë

ÏçÎÏÑÎÐÑÏÍÏÐ ÒèÐÓÔÓÏí÷
Ö ×ØÙÚÛÜÙÖ
ÏÕÑÍ Þîßø ÞèÏèÔ àáâ àããÏÍäâåÍ æÏÝÏÑÕ æÍÑé êëÑ æÏÏÏÑÍ æÏÑé êëÑ æÑÕÏÑÕ æìé êë

ÐÐÎÏÑÎÐÑÏÍÏì ÒÑÏÓÔÓÏíø
Ö ×ØÙÚÛÜÙÓä
òï ÞèÐÐ ÞÔîòÑÍÔ àáâ àããÏÍäâåÏ æÍÍÏÏÏ æìÑé êëÑ æÑèçÕ æèÑé êëÑ æÑÐçÐ æèÑé êë

ÐèÎÏÑÎÐÑÏÍÏÑ ÒÏÍÓÔÓÏíù
Ö ×ØÙÚÛÜÙò
Ûñ ÞèÏÕí ÞÔîòÑÏÔ àáâ àããÏÍäâåÐ æÝÑÏÏÕ æÐÑé êëÑ æÏÑÏÏÑ æèÑé êëÑ æÑèÏÏÏ æÑÑé êë

ÐèÎÏÑÎÐÑÏÍÏÑ ÒÏÝÓÔÓÏíâ
Ö ×ØÙÚÛÜÙÓ
óÔí ÞèÐè ÞÖÏìÑÏÔ àáâ àããÏÍäâåÏ æÍÕÏÏÝ æèÑé êëÑ æÑÕÏÑè æðÑé êëÑ æÑèÏÏÑ æÕÑé êë

ÍÑÎÏÑÎÐÑÏÍÏÍ ÒÏðÓÔÓÏíé
Ö ×ØÙÚÛÜÙå
Ûñ ÞèÐÕ ÞÔîòÑÐÔ àáâ àããÏÍäâåè æèÕÏÏÑ æìÑé êëÑ æÑððÕ æçÑé êëÑ æÑÝÏÑÐ æÑÑé êë

ìÎÏÏÎÐÑÏÍÏÍ ÒÏçÓÔÓÏïÏ
Ö ×ØÙÚÛÜÙÓóÔ Þîßø ÞèÐç ÞèÏç ÞèÐÏÔ àáâ àããÏÍäâåÐ æÕÑÏÑç æÑÑé êëÑ æÏÝðÝ æçÑé êëÑ æÑððè æìÑé êë

ÕÎÏÏÎÐÑÏÍÏÍ ÒÐçÓÔÓÏïÍ
Ö ×ØÙÚÛÜÙå
Ûñ ÞèÐÕï ÞÔîòÑÐÔ àáâ àããÏÍäâåÐ æÕçÏÏè æìÑé êëÑ æÑèÏÑÍ æçÑé êëÑ æÑÐçð æÐÑé êë

çÎÏÏÎÐÑÏÍÏÍ ÒÏÝÓÔÓÏïÝ
Ö ×ØÙÚÛÜÙ
ÓóÔ ÞèÍÐ ÞÖÏìÑÏÔ àáâ àããÏÍäâåÏ æçÑÏÑÕ æÐÑé êëÑ æÏÐÏÑÑ æÕÑé êëÑ æÑÝÏÑì æìÑé êë

ÏèÎÏÏÎÐÑÏÍÏÍ ÒÐèÓÔÓÏïç
Ö ×ØÙÚÛÜÙò
Ûñ ÞèÐÝ ÞÔîòÑÏÔ àáâ àããÏÍäâåÐ æÕÕÏÏì æÝÑé êëÑ æÏÏÏÑÑ æÍÑé êëÑ æÑÝðÑ æìÑé êë

ÏèÎÏÏÎÐÑÏÍÏÍ ÒÐìÓÔÓÏïð
Ö ×ØÙÚÛÜÙÓ
óÔí ÞèÍÍ ÞÖÏìÑÏÔ àáâ àããÏÍäâåÑ æÝèÏÑÍ æÝÑé êëÑ æÑÍðç æçÑé êëÑ æÑÏÏÏÐ æèÑé êë

ÐÐÎÏÏÎÐÑÏÍÏÍ ÒÏìÓÔÓÏïÔ
Ö ×ØÙÚÛÜÙò
Ûñ ÞèÐÝï ÞÔîòÑÏÔ àáâ àããÏÍäâåÏ æÍðÏÑç æðÑé êëÑ æÑèçì æçÑé êëÑ æÑÐðÑ æÐÑé êë

ÐÕÎÏÏÎÐÑÏÍÏÍ ÒÏìÓÔÓÏïñ
Ö ×ØÙÚÛÜÙ
îßø ÞèÐÍ ÞÖÏÕÑÍÔ àáâ àããÏÍäâåÐ æèÕÏÑÐ æìÑé êëÑ æÑççÝ æçÑé êëÑ æÑèçð æÏÑé êë

ÐðÎÏÏÎÐÑÏÍÏÍ ÒÍðÓÔÓÏïó
Ö ×ØÙÚÛÜÙÓ
óÔí ÞèÍç ÞÖÏìÑÏÔ àáâ àããÏÍäâåÏ æÏÝÏÑÏ æÐÑé êëÑ æÏÑçð æÍÑé êëÑ æÑÍðÑ æÑÑé êë
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