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Summary 
 
Aurecon has been engaged to assist EnergyAustralia NSW in their statutory reporting on the Mt Piper 
Power Station brine co-placement area for the effects of the Stage I and Stage II brine conditioned ash 
co-placement on chloride, salinity and trace metals in receiving surface and groundwater during 
2016/17. 
 
The key findings of the 2016/17 water quality data review were: 

• The Stage I and II brine co-placement system in the northern area of the site has effectively 
prevented brine leachates in the ash pores from entering the groundwater, so no significant 
effects were seen at the seepage detection bore MPGM4/D3.  

• Although leachate from under the southern Mt Piper water and brine conditioned ash areas is 
entering the groundwater and is the potential cause of the high chloride in bore MPGM4/D10, 
increased coal mine ground water recharge during high rainfall events significantly lowered 
chloride concentrations entering the upper Huon Gully.  

• The local and ANZECC (2000) guidelines for chloride and trace metals (including nickel) in the 
receiving groundwater bore MPGM4/D9 have continued to be met, other than for salinity and 
sulphate, as well as the coal mine groundwater related boron.  

• At the Neubecks Creek receiving water site, WX22, the local and ANZECC (2000) guidelines 
were met for all the characteristics of salinity, chloride and trace metals.  

• Increasing groundwater recharge through improving rainfall runoff controls may further reduce 
chloride concentrations and could be considered as part of further investigations to mitigate 
the chloride concentrations in the upper Huon Gully.  
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1. Introduction 
 
Aurecon Australasia Pty Ltd (Aurecon) has been engaged by EnergyAustralia NSW to undertake the 
Environmental Monitoring Report for surface and groundwater quality at the Mt Piper Brine 
Conditioned Fly Ash Co-placement Facility. The report is the annual update report for water quality 
during the period July, 2016 to June, 2017 to be provided by EnergyAustralia NSW to the Department 
of Planning and Environment. The approved area for brine placement is shown in Figure 1.   
 
The Mt Piper Power Station Brine Conditioned Flyash Co-placement Extension Water Management 
and Monitoring Plan (26th September, 2008), called the WMP, is shown in Attachment 6 to this report. 
The development consent conditions for the brine Area 1 and Area 2 are shown in Attachments 2 and 
4 of the WMP. The conditions for extension of the brine and ash co-placement area of 23rd March, 
2008 require that the cooling tower blowdown brine co-placement is undertaken generally in 
accordance with the Statement of Environmental Effects (SEE) dated June, 2007 by Connell Wagner 
(2007).  
 
The main conditions in the SEE and the consent conditions are: 

• The SEE was prepared on the basis that the ash placements in NSW are not classified as a 
“controlled waste facility” and therefore did not have to be licenced under the waste 
management legislation.  

• Brine co-placement, with some of the ash at Mt Piper, was approved and the ash area status 
remained as not classified as a “controlled waste facility”. That status was on the basis that 
the SEE groundwater modelling predicted the effective immobilisation of brine in the ash such 
that the increase above background, due to the movement of brine to the groundwater, would 
meet the ANZECC guidelines in Neubecks Creek; 

• Brine conditioning of the ash is to occur in about 7% of the annual flyash production with brine 
to give 15% moisture, which was estimated to be about 17% brine1; 

• Brine conditioned flyash is to be placed within the existing ash placement area and between 
RL946m and RL980m; 

• Control of surface rainfall runoff from the water conditioned ash and collection and reuse of 
rainfall on the brine conditioned ash areas; 

• Contingency plans for the mitigation of environmental impacts of runoff or leachates negatively 
impacting natural surface water or groundwater. 

 
How the WMP applies to the surface and groundwater quality monitoring presented in this report is 
discussed in Section 1.3. The areas of the Stage I (Benches B1 & B2) and Stage II (B3, B5 and B6) 
brine conditioned ash placement are shown in Figure 1.  

1.1 Recommendations from the 2015/16 report and responses thereto 
 
The 2015/16 report recommendations included: 

• Continue the routine monthly monitoring at all the groundwater bores, as well as at Neubecks 
Creek, to confirm they meet the requirements of the 2008 Water Management Plan.  

 

                                                      
1 17% brine conditioned ash was the maximum used for modelling of the potential effects of the brine conditioned ash on the 
local surface and groundwater quality by the UTS model of Merrick and Tammetta (1999) and Merrick (2007).  
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EnergyAustralia have advised that they have continued to monitor all groundwater bores and 
surface water sites during this reporting period. 

• Delay the decision whether to re-run the UTS groundwater model after the investigation of the 
groundwater conditions beneath the Lamberts North ash placement are known.  

 
EnergyAustralia have advised that the decision to re-run the UTS groundwater model has 
been delayed. Investigations into the groundwater conditions beneath the Lamberts North ash 
placement are ongoing. 
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1.2 Scope 
 

The scope provided by EnergyAustralia NSW for the 2016/17 report is: 
 
• The Mt Piper Brine Conditioned Fly Ash Co-placement Water Quality Assessment Report will 

be prepared in order to satisfy Conditions 44 (provide the Environmental Monitoring Report for 
surface and groundwater quality) and 45 of the Project Approval (DP&I, 2000). Condition 45 
requires:  

o A summary and written discussion of all available results and analyses from Mt 
Piper’s Water Monitoring Programs 

o A written discussion on the aims of the water management plan (Connell Wagner, 
2008) and to what degree these aims have been attained in the context of the water 
quality results and analyses of the Water Monitoring Programs, as set out in Connell 
Wagner, 2008.   

o Recommendations regarding the actions taken, or intended to be taken, if any, to 
mitigate any adverse environmental impacts in accordance with the requirements set 
out in Connell Wagner, 2008 Water Management Plan.  

 
• The report is to cover the operations between July of the previous year and June of the 

present year. The report is to be provided to EnergyAustralia NSW in time for them to provide 
comments on the draft and the final report to be submitted to the Department of Planning and 
Environment by 30th September, 2017. 

 
• Review surface and groundwater water quality and trace metal data at Mt Piper Power Station 

brine co-placement area for the reporting period and report on potential effects on receiving 
surface water and groundwater. 

 
• Assessment of the EnergyAustralia NSW groundwater data for the bore MPGM4/D19, at the 

Lamberts North ash placement area for possible interaction with the Neubecks Creek water 
quality. 

 
• Review the monthly changes including long-term trends in surface and groundwater 

concentrations and potential effects of the recent chloride increases at bore D10 on the 
receiving groundwater and surface water in Neubecks Creek. 

 
• Review surface and groundwater water quality and trace metal data obtained as part of 

investigations into the chloride increases at bore D10. 
 

• The surface water and groundwater review is also to take into account the mineralised 
background effects of the local, abandoned, coal mine groundwater inflows. 

 
Accordingly, the aim of this annual update report is to review the updated groundwater and surface 
water quality data for the effects of the Mt Piper groundwater on the receiving water bores MPGM/4D8 
and D9, as well as in Neubecks Creek at the WX22 receiving water site. This involves the effects of 
the background coal mine groundwater flows from the western bores MPGM4/D4 and D5 (Figure 1) 
through the rubble drain (called “Inter-burden layer” in Figure 13) in the open-cut coal mine void, which 
underlies the Mt Piper ash, into Huon Gully (Merrick, 2007), as well as coal mine groundwater inflows 
from south of the ash placement area into Huon Gully.  
 
1.3 Mt Piper Brine Conditioned Ash Water Management Plan 
 
The surface and groundwater monitoring required to provide feed-back for management of the Mt 
Piper brine conditioned ash area is set out in the Mt Piper Brine Conditioned Ash Water Management 
Plan, for the Stage II extension (Connell Wagner, 2008a – see Attachment 6). The aim of the Water 
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Management Plan is to prevent local groundwater effects due to surface runoff from the brine 
placement areas. Hence, the overall aim of the monitoring is to ascertain whether or not leachates 
from the brine conditioned fly ash cause a significant increase in concentrations of the various water 
quality characteristics in the surface and groundwater receiving waters.  
 
The Water Management Plan sets out various levels of warning of potential surface and groundwater 
effects of the brine placement areas. These are the ANZECC (2000) guideline trigger values, locally 
derived guideline concentrations and early warning of changes provided by the ANZECC (2000) 
guideline procedure, namely, in the event of the post-brine placement median exceeding the pre-
placement 90th percentile, all of which apply to the receiving waters (see Section 2.7).   
 
Bores MPGM4/D10 and D11 are located inside the ash placement area and are used for early 
warning of potential effects on the receiving waters, which are located outside the ash area property 
boundary. Note that the Local/ANZECC (2000) trigger values for groundwater do not apply to bores 
MPGM4/D10 or D11. To provide a further means of early warning, seepage detection bores are 
located just outside the brine areas at bores D1 and D3 (Figure 1).  
 
The groundwater receiving waters are the groundwater sampled by bores D8 and D9, which are near 
Neubecks Creek. These early warning systems are intended to allow EnergyAustralia NSW time to 
both investigate the cause of the early warning triggers being exceeded and to implement mitigation 
measures if the cause is found to be the brine conditioned ash placement area.   
 
The final receiving waters are taken as being Neubecks Creek, just downstream of the ash placement 
area at the receiving water site WX22 (Figure 1), where the ANZECC (2000) guidelines and local 
guidelines for surface water apply. The ANZECC (2000) guidelines and local guidelines for the 
groundwater and surface water receiving waters are from the Water Management Plan (Connell 
Wagner, 2008a) and are shown in Table 2 in Section 2.7.  

