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3.6 Surface Water Flow and Pool Water Level 

Existing surface water flow gauges and data loggers are installed at key stream flow 
monitoring sites; additional sites are proposed to be installed to effectively monitor streams 
that may potentially experience influence from mining the proposed longwalls (Figure 3-3). 
Water level data loggers are also installed at stream flow monitoring sites along with 
manual benchmark water level monitoring sites. Data has been collected since 2003 and 
has been compiled within monitoring and field inspection reports (Illawarra Coal 2011), EoP 
Reports and regular impact update reports.  Pool water level and flow monitoring sites have 
been established in Dendrobium Area 3C for monitoring before, during and after mining.   

Pool water levels will be measured monthly before and after mining, on a weekly basis 
during active subsidence and in response to any identified impacts. Water level 
measurements will be undertaken relative to benchmarks installed on rocks or other stable 
features on the edge of the pools. 

Pool water levels in swamps and streams are measured using installed benchmarks in 
impact sites and reference sites (Figure 3-1).   

This data is used to compare differences in pool water levels within swamps and streams 
before and after mining. Sites that will not be mined under are also monitored to provide a 
comparison of mined and not mined under sites during different climatic conditions. 

This monitoring provides key data to assess the Wongawilli Creek Performance Measure of 
Minor impacts relevant to Area 3C: such as minor fracturing, gas release, iron staining and 
minor impacts on water flows, water levels and water quality. 

Performance against this measure will be based on comparing pool water levels before 
mining with after mining. Exceeding prediction is defined as fracturing resulting in diversion 
of flow such that >10% of the pools have water levels lower than baseline period along 
Wongawilli Creek. Pool water level data would also be used to determine the success of any 
pool/rockbar mitigation or rehabilitation.  

Surface water flow data for Dendrobium is available from a series of flow gauges operated 
by ICHPL. These gauging stations provide estimates of stream flow via: 

• A structure behind which water pools and flows over. The structures can be: 

▪ Natural, e.g. a rock bar, or 

▪ Engineered, e.g. a half-pipe flume. 

• A sensor and logger that measure and record the water level (“stage”) in the pool at 
5-minute intervals. 
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• A “rating curve” which is a chart or graph of discharge (flow) versus stage for each 
gauging station. The rating curve is developed via periodic measurements of flow in 
the channel at a known water level. 

• Estimates of mean daily flow are then provided. 

The flow monitoring sites are installed downstream of the mining area to assess any 
changes in surface flow from a catchment resulting from the mining, see Section 3.6.1. Sites 
have previously been installed using natural flow control features such as rockbars. 
However, in line with the recommendations of the IEP (2019a) and approval from WaterNSW, 
the installation of low-flow structures (half pipes) has commenced, in order to gain high 
quality low-flow data. Flow monitoring sites are not installed directly over the longwalls as 
mining induced surface fracture networks typically result in recession flows being 
significantly or entirely diverted below the surface. The downstream monitoring sites are 
installed to measure catchment flow and monitor for reductions downstream of the mining 
area. 

Flow gauges have been installed on Wongawilli Creek (Area 3B) and its tributaries WC21, 
WC15 and WC12 (Area 3B), WC20, WC24, WC26; Donalds Castle Creek and its tributaries DC13 
(Area 3B), DC8; and Lake Avon tributaries LA2, LA3, LA4, Native Dog Creek and tributary NDT1 
(Area 3B), AR19, CR36 and Lake Cordeaux tributaries LC5, LC6 and LC7 and LC9. The historical 
flow record has been plotted alongside the record from a nearby ‘control’ gauge i.e. a gauge 
that was not mined under, either at all or not during the period of interest. 

A review of the Area 3B WIMMCP Trigger Action Response Plan (TARP) was undertaken in 
consultation with WaterNSW and DPHI between 2018 and 2020 (Appendix A). Key features 
of the updated TARPs are: 

• Inclusion of a comparison of flows recorded at relevant sub-catchment monitoring 
sites around the Dendrobium mining area against reference sites, supplemented by 
rainfall-runoff modelling. 

• Assessment of sub-catchment hydrology against indicators appropriate to 
identifying and quantifying potential effects on the broad hydrological behaviour 
within each sub-catchment; including effects on cease-to-flow conditions that may 
be significant to ecological values, and effects on median flow which is significant 
for the water resource potential. 

A further assessment has been implemented to analyse the mining effects on low-flows 
that are known to occur along the “middle reach” of Wongawilli Creek, between Area 3A and 
3B. The revised 3B TARP levels have been adapted for the Area 3C WIMMCP including the 
TARPs.  

The review determined that two key flow reference sites were suitable: 
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•  Wongawilli Creek at WWU (300024). This station is operated by ICHPL. Monitoring 
commenced more than 2 years prior to mining in Area 3A, so has an appropriate 
pre-mining baseline record. This catchment is adjacent to Dendrobium Areas 3A 
and 3B and has the same geology and land use. The catchment size (3.2 sq.km) is 
slightly larger or similar in magnitude to many of the gauged sub-catchments to be 
assessed at Dendrobium. Despite proximity to Elouera Colliery, it is considered to be 
close to natural. 

•  O’Hares Creek at Wedderburn (#213200). This station has a long record, extending 
back to the late 1970s. The catchment is large (73 sq.km) compared to the area of 
mining but is considered to be appropriate as a control site. This gauging station is 
approximately 28 km north of Area 3B. 

Surface water flow sites in the mining area will be assessed against the key flow reference 
sites during assessments for the EoP Report. The assessment comprises three checks of pre- 
versus post-mining behaviour for each assessment site.  

Trigger values are proposed for water flow parameters in the TARP (Appendix A). The TARPs 
are based on the following parameters and assessments: 

A. Change in flow exceedance (Q%ile) behaviour compared to key flow reference sites. 
In essence, this aims at quantifying an otherwise visual or qualitative assessment of 
flow behaviour (compared to normalised key flow reference site flow). 

B. Relative change in the frequency of cease-to-flow days compared to key reference 
sites; 

C. Relative change in Q50 (median flow) compared to key reference sites flows; and 

D. Baseflow reduction along Wongawilli Creek, between Areas 3A and 3B. 

The step-by-step procedure used in calculations for these assessments is presented in 
Appendix F. The TARP Trigger Levels used in Assessment Method C have been updated to 
be based on the ‘Expected Flow’. This is considered more appropriate due to some sites 
having short baseline periods which can skew the pre-mining Q50 toward wet or dry 
periods. More detailed discussion of the approach was provided in Watershed HydroGeo 
(2019b), which was used to consult with agencies during 2019-20. If any of these indicate an 
impact is likely to have occurred, then the EoP Report will describe the impact as it relates 
to one or more of the broad hydrological behaviours, a reduction in the water resource 
indicator, or impact that could affect the ecological values of the stream. In the event that 
there is a reduction in Q50 median flow (Assessment C) or base flow reduction (Assessment 
D), and there is a Performance Measure related to that watercourse, then the reduction 
would be compared against the predicted losses from contemporary Groundwater and 
Surface Water Assessments to assess whether effects that cannot be explained by natural 
variability "exceed prediction". The assessment will determine if the impact is ‘within 
Prediction’ or ‘exceeding Prediction’, with further actions triggered by that outcome. 
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The calculation used to assess the performance measure for Lake Cordeaux of “negligible 
reduction in the quantity of surface water inflows to Lake Cordeaux” is: 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑤𝑎𝑡𝑒𝑟 𝑖𝑛𝑓𝑙𝑜𝑤𝑠 =

[Impacts at gauged catchments (SCL2) + 𝐿𝐶5 + 𝐿𝐶6 +

𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑖𝑚𝑝𝑎𝑐𝑡𝑠 𝑎𝑡 𝑢𝑛𝑔𝑎𝑢𝑔𝑒𝑑 𝑏𝑢𝑡 𝑚𝑖𝑛𝑒𝑑 𝑏𝑒𝑛𝑒𝑎𝑡ℎ 𝑐𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡𝑠]

[Total estimated inflow to LC]
 

 

The purpose of the above calculation is to estimate the total surface water flow loss in each 
gauged and ungauged creek/tributary flowing into Cordeaux Reservoir and express this as 
a percentage of the total inflow to the reservoir. This is also compared to the predicted 
losses. The same procedure was carried out for Lake Avon as a means of assessing 
environmental effects against Performance Measures. 

