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1 INTRODUCTION 
 
The purpose of this report is to provide an update on the progressive closure of 
Whitehaven’s Canyon Mine (ML1464 and ML1471) for the period 1st July 2011 – 30th 
June 2012.  
 

2 ACHIEVEMENTS  

2.1 Outline 
 
Since mining ceased in July 2009, progressive rehabilitation, environmental 
monitoring and maintenance have occurred. Since October 2009, 11,560 trees and 
understorey species have been planted.  
 
Overall the site is presenting an area that blends in with the surrounding agricultural 
landscape. The final void area is generally a stable landscape that possesses good 
vegetation cover and drainage structures resulting in a secure void water body, 
however during the heavy rainfall in early 2012 some erosion occurred (see Section 
2.4).  
 
The site has been fenced for the exclusion of stock and public access, with the fence 
being of the agricultural type to enhance the blending in with the surrounding 
agricultural landscape. The exclusion of stock and vehicle access has assisted in the 
success of the site’s rehabilitation. Site personnel maintain observations of site to 
ensure both weeds and feral animals are eradicated on an as needs basis. 
 
The offset requirements for the Canyon site have been endorsed as being included in 
Whitehaven’s Regional Biobank site as evidenced by a letter of approval from the 
Department of Planning.  The Biobank site was registered with the OEH on 28th June 
2012. 
 
From a social perspective, the progress of closure at the site has satisfied the 
surrounding community with good feedback received at the 2009 and 2010 
Community Consultative Committee (CCC) meetings. Four attempts were made to 
hold a CCC meeting in 2011, however the meetings were delayed because of poor 
weather and then ultimately cancelled due to lack of attendance. The 2012 meeting 
was held outside of the reporting period for this closure plan update. The attendees 
at this meeting again provided positive feedback in relation to the progression of 
rehabilitation.  
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The following sub-sections provide a more detailed summary of the progress within 
each domain (as shown in Plate 9). Table 2 at the end of this section provides an 
updated schedule of works, with revised timeframes, where required.  
 

2.2 Infrastructure Areas 
 
1(a) Site Office and Facilities and Former Orica Hardstand 
The crib and office facilities were removed in August 2010 with the exception of the 
toilet block, which is used by the environmental team and contractors associated 
with closure activities. The area, including the car park, was then topsoiled and 
seeded. Additionally, a small waterway was constructed to slowly drain away runoff 
into storage dams to the east of this area. The former Orica hardstand is yet to be 
rehabilitated, as it currently provides a useful safe stopping area for haul trucks on 
the passing haul road.  
 
1(b) Workshop, Fuel Farm and Hardstand 
In mid 2010, the two 50,000L diesel storage tanks were removed from the bunded 
area which had a capacity of 240,000L. The bunded area, which also contained 
stored oils, incorporated a clay over plastic over clay liner to minimise the potential 
of soil contamination in the event of a spill. Pipes and lockable valves were in place 
to enable removal of spills and rainwater from the area. 
 
On 18th August 2010, soil testing for hydrocarbon contamination was conducted 
around the old fuel storage area which comprised collecting soil samples from 8 
separate pits. Soil samples were taken at the surface, 1m and 2m intervals from pits 
dug out by a backhoe. Four pits were located around the fuel storage area, one 
within the storage area and the remaining three down slope of the site to determine 
whether there has been any soil contamination away from the direct location. These 
samples were tested for total metals, recoverable metals and total petroleum 
hydrocarbons.  
 

Analysis of the soil samples was conducted by ALS Laboratory Group Environmental 
Division in Sydney. Results of the sampling indicated that in two locations the levels 
of C10 – C36 Fractions of Hydrocarbons (Diesels and Lubricating Oils) exceeded the 
threshold concentrations for sensitive land use set in the NSW EPA Guidelines for 
Assessing Service Station Sites (2004). Heavy metals analysis indicated all samples 
were well within threshold limits.  
 
Based on these results, the contaminated material was excavated and disposed of 
within a designated bunded area in September 2010 for future bioremediation. 
Following excavation of this material it was noted that contamination was present at 
greater depths than first identified. Subsequently, additional soil samples were 
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collected to a depth of 2.5m, along with a resample of the two locations within the 
pit, to ensure all contaminated material was removed. Results of these sites found 
that contaminated material had been removed from all but one area (2 samples 
within the one large pit).  
 
Wet weather hampered the continuation of remediation of the fuel storage area. 
When conditions permitted, the additional contaminated soil was excavated and 
stored in the bunded area onsite for bioremediation. Once bioremediated, the soil 
was disposed of offsite as general waste.  
 
The former workshop has been decommissioned to the basic structure, as a 
potential agricultural shed for future land use on the site. The hardstand and storage 
area has had all mining related stores removed. The wash down sump has had an oil 
and grease analysis completed, with results indicating all parameters within 
compliance levels.  
 
For the purposes of the commitments provided in the original Closure Plan, works in 
this domain have been completed. However, following submission of the Closure 
Plan Whitehaven sought approval from Narrabri Shire Council (NSC) for construction 
of offices, a storage shed and hardstand areas for a centralised maintenance storage 
area for Whitehaven’s open cut mines (Plate 1 and Plate 2). Consent was issued by 
NSC in mid 2011 and the final occupation certificate was issued in early 2012. The 
Maintenance Facility will remain for the foreseeable future and therefore may need 
to be excised from the Canyon ML at the time of relinquishment.  
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Plate 1 - Maintenance Facility Buildings 

 

 
Plate 2 - Maintenance Facility Yard 
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1(c) Coal loading bin and ROM Pad 
The removal of coal loader and associated infrastructure was completed in 
September 2010, with the loadout bin being commissioned at Whitehaven’s 
Sunnyside Coal Mine. The ROM pad and ROM facilities area totalled 7.5 ha and was 
reshaped, stabilised with contours and waterways for drainage, top-soiled and 
seeded with a summer pasture mix. The waterway spills into a rehabilitated area to 
the south of the pad that is designed to slowly drain runoff into the final void. This 
area has also been top-soiled and seeded with a summer pasture mix for prevention 
of erosion. Further planting of native trees in clump formations was undertaken in 
November 2011 (Plate 3).  
 

 
Plate 3 - Revegetation Near Former Coal Bin 

 
1(d) Explosives Magazine 
The explosives magazine is still currently used by blasting contractor Orica Mining 
Services. Whitehaven plans to leave the magazine in its current location for the 
foreseeable future as it provides a secure area which is isolated from the general 
public.  
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2.3 Rehabilitation Zones 
 
2(a-f) - Pasture and Native Vegetation Zones 
Infill planting of 350 trees occurred south of the ROM pad and west of the haul road 
(zone 2(f)) in October 2009.  
 