1.4 Previous Reports 
 
Previous reports on water quality have been prepared covering the following periods:  
• First six months of the Stage I brine conditioned ash placement (PPI, 2001); 
• The Stage I (Dumps I to II) placement to October, 2002 (Connell Wagner PPI, 2003); 
• Stage I (Dumps II to Stage III) placement from November, 2002 to January, 2006 (Connell 

Wagner, 2007a); 
• Mt Piper Power Station Brine Conditioned Flyash co-placement Water Management Plan Water 

Quality Monitoring Annual Update Report February, 2006 to January, 2007 (Connell Wagner, 
2007b); 

• Mt Piper Brine Conditioned Fly ash Co-Placement Water Quality Monitoring Annual Update 
Reports for: 
o February, 2007 to January, 2008 (Connell Wagner, 2008b) 
o February 2008 to January 2009 (Aurecon, 2009) 
o Calendar year 2009 (Aurecon, 2010) 
o Calendar year 2010 (Aurecon, 2011) 
o Calendar year 2011 (Aurecon, 2012) 
o Calendar year 2012 (Aurecon, 2013) 
o January, 2013 to May, 2014 (Aurecon, 2014) 
o June, 2014 to May, 2015 (Aurecon, 2016) 
o June, 2015 to June, 2016 (Aurecon, 2017). 

 



 
 

6 

   
 

This report is the thirteenth water quality monitoring report and follows the nine previous annual 
updates. The report assesses the monthly changes from July, 2016 to June, 2017 and reviews 
potential effects on the receiving groundwater bores and surface water in Neubecks Creek.  
 
When the effects of the mineralised background effects of the local, abandoned, coal mine 
groundwater inflows were taken into account, these reports found no significant effects2 of the brine 
placement areas on the water quality or trace metals at the receiving water site in Neubecks Creek. 
This suggests that rainfall recharge has mitigated the chloride, salinity and trace metal concentrations 
such that they continued to comply with the Local/ANZECC trigger values for the Neubecks Creek 
receiving water site, other than coal mine groundwater water related boron and nickel inputs. 
 
The previous report for 2015/16 showed, by drilling through the southern brine placement area, that 
the brine conditioned ash was placed above the required RL 946m level. In addition, the 2015/16 
report indicated, from the December, 2015 groundwater drilling, that the source of brine leachates is 
from beneath the Mt Piper water and brine conditioned ash placements and the upper Huon Gully 
groundwater has become enriched with salinity and chloride to be above that predicted by the UTS 
1999 groundwater model. Since August 2013, the chloride concentrations at bore D10 became highly 
variable, with markedly reduced concentrations following high rainfall events. The 2014/15 report 
(Aurecon, 2015) noted that the underground coal mine water inflows from the southern coal mine 
areas were also recharging the local groundwater. This was followed by the 2015/16 report which 
noted that those rainfall recharge inflows, sampled at the new MPGM4/D23 bore, had diluted the 
chloride concentrations migrating from the southern brine area into Huon Gully. This mitigation of the 
chloride plume was in addition to that from the normal western underground coal mine inflows to Huon 
Gully via the rubble drain beneath the Lamberts North ash placement.  

1.5 Information provided by EnergyAustralia NSW 
 
In connection with the assignment, EnergyAustralia NSW has provided copies of the following data 
and information: 

• Mt Piper bore data for bores MPGM4/D1, D3, D4, D5, D10 and D11 
• Bores MPGM4/D8 and D9 as groundwater receiving waters and for early warning of potential 

effects of local groundwater seepage on Neubecks Creek; 
• Bore MPGM4/D19, east of the ash placement area for indication of local coal waste/chitter 

effects on Neubecks Creek 
• Bore MPGM4/D23 which samples the southern coal mine groundwater inflows to the area 

between the southern brine placement and bore D10 (see Figure 8) 
• Mt Piper Power Station Licence discharge Point LDP1 (v-notch below the Holding Pond) 
• WX22 (Neubecks Creek) 
• Water level data for the groundwater bores 
• The brine composition measurements in 2016/17 
• Amount of brine used and times used to condition ash in 2016/17 
• Ash Placement Area Contours in December, 2016. 

 
EnergyAustralia NSW has also advised Aurecon that water conditioned dry ash began to be placed at 
the Lamberts North site in Huon Gully on 2nd September, 2013 and has now reached a height where 
the eastern edge of the Mt Piper water conditioned ash and the western edge of the Lamberts North 
ash have joined (see Figure 2).  
 

                                                      
2 The concentrations were lower than the Locally derived or ANZECC trigger values, which apply to the receiving water sites 
and developed for the approved Connell Wagner (2008a) Water Management Plan (WMP).  
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1.6 Brine Conditioned Ash Placement and Brine Use 
 
EnergyAustralia NSW has advised Aurecon that from July 2016 to June 2017, the brine conditioned 
ash was placed on the north side benches (B1 to B4, Figure 2) using a placement strategy to raise 
these benches to the general height of the B5 bench. Brine conditioned ash was placed every month 
except July and August, 2016. The total volume of brine used to condition ash during calendar year 
2016 was 35.3 ML, and another 26.1 ML was used during 2017 to end June, so the estimated total for 
2016/17 was about 31.8 ML/year (Table 1).   
 
Table 1 - Volumes of Brine Used for Ash Conditioning (from Lend Lease Infrastructure, 2017) 

Year ending Volume (ML) Cumulative Total (ML) Ash use (approx. tonnes) 

Dec-05 24.1 24.1 120,335 

Dec-06 21.9 46.0 109,635 

Dec-07 22.4 68.4 111,785 

Dec-08 23.5 91.9 117,630 

Dec-09 34.3 126.2 228,840 

Dec-10 29.1 155.3 153,200 

Dec-11 31.6 187.0 204,142 

Dec-12 27.8 214.7 138,800 

Dec-13 27.4 242.1 182,507 

Dec- 14 21.2 263.3 134,764 

Dec- 15 14.4 277.7 80,028 

Dec 16 35.3 325.0 196,206 

To June 17 26.1  66,789 

Annual Average 26.1 - 
148,156 

(total 1,844,660) 
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Figure 2: Mt Piper Power Station Stage I (Benches B1 & B2) and Stage II (currently B3, B4 and B5) Brine Conditioned Ash Placement Area Contours in December, 2016. Brine Rainfall 
Runoff Ponds, External Runoff Ponds (CW1 & CW2) with Lamberts North runoff pond (LN Pond 2) also shown.  
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The amount of ash used for brine conditioning is also shown in Table 1.   
 
The current Mt Piper contours are shown in Figure 2 and the changes in brine conditioned ash and 
water conditioned ash areas and levels are shown in Attachment 7. 

1.7 Rainfall Runoff Management 
 
EnergyAustralia NSW has advised Aurecon of the current runoff management at the Mt Piper ash 
placement area. All surface water runoff from the ash footprint is managed within the boundary of the 
ash placement area. Rainfall runoff on the brine area is collected via retention and lined systems. 
Collected water on the brine area is reticulated through sprinklers.  
  
All brine conditioned ash placement benches are constructed to retain rainfall runoff by grading of the 
ash. After rainfall events these retention areas are dewatered to lined ponds according to the 
operational management plan. If all the lined ponds are full, one management option is to release the 
surface water for collection in the Lamberts North west side retention area (the west side retention 
area). This is only done if field testing of soluble salts shows the values of electrical conductivity in the 
surface water is not greater than 1000 µS/cm (or not higher than blowdown tower water). The released 
water is directed to the Lamberts North collection area via pipes along the central haul road. Another 
management option is for the water in the fully lined ponds to be reticulated via sprinklers within the 
brine area, after the rainfall event is complete. 
  
Since June, 2016, rainfall runoff from the Mt Piper water conditioned ash area has been captured at 
the Lamberts North west side retention area and all the free water collected drains to the lined LN 
Pond 2 via a furnace bottom ash drainage line previously installed at the original floor level of the 
North Lamberts North placement area. Retained runoff water in the LN Pond 2 is used as an irrigation 
supply for the Lamberts North ash area.  
  
The external runoff collected from the north side Mt Piper capped areas flows to CW Pond 1. CW 
Pond 2 is located at the base of the hill south of the ash placement area and collects external runoff 
from the southern capped areas and water from the catchment north of the ash repository. Water 
levels of the CW1 and CW2 are managed by reticulation back to the power station through a pump 
back system.  
  
Surface water runoff from the Mt Piper ash repository are limited to storm events, such as those with 
the intensity of 45 mm in 60 minutes such as occurred between 15-19th November 2016 or as 52.6 
mm rainfall across the two days of 21-22nd March 2017. Both events caused ash washouts within the 
ash area and repairs were required.   
 
1.8 Brine Composition  
 
The brine salinity, chloride and trace metal composition, as well as the volumes of brine used for ash 
conditioning are reported each year because they are essential characteristics for detecting leachates, 
if any, from the brine benches. EnergyAustralia NSW has provided details of the average brine 
composition during 2014/15, 2015/16 and 2016/17 in Attachment 4. 
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2. Surface and Groundwater Monitoring 
 
The groundwater monitoring design is based on sampling, before and after brine conditioned ash 
placement began in November, 2000 at bores up- and down-gradient of the brine area. Bores near the 
brine placement, inside the ash area, are used for early warning of leachates to enable management 
actions to be undertaken to minimise effects on the receiving water bores and Neubecks Creek. The 
receiving water bores D8 and D9, located north and south of Neubecks Creek, also have pre- and 
post-brine placement data. The surface water monitoring is designed in a similar manner with the 
LDP01/Holding Pond as the upstream site (the Holding Pond is built on Neubecks Creek) and WX22 
is the downstream site, being downstream of the ash placement area and Huon Gully. The surface 
and groundwater sampling sites are shown in Figure 1. 
 
With ongoing placement of water conditioned ash in and around Huon Gully since late 2013, the 
chloride concentrations at bore D19,  located in mine spoil, just outside in the upper Lamberts North 
area (Figure 1), has been included for possible groundwater movement around the ash placement and 
potential effects on Neubecks Creek. The groundwater in the area flows to the low point in Huon Gully 
under the dry ash placement (see Figure 11 in Section 3.8) and it is anticipated that the groundwater 
is now flowing around the compacted mine spoil that the ash is placed on, as the low permeability of 
the compacted mine spoil is acting as a barrier to groundwater flow.  
 