ICHPL commissioned the development of a regional-scale numerical groundwater flow 
model in support of mining at Dendrobium Colliery (Coffey Geotechnics 2012). ICHPL 
commissioned HydroSimulations (2014) to review and enhance the model at regular 
intervals. Predictions from the latest approved groundwater model will be used to determine 
‘within Prediction’ or ‘exceeding Prediction’ as stated above. 

3.6.1 Flow Gauges 

ICHPL in consultation with WaterNSW, have upgraded a number of flow monitoring sites 
across Dendrobium to increase the flow measurement accuracy. ICHPL will continue to 
upgrade and improve flow accuracy where possible and practical to do so. This includes 
using the half-pipe flumes as recommended by WaterNSW. Table 3-5 and Figure 3-3 details 
flow gauges in Area 3C. Appendix E contains further detailed information of the Area 3C flow 
monitoring stations including; location (easting and northings), elevation, photos of the site, 
type of structure and installation dates. 

Table 3-5 Flow guages in Area 3C 

WATERCOURSE SITE STATUS 

WC20 WC20S1 Installed 

WC20 WC20S2 Installed 

WC21 WC21S1 Installed. Note this is a natural rockbar flow site. 

WC24 WC24S1 Installed 

WC26 WC26S1 Installed 

WC26 WC26S2 Installed 

LC5 LC5S1 Installed 

LC5 LC5S2 Installed (WaterNSW Site) 
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LC6 LC6S1 Installed 

CR36 CR36S1 Installed 

LC7 LC7S1 Installed 

LC9 LC9S1 Installed 

3.6.2 WWL_A Flow Rating Curve 

A methodology for developing a rating curve between WWL and WWL_A is detailed 
Appendix C. 

Findings from this report indicate further investigation and steps are required to confidently 
transition from WWL to WWL_A.  When documenting recommendations for further work, 
Enviromon (2020) noted the requirement for more gaugings across the range of flows, as 
well as some additional data from the hydrographers. Some new gaugings are now 
available that would allow this work to commence. However ICHPL are investigating the 
potential for camera-based (image velocimetry) gauging methods to improve the rating 
curve of surface flow sites at Dendrobium. The use of this equipment/method would assist 
the development of a more confident WWL:WWL_A relationship. ICHPL have engaged a 
contractor to begin the trial which is scheduled to begin in November 2023.. As a result of 
this, the development of the WWL:WWL_A relationship will incorporate the velocimetry 
findings.  

In the short to medium term, ICHPL will continue to monitor both WWL and WWL_A gauging 
sites. 

3.6.3 Flow measurement accuracy at gauging stations 

At Dendrobium Mine, ICHPL began installing flow gauging infrastructure in 2007. At the 
request of the landholder (WaterNSW) most of these sites relied on ‘natural’ controls, rather 
than artificial weirs/controls, to form pools at which stream level could be measured and 
then converted to an estimate of stream flow via a rating curve. 

Since that time, ICHPL have made progress in improving surface water flow monitoring with 
respect to: 

• Improving and replacing gauging infrastructure (e.g. installation and use of artificial 
weirs, as now agreed by WaterNSW); 

• Improved (more accurate) water level sensors at pools; 

• In limited circumstances obtaining special access to the WaterNSW catchment 
during and following moderate/high rainfall periods (when access is normally 
restricted) to improve level to flow conversion (the “rating curve”); 

• Understanding and quantifying level and flow measurement uncertainty; and 
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• Semi-quantitative flow observations at all watercourse sites, where more 
quantitative flow gauging is not practical. 

ICHPL engaged a specialist hydrologist (Enviromon) to review hydrographic methods and 
procedures to reduce uncertainty and improve level and flow measurement and 
estimation. Changes to equipment and procedure such as those listed above, have resulted 
in some improvement in flow measurement, especially so at sites that now rely on artificial 
flumes and weirs (and a natural rockbar control). Reporting of flow gauge uncertainty using 
the tools developed by Enviromon has been provided in End of Panel Reports for Longwalls 
18 and 19). This shows that uncertainty in ML/d is small (i.e. higher reliability) at low to 
medium flows, increasing at high flows due to few or no check gaugings, plus flow occurring 
above the rockbar or engineered structure. Flow gauging has the lowest uncertainty at 
medium flows (often +/- 20 to 40%) at the flow gauges at Dendrobium, but higher at sites 
with natural controls (e.g. DCU, WWL). 

Despite these improvements, estimation of flow during and after high rainfall events is 
difficult, primarily due to technology limitations, access and safety. This has consequences 
for reliably estimating flow statistics, especially monthly/annual average (arithmetic mean) 
flow (or the average across other similar periods). This is because the average is strongly 
influenced by the highest flows that typically occur over 3-10 days per year, and uncertainty 
in measuring those high flows propagates large errors through to estimates of the change 
in average flow between different periods. 

ICHPL has become aware of technology that would remove the need to manually measure 
high flows, and so remove the safety risk, has been developed in recent years. This 
technique, Image Velocimetry, uses cameras and software to monitor stream flow and 
estimate flow velocity. This could be done from fixed positions or from drones or using hand-
held devices. A fixed installation, that does not need to be permanent, is preferable. 

Estimating volumetric flow still requires the use of assumptions and calculations from the 
measured flow velocities, but the method also allows for essentially continuous monitoring 
of sites, rather than relying on periodic visits by field staff. This should improve the 
quantification of the rating curve across more of the range of flow conditions. 

A trial of Image velocimetry is scheduled to begin in late 2023, which will occur in parallel 
with further data acquisition to improve the current (standard) methods for measuring 
stream water level and estimating stream flow, i.e. including expanding on the database of 
measured flow and improving the level-flow relationship (the rating curve) for each of the 
monitoring sites in Area 3C.  

3.6.4 Assessment of flow monitoring procedures 

A review of ALS Hydrographics’ surface flow monitoring methods, data analysis and 
reporting were undertaken by Enviromon. The review recommended a series of 
improvement opportunities for the flow contractor. Key improvement opportunities were 
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selected to focus on, which have been implemented. A follow-up review by Enviromon was 
completed in June 2023. Flow results incorporating the improvement opportunities will be 
included in subsequent End of Panel Reports for Dendrobium.  

3.7 Near-Surface Groundwater and Soil Moisture 

The surface area above Dendrobium Area 3C is characterised by a series of drainage basins 
separated by steep ridges. The drainage basins drain to Wongawilli Creek, Donalds Castle 
Creek and directly into Lake Cordeaux.  

Monitoring of shallow groundwater levels allows for the indirect measurement of water 
storage and transmission parameters within the saturated part of hill-slope/upland swamp 
complexes. Shallow groundwater piezometers have been installed within Swamps 7 (three 
sites), 9 (two sites), 16 (two sites) 144, 145, 153, 154, 155, 156, 157 in Area 3C (Figure 3-4).  
Reference swamps are detailed in the Area 3C SIMMCP. This data is used to compare 
differences in shallow groundwater levels within swamps, streams and hill-slope aquifers 
before and after mining. Reference sites are monitored to provide a comparison of sites 
mined under and not mined under during different climatic conditions. 

The piezometric monitoring directed at shallow groundwater levels is supplemented with 
monitoring of soil moisture profiles up to a maximum depth of 1.2 m (Figure 3-4). Key 
monitoring sites will be installed with loggers to provide a continuous soil moisture record. 

The shallow groundwater piezometers and soil moisture probe data is compared with the 
Cumulative Monthly Rainfall Residuals (a key parameter for interpreting temporal soil and 
shallow groundwater data). Comparisons of the Cumulative Monthly Rainfall Residuals 
against mean monthly water heads in shallow groundwater piezometers and soil moisture 
profiles will take into account the known distribution of rainfall isohyets (contours of equal 
annual precipitation) in the local region (these being denser and less smooth closer to the 
Illawarra Escarpment and much wider proceeding northwest). 