A total of 5,660 tubestock was planted over January and February 2010 in the 
designated native vegetation rehabilitation zones 2(b), (d), (e) and (f). The tubestock 
consisted of a diverse range of shrub and tree species native to the area. 
Whitehaven made particular effort to ensure a significant mix of overstorey and 
understorey species were planted. This will ensure that the native vegetation zones 
regenerate in a way that enhances the original landscape by providing improved 
biodiversity. 
 
A planting campaign of 3,800 tubestock, which incorporated a mix of tree and 
understorey species were planted over June 2010 using a contracted tree planting 
machine. 2,000 tubestock were sourced from those left over from the 
January/February 2010 campaign and the remaining 1,800 were supplied by the 
contractor. The area targeted was native vegetation zone 2(f) within the south-east 
corner of the site. 
 
Further infill planting of 1,000 understorey species was undertaken in September 
2010 in Zones 2(b) and 2(d). Areas targeted within the zones were those on the mid-
plateau section of rehabilitation which is a native vegetation zone consisting of trees 
planted around five years ago. The infill planting will ensure the introduction of a 
shrubby understorey such as Hop Bush and Golden Wattle, and hence will further 
improve the ecological merit of the area. Preparation for the planting involved 
adding fresh rip lines between existing vegetation and undertaking grass/weed 
control with a pre-spray of glyphosate, two weeks prior to planting.  
 
Further infill planting of 320 understorey tubestock occurred in June 2011 on the 
western area of the rehabilitation. 
 
Plate 4 to Plate 7 show the progress of rehabilitation across the native vegetation 
rehabilitation zones while Table 1 provides a summary of the number and type of 
species planted during the period July 2009 to November 2011.  
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Plate 4 - Established Revegetation on Western Slope (2c) 

 

 
Plate 5 - Trees on Western Slope (2c) 
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Plate 6 - Revegetation on Eastern Slope near Plateau (2b/2d) 

 

 
Plate 7 - Infill Understorey Plantings on Plateau (2b) 
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Table 1 – Rehabilitation Species List 
Date Species Common Name Approx. Quantity 

20 Oct 2009 

Eucalyptus albens White Box 75 
Eucalyptus melliodora Yellow Box 75 

Eucalyptus crebra Narrow-leaf Ironbark 100 
Eucalyptus populnea Bimble Box 100 

14 Jan 2010 

Acacia deanei Deans Wattle 200 
Acacia decorai Western Golden Wattle 200 
Acacia oswaldii Umbrella Wattle 120 
Acacia salicinia Cooba 160 

Alectryon oleifolium Bullock Bush 30 
Allocasaurina leuhmanii Bull Oak 160 

Atalya hemoglauca White Wood 240 
Brachychiton populneus Kurrajong 360 

Callitris glaucophylla White Cypress 120 
Casuarina cristate Belah 40 

Dodonea heteromorpha Hop Bush 200 
Dodonea viscosaa Sticky Hop Bush 800 
Hovea lanceolata Lance-leaf Hovea 80 

Notolea microcarpa Native Olive 40 
Parsonsia eucalyptaphylla Gargaloo 80 
Pittosporum angustifolium Budda Bush 800 

Senna articimoides Silver Cassia 80 
Eremophila debile Winter Apple 20 

Eucalyptus clauroclada  Baradine Red Gum 320 
Eucalyptus melanophloia Silver Leaf Ironbark 280 

Eucalyptus albens White Box 200 
Eucalyptus melliodora Yellow Box 240 

Eucalyptus crebra Narrow-leaf Ironbark 280 
Eucalyptus populnea Bimble Box 240 

Eucalyptus pilliganensis Pilliga Box 600 

25 Feb 2010 

Atalya hemoglauca White Wood 120 
Eucalyptus populnea Bimble Box 100 

Dodonea heteromorpha Hop Bush 80 
Dodonea viscosaa Sticky Hop Bush 80 

Pittosporum angustifolium Budda Bush 320 
Eucalyptus albens White Box 60 

Eucalyptus clauroclada  Baradine Red Gum 80 
Eucalyptus crebra Narrow-leaf Ironbark 200 

Eucalyptus melliodora Yellow Box 40 
Eucalyptus pilliganensis Pilliga Box 160 

Callitris glaucophylla White Cypress 30 
Casuarina cristate Belah 80 

Davisea genistifolia Broom Bitter Pea 400 
Indigofera australis Native Indigo 20 

25 June 2010 
 

(includes 2000 
mixed species 

from Jan/Feb list) 

Dodonea viscosaa Sticky Hop Bush 300 
Pittosporum angustifolium Budda Bush 300 

Eucalyptus melliodora Yellow Box 350 
Eucalyptus crebra Narrow-leaf Ironbark 200 
Eucalyptus albens White Box 350 

Eucalyptus populneus Bimble Box 150 
Brachychiton populneus Kurrajong 150 

28 Sept 2010 

Dodonea viscosaa Sticky Hop Bush 300 
Pittosporum angustifolium Budda Bush 150 

Acacia deanei Deans Wattle 200 
Acacia decorai Western Golden Wattle 150 

Dodonea heteromorpha Hop Bush 200 
28-29 June 2011 

 
Senna coronilloides  40 

Pittosporum angustifolium Budda Bush 40 
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Date Species Common Name Approx. Quantity 
Western 

rehabilitation 
(near fire break) 

Acacia hakeoides  40 
Dodonaea viscosa Sticky Hop Bush 80 

Acacia decora Western Golden Wattle 40 
Acacia salicinia  40 

Senna artemisioides Punty Bush 40 

10 Nov 2011 
 

Old coal loader 
and opposite 
weighbridge 

Brachychiton populneum  Kurrajong 40 
Callitris glaucophylla White Cypress Pine 20 

Capparis mitchelli Wild Orange 10 
  Acacia 40 

Eucalyptus albens White Box 20 
Eucalyptus populneas Bimble Box/Poplar Box 20 

Eucalyptus crebra Silver Narrow-leaved Ironbark 40 

16 Nov 2011 
 

Old coal loader 
and opposite 
weighbridge 

Eucalyptus melanophloia Silver Leaf Ironbark 30 
Eucalyptus crebra Narrow-leaf Ironbark 20 

Eucalyptus populneas Bimble Box/Poplar Box 20 
Eucalyptus albens White Box 30 

Acacia deanei Deans Wattle 20 
Acacia viscosa   20 

Brachychiton populneum  Kurrajong 80 
Callitris glaucophylla White Cypress Pine 20 

  Total 11,560 

 

2.4 Final Void 
 
3 - Void 
Although a summer cover crop consisting of predominately Japanese Millet was 
present in the void area, the intensity of rainfall events over late December 2009 and 
early January 2010 (a total of 184.6mm fell from the 22/12/09 – 3/1/10) resulted in 
numerous instances of gully erosion through contour banks and dam walls within the 
void. The major areas affected included the southern side of the void with three 
small instances of gully erosion through contours, and one small instance on the 
northern side of the void. A large channel was also eroded through the dam wall 
which was acting as a water velocity control structure in the lower void. These areas 
were further affected by 180.8 mm of rainfall over the following months of February 
and March 2010, creating major damage to the first void dam to the east with a large 
channel cut through the dam wall. In total an area of around 0.5ha was affected by 
erosion in the void.  
 