A new bore, D23, was installed in December, 2015 to detect the effects of coal mine groundwater 
inflows to the southern brine placement area. The previous report suggested that the low salinity mine 
water was diluting the chloride concentrations in the area, so the data for that bore has been included 
in this report (see Section 2.4).  

2.1 Groundwater Levels 
 
The water level in each groundwater bore is monitored to allow identification of the direction of water 
movement (flow regime) and to compare measured levels with the predicted groundwater level rise 
due to the large water conditioned ash placement area. The water level monitoring data for the Mt 
Piper groundwater bores, including bores D19 and D23, are shown in spread-sheet format in 
Attachment 1.  
 
It is relevant to note that an inter-burden rubble drain was placed in the Western Main Coal Mine 
open-cut, prior to the water conditioned ash placement, such that the predicted increase in height of 
the water table was not expected to bring it into contact with the bottom of the ash placement. This 
drainage system is discussed further in Section 3.2 with a review of the groundwater level changes 
and flow directions around the Mt Piper and Lamberts North sites.  

2.2 Climatic Conditions  
 
The average annual rainfall over the period of brine conditioned ash placement from 2000 to June, 
2017, as recorded at the Lithgow Bureau of Meteorology (BoM) gauge, has remained low at 761 
mm/year (Attachment 2), which is 88.2% of the long-term annual rainfall of 863 mm/year. During the 
period July, 2016 to June, 2017, the monthly average rainfall of 68.0 mm/month, was slightly below 
the long-term average of 72 mm/month.   
 
As the rainfall has been below average since 2012, the monthly rainfall deficit from January, 2012 to 
June, 2017 has been calculated by the cumulative deficit per month at the end of the previous month 
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plus (72 - the current monthly rainfall). The deficit has been accumulated in this way by adding the 
deficit for each successive month from January, 2012 until June, 2017. A positive deficit, shown on the 
right hand scale of Figure 3, means a dominance of below average rainfall, while a negative deficit 
shows the effect of above average rainfall. That is, when the rainfall is above the long-term average 
rainfall (green line) the deficit will tend to be negative and when the rainfall is below the green line, the 
deficit will tend to be positive. 
 

 
Figure 3. Lithgow Rainfall from January 2012 to June 2017 showing trend for decrease to below 
average rainfall and corresponding cumulative Rainfall Deficit  
 
Figure 3 shows that the rainfall deficit has stabilised at about 450 mm/month. As undertaken in 
previous reports, the rainfall conditions have been investigated in relation to possible effects on the 
bore D10 chloride concentrations (see Figure 5 in Section 3.2). 

2.3 Surface Water 
 
As well as routine water quality monitoring in Neubecks Creek at sites LDP1 and WX22, the ash 
placement contractor, Lend Lease Infrastructure (LLI) monitors the water quality in the brine collection 
ponds, the B1 bench sump and in all collection and detention systems for the ash placement site, 
including the rainfall runoff collection ponds LN Pond 2, CW1 and the recently installed CW2 pond. 

The monitoring is undertaken to confirm that leachates from the brine conditioned ash are not entering 
the water conditioned areas where surface runoff may enter the local groundwater.  

2.4 Groundwater 
 
No changes in the groundwater monitoring have been implemented since those outlined in the 
previous report, other than to include the new bore MPGM4/D23.  
 
In December, 2015, bore MPGM4/D23 was installed to sample the coal mine groundwater but during 
2016 it was enriched with chloride to about 300 mg/L, which is higher than the pre-ash placement D10 



 
 
 

12 

   
 

concentrations3, so it was assumed that the bore could be a mixture of mine water and Mt Piper brine 
leachate flowing toward D10. However, in 2017 the chloride concentration had decreased to about 
190 mg/L, which was similar to that measured in the mine water seepage into Huon Gully in March, 
2014 (Aurecon, 2014), so the D23 data has been included in the groundwater report to provide an 
indication of the potential dilution of the D10 chloride by the local mine water.  
 
Bores D8 and D9 have continued to be monitored as the receiving groundwater sites for the brine co-
placement. The aim of these bores is to detect the potential effects of groundwater seepage moving 
from the ash placement area toward Neubecks Creek and effects at the receiving water site, WX22. 
The bores have been monitored monthly since October, 2013.  
 
The ash placement area up-gradient bores, D4 and D5 were installed before ash placement began to 
provide a background groundwater benchmark. Bore D5 is located up-gradient of the north-western 
corner of the ash placement (Figure 1) and samples the deep groundwater in an abandoned 
underground coal mine. From the UTS groundwater model (Merrick and Tammetta, 1999 and Merrick, 
2007), the rubble drain under the northern ash area allows the coal mine groundwater to flow directly 
to the lower groundwater levels in Huon Gully. Most of this groundwater flowing into Huon Gully was 
collected in the previous Huon Gully mine void (called the Groundwater Collection Basin), which has 
been replaced by compacted mine spoil.  
 
The groundwater flows shown in Figure 8 indicate that this groundwater may enter Neubecks Creek 
during rainfall events, which is consistent with the UTS groundwater model, but mostly flows under the 
creek during dry weather, as shown in Figure 13. The other background bore, D4, up-gradient of the 
northern placement area is located near Neubecks Creek (Figure 1). This bore samples the shallow 
groundwater in an abandoned open-cut coal mine, which is also understood to seep into Neubecks 
Creek upstream of the ash area. 

2.5 Groundwater Modelling Verification 
 
The Water Management Plan requires salinity and trace metal groundwater modelling at Mt Piper to 
be undertaken if the monitoring results or other information may be reasonably interpreted as 
indicating that a significant effect of the brine conditioned fly ash placement on water quality has 
occurred in the groundwater at bores D8 and D9 and at the receiving waters of Neubecks Creek. A 
significant effect in the receiving waters is defined as chloride, salinity or trace metals exceeding the 
locally derived or ANZECC (2000) guideline trigger values set out in Table 2. As the previous report 
for 2015/16 (Aurecon, 2017) showed that the concentrations of salinity and trace metals at WX22 were 
lower than the trigger values, other than nickel, which appears to be mine water related (see Table 6, 
Section 3.9), a re-run of the model was not suggested at that time.  
 
Subsequently, groundwater investigations at the Lamberts North dry ash placement area during 
2015/16 found that some of the nickel in Neubecks Creek most likely came from the Western Main 
coal mine void, beneath the northern Mt Piper ash placement area, due to physio-chemical changes 
during dry weather, as well as the wider mineralised areas of the creek catchment (Aurecon, 2017b).   
 
The need or otherwise for the Mt Piper model to be re-run, following the database update and 
consideration of the trends for the current reporting period, is discussed in Section 3.10. 

                                                      
3 Bore D10 samples underground coal mine groundwater flowing into Huon Gully and averaged 40 mg/L chloride, prior to 2007 
when brine conditioned ash placement began in the Stage II area. 
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2.6 Methods 
 
Routine surface and groundwater quality monitoring has been undertaken monthly by Nalco Analytical 
Resources on behalf of EnergyAustralia NSW. Nalco measure conductivity, pH and temperature in the 
field with a calibrated instrument and all other parameters in a NATA Accredited Laboratory. 
EnergyAustralia NSW has provided a copy of the Nalco laboratory data to Aurecon for the 2016/17 
assessment.   
 
EnergyAustralia NSW has advised that in-house methods, based upon Standard Methods (see APHA, 
1998), are used by Nalco for the general water quality characteristics of alkalinity, sulphate, chloride, 
calcium, magnesium, sodium, potassium and total dissolved solids (TDS, also known as total filterable 
residue, TFR). The trace metals and elements monitored are the same for surface and groundwater: 
copper, cadmium, chromium, lead, zinc, iron, manganese, mercury, selenium, silver, arsenic, barium, 
boron and fluoride. EnergyAustralia NSW has previously advised that the in-house methods are 
equivalent to those specified in DEC (2004), which also uses Standard Methods. (In this regard, it is 
relevant to note that the groundwater and Neubecks Creek monitoring is not required under the NSW 
EPA licence but the equivalent EPA approved methods are used for consistency). 
 
Groundwater bores are bailed and sampled after allowing time for the water level in the bore to re-
establish. The depth to the water level, from the top of the bore pipe is measured before bailing using 
a dip metre.  
 
The trace metals in surface and groundwater samples were unfiltered, except for iron and manganese. 
However, since January, 2013, EnergyAustralia NSW (via Nalco) has also been determining the 
concentrations of aluminium, copper and zinc concentrations on filtered water collected at both the Mt 
Piper Licence Discharge Point LDP1 and at the Neubecks receiving water site, WX22.  
 
Nevertheless, the Local/ANZECC (2000) trigger value environmental goals for surface water (see 
Table 2) are based on unfiltered samples measured by the “acid extractable” method. As the data 
obtained by filtering the samples is not consistent with the environmental goals shown in Table 2, 
which are based on unfiltered samples, the filtered data has not been used in this report or previous 
reports.  
 
To allow comparison with the ANZECC guidelines, low detection limit (DL) testing for trace metals 
began in April/July, 2006. All the metals, except silver, were measured at DLs lower than the ANZECC 
guidelines. Due to the use of low detection limits, the concentration of elements shown as less than 
the DL has been (conservatively) assumed to be the same as the DL in this report. This assumption 
applies to the situation when the DL is lower than the ANZECC/Local trigger values. If the DL is 
greater than the trigger values, the concentration has been assumed to be half the DL.   
 