Several climate stations are available for analysis and modelling across Dendrobium 
mining area with the most appropriate data taking into account proximity, length of record 
and data quality.  

A comprehensive array of multi-level piezometers have been installed on the centreline of 
panels at Dendrobium Mine in order to monitor pore pressure changes associated with 
subsidence. These monitoring holes include at least five transducers per borehole with 
installation at least 2 years prior to undermining, in line with the recommendations of the IEP 
(2019a and b).  Where these monitoring sites are damaged as a result of undermining they 
are reinstalled after subsidence movements cease.  Daily monitoring of local rainfall and 
mine water ingress from overlying and surrounding strata, and separation of rainfall 
correlated inflows for base flow volumetric analyses is also undertaken (IEP 2019a).    
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3.8 Pools and Controlling Rockbars 

Dendrobium Mine lies in the southern part of the Permo-Triassic Sydney Basin. The geology 
mainly comprises sedimentary sandstones, shales and claystones, which have been 
intruded by igneous sills.  

The sandstone units vary in thickness from a few metres to as much as 120 m. The major 
sandstone units are interbedded with other rocks and, though shales and claystones are 
quite extensive in places, the sandstone predominates. 

The major sedimentary units at Dendrobium are, from the top down: 

• The Hawkesbury Sandstone. 

• The Narrabeen Group (including the Bulgo Sandstone). 

• The Eckersley Formation. 

Extensive geomorphological mapping has been completed for Dendrobium Area 3, 
including the location of pools and rockbars (Figure 3-6). 

Area 3C is broadly sited on a plateau dissected by a number of relatively deep sub-
catchments draining either into Cordeaux River via Wongawilli Creek or Donalds Castle 
Creek or five un-named 1st and 2nd order streams draining directly to Lake Cordeaux. 

The largest watercourse within the Study Area is Wongawilli Creek, which is located between 
Areas 3A and 3B. The headwaters of Wongawilli Creek are located along a drainage divide 
separating surface runoff and shallow groundwater outflow runoff from Native Dog Creek 
and Lake Avon to the west. 

Donalds Castle Creek and its tributaries also drain the north-western part of Area 3B through 
a weakly incised plateau. Donalds Castle Creek catchment on this plateau is characterised 
by low topography, upland swamps and numerous unconfined shallow hillslope aquifers. 
Much of the soil is derived from weathering of shale-rich Mittagong Formation and is more 
clayey and of lower permeability than residual soils developed purely on Hawkesbury 
Sandstone outcrop. 

Wongawilli Creek is a permanent to perennial flowing stream with small base flows and 
increased flows for short periods of time after each significant rain event. 

The bed of the creek is typically formed within Bulgo Sandstone, which overlies the Stanwell 
Park Claystone; however, there are sections of the headwaters of these creeks which are 
formed within the Hawkesbury Sandstone. 

Rockbars and pools in Wongawilli Creek have been mapped (Figure 3-6). All mapped 
rockbar controlled pools in Wongawilli Creek are significant permanent pools.  
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3.9 Slopes and Gradients 

Slopes within Area 3C have been mapped according to their gradients and are identified on 
Drawing 8 in MSEC (2023). Monitoring of landscape features such as cliffs, slopes and rock 
outcrop will be undertaken in Area 3C (Figure 3-7). 

Monitoring of these sites allows for the measurement of any changes to the surface 
including soil cracking, erosion and/or sedimentation impacts resulting from subsidence.   

The inspection and monitoring include the following: 

• Monitoring sites based on an assessment of risk of impact where pre-mining 
measurements have been undertaken and reported; 

• Areas of steep slopes that are en route or near monitoring sites; 

• Rock outcrops that are en route or near monitoring sites; 

• Any other sites where impacts have been previously observed that warrant follow-
up inspection (i.e. rockfalls and soil cracking); and 

• The general areas above the current mining location at the time of inspection. 

For each watercourse monitoring site, a range of measurements and observations of the 
watercourse characteristics are recorded along with established photo points.  

While in most cases, impacts on steep slopes are likely to be restricted to surface cracks, 
there remains a low probability of large scale downslope movements. Steep slopes are 
therefore monitored throughout the mining period and until subsidence is complete. Slopes 
and gradients are monitored prior to mining as well as monthly during active subsidence 
during mining, with a post-mining inspection completed after mining. 

3.10 Erodibility 

Most of the surface of Area 3C has been identified as highly weathered Hawkesbury 
Sandstone outcrops and Sandstone derived-soils. This soil landscape has been identified 
to have high to extreme erosion susceptibilities to concentrated flows. This results in 
potential flow on effects to slope stability and erosion from any cracking resulting from 
subsidence (Ecoengineers 2012).  

An extensive survey network will be implemented, which includes relative and absolute 
horizontal and vertical movements. Additional sites will be added to the monitoring program 
prior to subsidence movements impacting the sites.  

Due to terrain, vegetation and access restrictions, the primary method of identifying any 
erosion over Area 3C will be Airborne Laser Scanning (ALS). This technique has proven to be 
successful in generating topographic models of subsidence over entire longwalls and 
mining domains and will also provide identification of any erosion. The maximum areas, 
length and depth of erosion will be measured by standard survey methods.  
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Baseline surveys over Area 3C have been undertaken prior to the commencement of mining 
of the proposed longwall. Subsidence landscape models using the same methodology after 
the completion of subsidence at each longwall will provide a new (subsided) baseline 
surface dataset. For a period of up to ten years after mining repeat ALS datasets and surface 
modelling will be completed to identify new or increases in existing erosion.  

Erosion will be quantified by comparison of the immediate post subsidence landscape 
model with the long-term monitoring model. Targeted ALS scans will be completed where 
erosion is observed via the observational and landscape monitoring programs or after 
significant events such as bushfire and flooding.  

The nominal accuracy of ALS derived subsidence contours are in the order of +/- 0.10 m and 
effective algorithms have been developed to allow the use of ground strike data only within 
the assessment. This effectively allows the analysis to see through vegetation to the ground 
surface. 

General observational inspections of the mining area will be undertaken at regular intervals, 
during active subsidence. In addition to erosion, these observations aim to identify any 
surface cracking, surface water loss, soil moisture changes, vegetation condition changes, 
and slope and gradient changes.   

3.11 Flora and Fauna  

Aquatic flora and fauna in the Study Area are described in Attachment A of the SMP, the 
Area 3C Aquatic Ecology Assessment (Stantec 2023). Terrestrial flora and vegetation 
communities in the Study Area are described in Attachment F of the SMP, the Terrestrial 
Ecology Assessment (Niche 2023b). 

An aquatic ecology monitoring program has been established by Stantec (formerly 
Cardno) for Area 3C. The monitoring program includes sites within Wongawilli, Sandy and 
Donalds Castle Creeks.   

A monitoring program designed to detect potential impacts to terrestrial ecology from 
subsidence has been implemented for Area 3. The monitoring program is based on a BACI 
design with sampling undertaken at impact and control locations prior to the 
commencement of extraction, during extraction and after extraction (Figure 3-1).  

The existing aquatic ecology monitoring program uses a BACI approach in the data analysis 
to identify whether there has been any change in life stage detection pre-post impact, or 
between the control (reference sites) and impact sites. Identification of habitat loss due to 
mining induced change (e.g. pool water loss due to bedrock fracturing, or flocculant) is also 
completed to identify impacts. 

Monitoring in Area 3C indicates that the habitat in this area is relatively undisturbed. There 
is sufficient baseline data to enable the detection of changes to ecology associated with 
mining related impacts. 
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Monitoring of flora and fauna in watercourses in the study area focuses on: 

• Water quality, including pH, DO, ORP, temperature and EC; 

• Aquatic macrophytes, including presence, species composition and total area of 
coverage;  

• Aquatic macroinvertebrates using the Australian River Assessment System 
(AUSRIVAS) sampling protocol and artificial aquatic macroinvertebrate collectors;  

• Fish presence and numbers using backpack electro fisher and/or baited traps;  

• Presence of threatened species (including Macquarie perch, Littlejohn's tree frog, 
Giant burrowing frog, Adams emerald dragonfly, Giant dragonfly and Sydney hawk 
dragonfly); and 

• Frog monitoring – frog surveys using standardised transects focussing on Littlejohn’s 
Tree Frog and Giant Burrowing Frog. 