Remediation work began in May 2010 with dozer contractors patching the 
problematic areas and reseeding with a winter cover crop consisting of 
predominately Rye Corn to further stabilise the soil. Major work occurred on the 
dam entering the void (to the east) with the wall filled and enlarged to incorporate a 
new rock lined spillway turfed with kikuyu grass. This work has prevented further 
instances of channelling through the dam wall and slowed water entering the void 
from the east, therefore reducing the chances of gully erosion through the lower 
water structures to the west. Works on the southern side of the void were also 
undertaken and included shaping and seeding of steeper slopes that were previously 
left due to access issues. 
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Earthen mounds were installed in June 2010 within the void to provide an 
alternative to rip-lines and were anticipated to be incorporated into future tree 
planting campaigns. Mounds also provide further stability within the void slope 
acting as smaller intermediate contours between larger contours, catching water 
runoff and therefore providing moisture to developing tubestock.  
 
The approximate 35.9 ha of the void was re-seeded in September 2010 with a 
summer pasture mix to provide further stability on void slopes. The seed mix 
consisted of 250kg of Japanese Millet, 50kg Bambatsi Panic, 50kg Purple Pigeon 
Grass and 50kg Premier Digit Grass, which equates to approximately 11kg/ha of 
pasture. The new crop was required to replace the annual winter species crop and 
was particularly important in the prevention of erosion of slopes during summer 
storms.  
 
As discussed previously, heavy rains in early 2012 resulted in new erosion on the 
southern face of the void. The area was remediated in late 2012 by Wards 
Earthmoving (Plate 8). Whilst works like this will occur as required, at this stage 
progression to final rehabilitation of the void have been delayed due to the pending 
Vickery Coal Project which will ultimately result in the Canyon void being backfilled 
with waste rock from the Vickery Project.  
  

 
Plate 8 - Repair Works to Void, 2012 
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2.5 Enrichment Planting Zones 
 
4(a-c) Enrichment Zones 
Enrichment planting in zones 4a and 4c has not occurred. These zones formed part 
of the biodiversity offset for Canyon however, as discussed in Section 2.1 the 
Canyon’s offset requirements have been included in Whitehaven’s Regional Biobank 
Area. As a result, enrichment planting in these zones will not be undertaken.  
 
Enrichment planting in zone 4b will also not be undertaken pending approval of the 
Vickery Coal Project as the Vickery waste emplacement will cover this area.  
 

2.6 Emplacement Areas 
 
(5a-b) – Emplacement Areas 1 and 2 
Both reject emplacement 1 (north) and 2 (south) areas have been filled, reshaped, 
top-soiled and seeded with summer pasture mix during September 2010. Planting of 
native trees was undertaken in November 2011.         
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Plate 9 – Closure Domain Areas
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Table 2 - Update of Completed Works 
DOMAIN ACTIVITY COMPLETION DATE 

1(a) Infrastructure Area: 
Site Office and Facilities 
Crib Room 
First Aid Room 
Car Park Area 
 
Former Orica Hardstand 

Removal of relocatable offices, piers 
and associated infrastructure 

Completed  
 
 

Ripping of hardstand areas, removal of 
concrete pathway, sowing of cover crop 

Completed (except 
former Orica hardstand 
which will remain for 
the foreseeable future) 

   
1(b) Infrastructure Area: 
 
Workshop 
Fuel Farm 
Storage/Hardstand Area 

Dismantling of Workshop and removal 
off site. 

Completed (main shed 
retained) 

Break up and removal of concrete off 
site 

Completed 

Removal of wash down facilities (Truck 
tray and oil separating tank) 

Completed 

Removal of all stored items from 
hardstand area 

Completed 

Removal of fuel tanks, pumps and 
associated infrastructure from fuel farm 

Completed 

Soil sampling at depth ranges at 
workshop area, fuel farm and 
downslope of fuel farm, and at 
washdown bay. 

Completed 

Soil remediation or removal if required Completed 
Ripping of hardstand areas, 
replacement of topsoil, placement of 
drainage structures and sowing of cover 
crop 

Completed. Part of this 
area has remained for 
the Maintenance 
Facility.  

   
1(c) Infrastructure Area: 
 
Coal Loading Bin 
ROM Pad 
Coal Loading facilities and road 
access area 

Dismantling of Coal Bin and loader and 
transfer off site. 

Completed 

Relocation of structures associated with 
coal loader 

Completed 

Removal of all coal stockpiles at the 
ROM Pad 

Completed 

Deep ripping of ROM Coal Pad and road 
access area 

Completed 

Replacement of topsoil, placement of 
drainage structures 

Completed 

Sowing of cover crop Completed 
Planting to native vegetation Commenced Nov 2011 

– Completion for end 
2013. 

   
1(d) Infrastructure Area 
 
Explosives Magazine 

Dismantling and removal of magazine To remain at this stage. 
Deep ripping and replacement of topsoil To remain at this stage. 
Sowing to cover crop To remain at this stage. 

   
2(a) Pasture Zone 1 Reshaping, replacement of subsoil and 

topsoil, drainage structure 
establishment 

Completed 

Establishment of cover crop Completed 
Establishment of monitoring plot Completed 
Planting of clumps of native vegetation End 2013 
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DOMAIN ACTIVITY COMPLETION DATE 
2(b) Pasture Zone 2 Deep Ripping of compaction zones (ie 

access roads, truck park area) 
Completed 

Replacement of topsoil, placement of 
drainage structures 

Completed 

Sowing to cover crop Completed 
   
2(c) Native Vegetation 
       Zone 1 

Reshaping, replacement of subsoil and 
topsoil, drainage structure 
establishment 

Completed 

Establishment of cover crop Completed 
Establishment of monitoring plot Completed 
Establishment of riplines Completed 
Planting to native vegetation Completed 
Infill planting with understorey species Completed 

   
2(d) Native Vegetation  
        Zone 2 

Reshaping, replacement of subsoil and 
topsoil, drainage structure 
establishment 

Completed 

Establishment of cover crop Completed 
Establishment of monitoring plot Completed 
Establishment of riplines Completed 
Planting to native vegetation Completed 
Infill planting with understorey species Completed 

   
2(e) Native Vegetation 
        Zone 3 

Reshaping, replacement of subsoil and 
topsoil, drainage structure 
establishment 

Completed 

Establishment of cover crop Completed 
Establishment of riplines Completed 
Planting to native vegetation Completed 

   
 
 
 
2(f) Native Vegetation  
       Zone 4 
 

Cessation of active mining Completed 
Reshaping, replacement of subsoil and 
topsoil, drainage structure 
establishment 

Completed 

Establishment of cover crop Completed 
Establishment of riplines Completed 
Planting to native vegetation Completed 

   
3 Final Void  Final Shaping at depth of approximately 

25 metres 
Completed 

Final batter grades achieved in 
accordance with MOP 

Completed 

Subsoil and topsoil replaced Completed 
Drainage structures installed Completed 
Banks of void sown to cover crop Completed 
Banks of void planted out to native 
vegetation 

Not to be completed, 
pending Vickery Project 
approval.  