EnergyAustralia NSW has also advised that silver has continued to be analysed at a higher DL than 
the guideline trigger value of 0.00005 mg/L because the matrix of elements present in the water 
samples prevents Nalco from measuring concentrations at the trigger value level (see Section 3.10 
and Attachment 1). The silver data has continued to be tested at <0.001 mg/L, which is 20 times the 
ANZECC (2000) guidelines. It should be noted that due to the very high DL for silver, it has not been 
halved because the resulting concentration cannot be assumed to be 0.0005 mg/L, which is an order 
of magnitude higher than the ANZECC guideline. Accordingly, and as recommended in previous 
reports, it is suggested that silver cease to be monitored, as it provides no useful information. 
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2.7 Guidelines 
 
The Protection of the Environment Operations Act requires consideration of the ANZECC (2000) 
guidelines when assessing potential effects on water quality in receiving waters. The guideline trigger 
values apply to receiving waters of the groundwater seepage outside the ash placement area. These 
are taken as the two groundwater bores MPGM4/D8 and D9 (Figure 1) since July, 2013. Hence, the 
Local/ANZECC (2000) trigger values for groundwater shown in Table 2 apply to bores D8 and D9 in 
this report. Neubecks Creek, at WX22, remains the final receiving water site for the Mt Piper brine 
placement.  
 
The ANZECC Guidelines for Groundwater Protection in Australia (1995) and the NEPC (1999) require 
the background water quality in groundwater bores to be taken into account. As the NEPC (1999) did 
not define the meaning of “background” concentrations, the baseline concentrations were defined in 
previous reports as the 90th percentile of the pre-stage I placement concentrations for naturally 
mineralised, highly disturbed groundwater (condition 3 waterbodies), or the ANZECC guideline default 
trigger values, whichever is higher. The pre-placement 90th percentiles that are higher than the default 
trigger values, are the local guidelines shown in bold in Table 2. These include elements such as 
salinity, chloride and sulphate for the protection of freshwater aquatic life (via groundwater seepage 
into Neubecks Creek), livestock, irrigation water or drinking water. The ANZECC/ local guidelines are 
called the environmental goals. Table 2 shows that the guidelines for groundwater may be different 
from those used in Neubecks Creek, where the effects on aquatic life are considered. 
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Table 2. Baseline and Local/ANZECC (2000) Trigger Value Environmental Goals for the 
Groundwater Receiving Waters and Surface Water in Neubecks Creek 

Element       
(mg/L) 

Groundwater 
Collection 

Basin          
Pre-

placement 
90th Percentile 

Groundwater 
ANZECC or 

Local 
Guidelines# 

Neubecks Creek 
at WX22                  

Pre-placement 90th  
Percentile 

Surface Water 
ANZECC or 

Local 
Guidelines# 

General Water Quality 

pH  6.5 – 8.0 6.7-7.8 6.5 – 8.0 

Cond/ (uS/cm) 1576 2600^ 894 2200 

TDS 1306 2000 580 1500^ 

CI 31.5 350 22 350+ 

SO4 824 1000 332 1000 ++ 

Trace Metals 

As 0.001 0.024 <0.001 0.024 

Ag <0.001 0.00005 - 0.00005 

Ba 0.037 0.7 0.029 0.7+++ 

Be 0.001 0.1 <0.001 0.1 

B 0.244 0.37 0.09 0.37 

Cd 0.002 0.002 <0.001 0.00085 

Cr 0.001 0.005 <0.001 0.002 

Cu 0.001 0.005 <0.001 0.0035 

F 0.435 1.5 0.338 1.5+++ 

Fe 0.664 0.664 0.281 0.3+++ 

Hg <0.0001 0.00006 - 0.00006 

Mn 5.704 5.704 0.72 1.9 

Mo 0.001 0.01 <0.001 0.01+ 

Ni 0.5509 0.5509 0.005 0.017 

Pb 0.001 0.005 <0.001 0.005 

Se 0.002 0.005 <0.001 0.005 

Zn 0.908 0.908 0.116 0.116 
* high detection limits used when determining the baseline concentrations – see text 
^  2000 mg/L TDS/0.77 for groundwater; 0.68 x 2200 uS/cm low land river conductivity  
#  ANZECC (2000) guidelines for protection of freshwaters, livestock, irrigation water or drinking water. Local guideline based upon 90th percentile pre-brine 
placement (shown in bold) – see text. 
Cadmium, Chromium, Copper, lead, nickel and zinc adjusted for effects of hardness: Current Ca, Mg in GCB 147, 113 mg/L: in Neubecks Creek 19.7, 11.8 
mg/L, respectively. Note: Surface water have changed from the Mt Piper WMP trigger values (Connell Wagner, 2008a) for Cd from 0.001 to 0.00085 mg/L; 
Cr from 0.001 to 0.002 mg/L and Cu from 0.0025 to 0.0035 mg/L due to changes in water hardness.  
+ irrigation water moderately tolerant crops; irrigation. Note: Molybdenum drinking is 0.05 mg/L++  Livestock  +++  drinking water 
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2.7.1 Early Warning of Water Quality Changes  
 
As described in previous reports, it is necessary to provide an early warning of water quality changes 
to allow time to undertake targeted investigations of the cause and to implement control measures 
before the environmental goals are exceeded at the receiving water sites. An early warning is 
triggered when the post-brine placement 50th percentiles for the various elements exceed the pre-
placement 90th percentiles.  
 
The aim of any targeted investigations that arise is to determine if the changes are due to the brine 
conditioned ash placement or some other cause. If the increases are due to the placement, ash 
management plans are to be implemented to avoid concentrations approaching or consistently 
exceeding the relevant ANZECC or local guideline goals in the groundwater inside the brine 
placement area or at the seepage detection bores. This management strategy is used so that the 
goals are not exceeded at the surface and groundwater receiving water sites, after allowing for the 
mineralised background conditions. 
 
2.8 Control Charts 
 
Long-term changes at the receiving water sites are tracked by control charts. At the groundwater 
receiving water site, bores MPMG4/D8 and D9 long-term changes are indicated by comparison with 
the local background conditions at bores D4 and D5, the D9 pre-90th baseline, post 50th percentile 
and/or the groundwater trigger value environmental goals. Bore D5 is used as the baseline for 
chloride, salinity and trace metals at bores D10, D11, D1 and D9 because the underground mine 
water sampled is understood to flow into Huon Gully via the Mt Piper rubble drain and dilute the 
chloride, water quality and trace at these bores.   
 
At WX22, long-term chloride changes are indicated by comparison with background conditions at the 
Mt Piper Power Station Licence Discharge Point, LDP1, on the upper Neubecks Creek, the 
concentrations at bores D8 and D9 and the environmental goals. The chloride at WX22 is compared to 
the D9 concentrations because previous reports have shown that the chloride entering Neubecks 
Creek originates from Huon Gully. In addition, the trace metal concentrations at WX22 are compared 
with those at D9, as well as to the background groundwater concentrations at bore D4 because it 
samples the shallow groundwater in an abandoned open-cut coal mine adjacent to Neubecks Creek. 
The D4 groundwater can flow directly into the creek after rainfall events.  
 
The long-term changes are further put into context by use of the pre-Stage I brine placement 50th and 
90th percentiles and the post-placement 50th and 90th percentiles. These are shown for each 
groundwater and surface water sampling site in the various water quality tables in the report as well as 
in Attachment 1. This allows pre- and post-placement “like for like” comparisons to be made, together 
with the pre- and post-placement averages, maximums and minimums, as well as the summary data 
in tables for the current reporting.  
 
2.9 Data Quality 
 
The data contained in this report was provided by EnergyAustralia NSW and was checked for outliers 
using the ANZECC (2000) protocol. In accordance with the protocol, outliers of three times the 
standard deviation are removed from the dataset, provided that no environmental changes have 
occurred that would account for such a significant change. No values were deleted from the 2016/17 
dataset.  As mentioned in Section 2.6, silver concentrations have not been used in this report because 
they cannot be compared to the ANZECC (2000) guidelines.  
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3. Brine Conditioned Ash Placement Effects on 
Surface and Groundwater Quality 

This Section reviews the water quality data for the current reporting period for changes in the findings 
since 2015/16 of the Mt Piper brine co-disposal ash placement effects on the receiving waters. The 
local coal mine mineralized conditions and dilution of brine leachates by various sources of low salinity 
groundwater inflows to Huon Gully, after being recharged by rainfall events, are taken into account.  
 
3.1 Review of the Surface and Groundwater Quality Data 
 
As undertaken in previous reports, the long-term trends in water quality and trace metals have been 
examined in the following surface and groundwater: 

• Background bores MPGM4/D4 and D5, which are up-gradient of the ash placement area 
(Figure 1) 

• Post-brine conditioned ash placement concentrations for the two bores (MPGM4/D10 and 
D11) inside the ash placement area 

• Seepage detection bores MPGM4/D1 and D3, located between the ash placement area and 
Neubecks Creek  

• Groundwater receiving water bores D8 and D9 
• Neubecks Creek receiving water site WX22.  

 
As mentioned in the previous report, the highest chloride concentrations (the green section of the 
graph in Figure 4) occurred subsequent to the brine conditioned ash placement being expanded onto 
the NA5 bench since 2012 and its incorporation with the B5 bench in 2013/14. The previous report 
noted that the post-2012 concentrations had large variations due to dry weather with intermittent high 
rainfall events, indicating the effects of rainfall on recharge of the local groundwater flowing into Huon 
Gully. This is shown by the long-term changes in chloride at bore D10, which have been updated to 
June, 2017 in Figure 4.  
 

 
Figure 4. Mt Piper Brine Placement Area Groundwater Bore MPGM4/D10 trend for periods 1997 
to October, 2006 (blue), April, 2007 to October 2012 (red) and January 2013 to June 2017 
(green) 
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Figure 4 shows the D10 chloride changes over the following periods: 
• 1997 to October, 2006 - B904/D10 Pre-changes in coal mine water seepage into Huon Gully 

via the ash placement rubble drain and pre-use of cooling tower blowdown water to replace 
the use of Coxs River water for water conditioned ash (blue line) 

• April, 2007 to October 2012 – increased coal mine water seepage from 2007 to before Brine 
Placement on NA5 began in 2012. Rapid and consistent rate of chloride increase period was 
thought to be due to increasing groundwater levels of mine water seepage (as indicated by the 
moderate concentrations of chloride) and use of blowdown water (red line) 

• January 2013 to June 2017 - B5 Expansion in 2013/14 to place brine conditioned ash on the 
NA5 bench and ongoing placement with water conditioned batters (green line). The large 
variability during this period suggests western and southern underground coal mine 
groundwater recharge.  