Standardised transects in potential breeding habitat for the threatened frog species 
Littlejohn's Tree Frog and Giant Burrowing Frog have been established in Dendrobium Area 
3C. These repeatable surveys enable direct comparison of the numbers of individuals 
recorded at each site from one year to the next.  The sites have been established within 
creeks associated with and/or downstream of swamps. Sites will be established on LC5, LC6, 
LC7, WC20, WC24 and WC26 in Area 3C (Figure 3-9).   

Along each transect the monitoring includes: counts of frogs, an assessment of pools being 
used for breeding as well as counts of tadpoles and egg masses. This will enable a 
quantitative as well as qualitative assessment of breeding habitat for these species prior to, 
during and after mining. Monitoring is also undertaken away from mining at control 
(reference) sites for the mining versus non-mining comparative assessment. 

Observations of the sites, photo points and pool water level data will also be collected as 
part of the frog and observational monitoring programs. Locations where significant 
changes have been observed (e.g. drainage of pools) will be mapped, documented and 
reported. 

Aquatic ecology monitoring includes direct measures of aquatic flora and fauna as well as 
biophysical measures.   

Aquatic ecology monitoring sites for Area 3C are shown in Attachment A of the SMP, the 
Aquatic Ecology Assessment (Stantec 2023). These sites are located in watercourses that 
contain “significant” or “moderate” aquatic habitat and are suitable for AUSRIVAS 
assessment (i.e. are at least 100 m long). 

During the baseline study the condition of the aquatic habitat at each site was assessed 
using a modified version of RCE (Chessman et al. 1997).  
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At each site where instream aquatic macrophytes are present, their species composition 
and total area of coverage is recorded. Features such as the presence of algae or flocculent 
on the surface of macrophytes would also be noted. 

Two methods are used to sample aquatic macroinvertebrates: the AUSRIVAS protocol for 
NSW streams (Turak et al. 2004) and artificial aquatic macroinvertebrate collectors, a 
quantitative method developed by CEL for freshwater environmental impact assessment.  

In consideration of the possible presence of threatened macroinvertebrate species within 
the SMP Area, all dragonfly larvae collected in invertebrate sampling will be identified to the 
taxonomic level of family. Any individuals of the genus Petalura, Austrocorduliidae and 
Gomphomacromiidae will be further identified to species level if possible, and if there is any 
confusion, specimens will be referred to a specialist taxonomist. The confirmed presence of 
a threatened species will trigger further investigation into the species and its habitats in 
relation to potential subsidence impacts. 

Fish are sampled using a back-pack electrofisher (model LR-24 Smith-Root) and baited 
traps. At each site, eight baited traps are deployed in a variety of habitats such as amongst 
aquatic plants and snags, in deep holes and over bare substratum. The back-pack 
electrofisher is operated around the edge of pools and in riffles.  At each site, four, two-
minute shots are performed. Fish stunned by the current are collected in a scoop net, 
identified and measured.  Native species are released unharmed while exotics are not 
returned to the water. 

Ongoing monitoring uses the BACI design with two types of monitoring sites included in the 
program: 

• Potential impact sites - these may be subject to mine subsidence impacts during 
and after longwall extraction; and 

• Control sites - these will provide a measure of background environmental variability 
within the catchments as distinct from any mine subsidence impacts. 

Monitoring site locations of aquatic ecology monitoring which includes indicators of aquatic 
ecology: aquatic habitat, In situ water quality, aquatic macrophytes, aquatic 
macroinvertebrates and fish are detailed in Appendix A: Table 1.1 and (Figure 3-8). 

The EFT undertakes monthly monitoring of established pools on first and second-order 
tributaries LC5 and LC6 (Figure 3-1 and Figure 3-2). When the longwall is within 400 m of 
these features, weekly monitoring is undertaken to identify any fracturing and associated 
diversions of flows and potential reduction of aquatic habitat. Data is provided to the 
aquatic ecology consultant for review and inclusion in their specialist End of Panel report. 

Observation data will also be collected as part of the monitoring program. Locations where 
significant changes have been observed (e.g. drainage of pools) will be mapped, 
documented and reported.  
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3.12 Reporting 

Trigger and impact reporting will be undertaken in accordance with the TARP in Appendix A. 

Summary reports are required to be submitted to the Secretary every four months during 
the extraction of longwalls in Area 3C. This regular reporting includes details of monitoring 
results, an assessment of compliance with performance measures, an assessment of any 
exceedances of predictions and any level 2 or 3 TARP triggers, actions taken or measures 
implemented and the seam mining height during the period.  

EoP Reports are prepared in accordance with Condition 9, Schedule 3 of the Dendrobium 
Development Consent. Results from the monitoring program are included in the EoP Report 
and in the Annual Review. These reports detail the outcomes of monitoring undertaken; 
provide results of visual inspections and determine whether performance indicators have 
been exceeded. 

Monitoring results will be reviewed monthly by the ICHPL Subsidence Management 
Committee. However, if the findings of monitoring are deemed to warrant an immediate 
response, the Principal Approvals will initiate the requirements of the TARPs (Appendix A: 
Table 1.2). 

Monitoring results are included in the Annual Reporting requirement under Condition 5, 
Schedule 8 in accordance with the Dendrobium Development Consent and are made 
publicly available in accordance with Condition 11, Schedule 8. 
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4 PERFORMANCE MEASURES AND INDICATORS 
Subsidence impact performance measures for Wongawilli Creek are included within 
Condition 7, Schedule 3 of the Area 3C SMP Approval, and Conditions 2 and 3 of Schedule 3 
of the development consent. Under the requirements of the SMP approval and the mine’s 
development consent, these performance measures must be applied to the extraction of 
Longwalls 21, 22, 21A and 23. These performance measures are presented in Table 4-1 and 
will be applied to the Dendrobium Area 3C mining area.  

Table 4-1 Subsidence impact performance measures 

DENDROBIUM DEVELOPMENT CONSENT 

 
Condition 2, Schedule 3: 

• The Applicant must ensure that underground mining operations do not cause subsidence impacts at 
Sandy Creek and Wongawilli Creek other than “minor impacts” (such as minor fracturing, gas release, 
iron staining and minor impacts on water flows, water levels and water quality) to the satisfaction of 
the Secretary. 

Condition 3, Schedule 3: 
• The Applicant must ensure the development does not result in reduction (other than negligible 

reduction) in the quality or quantity of surface water or groundwater inflows to Lake Cordeaux or Lake 
Avon or surface water inflow to the Cordeaux River at its confluence with Wongawilli Creek, to the 
satisfaction of the Secretary. 

AREA 3C SMP APPROVAL  

 
Condition 7, Schedule 3:  

The Applicant must ensure that the development does not cause any exceedance of the performance 
measures in Table 1, to the satisfaction of the Secretary. 

Excerpt from Table 1: Subsidence Impact Performance Measures 

 

WATERCOURSES 
Sandy Creek Waterfall SC-WF1 Negligible environmental consequences including: 

• No rock fall occurs at the waterfall or from its 
overhang; 

• No impacts on the structural integrity of the 
waterfall, its overhang and/or its pool; 

• Negligible cracking in Sandy Creek within 30 m of 
the waterfall; or  

• Negligible diversion of water from the lip of the 
waterfall. 

Wongawilli Creek Minor impacts and minor environmental consequences 
including: 

• Minor fracturing, gas release and iron staining; or 
• Minor impacts on water flows, water levels and 

water quality. 
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A detailed list of performance measures and triggers is included in the TARPs in Appendix 
A: Table 1.2.  

4.1 Impact Mechanisms  

Subsidence is an unavoidable consequence of longwall mining and includes vertical and 
horizontal movement of the land surface. Subsidence effects include surface and sub-
surface cracking, buckling, dilation and tilting. These effects can result in changes to the 
hydrology of watercourses.   