   
4(a) Enrichment  
        Planting Zone 1 
  

Establishment of rip lines through 
existing native pasture 

Replaced by Biobank 
site (see section 2.5) 

Planting to native vegetation Replaced by Biobank 
site (see section 2.5) 
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DOMAIN ACTIVITY COMPLETION DATE 
4(b) Enrichment  
        Planting Zone 2 

Planting to concentrated clump of 
native vegetation within existing 
rehabilitation area 

Not to be completed 
pending Vickery 
approval. 

   
4(c) Enrichment  
       Planting Zone 3 

Establishment of riplines through 
existing native pasture 

Replaced by Biobank 
site (see section 2.5) 

Planting to native vegetation Replaced by Biobank 
site (see section 2.5) 

5(a) Emplacement Area 
        1 

Reject emplacement area filled Completed 
Reject emplacement covered with a 
minimum of 3 metres of inert 
overburden material 

Completed 

Replacement of subsoil and topsoil  
Completed 

Drainage structures in place Completed 
Cover crop established Completed 

   
5(b) Emplacement Area 
        2 

Reject emplacement area filled Completed 
Reject emplacement covered with a 
minimum of 3 metres of inert 
overburden material 

Completed 

Replacement of subsoil and topsoil Completed 
Drainage structures in place Completed 
Cover crop established Completed 
Rip lines established End 2013 
Planting to native vegetation End 2013 

   
 
 

3  ENVIRONMENT AND COMMUNITY 
 
Monitoring of environmental parameters continues to be carried out on site during 
the closure process. These include air quality, wet weather discharge, void water, 
groundwater and flora and fauna monitoring. 
 
In January 2012, in recognition of the site being in closure the Environment 
Protection Authority removed all monitoring locations from the Environment 
Protection Licence, with the exception of wet weather discharge points. Criteria for 
noise are still included and DA 8-1-2005 MOD 2 still includes monitoring 
requirements for dust, noise, blasting and water. All monitoring has continued to 
date with the exception of noise and blasting, given production at the site ceased in 
mid 2009. Despite ongoing monitoring and application of consent criteria, it would 
be difficult to attribute any exceedances to the site given there is no production and 
the site is well rehabilitated.  
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3.1 Air Quality 
 
Air quality is monitored monthly, with the intention of staged removal of monitoring 
points on relinquishment of area. Results are shown in Figure 1. 
 

 
Figure 1 - Annual Average Deposited Dust Results 

 
Figure 1 shows the annual average for each monitoring point since July 2009, 
compared with the consent limit of 4g/m2/month. It should be noted that 
September 2009 results have been excluded from the graphed data for all 
monitoring locations as these results were skewed by regional bushfires. December 
2010 and January 2011 deposited dust results have also been excluded from WD-13B 
Womboola as they were highly anomalous with results from that monitoring 
location during other months as well as results from other monitoring locations 
during December and January.  
 
The graph shows that all monitoring locations have remained below the annual 
average criteria of 4g/m2/month since mining ceased in mid 2009, with the 
exception of WD11 Merton in 2010. WD11 is located on a privately-owned property 
which is subject to agricultural activities.  
 
The overall trend of the data shows that deposited dust levels are generally 
remaining at low levels around the Canyon site and are continuing to fall as a 
consequence of established groundcover across all rehabilitated areas.  
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3.2 Wet Weather discharge – Surface Water 
 
Wet weather surface water quality is monitored on the basis of wet weather 
discharge events, with the intention of staged removal of the relevant monitoring 
points on relinquishment of the area. WW8 and WW9 are the licenced discharge 
points whilst WW11 and WW12 provide upstream and downstream water quality 
comparisons. During the period July 2011 – June 2012, two discharges have occurred 
at Canyon. Results of pH, Total Suspended Solids (TSS) and Oil and Grease are 
presented below.  
 
Figure 2 shows that the discharges from WW9 on the 14th and 24th November 2011, 
as well as ambient flows upstream and downstream of Canyon during this reporting 
period, remained within the pH thresholds of 6.5 – 8.  
 

 
Figure 2 - Wet Weather Discharge pH (2009 - 2012) 

 
Figure 3 shows that water quality from WW9 during the 14th and 24th November 
2011 discharges remained at or below the TSS criterion of 50mg/L. TSS levels were 
much higher at upstream and downstream locations, indicating influence from other 
non-mining related sources.     
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Figure 3 - Wet Weather Discharge TSS (2009 - 2012) 

 
The oil and grease level during both discharges in November 2011 from WW9 were 
compliant at <5mg/L. All upstream and downstream samples during the reporting 
period were also <5mg/L.  
 

3.3 Void – Surface Water 
 
During final shaping of the void, care was taken to ensure the RL of the void floor 
was higher than the RL of the extracted coal seam in order to avoid groundwater 
seepage into the void. Initial water quality testing since completion of the final void 
is indicative of EC levels expected in surrounding surface water storages, with no 
indication of groundwater infiltration. The EC remained stable between July 2011 
and June 2012, ranging from 358mg/L to 451mg/L in the lower void. This is 
consistent with results since mine closure. During mining operations, pit water was 
generally in the range of 3000-4000µs/cm. pH levels remained between 7.65 and 
8.52 from July 2011 to June 2012. The water will continue to be monitored over time 
to determine any change in void water quality.  
 

3.4 Groundwater  
 
Quarterly groundwater monitoring incorporates Standing Water Level (SWL), field 
Electrical Conductivity (EC) and field pH. Six monthly monitoring includes SWL, field 
pH and EC as well as laboratory analysis of EC, pH, metals and trace elements. 
Groundwater monitoring will be ceased through staged removal of relevant 
monitoring points on relinquishment of the area. 
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Figure 4 shows the SWL at all monitoring locations has generally remained consistent 
between 2009 and mid 2012. Any variations in SWL at this stage are considered to 
be influenced by non-mining activities or seasonal variation.  
 
Figure 5 shows a significant drop in EC levels since mine closure at some monitoring 
locations, particularly GW-7, GW-8 and GW-9. Ongoing EC trends will be closely 
monitored over the next 12 months to verify if EC levels remain consistent at these 
locations. 
 