 
The period from 2013 to 2017 shows increasing variability of the chloride concentrations at D10 with 
the largest decrease from July to September, 2016 to a minimum of 342 mg/L following the period of 
heavy rainfall in June and July, 2016 of 170mm and 102mm, respectively. The chloride concentration 
was the lowest since December, 2013 but increased again with a long period of below average rainfall 
until another high rainfall event in March, 2017 (see Figure 3).  
 
The cause of the D10 chloride decrease is investigated in Section 3.3 and was explored here by 
comparing the chloride decrease during 2016/17 with the rainfall deficit, as shown in Figure 5.  
 

  
Figure 5. Bore D10 Chloride concentration changes with the cumulative Rainfall Deficit from 
January, 2012 to period of brine conditioned ash placement from January, 2013 (vertical line) to 
June, 2017 on the B5 and NA5 Benches  
 
Figure 5 shows that the large decrease in chloride was due to the June and July rainfall event and 
appears to be caused by coal mine groundwater recharge. This was followed by a period of dry 
weather from January to June, 2017 and the D10 chloride concentration increased back to be similar 
to the rainfall deficit.  
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Prior to 2016/17, the chloride increase at bore D10 with rainfall deficit could be interpreted as a 
decrease in rainfall recharge to groundwater flowing from the southern coal mine area due to dry 
weather. This leads to the view that there is less dilution of brine leachates with the low salinity 
underground coal mine groundwater, giving the trend for increase in chloride with the rainfall deficit.  
 
The large reduction in chloride at D10 for a long period, up to December, after the June and July, 2016 
rainfall events, indicates ongoing and larger groundwater recharge, up-gradient of D10, than during 
previous periods. Possible causes of the increased recharge are investigated in the next section after 
consideration of groundwater level changes at the monitoring bores.  
 
3.2 Groundwater Level Changes 
 
Figure 6 shows an overall long-term trend for increase in the height of the water table as the water 
conditioned ash placement has approached to within 50m of Huon Gully, which is the eastern 
boundary of the Mt Piper water conditioned ash placement area. The increases have been about one 
metre higher than the 2m predicted by the groundwater model, including at the background bore, D5, 
due to the mounding effect of the wide area of the water conditioned ash placement at Mt Piper. The 
level increases at bores D10 and D11 have been the highest, with increases of about 4m to May, 2015 
and have been decreasing as the prolonged dry weather takes effect.  
 

 
Figure 6. Groundwater Elevation changes at bores inside (MPGM4/D10 and D11 since 2001) and 
outside the ash placement area (D1, D3 and D5 since 1989), at Groundwater Receiving Water 
Bores (D8 and D9 since 1992 and 1996), upper Lamberts North D19 since October, 2012 and 
underground coal mine levels at D23 since February, 2016 
 
Figure 6 also includes the more recent groundwater levels for bores D19 and D23. Bore D19, adjacent 
to the Lamberts North placement, was initially about 2m higher than at D9, which is located near 
Neubecks Creek, but decreased sharply from March to May, 2016 and then followed the levels at D9.  
 
The underground coal mine groundwater levels at D23 closely follows the D10 levels, but as D23 is 
up-gradient of D10, it appears that the mine water governs the levels at D10 for most of the time.  
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3.3 Possible causes of increased groundwater recharge at Bore D10 
 
The relationships between the groundwater levels at D10 and D23, which has a current chloride 
concentration of about 190 to 300 mg/L, with influence of rainfall and the corresponding changes in 
chloride at D10 are investigated in Figure 7.  
 

 
Figure 7. Groundwater Elevation changes and chloride at bore D23 with effects on levels and 
chloride at D10 following high rainfall in June and July, 2016. 
 
The groundwater levels increased in parallel at both bores D10 and D23 with the 170mm rainfall in 
June, 2016 and they continued to rise in parallel following the 102 mm in July, 2016. Consequently, 
the chloride decreased at D10 from about 800 mg/L in May to about 400 mg/L in July and remained at 
about that concentration until September.  
 
The D10 reduction in chloride is attributed to rainfall recharge of the local, abandoned underground 
coal mine groundwater south of the ash area at D23, and its relatively low chloride of about 300 mg/L. 
The recent increase in underground coal mine rainfall recharge, which is evident in the increased 
chloride reduction at D10 in Figure 5, appears to come from the coal washery ponds south of the ash 
placement area (see Figure 8). The recent expansion of coal washery ponds, south of the coal 
conveyor, may have increased the amount of recharge to the local groundwater.  
 
Another potential source of recharge up-gradient of D10 is the runoff collection pond CW2, which was 
installed in 2013/14. The pond collects external runoff from the B5 brine bench capped areas, as well 
as being located at the base of a hill south of the B5 brine bench, so it may also collect runoff from the 
hill. 
 
Extension of the graph to cover the 176mm of rainfall in March, 2017 event shows a subsequent 
increase in the groundwater level at D23 with a smaller level increase at D10. These increases gave a 
moderate reduction in the D10 chloride concentration. Examination of the rainfall pattern showed it 
had low rainfall scattered over the month, rather than a concentrated event, hence the moderate 
chloride reduction compared to that in June and July, 2016.   
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3.4 Groundwater Flow Directions 
 
Figure 8 shows the indicative groundwater flow directions around the ash placement area, as well as 
in and around Huon Gully and the Lamberts North placement. Bore D23, that samples the 
underground mine groundwater to the west of bore D10, diluted the southern areas of brine leachates 
to a minimum of 342 mg/L in September, 2016 during rainfall recharge after the June and July, 2016 
rainfall event. The indicative, low chloride plume at the upper Huon Gully area is shown superimposed 
over the flow directions. The plume flows down Huon Gully to the north-east, which is the direction of 
dip of the coal seam.  
 
The flow direction and chloride concentrations indicate that the chloride plume is moving around the 
compacted mine spoil placed in Huon Gully towards bore D19. The 2m decrease in groundwater level 
at D19 (Figure 6) may have been caused by the use of water from the ponds to the east of D19 for 
washery water (see Figure 8). This drawdown may also be causing the Huon Gully chloride plume to 
migrate toward D19.  
 
It was noted that bore D11 is not in the flow path of the southern bore D23 recharge flows, because 
D11 remained with elevated chloride concentrations at the time of dilution of D10 by the underground 
mine water.  
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Figure 8. Schematic of Mt Piper Brine Co-Placement Area and Lamberts North Indicative Groundwater flow paths (yellow arrows) and indicative September, 2016 wet weather chloride distribution (blue lines) from 
underground coal mine and down Huon Gully beneath and around Lamberts North to bore MPGM4/D9 and Neubecks Creek 
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3.5 Groundwater Quality inside the Mt Piper Brine Co-Placement Area  
 
The changes in water quality at bores D10 and D11 are shown in Table 3, compared to their pre-
Stage I 90th percentile baseline at bore B904 (which previously sampled the up-gradient southern 
underground coal mine groundwater flowing into the inter-burden rubble drain - see Figures 1 and 8). 
Table 3 also includes background bore D5, which samples the western underground coal mine 
groundwater up-gradient of the ash area and the new D23, which samples the southern underground 
coal mine groundwater. The current status for July, 2016 to June, 2017 is also shown. In addition, the 
D10 and D11 concentrations are compared to the brine leachate concentrations expected from brine 
conditioned ash (PPI, 1999) and accompanied by the brine composition shown in Attachment 4.   
 
Long-term changes are indicated by comparison of the pre-placement 50th and 90th percentiles at the 
B904 background bore with the Post-50th and 90th percentile values at bore D10. The Groundwater 
Guidelines or Goals, which apply to the receiving waters for bores D8 and D9, are shown for 
comparison.   
 
Significant changes in water quality are highlighted in Table 3 by the following colour codes: 

• Blue is for concentrations higher than the ANZECC or local guidelines, during and before the 
brine co-placement began in December, 2000  

• Yellow shows the concentration increases for characteristics triggering investigations of the 
causes because the post-median is greater than the 90th percentile baseline 

• Green is for characteristics showing such large increases that the post-placement 90th 
percentile is higher than the pre-placement 90th percentile background. As such increases 
could occur at any time during the post-placement period, the times are indicated by footnotes 
to the table.  

 
Table 3 shows that during 2016/17 the D10 chloride concentration decreased from 794 mg/L in 
2015/16 to 738 mg/L during the current reporting period, while the chloride at D11 increased from 686 
mg/L to 880 mg/L. As discussed in Section 3.3, the decrease at bore D10 was mostly due to a period 
of groundwater recharge from the southern underground coal mine areas, and possibly a lesser 
recharge from the CW2 pond, with heavy rainfall.  
 
Although brine leachates are occurring, most of the trace metals (not including the locally abundant 
iron and manganese) had low concentrations at bores D10 and D11. The concentrations of boron, 
cadmium, nickel and zinc were elevated, as they were at the south-western mine void background 
bore B904 before brine placement began. These elevated trace metals at D10 and D11 are from the 
B904 groundwater as it flows in the rubble drain to Huon Gully. Table 3 also shows that the 
background bore D5 has lower concentrations of these trace metals. 
 