Changes to watercourse hydrology and water quality can result in environmental 
consequences. The likelihood and timing of these consequences relate to the size and 
duration of the effect. The potential consequences of mining on groundwater and surface 
water in the Special Areas are (IEP 2019a and b): 

• Groundwater depressurisation 

▪ The creation of an excavation below the water table can affect groundwater in a 
number of basic ways. In all cases, because the fluid pressure in an excavation 
is much lower than that of the fluid that originally occupied the space, a flow 
system is established with the excavation acting as a sink into which surrounding 
groundwater flows. The rate of flow and observed extent of depressurisation 
depend on the hydrogeological properties of the rock mass. If the excavated 
area is sufficiently large, the spatial extent and rate of flow into the sink can be 
enhanced by the formation of fractures. 

• Surface water diversions 

▪ Diversions into a shallow, localised fracture network, where loss of flow from a 
surface water is likely to return to the system at some point downstream, which 
based on observations of the SCI (2008) may vary from 20 m for specific rockbars 
to more than 200 m. 

• Surface water permanent losses 

▪ Diversions into deeper, dilated shear surfaces on bedding planes, where these 
form a conduit for lateral water flow, which may or may not report to the same 
catchment (i.e. it may become a permanent loss). 

• Groundwater depressurisation 

▪ Groundwater within the Hawkesbury Sandstone and Narrabeen Group as well as 
the Permian coal measures is recharged from rainfall and water bodies where 
the lithologies occur at outcrop, as well as potential downward leakage from 
overlying strata (Hydrosimulations 2018). 

• Water quality 
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▪ Water quality within watercourses is affected by numerous factors including 
runoff from swamps and interactions between bedrock and water, with 
fracturing of bedrock due to mining causing local water quality impacts. 

The environmental consequences which could relate to changes in hydrology and water 
quality include: 

• Species composition change and/or changes in vegetation communities.   

• Loss of aquatic ecology and/or changes in aquatic habitat resulting from a 
reduction of surface water quality and/or flows and standing pools.  

• Water-borne inputs to Lake Avon, Lake Cordeaux and Cordeaux River such as erosive 
export of fine sands and clays and/or ferruginous precipitates. 

• Reduced inflows into Lake Avon, Lake Cordeaux and Cordeaux River.  

4.2 Potential for Connectivity to the Mine Workings  

The fracture zone above a longwall panel comprises in-situ material lying immediately 
above the caved zone which have sagged downwards and consequently suffered 
significant bending, fracturing, joint opening and bed separation (Singh and Kendorski, 1981; 
Forster, 1995). Where the panel width-to-depth ratio is high and the depth of cover is 
shallow, the fracture zone would extend from the seam to the surface. Where the panel 
width-to-depth ratio is low, and where the depth of cover is high, the fracture zone would 
not extend from the seam to the surface. 

The possible height of the fracture zone above the longwall panel is dependent upon the 
angle of break, the width of the panel, the thickness of seam extracted and the spanning 
capacity of a competent stratum at the top of the fracture zone (MSEC 2012). Based on 
mining geometry, the height of the fracture zone equals the panel width, minus the span, 
divided by twice the tangent of the angle of break.   

It should be noted that the height of the fracture zone should be viewed in the context of 
fracturing only and should not necessarily be directly associated with an increase in vertical 
permeability. There are numerous models for the height of fracturing and height of 
depressurisation. A review of these matters was conducted for the Bulli Seam Operations 
Project Response to PAC deliberations (Hebblewhite 2010). 

The Regional Groundwater Models at Dendrobium uses site specific data to determine the 
height of depressurisation. Dendrobium monitors in excess of 1,000 piezometers in ~100 
boreholes (including a comprehensive array of piezometers above the centreline of 
longwall goafs) and has analysed many thousands of samples for field parameters, 
laboratory analysis, algae and isotopes.   

The results of water analysis and the interpretation of the height of connective fracturing 
was peer reviewed by Parson Brinckerhoff (2012). The peer review states that "the use of 
standard hydrogeochemical tools clearly demonstrated the geochemical difference 
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moisture in rehabilitation areas can be enhanced by additional water spreading 
techniques, involving long lengths of coir logs and hessian ‘sausages’ linked together across 
the contour such that water flow builds up behind them and slowly seeps through the water 
spreaders (Figure 6-6).   

 

Figure 6-6 Round coir logs installed to spread water 
 

Erosion control and water spreading involves soft-engineering materials that are 
biodegradable and become integrated into the soil profile.  This approach is ecologically 
sustainable in that all the materials used can breakdown and become part of the organic 
component of the soil.   

This also removes the requirement for any post-rehabilitation removal of structures or 
materials.  However, rehabilitation measures have the potential to cause impact through 
the materials used and the disturbance associated with access.  Relevant approvals will be 
obtained to ensure the protection of the environment as works are implemented. 

6.4.5 Gas Release 

A typical driver of gas release at the surface is pressure changes, dilation and/or fracturing 
of the rock mass and associated release to the surface, with or without groundwater flows.  
Grouting techniques discussed above can reduce these associated gas flows at specific 
sites.  In all identified circumstances in the Southern Coalfield the gas releases have 
diminished over time.  Typically, this time is a number of months but it can be a number of 
years.  Long running gas releases significantly reduce in quantity over time.  Where 
vegetation is impacted by gas releases the areas affected will be revegetated once 
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monitoring determines the gas releases have ceased or reduced to an extent that 
vegetation is no longer affected.  

Very few gas releases have been observed within the Dendrobium mining area.  

6.4.6 Water Quality 

Ecoengineers (2012) outline mitigation measures that would be considered if unpredicted 
water quality impacts were detected.  Any works on WaterNSW land requires prior approval 
from WaterNSW to access the land and there is a requirement for compliance with the 
Access Agreement between WaterNSW and ICHPL.  These requirements ensure strict limits 
are placed on any impacts associated with undertaking rehabilitation works on WaterNSW 
land. 

6.4.7  Alternative Remediation Approaches 

ICHPL has successfully implemented a subsidence rehabilitation program in the Georges 
River where there were impacts associated with mining directly under streams.  This 
rehabilitation focused on grouting of mining induced fractures and strata dilation to 
reinstate the structural integrity and water holding capacity of the bedrock.  Metropolitan 
Colliery is currently undertaking work aimed at rehabilitating areas impacted by subsidence 
using Poly-urethane Resin (PUR) and other grouting materials.  ICHPL is consulting with 
Metropolitan Colliery in relation to these new and emerging technologies.  Should 
rehabilitation be necessary in Dendrobium Area 3C, the best option available at the time of 
the rehabilitation work will be identified and with appropriate approval, implemented by 
ICHPL. 

Cracking due to subsidence will tend to seal as the natural processes of erosion and 
deposition act on them.  The characteristics of the surface materials and the prevailing 
erosion and depositional processes of a specific area will determine the rate of infill of 
cracks and sealing of any fracture network.  

6.4.8 Monitoring Remediation Success 

Baseline studies have been completed within the Study Area in order to record biophysical 
characteristics of the mining area. Monitoring is conducted in the area potentially affected 
by subsidence from the Area 3C extraction as well as areas away from mining to act as 
control (reference) sites. The studies in these areas are based on the BACI design criteria. 

A comprehensive monitoring program is in place for watercourses identified in this Plan. A 
summary of watercourse monitoring within Dendrobium Area 3B is provided in Section 3. In 
the event that monitoring reveals impacts greater than what is authorised by the approval, 
modifications to the project, mitigation measures including remediation, offsets or other 
appropriate actions determined in consultation with the consent authority will be 
implemented. 
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The monitoring program would remain in place prior to, during and following the 
implementation of any remediation measures in Area 3C. The monitoring program is based 
on the BACI design with sampling undertaken at impact and control locations prior to the 
commencement of remediation, during remediation and after the completion of the 
remediation actions. The monitoring locations/points for watercourses within Dendrobium 
Area 3C will be reviewed as required and can be modified (with agreement) accordingly. 

Data will be analysed according to the BACI design. Statistical analyses between control, 
impact and remediation sites will be used to determine whether there are statistically 
significant differences between these sites. This analysis will assist in determining the 
success of any remediation or natural reduction of mining impacts over time.  