 
Figure 4 - Standing Water Level (2009 - 2012) 

 

 
Figure 5 - Groundwater Electrical Conductivity (2009 - 2012) 
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3.5 Flora and Fauna 
 
Flora and fauna has traditionally been monitored annually by Countrywide Ecological 
Services and Geoff Cunningham Natural Resource Consultants. Eco Logical Australia 
Pty Ltd (Eco Logical) was engaged in 2011 to develop a more detailed rehabilitation 
monitoring program which assesses landscape functionality (rather than flora and 
fauna in isolation) to enable demonstration of progression towards rehabilitation 
goals and relinquishment. The first monitoring event was undertaken by Eco Logical 
in Spring 2011. The report (Appendix 1) indicated that rehabilitation of the Canyon 
site has been successful to date and that landscape functionality is continuing to 
trend towards that found in nearby control plots. A number of key ongoing 
monitoring recommendations were provided. These recommendations have been 
reviewed and implemented, where practicable, in the Spring 2012 monitoring event.  
 

3.6 Complaints 
 
No complaints were received in the period July 2011 to June 2012. This is not 
unexpected given the site is in closure. The last complaint was recorded in 2007 
when the site was in operation.  
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Appendix 1 – Rehabilitation Monitoring Report, 
Spring 2011 
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5.5 STATISTICAL METHODS 

Monitoring plots were compared using non-metric multidimensional scaling (MDS) in Primer 6 
(PRIMER-E, Plymouth 2006). MDS plots allow multi-parametric data, such as species 
presence/absence, species abundance, or % cover, to be displayed in two dimensions. Sites with 
similar community compositions will appear close to each other on MDS plots, while those that are less 
similar will appear further apart (Clarke and Warwick 2001).  For repeated sampling of quadrats it is 
possible to then detect and map changes in a community over time (Clarke and Warwick 2001), which 
is the intention with future monitoring.  For the monitoring undertaken for this report this method was 
used to assess progression of the groundcover characteristics of rehabilitated areas towards control 
sites.  It would be expected that those sites rehabilitated earliest would most resemble the control sites.  

MDS plots were constructed for Canyon pasture and groundcover data that was collected in spring 
2011, following the calculation of Euclidean Distance similarity matrices for pasture biomass and Bray-
Curtis Similarity matrices for woodland vegetation data.  

MDS plots were made for the following: 

 Pasture biomass 
 Pasture species composition 
 Soil physical chemistry in pasture zones 
 Groundcover species presence/absence 
 Groundcover species abundance 
 Groundcover composition (rock, bare earth, cryptogam, litter, native species, exotic species). 

Analysis of Variance (ANOVA) was also conducted where applicable in order to determine if there was 
a significant difference in mean values, with a p-value less than 0.05 indicative of there being a 
significant difference.  If significant difference was established Tukey‟s HSD (honestly significant 
difference) was conducted to establish where the difference occurred. 

The results of these are discussed in the relevant results sub-section. 

 

5.6 DATA REVIEW 

Appendix A of the Rehabilitation Monitoring Program (ELA 2011) summarises monitoring data collected 
between 2004 and 2010.  This information has been reviewed in conjunction with spring 2011 survey 
results to track rehabilitation progress. 
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6 Results 
6.1 REMOTE SENSING 

6.1.1 Multi-spectral imagery 
WorldView-2 imagery of the rehabilitation zones and control areas was captured on 24 February 2012, 
assessed for quality and analysed to provide information for future change detection.  

The combination of true colour, false colour and NDVI image visualisation products gives an indication 
of the extent and condition of each land cover type in the area (Figure 6-1; Figure 6-2 and Figure 6-3).  
These images show a pattern of revegetation which is consistent with the rehabilitation zones, i.e. those 
areas which were planted during 2004 to 2006 indicate greater vegetation cover than those areas 
rehabilitated since 2007.  Infrastructure such as roads and dams are evident. 

The NDVI image shows variation in photosynthetically active biomass (green vegetation) over the site 
with blue areas showing low or no vegetation (e.g. bare soil or water) and red areas showing the 
highest amounts of green biomass.  As expected for a late summer image the control woodland areas 
show the greatest amount of green biomass with the 2009 and 2010 woodland rehabilitation areas 
(cyan and yellow) showing relatively less vegetation. 

MDS plots of NDVI data for the woodland zones indicate that those areas rehabilitated in 2004 and 
2005 are nearing the control sites in terms of green biomass amount (Figure 6-4; Figure 6-5 and 
Figure 6-6).  Further analysis using ANOVA and Tukey‟s HSD comparison of means indicates similarity 
(no significant difference p>0.05) between rehabilitation areas of a similar age and between the control 
sites and rehabilitation zones Wood_04 and Wood_05b (Table 6-1).  

MDS plots of the NDVI data for the Pasture zones indicate that green biomass amounts differ between 
all zones (Figure 6-7).  It is likely that differences in management, for example grazing pressure, 
account for the largest differences between zones.  Further analysis using ANOVA and Tukey‟s HSD 
comparison of means indicates similarity (no significant difference p>0.05) in green biomass between 
Ref Past 1 and Ref Past 2 (Table 6-2). 
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Figure 6-1: Canyon Mine - True Colour Image 
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Figure 6-2: Canyon Mine - False Colour Image 
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Figure 6-3: Canyon Mine - NDVI Image 
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Figure 6-4: MDS of Woodland Zones- NDVI data 

 

 

Figure 6-5: Subset of MDS of Woodland NDVI data as indicated by red rectangle in Figure 6-4 

 

 

Figure 6-6: Subset of MDS of Woodland NDVI data as indicated by green rectangle in Figure 6-4 
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Control
Rehabilitated

Control
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Table 6-1: Summary of NDVI statistics of Woodland Zones 

NDVI ZONE SD MEAN MODE MEDIAN HOMOGENEITY* 

Control wood 1 0.103 0.478 0.500 0.487 A 

Control wood 2 0.099 0.468 0.500 0.479 A 

Wood_04 0.104 0.459 0.444 0.459 A 

Wood_05a 0.116 0.417 0.451 0.419 BC 

Wood_05b 0.102 0.467 0.417 0.463 A 

Wood_06a 0.132 0.425 0.333 0.430 B 

Wood_07a 0.129 0.427 0.333 0.419 B 

Wood_07c 0.124 0.361 0.333 0.355 - 

Wood_08a 0.112 0.329 0.200 0.316 D 

Wood_08b 0.096 0.398 0.333 0.403 C 

Wood_08c 0.174 0.280 0.146 0.303 E 

Wood_09a 0.262 0.206 -0.412 0.251 F 

Wood_09b 0.140 0.271 0.200 0.230 E 

Wood_10a 0.349 0.157 -0.442 0.273 - 

Wood_10b 0.099 0.221 0.162 0.194 F 

Wood_10c 0.106 0.308 0.211 0.292 D 

Year unknown 0.127 0.207 0.200 0.163 F 

* Note zones with the same homogeneity letter are not statistically different  

 

 

Figure 6-7: MDS of NDVI data - Pasture Zones 
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Table 6-2: Summary of NDVI statistics - Pasture Zones 

NDVI ZONE SD MEAN MODE MEDIAN HOMOGENEITY 

Control past 1 0.101 0.416 0.452 0.419 A 

Control past 2 0.059 0.411 0.429 0.403 A 

Control past 3 0.063 0.376 0.333 0.370 B 

Pasture 2004 0.133 0.441 0.400 0.441 C 

 

6.1.2 EM38 and EM31 survey 
Maps of apparent electrical conductivity were generated using the data from the EM31 and EM38 
sensors (Figure 6-8 and Figure 6-9).  Surveys were conducted across representative areas within the 
control and rehabilitated areas.  