Other than boron and chromium, the diluting flows from D23 have low trace metals, and the boron is 
lower than the background mine void concentrations at B904, so the southern D23 underground 
groundwater is not significantly contributing to the elevated mine void concentrations at D10 (see 
Table 3).  
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Table 3: Water Quality for Mt Piper Brine Internal Monitoring Bores D10 and D11 during  
the Current 2016/17 Period compared to the D5 Background, underground coal mine  
D23, D10 Baseline at Mine Void Bore B904, Pre- and Post- Trends, Brine Conditioned Ash 
Leachates and the ANZECC Groundwater Guidelines or Local Goals 

Element 
(mg/L) 

Mt Piper Brine Co-Placement Area Internal Monitoring Bores* 
D5 Back-
ground 

July, 
2016 to 
June, 
2017 

D23 
under-
ground 
mine 
July, 

2016 to 
June, 
2017 

Brine 
Leachate 

(PPI, 
1999) 

ANZECC 
Guideline 
Goals for 
Ground-
water# 

Current Stage I & 
II July, 2016 to 

June, 2017 

D10 
Baseline 

(Pre-Stage I 
90th 

Percentile) 

D10 Trend 
(Pre-Stage I 

50th  
Percentile) 

D10 Trend 
Post-(2000 

to June, 
2017) 90th  
Percentile 

D10 D11 B904* B904* D10 D5** D23   

pH 5.6 6.2 7.4 5.1 6.4 6.0 5.7 7.6 6.5-8.0 

Cond 
(µS/cm) 

8481 8980 1747 1128 9397! 1284 4112 10900 2600 

TDS 7106 7615 1980 1500 8300! 989 3068 8400 2000^ 

SO4 4137 4568 1320 1100 4585! 596 1881 3750 1000++ 

Cl 738 880 32.6 20 875! 23.4 267 1410 350+ 

As <0.001 0.008 0.008 0.005 0.002 <0.001 0.001 0.050 0.024 

B 3.28 2.95 2.26 1.4 4.4 ! 0.11 1.06 6.1 0.37 

Cd 0.006 <0.0001 0.01 0.004 0.0078 <0.0001 0.0004 0.003 0.001 

Cr <0.001 <0.001 - - 0.005 <0.001 0.007 0.037 0.004 

Cu <0.001 <0.001 0.01 0.005 0.008 <0.001 0.002 0.078 0.005 

Fe*** 8.34 71.1 28 0.83 14.56 54.5 15.01 0.007 0.664 

Mn*** 7.2 17.1 15.36 6.4 9.88 8.4 3.4 0.44 5.704 

Mo <0.001 <0.001 - - <0.010 <0.001 <0.001 0.84 0.01+ 

F 0.5 0.27 9.1 6.8 1.97 0.1 0.22 6.0 1.5+++ 

Ni 0.906 0.901 1.14 0.96 1.100 0.055 0.352 0.2 0.5509 

Pb 0.004 <0.001 0.005 0.005 0.014! <0.001 0.0023 <0.0002 0.005 

Se 0.003 <0.001 0.005 0.005 0.008 ! <0.001 0.003 0.18 0.005 

Zn 1.13 0.127 4.18 2.8 1.57 0.024 0.388 0.039 0.908 

*Bore B904 samples underground coal mine goaf areas up-gradient of bore D10, which also samples the underground groundwater flowing from coal mine 
goaf areas. Bore D11 samples groundwater in the open-cut mine area to the north of D10. 
** D5 sampling the up-gradient background groundwater that flows into the western Main open-cut mine void rubble drain under the northern Mt Piper ash. 
! Boron since April, 2010; Chloride, Cond. SO4 and TDS since Nov 2016; Pb Oct 08 to April 09; Se Jan-April 2012, Cu since April, 2011 
Notes: 
**filtered samples for iron and manganese 
# ANZECC (2000) guidelines for protection of freshwaters, livestock or irrigation water apply to groundwater receiving water bores D8 & D9.  
Cadmium, Chromium, Copper, lead, nickel and zinc adjusted for effects of hardness: Ca, Mg in GCB 147, 113 mg/L:  
Local guidelines using 90th percentile of pre-placement data in bold 
+ irrigation water moderately tolerant crops; irrigation. Note: Molybdenum drinking is 0.05 mg/L  ++ Livestock  +++ drinking water 
Highlights: Blue:  > ANZECC/local guidelines, Yellow: post-median > 90th baseline; Green: post-placement 90th > pre-placement 90th percentile. 
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3.6 Bore D10 Chloride Down-gradient Groundwater Effects 
 
The elevated groundwater concentrations at bore D10, and particularly D11, are approaching that of 
brine conditioned ash leachates (see Table 3 and Figure 9), which, according to the UTS groundwater 
modelling (Merrick, 1999), is unlikely to be due to the brine conditioned ash placement. It appears that 
as water conditioned ash was placed higher, the groundwater level increased (see Figure 6), 
indicating the groundwater reached a brine source beneath the B5 bench water conditioned ash 
(Aurecon, 2017a).  
 
Figure 9 shows that the overall rate of chloride increase at bore D10 has begun to slow during 
2016/17 due to the effects of rainfall recharge and is now oscillating around 700 mg/L due to the 
opposing effects of the recharge and dry weather. The concentration was reduced by about half due to 
the June and July, 2016 rainfall event and lasted from July to September, 2016, after which it 
increased again during dry weather.  
 
The chloride at bore D1 was also lowered by the rainfall recharge diluted plume as it migrated down 
Huon Gully and the high rainfall of 175 mm in March, 2017 caused the chloride to decrease to 252 
mg/L in June, 2017, its lowest for three years. As a result of these groundwater recharge events, the 
chloride at the receiving water bore, D9, continued to decrease to 114 mg/L in June, 2017, its lowest 
concentration for four years.  
 
Based on these observations, it is suggested that increasing groundwater recharge could reduce 
chloride levels and should be considered as an option in further mitigating chloride concentrations in 
Huon Gully.  
 

 
Figure 9. Mt Piper Brine Placement Area Chloride Trends at groundwater bores (MPGM4/D10 
and D11), Seepage Detection Bore D1 and Receiving Water Bore D9 from 1997 to June, 2017 
compared to the Background Bore D5, B904/D10 baseline and Environmental Goal of 350 mg/L 
for bore D9. 
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Although the chloride concentration at D11 continued to increase during 2016/17, its influence on 
concentrations at D9 appears limited, most likely due to dilution of its flow down Huon Gully by the low 
salinity western mine water inflows through the northern mine void rubble drain. In addition, it appears 
likely that the chloride concentrations observed in borehole D9 are diluted by effect of recharge of the 
local groundwater via vertical seepage through alluvial deposits / stream bed sediments of Neubecks 
Creek into the underlying coal seam aquifer beneath the creek (see Figure 13). Hence, it is suggested 
that this mitigating effect of the Huon Gully plume be investigated.  
 
Examination of the initial groundwater sampling at the Lamberts North ash placement for the previous 
reporting period 2015/16 (Aurecon, 2017b) indicates that the low salinity, western underground coal 
mine groundwater, and possibly together with rainfall runoff collected in the Lamberts North west side 
retention area, recharges the groundwater flows under the Lamberts North site. Table 3 in Aurecon, 
2017b shows that the D20 chloride concentration (109 mg/L) was about 4-fold lower than at bore D1 
(483 mg/L), which is immediately down-gradient of the groundwater sampled by D20 beneath the ash 
placement.  
 
Figure 9 also shows that bore D11 is not in the flow path of the southern mine water bore D23 
recharge flows, and may actually add salts to the seepage detection bore D1, which rebounded to a 
slightly higher chloride shortly after the June/July mine water recharge event.    

3.7 Seepage Detection Bores 
 
As noted above, the large chloride decreases at bore D1 due to rainfall recharge of the local 
groundwater is clearly seen in Figure 10. Hence, following from the above suggestion to consider 
rainfall recharge of the local groundwater, the role of rainfall runoff from Lamberts North dry ash on 
improvement of the groundwater quality flowing underneath the ash area, from the upper areas of 
Huon Gully, should also be considered.  
 

 
Figure 10. Chloride Trends in Seepage Detection Bores D1 and D3 Compared to Chloride in 
Background Bore D5 and the D3 Chloride Baseline and Environmental Goal 
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As discussed in previous reports, Figure 10 shows that the chloride concentration at bore D3 has been 
lower than the pre-brine placement baseline of 60 mg/L since February, 2014, indicating the 
effectiveness of management of the brine conditioned ash and retention of brine leachates in the ash 
pores. As brine placement on the northern B6 Bench has been ongoing and is expected to continue, 
the water quality at bore D3 should continue to be monitored. The detailed water quality changes at 
bores D1 and D3 are shown in Table 4.  
 
Table 4: Water Quality for Mt Piper Seepage Detection Bores D1 and D3 during Stage I and II  
and the Current 2016/17 Period Compared to the Bore MPGM4/D5 Background, Baseline and 
Pre- and Post-50th and 90th Percentile Trends and the Groundwater Guidelines or Goals 

Element 
(mg/L) 

Mt Piper Brine Co-Placement Seepage Detection Monitoring Bores D5 Back-
ground 
July, 2016 
to June, 
2017 
  

ANZECC 
Guideline 
Goals for 
Ground-
water# 

Post-Stage I & II 2000 
to June, 2017 

Current Stage I & II 
June, 2016 to June, 
2017 

D1 
Baseline 
(Pre-Stage I 
90th 
Percentile) 

D1 Trend D1 Trend 

(Pre-Stage I 
50th  
Percentile)  