Observation data will be collected as part of the monitoring program and be used to provide 
contextual information to the above assessment approach. Monitoring data and 
observations will be mapped, documented and reported.  

6.5 Biodiversity Offset Strategy 

Where impacts are greater than predicted or not within approved levels, offset measures 
will be considered.  Any offset will consider the level of impact requiring offsetting, the 
measures available and the practicality and cost of implementing the measure.  

Subject to Condition 14, Schedule 3 of the Development Consent:  

The Applicant must provide suitable offsets for loss of water quality or loss of water flows 
to WaterNSW storages, clearing and other ground disturbance (including cliff falls) caused 
by its mining operations and/or surface activities within the mining area, unless otherwise 
addressed by the conditions of this consent, to the satisfaction of the Secretary.  These 
offsets must: 

(a)  be submitted to the Secretary for approval by 30 April 2009; 

(b)  be prepared in consultation with WaterNSW; and 

(c)  provide measures that result in a beneficial effect on water quality, water 
quantity, aquatic ecosystems and/or ecological integrity of WaterNSW’s 
Special Areas or water catchments. 

ICHPL transferred 33 ha of land adjacent to the Cataract River to WaterNSW to meet the 
above condition.  A Strategic Biodiversity Offset (SBO) has been developed in consultation 
with CPHR and WaterNSW for the approval of the Secretary of DPE (now DPHI). The Secretary 
DPHI approved the SBO in accordance with Condition 15 of Schedule 2 of the Development 
Consent for the Dendrobium Coal Mine 16 December 2016. Following ongoing consultation 
with DPHI, a revised SBO (October 2023) has been approved. The revised SBO confirms the 
Maddens Plains land satisfies offset requirements for upland swamps located in: 

• Dendrobium Areas 3B and 3C identified in Table 3-1; and 
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• Dendrobium Areas 3A, 3B and 3C mapped on Figure 1 which cover swamps mapped 
at the time the SBO was prepared in 2016 and impacts on Swamp 15a which do not 
exceed performance measures under Condition 3 of Schedule 3 of the Consent. 

6.6 Research 

To assist in further understanding the impacts of subsidence and rehabilitation of swamps, 
ICHPL will undertake research to the satisfaction of the Secretary. The research will be 
directed to improving the prediction, assessment, remediation and/or avoidance of 
subsidence impacts and environmental consequences to swamps. The Swamp 
Rehabilitation Research Program (SRRP) is currently being undertaken across Dendrobium 
Area 3. 

ICHPL provides a status report to the Secretary on the SRRP every 6 months. 

6.7 Contingency and Response Plan 

In the event the TARP performance indicators are considered to have been exceeded, or are 
likely to be exceeded, ICHPL will implement a Contingency Plan to manage any unpredicted 
impacts and their consequences.   

This would involve the following actions:  

• Identify and record the event. 

• Notify government agencies and specialists as soon as practicable. 

• Conduct site visits with stakeholders as required. 

• Contract specialists to investigate and report on changes identified.  

• Provide incident report to relevant agencies.  

• Establish weekly monitoring frequency for the site until stabilised. 

• Updates from specialists on investigation process. 

• Inform relevant government agencies of investigation results. 

• Develop site CMA in consultation with key stakeholders and seek approvals. 

• Implement CMA as agreed with stakeholders following approvals. 

• Conduct initial follow up monitoring and reporting following CMA completion. 

• Review the WIMMCP in consultation with key government agencies and seek 
approval for any modifications. 

• Report in EoP Report and Annual Review.  

A site-specific rehabilitation action plan detailing the location and specific works to be 
implemented will be prepared following the identification of mining induced degradation 
that exceeds relevant trigger levels and/or performance indicators specified in the TARPs.   
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The site-specific rehabilitation action plan will be developed in consultation with relevant 
stakeholders. Authority to access the land to conduct works and implement environmental 
controls requires approval of WaterNSW.  

Table 6-1 provides a summary of the avoidance, mitigation and contingency measures 
proposed to manage impacts where predicted impacts are exceeded. 
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Table 6-1 Performance measures, predicted impacts, mitigation and contingency measures for watercourses 

FEATURE PERFORMANCE 
MEASURE 

PREDICTED 
IMPACTS 

HOW MONITORED HOW MANAGED EXCEEDING PREDICTION CONTINGENT 
MEASURES 

Wongawilli 
Creek  

Minor impacts and minor 
environmental 
consequences including: 
minor fracturing, gas 
release and iron staining; 
and minor impacts on 
water flows, water levels 
and water quality 

Minor environmental 
consequences 
including: minor 
fracturing, gas release 
and iron staining; and 
minor impacts on 
water flows, water 
levels and water 
quality 

• Observation of 
Wongawilli Creek 
for fracturing, gas 
release and iron 
staining  

• Measurement of 
pool water levels 

• Measurement of 
surface water flow 

• Measurement of 
surface water 
quality 

 

The longwalls have 
been designed to 
avoid mining under 
Wongawilli Creek  
 
Grouting of fractures in 
rockbar and bedrock 
base of any significant 
pool where flow 
diversion results in pool 
water level lower than 
baseline period  

Mining results in more than minor 
environmental consequences in 
Wongawilli Creek, including: 
• structural integrity of the bedrock 

base of any significant permanent 
pool or controlling rockbar cannot 
be restored i.e. pool water level 
within the pool after CMAs continues 
to be lower than baseline period 

• fracturing resulting in diversion of 
surface flow such that >10% of the 
pools have water levels lower than 
baseline period  

• measured surface water flow 
reduction, based on Assessment 
Methods C and D, to be compared 
against predictions made in 
contemporary groundwater 
modelling conducted (to the 
satisfaction of the Secretary) to 
assess whether effects that cannot 
be explained by natural variability3   

• gas release results in vegetation 
dieback that does not revegetate   

• gas release results in mortality of 
threatened species or ongoing loss 
of aquatic habitat 

• iron staining and associated 
increases in dissolved iron resulting 

Grouting of fractures 
in rockbar and 
bedrock base of any 
significant pool 
where flow diversion 
results in pool water 
level lower than 
baseline period  
 
Provide residual 
environmental offset 
for any mining 
impact as required 
by Condition 14 
Schedule 3 of the 
Development 
Consent  

 

3 See Section 3.6 for details on Assessments C and D. 
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FEATURE PERFORMANCE 
MEASURE 

PREDICTED 
IMPACTS 

HOW MONITORED HOW MANAGED EXCEEDING PREDICTION CONTINGENT 
MEASURES 

from the mining is observed in water 
at Wongawilli Creek downstream 
monitoring site Wongawilli Ck (FR6) 

• mining results in two consecutive 
exceedances or three exceedances 
of the ±3 standard deviation level 
(positive for EC, negative for pH and 
DO) from the baseline mean within 
six months that cannot be 
attributed to natural variation 

Waterfall 
SC-WF1 

Negligible environmental 
consequences including: 
• no rock fall occurs at 

Sandy Creek Waterfall 
or from its overhang; 

• the structural integrity 
of the waterfall, its 
overhang and its pool 
are not impacted; 

• cracking in Sandy 
Creek within 30 m of 
the waterfall is of 
negligible 
environmental and 
hydrological 
consequence; and 

• negligible diversion of 
water occurs from the 
lip of the waterfall 

Negligible 
environmental 
consequences 
including: 
no rock fall occurs at 
the waterfall or from its 
overhang; no impacts 
on the structural 
integrity of the 
waterfall, its overhang 
and its pool; negligible 
cracking in Sandy 
Creek within 30 m of 
the waterfall; and 
negligible diversion of 
water from the lip of 
the waterfall 

• Observation of 
Waterfall SC-WF1 
for rock falls, 
impacts on 
structural integrity 
and cracking  

• Measurement of 
pool water levels  

Implementation of the 
Sandy Creek WF1 
Management Plan 

Mining results in more than negligible 
environmental consequences including: 
• rock fall at the waterfall or its 

overhang 
• impacts on the structural integrity of 

the waterfall, its overhang or its pool 
• cracking in Sandy Creek within 30m 

of the waterfall which results in 
observable flow diversion 

• cracking in Sandy Creek which 
results in observable flow diversion 
from the lip of the waterfall 

Grouting of fractures 
within 30 m of the 
waterfall where flow 
diversion is observed 
(where it is safe to do 
so)  
 
Provide residual 
environmental offset 
for any mining 
impact as required 
by Condition 14 
Schedule 3 of the 
Development 
Consent 

Lake 
Cordeaux  

Operations do not result 
in reduction (other than 
negligible reduction) in 
the quality or quantity of 
surface water or 

Negligible reduction in 
the quality and 
quantity of surface 
water and 

• Measurement of 
surface water flow 

• Measurement of 
water quality 

Longwalls do not mine 
directly under the 
reservoir. The proposed 
longwall is setback 510 
m from the FSL.  