EM31 data ranged from 8 to 201 milliSiemens per m (mS/m) and EM38 ranged from -4 to 136 mS/m.  
EM signals vary in relation to underlying soil conductivity which in turn relates to soil moisture, ion 
concentration (salinity) and texture.  As the survey area is primarily a reconstructed landscape the EM 
variation are most likely due to variation in rehabilitation procedures and materials (e.g. subsoil to 
topsoil ratios, deep fill material etc).  In general, rehabilitated landscapes exhibited lower conductivity 
than the surrounding natural soil landscapes.  This lower conductivity may be due to increased soil 
moisture drainage in the reformed landscapes resulting in lower conductivity.  Linear boundaries in EM 
conductivity zones likely relate to variation caused by physical changes in the material, procedure and 
time of rehabilitation.  These boundaries generally align to the established rehabilitation zones. 

Future EM survey will provide for assessment of changes in apparent conductivity that may relate to 
altered drainage conditions that change soil moisture or ion concentration conditions or general long 
term changes in soil texture. 
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Figure 6-8: Canyon Mine EM31 survey 
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Figure 6-9: Canyon Mine EM 38 survey 
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6.2 PASTURE AREA SURVEYS 

The full suite of results for pasture area surveys is provided in Appendix A. 

6.2.1 Pasture species 
The number of pasture species and species composition did not show any distinct patterns separating 
the control plots from the rehabilitated plots (Figure 6-10).  The number of species in the rehabilitated 
plots ranged from 5 to 11, with the average number of species being 8.5.  The number of species in the 
control plots ranged from 6 to 13, with the average number of species being 9.  The most common 
pasture species across all plots included: 

 Trifolium arvense (Haresfoot Clover) 
 Chloris truncata (Windmill Grass) 
 Dichanthium sericeum (Queensland Bluegrass) 
 Sonchus oleraceus (Common Sowthistle). 

 

 

Figure 6-10: Pasture species composition MDS 

 

Pasture cover ranged from 19 to 80% across all rehabilitated pasture plots, with the average being 
44%. Pasture cover ranged from 15 to 68%, with an average of 31.9% in the control plots.  ANOVA 
indicated that there was no significant difference in mean percentage pasture cover between the 
rehabilitated and control sites (p>0.05; p=0.72). 

6.2.2 Weed species 
For the purposes of rehabilitation monitoring the pasture zones, a weed species was determined to be a 
species which is undesirable to grazing stock.  Three weed species were recorded across the 
rehabilitation plots, two of which are introduced species.  

The number of weed species in the individual rehabilitation plots ranged between 0 and 2 (< 1% cover), 
the most frequently occurring was Carthamus lanatus (Saffron Thistle), an introduced species.  A total 
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of five weed species were recorded across the control plots; two of which are introduced species.  The 
number of weed species in individual control plots also ranged between 0 and 2 (< 2% cover), the most 
frequently occurring species was Cheilanthes sieberi (Poison Mulga Fern), a native species.  

6.2.3 Biomass 
Biomass in the rehabilitated plots ranged from 950 kg dry matter per hectare (kg DM/ha) up to  
3700 kg/ha.  Pasture Biomass in the control plots ranged from 250 kg dry matter per hectare 
(kg DM/ha) up to 4500 kg/ha.  ANOVA indicated that there was no significant difference in biomass 
between rehabilitated plots and control plots (p>0.05; p=0.55).  

Biomass was not strongly correlated to pasture cover (p<0.05 Pearson Correlation). 

6.2.4 Groundcover composition 
Groundcover composition was recorded for each plot (percentage cover of weeds, pasture, bare ground 
and litter).  ANOVA on all parameters indicated no significant difference between rehabilitated plots and 
control plots.  Pasture cover was below the target of 70% for some plots within both the rehabilitation 
and control zones (Table 6-3). 

Table 6-3: Summary of groundcover composition 

PARAMETER 

REHABILITATED PLOTS CONTROL PLOTS 
P 

VALUE* MINIMUM 
RECORDED 

MAXIMUM 
RECORDED 

MEAN 
MINIMUM 

RECORDED 
MAXIMUM 

RECORDED 
MEAN 

Weed cover 
(%) 

0 1 0.63 0 2 1.1 0.18 

Pasture cover 
(%) 

20 65 41 15 80 45 0.72 

Bare ground 
(%) 

0 60 15 0 60 23 0.53 

Litter cover 
(%) 

19 80 44 15 68 32 0.15 

*  p>0.05 indicates no significant difference between means. 

 

It is noted that the s pring 2011 monitoring was undertaken after a high rainfall season which may help 
contribute to abundant native grasses and high plant biomass. 

6.2.5 Soil samples 
Soil chemistry results for the soil samples taken from the pasture plots did not show any distinct 
patterns separating the control plots from the rehabilitated plots.  There is an indication that the control 
plots in the southern most zone are more similar than those in the rehabilitated area and other control 
zones (Figure 6-11).  ANOVA indicated that there was no significant difference in any of the physical-
chemistry parameters between rehabilitated and control plots (Table 6-4). 
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Figure 6-11: MDS of soil physical chemistry of pasture monitoring plots 

 

Table 6-4: Summary of pasture plot soil physical-chemistry data 

PARAMETER 
REHABILIATED PLOTS CONTROL PLOTS 

P VALUE* 
MIN MAX MEAN MIN MAX MEAN 

Electrical Conductivity (dS/m) 0.03 0.14 0.08 0.02 0.23 0.08 0.98 

pH (CaCl2) 5.66 7.78 6.72 4.9 7.91 6.05 0.12 

Total Nitrogen (mg/kg) 352 1176 701 368 1815 837 0.39 

Phosphorus Ex (mg/kg) 15.7 34.7 21.58 14.6 35.8 20.45 0.69 

Organic Carbon (%) 0.31 1.49 0.80 0.47 2.6 1.07 0.29 

*  p>0.05 indicates no significant difference between means. 

 

6.2.6 Soil pit descriptions 
Soil pits on the rehabilitation areas showed variable profile reconstruction with topsoil depth ranging 
from 0 cm (Site 1) to 40 cm (Site 9).  All rehabilitated soils areas showed good establishment with grass 
and other vegetation roots penetrating to depths of greater than 25 cm and between horizons (where 
present). 

Full descriptions of soil profiles are provided in Appendix D.   