Post-(2000 to 
June, 2017) 
90th  
Percentile  

D1 D3 D1 D3 D1 D1 D1 D5   

pH 6.2 6.4 5.9 5.9 7.4 6.7 6.5 6.0 6.5-8.0 
Cond 

(µS/cm) 
2620 868 4944 732 2609 2050 4898 ! 1284 2600 

TDS 2327 563 4002 474 1615 1330 4140 ! 989 2000^ 

SO4 1322 234 2143 256 466 377 2143 ! 596 1000++ 

Cl 202 56 478 25 410 272 502 ! 23.4 350+ 

As 0.01 0.002 0.011 0.003 0.002 0.001 0.014 ! <0.001 0.024 

B 1.41 0.035 2.08 0.087 0.015 0.005 2.24 0.11 0.37 

Cd 0.0002 0.0003 <0.0001 <0.0001 0.001 0.001 <0.001 <0.0001 0.001 

Cr 0.002 0.002 <0.001 0.002 0.001 0.001 0.005 <0.001 0.004 

Cu 0.004 0.003 <0.001 0.004 0.011 0.001 0.005 <0.001 0.005 

Fe*** 20.6 5.13 37.2 5.83 7.72 0.19 45 54.5 0.664 

Mn*** 10.3 0.655 15.4 0.59 2.64 0.2 16.7 8.4 5.704 

Mo 0.003 0.004 <0.001 <0.001 0.001 0.001 <0.01 <0.001 0.01+ 

F 0.113 0.101 0.102 0.049 0.656 0.23 0.2 0.1 1.5+++ 

Ni 0.657 0.013 1.025 0.011 0.182 0.059 1.1 0.055 0.5509 

Pb 0.004 0.004 <0.001 0.007 0.006 0.001 0.005 <0.001 0.005 

Se 0.002 <0.001 <0.001 <0.001 0.002 0.001 0.003 ! <0.001 0.005 

Zn 0.069 0.021 0.125 0.015 0.063 0.001 0.133 ! 0.024 0.908 
! Cond., TDS & SO4 various events since 2004; Cl various events since Oct 2002 & since Oct 2015; Mn various events since 2001, As consistently 
since 2012,  Se 2003 to 2006, Zn various times since Oct, 2013; 
*** filtered samples for iron and manganese 
# ANZECC (2000) guidelines for protection of freshwaters, livestock or irrigation water apply to groundwater receiving water bores D8 & D9.  
Cadmium, Chromium, Copper, lead, nickel and zinc adjusted for effects of hardness: Ca, Mg in GCB 147, 113 mg/L. 
Local guidelines using 90th percentile of pre-placement data in bold 
+ irrigation water moderately tolerant crops; irrigation. Note: Molybdenum drinking is 0.05 mg/L  ++ Livestock  +++ drinking water 
Highlights: Blue:  > ANZECC/local guidelines, Yellow: post-median > 90th baseline; Green: post-placement 90th > pre-placement 90th percentile 
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Table 4 shows that at bore D1, the average salinity, sulphate and chloride concentrations are 
beginning to decrease in response to the increased groundwater recharge in the up-gradient areas. 

Other than the locally enriched iron and manganese, bore D1 had elevated concentrations of boron 
and nickel, and when the local mineralised conditions are taken into account, all the other metals were 
at acceptable levels. The elevated concentration of nickel at bore D1 was previously investigated 
using the Lamberts North data for 2015/16 (Aurecon, 2017b) and was found to be mostly from the 
Western Main open-cut coal mine void.  

The mine void groundwater quality, at the northern ash area background bore B9014, shown in 
Attachment 1, part 4. The data shows the nickel concentration increased as the groundwater level 
increased, with increased height of the water conditioned ash placement, to average about 0.92 mg/L 
at bore B901 from 1997 to 2000 (see Table 5), while that in brine leachates is low at about 0.2 mg/L 
(Table 3).  Note that the nickel concentration at D9 had increased so that the post-median exceeded 
the pre-placement 90th percentile baseline since 2012 (see Table 5). 

The elevated boron concentration at bore D1 was previously assumed to be mostly from brine 
conditioned ash leachates, but the migration of nickel from the mine void to D1 prompted an 
investigation of the role of the bore B901 mine void concentrations to the boron concentrations at D1. 
The B901 boron concentration also increased as the groundwater level increased to average 3.18 
mg/L from 1997 to September, 2000, and reached 12 mg/L before the brine conditioned ash began to 
be placed in November, 2000. The parallel increase of boron with that of nickel at B901 indicates that 
most of the boron at D1 originates from the mine void.  

The June and July, 2016 rainfall event caused the concentration of lead to increase to 0.007 mg/L at 
bore D3. The cause was investigated and was not from the brine conditioned ash because the 
leachates contain no detectable lead concentrations (Table 3). Attachment 1, part 3 shows that the 
background conditions sampled by bores D4 and D5 to the west of the ash placement are in previous 
copper, lead and zinc open-cut mining areas and the groundwater has elevated concentrations of lead 
with the baseline 90th percentile of 0.02 mg/L at D5 and 0.20 mg/L at D4. It appears that the prolonged 
rainfall event mobilised some trace metals from these areas into the northern rubble drain and were 
detected in flows to the north-east by bore D3, which is located to the north of the brine placement 
area (Figure 1).  

3.8 Groundwater Receiving Water Bores 
 
Effects of the brine placement on water quality and trace metals at the receiving water bores D8 and 
D9 are discussed in this section. Figure 11 extends the long-term trends in chloride at bores D1 and 
D9, shown in Figures 9 and 10, to include that of the receiving water bore D8, which is on the northern 
side of Neubecks Creek (see Figure 7). The chloride increase at D19, noted in previous reports, is 
included in Figure 11 in relation to potential effects on the water quality at D9 and Neubecks Creek. 
 

                                                      
4 The B901 Western Main coal mine void groundwater quality is summarised in Table 5 in relation to potential effects on the 
receiving groundwater bore D9 in Section 3.8. 
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Figure 11. Chloride Trends at Groundwater Receiving Water Bores MPGM4/D8 and D9 
Compared to Bore D1, D9 Baseline and local Environmental Goal (Note: graph begins at 
October, 2000, one month before brine placement began, to show recent D19 changes with 
rainfall recharge) 
 
Figure 11 shows that, although the D1 chloride has exceeded its pre-brine conditioned ash placement 
concentration it was reduced to below the local guideline of 350 mg/L during rainfall events.  

The graph also shows that chloride at D9 has remained lower than the local guideline and is trending 
down towards its pre-brine placement concentration. The large decrease in chloride from D1 to D9 
may indicate that the creek water flows into the groundwater as it passes via the coal seam under the 
creek bed. 

At bore D8, chloride remained below its pre-brine placement baseline of 14 mg/L, confirming the 
understanding that the groundwater plume flows under Neubecks Creek via the coal seam (see Figure 
13). The spike at D8 in February, 2017 occurred when there was no flow in Neubecks Creek. Hence, 
although there have been earlier spikes, the chloride, sulphate and salinity concentrations were all 
lower than their pre-brine placement baselines and all the trace metal concentrations were lower than 
the ANZECC/Local trigger values during 2016/17 (see Table 5).  

The chloride increase at D19, due to the D10 plume being drawn to the west by the D19 groundwater 
level drawdown, was interrupted by effects of the June and July, 2016 heavy rainfall events which 
caused the concentration to decrease for five months from August to December, 2016. The D19 
decrease occurred one month after that at D10 (see Figure 9), and lasted longer, before increasing 
again during dry weather.  
 
The detailed water quality changes at bores D8 and D9, together with the local coal mine background 
conditions at bores B901 and D19, are shown in Table 5.  

Table 5 shows that for bore D9, although the conductivity, salinity and sulphate are higher than the 
local groundwater goals, the chloride concentration remained lower while the acid pH, iron and 
manganese concentrations are a common occurrence in the coal mine background conditions. Other 
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than boron, all the current trace metal concentrations (not including the common iron and manganese) 
were lower than the ANZECC/Local groundwater trigger values.  

The boron concentrations at bore D9 of 0.65 mg/L (Table 5) appears to have been diluted from 2.08 
mg/L at bore D1 (Table 4) by a source of low boron groundwater near bore D9. As the Neubecks 
Creek water was found to have entered the groundwater at D8, it is likely that the creek water is 
recharging the groundwater sampled by bore D9 as well. This most likely occurs because the 
groundwater is expected to flow under the creek bed for most of the time and D9 is only about 4m 
from the creek. Hence, it appears that as the Huon Gully plume flows to the north-west towards D9, 
the water quality is diluted by recharging Neubecks Creek water.  
 
Due to these mediating effects, no significant effect of the Huon Gully plume on Neubecks Creek are 
expected. This is discussed in Section 3.9 in relation to the water quality in Neubecks Creek.  
 
As the groundwater level has decreased at bore D19 to be similar to that at D9, it appears unlikely that 
the D19 chloride, sulphate, salinity and trace metals (Table 5) could significantly influence the 
concentrations at D9 because of the much lower groundwater flows. It also appears that the influence 
of D19 on the concentrations in Neubecks Creek at WX22 would be reduced. This is investigated in 
the next Section.   
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Table 5: Water Quality for Mt Piper Receiving Water Bores MPGM4/D8 and D9 for Stage 
I and II Brine Conditioned Ash Placement Compared to Background Mine Void Bore 
B901 and Coal Waste/Chitter Bore MPGM4/D19, Bore D9 Pre-Brine Placement Baseline and Pre-  
and Post-50th and 90th Percentile Trends and the Groundwater Guidelines or Goals 

Element 
(mg/L) 

Mt Piper Brine Co-Placement Groundwater Receiving Water Monitoring Bores B901 
Western 

Main Void 
Back-

ground 
1997 to 

Sept 2000 

Lamberts 
North 

July, 2016 
to June, 

2017 

ANZECC 
Guideline 
Goals for 
Ground-
water# 

Post-Stage I & II 
2000 to June, 2017 

Current Stage I & II 
July, 2016 to June, 

2017 

D9 Baseline 
(Pre-Stage I 

90th 
Percentile) 

D9 Trend 
(Pre-Stage I 

50th  
Percentile) 

D9 Trend 
Post-(2000 

to June, 
2017) 90th  
Percentile 

D8 D9 D8 D9 D9 D9 D9 B901 D19  

pH 5.8 6.2 5.4 5.8 6.8 6.0 6.6 6.6 5.9 6.5-8.0 

Cond 
(µS/cm) 