Mining results in more than negligible 
reduction in the quality or quantity of 
surface water or groundwater inflows to 
Lake Cordeaux, including: 

Provide residual 
environmental offset 
for any mining 
impact as required 
by Condition 14 
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FEATURE PERFORMANCE 
MEASURE 

PREDICTED 
IMPACTS 

HOW MONITORED HOW MANAGED EXCEEDING PREDICTION CONTINGENT 
MEASURES 

groundwater inflows to 
Lake Cordeaux  

groundwater inflows to 
Lake Cordeaux 

• Groundwater 
model calibrated 
to groundwater 
levels, surface 
water flows and 
mine water budget  

• measured surface water flow 
reduction, based on Assessment 
Methods C, D, to be compared 
against predictions made in 
contemporary groundwater 
modelling conducted (to the 
satisfaction of the Secretary) to 
assess whether there are effects 
that cannot be explained by natural 
variability4 5 

• mining results in two consecutive 
exceedances or three exceedances 
of the ±3 standard deviation level 
(positive for EC, negative for pH and 
DO) from the baseline mean within 
six months that cannot be 
attributed to natural variation 

Schedule 3 of the 
Development 
Consent 

Cordeaux 
River 

Operations do not result in 
reduction (other than 
negligible reduction) in 
the quality or quantity of 
surface water inflow to the 
Cordeaux River at its 
confluence with 
Wongawilli Creek 

Negligible reduction in 
the quality and 
quantity of surface 
water inflow to the 
Cordeaux River at its 
confluence with 
Wongawilli Creek 

• Observation of 
Wongawilli Creek 
for iron staining  

• Measurement of 
surface water flow 

• Measurement of 
surface water 
quality 

The longwall has been 
setback 1.1 km from 
Wongawilli Creek  
 

Mining results in more than negligible 
reduction in the quality or quantity of 
surface water inflows to the Cordeaux 
River at its confluence with Wongawilli 
Creek, including: 
• measured surface water flow 

reduction in Wongawilli Creek at its 
confluence with Cordeaux River is 
greater than predicted by modelling 
(to the satisfaction of the Secretary) 

Provide residual 
environmental offset 
for any mining 
impact as required 
by Condition 14 
Schedule 3 of the 
Development 
Consent 

 
4 See Section 3.6 for details on Assessments C and D. 
5 Surface water inflows calculation = [Impacts at gauged catchments (SCL2) + LC5 + LC6 + estimated impacts at ungauged but undermined catchments] / [total estimated inflow to 
LC]. 
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FEATURE PERFORMANCE 
MEASURE 

PREDICTED 
IMPACTS 

HOW MONITORED HOW MANAGED EXCEEDING PREDICTION CONTINGENT 
MEASURES 

that cannot be attributed to natural 
variation6  

• mining results in two consecutive 
exceedances or three exceedances 
of the ±3 standard deviation level 
(positive for EC, negative for pH and 
DO) from the baseline mean within 
six months that cannot be 
attributed to natural variation 

Note: The contingency measures will be assessed for appropriateness (in consultation with key stakeholders), as the need arises, on the individual watercourses being impacted to 
ensure significant additional impacts to the watercourses are not created by the carrying out of these contingency measures.  The provision of residual environmental offsets will be 
considered where the potential impacts of contingency measures are greater than the impacts of mining or where the contingency measures are not successful.  Additional actions 

are required as per the TARPs, including informing stakeholders, review of monitoring and further assessments as required.

 

6 Flow reduction as determined from measured at flow gauging station WWL_A. 
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7 INCIDENTS, COMPLAINTS, EXCEEDANCES AND NON-
CONFORMANCES 

7.1 Incidents 

ICHPL will notify DPHI and other relevant agencies of any incident associated with Area 3C 
operations as soon as practicable after ICHPL becomes aware of the incident.  ICHPL will 
provide DPHI and any relevant agencies with a report on the incident within seven days of 
confirmation of any event.  

7.2 Complaints Handling 

ICHPL has a readily accessible contact point through a 24-hour toll-free Community Call 
Line (1800 102 210) and email address (community@gm3.au). The number is displayed on 
the GM3 website, prominently on ICHPL Projects and Mine sites in a position visible by the 
public as well as on publications, letters and other correspondence provided to the local 
community. The call line is for all complaints and general enquiries regarding environmental 
or community issues associated with ICHPL operations. 

Community complaints and enquiries may also be received in person by any employee of 
ICHPL, with details to be immediately shared with the Community Team for investigation. All 
complaints received in relation to Dendrobium Mine will be managed in accordance with 
the Handling Community Complaints, Enquiries and Disputes Procedure.  

Upon receipt of a community complaint, preliminary investigations will commence as soon 
as practicable to determine the likely cause of the complaint. An initial response will be 
provided to the complainant within 24 hours of the complaint being made, with a follow up 
response being provided as soon as practicable once a more detailed investigation is 
complete.  

A summary of all complaints received during the reporting year will be provided as part of 
the Annual Review. A log of complaints is also maintained on the GM3 website. 

7.3 Non-Conformance Protocol 

The requirement to comply with all approvals, plans and procedures is the responsibility of 
all personnel (staff and contractors) employed on or in association with Dendrobium Mine 
operations.  Regular inspections, internal audits and initiation of any 
remediation/rectification work in relation to this Plan will be undertaken by the Principal 
Approvals. 

Non-conformities, corrective actions and preventative actions are managed in accordance 
with the following process: 

• Identification and recording of non-conformance and/or non-compliance. 
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• Evaluation of the non-conformance and/or non-compliance to determine specific 
corrective and preventative actions. 

• Corrective and preventative actions to be assigned to the responsible person. 

• Management review of corrective actions to ensure the status and effectiveness of 
the actions. 

An Annual Review will be undertaken to assess ICHPL’s compliance with all conditions of the 
Dendrobium Development Consent, Mining Leases and other approvals and licenses. 

An independent environmental audit will also be undertaken (Condition 6 Schedule 8) to 
review the adequacy of strategies, plans or programs under these approvals and if 
appropriate, recommend actions to improve environmental performance.  The 
independent environmental audit will be undertaken by a suitably qualified, experienced 
and independent team of experts whose appointment has been endorsed by the Secretary 
of DPHI.  
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8 PLAN ADMINISTRATION 
This WIMMCP will be administered in accordance with the requirements of the ICHPL 
Environmental Management System (EMS) and the Dendrobium Development Consent 
Conditions. A summary of the administrative requirements is provided below. 

8.1 Roles and Responsibilities 

Statutory obligations applicable to Dendrobium operations are identified and managed via 
an online compliance management system (TICKIT).  

The overall responsibility for the implementation of this WIMMCP resides with the Manager 
Approvals who shall be the WIMMCP’s authorising officer.   

Responsibilities for environmental management in Dendrobium Area 3C and the 
implementation of the WIMMCP include: 

Manager Approvals 

• Ensure that the requisite personnel and equipment are provided to enable this 
WIMMCP to be implemented effectively. 

• Authorise the WIMMCP. 

Principal Approvals 

• Develop the WIMMCP and any amendments thereto. 

• Document any approved changes to the WIMMCP. 

• Provide regular updates to ICHPL on the results of the WIMMCP.  