6.3 WOODLAND SURVEYS 

The full suite of results for woodland vegetation surveys is in Appendix B.  Results for fauna surveys 
are in Appendix C. 



Ca n yo n  R e ha b i l i t a t i o n  M o n i t or i ng  R e p or t  –  S pr i n g  2 01 1  

 

©  E C O  L O G I C AL  AU S T R AL I A P T Y L T D  49 

 

6.3.1 Vegetation 
32 canopy and midstorey species were recorded across all monitoring plots; however, in plots 1 to 5 
(rehabilitated 2009) and plots 6 to 10 (rehabilitated 2010) no canopy or midstorey species were 
recorded.  Plots 19 and 20, rehabilitated in 2007, had the highest species number with 8 species 
recorded. 

With the exception of areas rehabilitated in 2004 the trees planted in rehabilitation areas are yet to 
reach a height where they form a canopy layer.  However, these trees are forming a midstorey layer in 
plots rehabilitated during and prior to 2008.  The canopy of Plot 32 (rehabilitated in 2004) returned a 
True Projected Foliage Cover (TPFC) of 1.2%, whilst the TPFC for the control plots ranged between 
2.0% and 9.2% (Table 6-5).  The midstorey for Plots 16 and 20 (rehabilitated in 2007) returned TPFC of 
2.0% and 0.2% respectively, those control plots that did have a midstorey had TPFC values ranging 
between 0.4% and 9.6% (Table 6-5). 

Table 6-5: True Projected Foliage Cover recorded at Woodland monitoring plots (0% Canopy cover 
indicates that species yet to reach canopy height; 0% midstorey in control sites indicative of natural 
variability in woodland strata) 

PLOT 16 20 32 36 37 38 39 40 41 42 43 44 45 

Year of 
rehabilitation 

2007 2007 2004 Control sites 

Canopy % 0 0 1.2 8.1 2.1 3.0 9.0 6.7 14.8 2.0 2.8 12.7 9.2 

Midstorey % 2.0 0.2 0 0 9.6 0 0 4.0 0 0.4 2.4 0.9 1.5 

 

In each 20 m by 20 m quadrat all tree and shrub species greater than 1 m in height were recorded.  
Planted tree species in plots rehabilitated in 2009 and 2010 were yet to grow to over 1 in height.  
ANOVA of the mean number of species occurring within each monitoring zone (that being year of 
rehabilitation or WC01, WC02) shows that there is no significant difference between WC01, WC02 and 
any of the rehabilitation zones, however, data sets are small (n=5) and may not be indicative of actual 
trends. 

Lycium ferocissimum (African Boxthorn) an invasive tree species was recorded in rehabilitation plots 3, 
18 and 19.  African Boxthorn is a weed of national significance and Class 4 noxious weed within 
Gunnedah Shire Council.  Noxious weeds are regulated under the Noxious Weeds Act 1993 which is 
enforced by the local control authority (usually local government).  This species must be managed in a 
manner that reduces its numbers spread and incidence and continuously inhibits its reproduction.  
African Boxthorn has an extensive, deep, branched taproot that will produce new growth if broken, 
therefore control and management generally requires the integration of a number of management 
techniques for effective control.  WCM staff should refer to the site MOP for site weed management 
procedures.  In addition NSW DPI (2012) lists a range of management methods that include: 

 Mechanical removal of as much of the top growth and as many of the roots as possible. 
Removed plant material should then be burnt 

 Cultivation after physical removal whereby suitable sites are deep-ripped, bringing most 
remaining root fragments to the surface to be raked and burnt. Follow up treatment will need to 
be commenced should there be regrowth 

 Chemical control with a registered herbicide and used according to directions on the label, this 
may require multiple treatments as the plant often regenerates before it dies. 
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 Foliar spray is the most commonly used control method, application requires strategic timing 
and it is not an appropriate method for large bushes 

 Replacement with appropriate plants, an essential component of managing for boxthorn as 
seedlings are susceptible to competition from other plants. 

Control and management of African Boxthorn is more effective and economical if undertaken when 
plants are young. The NSW Department of Primary Industries website 
(http://www.dpi.nsw.gov.au/agriculture/pests-weeds/weeds/profiles/african-boxthorn) describes various 
management actions in detail. Management information can also be obtained from the Gunnedah Shire 
Council. ELA recommend that these plants are treated as soon as practical. 

The mean number of groundcover species recorded generally increased according to rehabilitation age, 
with the exception of 2006, where total species numbers are relatively low.  Low species numbers in the 
2006 plots appear to be due to a low number of native species, as the number of exotic species present 
appear to be consistent with other rehabilitation age zones.  The mean number of exotic species 
present is relatively consistent across all rehabilitation zones and are high relative to the control zones 
(Table 6-6).  Both the MDS plot for groundcover species presence/absence and species abundance 
indicate that those plots rehabilitated earliest are the most similar to the control sites (Figure 6-12, 
Figure 6-13).  Groundcover composition in terms of native species, exotic species, bare ground, 
cryptogams and rocks shows a similar trend; with those sites rehabilitated earliest more closely 
resembling the control sites (Figure 6-14, Figure 6-15).  

 

Table 6-6: Summary of groundcover species diversity 

GROUNDCOVER SPECIES 2010 2009 2008 2007 2006 2005 2004 WC02 WC01 

Minimum total species 20 14 26 16 15 33 30 0 30 

Maximum total species 35 48 43 29 34 46 46 51 45 

Mean number of species 28.6 26.2 35.6 31.6 23.6 38.4 39 41.4 39 

Mean number of native species 14.8 14.6 19.6 18 10 23.6 24.4 36.8 33 

Mean number of exotic species 13.8 11.6 16 13.6 13.6 14.8 14.6 4.6 6 

http://www.dpi.nsw.gov.au/agriculture/pests-weeds/weeds/profiles/african-boxthorn
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Figure 6-12: MDS plot of groundcover species composition 

 

 

Figure 6-13: MDS plot of groundcover species abundance 
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Figure 6-14: MDS plot of groundcover composition 

 

 

Figure 6-15: Subset of MDS plot of groundcover composition (as indicated by red rectangle in Figure 6-15) 

 
Parameters such as canopy DBH thresholds, canopy species and age classes and coarse woody 
debris are indicators of self-sustaining vegetation communities.  Coarse woody debris was recorded in 
some of the rehabilitated plots and it is assumed that these have been introduced as habitat elements 
to the sites.  The rehabilitated sites do not yet have a mature canopy and so DBH thresholds, canopy 
species and age classes were not recorded, however, it is expected that over time these sites will return 
similar measurements to those recorded at the control sites (Appendix B5).  
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6.3.2 Terrestrial fauna and habitat 
As with the vegetation data, those sites rehabilitated earliest had the greater number of bird species and 
were approaching numbers recorded in the control sites (Figure 6-16).  Hirundapus caudacutus (White-
throated Needletail), listed as migratory under the EPBC Act, was recorded on one occasion at 
rehabilitated site W06.  Pyrrholaemus sagittata (Speckled Warbler), Hieraaetus morphnoides (Little 
Eagle) and Pomatostomus temporalis temporalis (Grey-crowned Babbler), listed as vulnerable under 
the TSC Act were recorded at WR02, WR01, and WR01 and WR02 respectively. 