• Arrange information forums for key stakeholders as required. 

• Prepare any report and maintain records required by the WIMMCP.  

• Organise and participate in assessment meetings called to review mining impacts.   

• Respond to any queries or complaints made by members of the public in relation to 
aspects of the WIMMCP. 

• Organise audits and reviews of the WIMMCP. 

• Address any identified non-conformances, assess improvement ideas and 
implement if appropriate. 

• Arrange implementation of any agreed actions, responses or remedial measures.  

• Ensure surveys required by this WIMMCP are conducted and record details of 
instances where circumstances prevent these from taking place. 

Coordinator Environment 

• Instruct suitable person(s) in the required standards for inspections, recording and 
reporting and be satisfied that these standards are maintained. 



Watercourse Impact, Monitoring, Mangement, and Contingency Plan  

Dendrobium Area 3C 

Page 80 

• Investigate significant subsidence impacts. 

• Identify and report any non-conformances with the WIMMCP. 

• Participate in assessment meetings to review subsidence impacts. 

• Bring to the attention of the Principal Approvals any findings indicating an 
immediate response may be warranted. 

• Bring to the attention of the Principal Approvals any non-conformances identified 
with the WIMMCP provisions or ideas aimed at improving the WIMMCP. 

Survey Team Coordinator 

• Collate survey data and present in an acceptable form for review at assessment 
meetings.  

• Bring to the attention of the Principal Approvals any findings indicating an 
immediate response may be warranted.  

• Bring to the attention of the Principal Approvals any non-conformances identified 
with the Plan provisions or ideas aimed at improving the WIMMCP. 

Technical Experts 

• Conduct the roles assigned to them in a competent and timely manner to the 
satisfaction of the Principal Approvals and provide expert opinion. 

Person(s) Performing Inspections 

• Inform the Coordinator Environment of any non-conformances identified with the 
Plan, or ideas aimed at improving the WIMMCP. 

• Conduct inspections in a safe manner. 

8.2 Resources Required 

The Approvals Manager provides resources sufficient to implement this WIMMCP. 

Equipment will be needed for the TARP provisions of this WIMMCP.  Where this equipment is 
of a specialised nature, it will be provided by the supplier of the relevant service.  All 
equipment is to be appropriately maintained, calibrated and serviced as required in 
operations manuals. 

The Approvals Manager shall ensure personnel and equipment are provided as required to 
allow the provisions of this Plan to be implemented. 

8.3 Training 

All staff and contractors working on ICHPL sites are required to complete the ICHPL training 
program which includes: 
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• An initial site induction (including all relevant aspects of environment, health, safety 
and community). 

• Safe Work Method Statements and Job Safety Analyses, Toolbox Talks and pre-shift 
communications.  

• On-going job specific training and re-training (where required). 

It is the responsibility of the Principal Approvals to ensure that all persons and organisations 
having responsibilities under this WIMMCP are trained and understand their responsibilities. 

The person(s) performing regular inspections shall be under the supervision of the 
Coordinator Environment and be trained in observation, measurement and reporting.  The 
Coordinator Environment shall be satisfied that the person(s) performing the inspections 
are capable of meeting and maintaining this standard. 

8.4 Record Keeping and Control 

Environmental Records are maintained in accordance with the ICHPL document control 
requirements. 

ICHPL document control requirements include: 

• Documents are approved for adequacy by authorised personnel prior to use. 

• Obsolete documents are promptly removed from circulation. 

• Documents are reissued, or made available, to relevant persons in a timely fashion 
after changes have been made and the authorisation process is complete. 

The WIMMCP and other relevant documentation will be made available on the South32 
website in accordance with Condition 11, Schedule 2 of the Development Consent. 

8.5 Management Plan Review 

A review of the objectives and targets associated with the Dendrobium Area 3 operations is 
undertaken on an annual basis via the ICHPL planning process.  These reviews, which include 
involvement from senior management and other key site personnel, assess the 
performance of the mine over the previous year and develop goals and targets for the 
following period.  

An annual review of the environmental performance of Dendrobium Area 3 operations will 
also be undertaken in accordance with Condition 5 Schedule 8 of the Dendrobium 
Development Consent.  More specifically this WIMMCP will be subject to review (and revision 
if necessary, to the satisfaction of the Secretary) following: 

• The submission of an annual review under Condition 5 Schedule 8. 

• The submission of an incident report under Condition 3 Schedule 8. 

• The submission of an audit report under Condition 6 Schedule 8. 
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• Any modification to the conditions of the Dendrobium Development Consent or SMP 
approval. 

If deficiencies in the EMS and/or WIMMCP are identified in the interim period, the plans will 
be modified as required.  This process has been designed to ensure that all environmental 
documentation continues to meet current environmental requirements, including changes 
in technology and operational practice, and the expectations of stakeholders. 
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Appendix A – Watercourse Monitoring and Trigger Action Response Plan 

  



Appendix A: Dendrobium Area 3 Watercourse Monitoring Program and Area 3C Trigger Action Response Plan 

Watercourse monitoring within Dendrobium Area 3C will be installed ahead of mining to achieve 2 years baseline data (subject to timing and approval timeframes of any 
request to install additional monitoring). Primary flow monitoring sites in future mining areas will be established at least four years prior to any mining impacts. Monitoring 
will be conducted throughout the mining period and for at least 2 years following active subsidence or until the consequences of mining have stabilised. Quarterly 
monitoring for up to five years post mining will be undertaken for primary monitoring sites. A review of post mining monitoring will be carried out in consultation with key 
stakeholders and other relevant agencies where required.  Where impacts are observed, the monitoring period will be extended and this will be reported in Impact Reports 
and End of Panel Reports. For Level 2 and 3 Triggers and for impacts exceeding prediction this review will be conducted in consultation with key agencies. The location of 
monitoring sites is indicated on the figures of the relevant areas WIMMCP. 
 

Table 1.1 – Dendrobium Area 3 Watercourse Monitoring Program 

 

  

Monitoring Site Site Type Monitoring Frequency Parameters 
OBSERVATIONAL MONITORING 

A
RE

A
 3

A
 

Primary Monitoring Sites 
Sandy Creek  
Wongawilli Creek 
 
Secondary Monitoring Sites 
Sandy Creek tributaries (including SC7 and SC10)  
Wongawilli Creek tributaries 

Observation and photo point 
monitoring: 
• Sites based on an assessment of risk 
• Streams and swamps 
• Pools and rockbars 
• Previously observed impacts that 

warrant follow-up inspection  
 

• Monthly 2 years pre- and post-mining, 
weekly when longwall is within 400 m of 
monitoring site 

• Reference sites 6 monthly 
• Quarterly monitoring for up to five years post 

mining for primary monitoring sites 

Visual signs of impacts to creeks and drainage 
lines (i.e. cracking, vegetation changes, 
increased erosion, changes in water colour, soil 
moisture etc.) determined by comparing 
baseline photos with photos during the mining 
period 
 
Manual Field Testing: 
Key water quality parameters in pools analysed 
to identify any changes resulting from mining 
including pH, Temp, EC, DO and ORP 
 
Pool water levels to identify any changes 
resulting from mining. At suitable sites, pool 
water levels will be measured with a pressure 
transducer and continuous logger. A benchmark 
for manual readings will be installed at sites that 
are not suitable for a logger 

A
RE

A
 3

B 

Primary Monitoring Sites 
Wongawilli Creek 
Donalds Castle Creek 
 
Secondary Monitoring Sites 
Native Dog, WC21, WC18, WC16, WC15, WC12, WC9, WC8, WC7, 
WC6, LA5, LA4, LA3, LA2, ND1 and DC13 
Reference Sites 
Wongawilli Creek, Sandy Creek, LC7B, WC11, SC9A, SC10A, NDC1, 
DC10 and D10 

A
RE

A
 3

C
 

Primary Monitoring Sites 
Wongawilli Creek 
Lake Cordeaux 
 
Secondary Monitoring Sites 
WC20, WC21, WC24, WC24A, WC26, WC26A, WC28, LC5, LC5A, 
LC5B, LC6, LC7, LC8, LC9, LC9A and CR36   