 

 

Figure 6-16: Number of bird species recorded within fauna monitoring sites 

 

Other fauna recorded during the spring survey include six species of frog, three species of skink, a 
tortoise and seven species of mammal of which four were exotic.  Number species per site ranged 
between 1 and 8, the site with the most species was W08 which is close to control site WR02 
(Appendix C for full results). 

Due to substantial rainfall in the period preceding the fauna survey, grass growth was high and dense.  
In addition GPS locations of artificial reptile habitat were inaccurate, therefore, artificial reptile habitats 
were unable to be located and visibility for fauna observations was reduced. 

6.4 COMPARISON TO PREVIOUS SURVEYS 

While new monitoring quadrats for both pasture and woodland areas have been established at Canyon, 
general comparisons can be made on the progression of rehabilitation. 

6.4.1 Pasture areas 
Historical data indicated that species composition was progressing towards the reference sites. ANOVA 
of the spring 2011 data indicates that there is no significant difference in species composition or 
groundcover composition (rocks, bare earth, native species, weed species and cryptogams) between 
the rehabilitated areas and the control areas.  
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6.4.2 Woodland areas 
As with the historical data, current results pertaining to the groundcover in the woodland areas indicate 
a progression towards the control sites, with those areas rehabilitated earliest resembling the control 
areas more closely.  As growth of planted trees and shrubs progresses in the rehabilitated areas a 
similar trend is expected to appear. 
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7 Discussion 
This project set out to establish a quantitative set of baseline information for ongoing monitoring of the 
effectiveness of rehabilitation over the Canyon site.  Rehabilitated landscapes include areas returned to 
agricultural and native woodland land uses.  A multi-scale, multi-data source monitoring program was 
designed and implemented to quantify the performance of the rehabilitation works against control areas. 

7.1 REMOTE SENSING 

Multi-spectral remote sensing provides information relating to land cover and condition across the entire 
area including rehabilitation and control areas.  These data are readily accessible and provide an 
inexpensive means of documenting land cover change and directing targeted field work. 

EM survey data are derived from vehicle mounted survey equipment.  Mine site access and 
accreditation of the survey vehicle and team delayed capture of this survey dataset.  In addition the data 
capture area was limited to areas navigable by 4wd vehicle.  These data provide useful information on 
the spatial variability of shallow sub-surface conductivity, in places rehabilitation zones were clearly 
delineated with changes in conductivity.   Repeat capture of EM data would provide a means of 
investigating changes in soil moisture, ion and texture zones over time.  In addition comparisons to 
surrounding areas can be use to demonstrate the pattern and range of EM data in natural landscapes in 
comparison to the rehabilitated areas. 

LiDAR data were not captured or processed for this survey period.  These data are capable of providing 
high resolution information across the entire site for topography, tree canopy height and tree foliar 
density.  Longitudinal capture and analysis of LiDAR data would be useful for documenting landscape 
scale change in these three important parameters.  

7.2 PASTURE AREA SURVEYS 

Field surveys in pasture areas included collection and analysis of information relating to pasture 
composition and biomass, pasture weeds and soil character including horizon recreation.  For this 
baseline collection patterns and trends in the rehabilitation area were consistent with those in the 
control areas. 

7.3 WOODLAND SURVEYS 

Woodland monitoring including flora and fauna parameters (canopy species composition, abundance, 
cover, woodland bird numbers etc) showed a trend of rehabilitation area functionality becoming more 
similar to control sites as establishment age increased.   

Hair tube traps were not used during this round of monitoring as equipment availability was limited.  
Upon discussion with WCM staff it was decided to not undertake this aspect of the survey and consider 
more detailed fauna survey when vegetation community structure and concomitant habitat becomes 
more complex. 
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8 Recommendations 
The results of this survey show that the rehabilitation of the Canyon site has been successful to date.  
Landscape functionality is continuing to trend towards that found in the nearby control areas. 

It is recommended that WCM staff consider the results of this survey round and refine the monitoring 
design for ongoing survey and reporting.  Key ongoing monitoring recommendations include: 

 Capture and analysis of LiDAR information in 2012  
 Capture of multi-spectral imagery in early spring 2012 for change detection and directed field 

survey as prescribed in the monitoring plan 
o A rapid letter style report to be provided to WCM immediately following analysis to 

permit timely directed field survey if required 
 EM survey to be repeated in 3-5 years or as part of a closure process 
 Repeat pasture and woodland flora survey for 2012 to confirm trends and patterns 
 Beyond 2012 it is expected that survey effort can be reduced especially in regard to many 

aspects of vegetation structure (DBH, canopy composition etc) as these parameters are unlikely 
to change significantly in a 12 month period.  Other key functionality parameters such as 
woodland bird surveys should be conducted annually in conjunction with rapid traverse habitat 
surveys for general flora condition. 

 Soil survey to be repeated in 3 years or as part of a closure process.  
 Capture habitat usage data 
 Find reptile tiles (should have done this when grass was low) or possibly replace. 
 Use Hair tubes 
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Appendix A1: Pasture plot photographs 

 

Figure A 1: Pasture monitoring plots. Plots 1 to 6 (ordered Left to Right; Top to Bottom) 
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Figure A 2: Pasture monitoring plots. Plots 7 to 12 (ordered Left to Right; Top to Bottom) 
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Figure A 3: Pasture monitoring plots. Plots 13 to 18 (ordered Left to Right; Top to Bottom) 

 

 

 

 

 

 

 






































































































	1  Introduction
	2 Achievements
	2.1 Outline
	2.2 Infrastructure Areas
	2.3 Rehabilitation Zones
	2.4 Final Void
	2.5 Enrichment Planting Zones
	2.6 Emplacement Areas

	3  Environment AND COMMUNITY
	3.1 Air Quality
	3.2 Wet Weather discharge – Surface Water
	3.3 Void – Surface Water
	3.4 Groundwater
	3.5 Flora and Fauna
	3.6 Complaints

	2012 Closure Progress Report_AEMRgsdgf.pdf
	1  Introduction
	2 Achievements
	2.1 Outline
	2.2 Infrastructure Areas
	2.3 Rehabilitation Zones
	2.4 Final Void
	2.5 Enrichment Planting Zones
	2.6 Emplacement Areas

	3  Environment AND COMMUNITY
	3.1 Air Quality
	3.2 Wet Weather discharge – Surface Water
	3.3 Void – Surface Water
	3.4 Groundwater
	3.5 Flora and Fauna
	3.6 Complaints