409 1750 299 2774 607 375 2909 ! 1623 5499 2600 

TDS 301 1419 226 2168 451 220 2400 ! 1638 4163 2000^ 

SO4 163 844 116 1428 139 86 1440 ! 948 2633 1000++ 

Cl 17 98 7.6 146 23 12 188 ! 30 431 350+ 

As 0.001 0.011 <0.001 <0.001 0.0146 0.0065 0.028 ! 0.005 0.009 0.024 

B 0.035 0.338 0.05 0.65 0.022 0.008 0.668 ! 3.16 2.21 0.37 

Cd 0.0002 0.0003 <0.0001 <0.0001 <0.001 0.001 0.001 0.0103 0.0001 0.001 

Cr 0.001 0.002 <0.001 <0.001 0.0105 0.0045 0.006 - 0.030 0.004 

Cu 0.002 0.012 0.001 <0.001 0.0628 0.0135 0.025 0.017 0.011 0.005 

Fe* 0.30 7.7 0.13 11.6 1.667 1.025 23.1 6.08 23.7 0.664 

Mn* 0.75 6.2 0.25 10.1 1.004 0.79 10.9 ! 5.66 11.7 5.704 

Mo 0.005 0.002 <0.001 <0.001 0.002 0.001 <0.05 - 0.002 0.01+ 

F 0.07 0.10 0.017 0.09 0.297 0.14 0.20 4.45 0.112 1.5+++ 

Ni 0.064 0.264 0.044 0.334 0.178 0.115 0.370 ! 0.92 0.912 0.5509 

Pb 0.003 0.018 0.002 <0.001 0.158 0.042 0.049 0.002 0.021 0.005 

Se 0.0011 <0.001 <0.001 <0.001 0.002 0.001 0.002 0.005 <0.001 0.005 

Zn 0.080 0.811 0.052 0.126 1.24 0.175 1.49 ! 3.88 0.374 0.908 

! Cond., Cl, TDS, SO4, Arsenic and Mn as well as Zn various events to Oct, 2008; Cond., TDS, SO4, consistently since January, 2009 and Cl since 
April, 2010; Mn consistently since January, 2009; Boron various events since April, 2002 and consistent since January, 2010; Nickel consistently 
since April, 2012 
* filtered samples for iron and manganese  
#  ANZECC (2000) guidelines for protection of freshwaters, livestock or irrigation water.  
Cadmium, Chromium, Copper, lead, nickel and zinc adjusted for effects of hardness: Ca, Mg in GCB 147, 113 mg/L. 
Local guidelines using 90th percentile of pre-placement data in bold 
+ irrigation water moderately tolerant crops; irrigation. Note: Molybdenum drinking is 0.05 mg/L  ++ Livestock  +++ drinking water 
Highlights: Blue:  > ANZECC/local guidelines, Yellow: post-median > 90th baseline; Green: post-placement 90th > pre-placement 90th percentile 
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3.8.1 Chloride and Nickel Concentration Trends at Bore D19 
 
It was noted above that elevated nickel concentrations in Huon Gully and at bore D1 are most likely 
due to inputs from the Western Main open-cut mine void. The water conditioned ash was placed in the 
void prior to brine conditioned ash placed on top, above RL946m. This view is because bores B904 
(south-west mine void) and B901 (north-west mine void) groundwater are both elevated with nickel 
concentrations (B904 nickel re-brine baseline concentration 1.14 mg/L and B901 was 1.49 mg/L). This 
suggests that nickel could be used as a tracer for the mine void flows under the ash into Huon Gully 
because brine conditioned ash leachates contain only a small concentration of nickel (Table 3).  
 
In this regard, it was noted that the current nickel concentration at D19 of 0.912 mg/L (Table 5) is 
similar to that at D1 (1.025 mg/L, Table 4) while most of the other metals at D1 were much lower than 
at D19, so the changes in nickel concentrations at D1, D9 and D19 are examined in Figure 12, relative 
to the changes in chloride concentrations at D19.   
 

 
Figure 12. Recent Nickel Trends at Bores MPGM4/D1, D9 and D19 Compared to Bore D19 
Chloride trends 
 
Prior to May, 2016, the nickel concentration at D19 varied from 0.15 to 0.35 mg/L, while that at the 
receiving groundwater bore, D9, was slightly higher, indicating the influence of the higher nickel 
concentration at bore D1. However, D9 only had a minor response to the large increase at D1 to about 
1.1 mg/L in 2015. In addition, the nickel concentration at D19 only tended to follow its chloride 
concentration up to May, 2014 and then showed no response to the increasing chloride trend until the 
groundwater level drawdown in May, 2016 (see Figure 6).   
 
From May, 2016, there was a large decrease in groundwater level at D19 by 2m from April to May, 
2016 to a level only slightly higher than that at D9 (Figure 6)5. The reduced groundwater level at D19 
of RL908.2m became about 1.8m lower than the B904 mine void baseline level of RL910.0 

                                                      
5 The groundwater level drawdown at D19 may be related to possible use of groundwater surfacing in ponds to the east of D19 
for washery water.  
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(Attachment 1, part 4). The chloride contours in Figure 8 show that the mine void groundwater at the 
southern B904 could flow towards D19.  
 
Consequently, the mine void nickel concentration at D19 increased sharply after May, 2016 to average 
0.916 mg/L (Table 5) to be similar to that at D10 of 0.906 mg/L (Table 3, with the D10 nickel 
originating from the coal mine void bore B904) and followed the D19 chloride concentration flowing 
from bore D10 (Section 3.8). Furthermore, the rate of chloride increase at D19 increased after May, 
2016, indicating that, prior to that date, the slower rate of chloride increase was due to the Huon Gully 
groundwater flow moving around the compacted mine spoil and after May, the chloride plume was 
being actively drawn towards the east of Huon Gully by the groundwater level drawdown.  
 
Figure 12 shows that after the May, 2016 drawdown, the D19 nickel increase had no effect on the 
concentration at D9, possibly due to the much lower difference in groundwater levels between the two 
bores. This is consistent with the lack of increase of other trace metals, such as copper, chromium and 
lead, at D9 during 2016/17, compared to the higher concentrations at D19 (Table 5), and the 
continued decrease in chloride concentrations at D9, shown in Figure 10.  
 
3.9 Neubecks Creek 
 
As discussed in previous reports, the 2007 UTS groundwater model (Merrick, 2007) found that the Mt 
Piper ash placement area aquifer system is driven by underground coal mine groundwater flows. The 
mine groundwater flows under and through the inter-burden rubble drain, under the ash, to the void at 
the end of Huon Gully at a rate of about 2 ML/day and from there toward Neubecks Creek. Brine 
leachates were predicted to enter the mine groundwater flows and to be diluted by them, so no 
significant effects on the water quality at the creek receiving water site were expected due to the 
leachates.  
 
From previous investigations, it is understood the path of groundwater seepage from under the Mt 
Piper ash placement to Neubecks Creek is via Huon Gully. The Mt Piper groundwater flow directions 
(Figure 8) were conceptualised from an understanding of the local coal seam structure and 
hydrogeology. This suggests that groundwater flows follow the dip in the mined coal seam strata, 
under the ash area, in a north-easterly direction. The main groundwater inflows are from the west, 
indicated by the background bore, D5, and the south (bore D23) toward the low point at bore D20, 
located in the northern Lamberts North embankment at the end of Huon Gully. The flows continue 
down to bore D1, and then to the lowest level at the receiving bore D9, which is near Neubecks Creek.  
 
Figure 13 shows a schematic of the groundwater flow from underground coal mines, up-gradient of the 
Mt Piper ash placement area, which is expected to follow the coal seams. As the coal seams had 
been removed from the Western Main open-cut void, an “interburden” layer (also called a rubble drain) 
was placed in the open-cut void to allow the mine water to flow under the ash. Groundwater flowing 
towards Neubecks Creek from Huon Gully is expected to flow under the creek via the coal seams.  
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Figure 13. Schematic of Mt Piper Ash Placement Management of Surface and Groundwater - 
from PPI (1999) 
 
Some of the groundwater flowing down Huon Gully could potentially enter Neubecks Creek, upstream 
of the WX22 (see Figure 1), after rainfall events that cause the water table to rise such that it is above 
the base of the creek. The UTS model predicted the salt load on the creek, from which the 
groundwater flow into the creek has been estimated at <0.1 ML/day, indicating that most of the 2 
ML/day of mine groundwater flowing from under the ash placement, and down Huon Gully, actually 
flows under the creek by following the dip in the coal seam.  
 
Figure 14 shows that, although the chloride in bore D9 had reached 200mg/L in 2014, the 
concentration has steadily decreased, apparently due to increased mine water inflows to Huon Gully. 
Consequently, the chloride concentrations in Neubecks Creek, at the WX22 receiving water site, 
remained below its pre-placement baseline of 22 mg/L during 2016/17, other than in February, 2017 
when there was no flow in the creek.  
 
The Neubecks Creek background location at LDP1 (upstream of the brine placement area) has had 
chloride concentrations below the pre-placement baseline of 26 mg/L since 2008. Bore D8 chloride 
concentrations on the northern side of the creek were lower than the pre-placement baseline of 14 
mg/L during 2016/17, other than when Neubecks Creek had no flow.    
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Figure 14. Chloride Trends in Neubecks Creek (WX22) Compared to its 90th percentile baseline, 
LDP1 background concentrations and groundwater receiving water bores MPGM4/D8 and D9 
concentrations as well as the Environmental Chloride Goal  
 
Table 6 shows the changes in the water quality and trace metals in Neubecks Creek from the pre-
brine placement to the post-placement (since 2001) and the current Stage II placement in 2016/17. 
These changes have been compared to those from the upstream site (LPD1) to the downstream site 
at WX22. In addition, the WX22 concentrations have been compared to the bore D9 concentrations 
because it receives groundwater inflows from Huon Gully and may influence the final concentrations at 
WX22 when it seeps into the creek after rainfall events (Merrick, 2007).  
 

Although the sulphate and salinity concentrations were elevated at bore D9, the concentrations at 
WX22 were well below the Local/ANZECC (2000) trigger values (Table 6), showing no significant 
effects of the groundwater on the  creek salinity. Likewise, the chloride concentration at WX22 was an 
order of magnitude lower than at D9 and all the trace metals, including nickel, had lower 
concentrations than the surface water local goals.  

In addition, the post-brine placement 90th percentile trends from 2001 (shown in green in Table 6) had 
lower salinity, sulphate, chloride and trace metal concentrations than the local goals, other than the 
local coal mine related nickel concentrations.  

  

  



 
 
 

36 

   
 
 

Table 6: Water Quality for Neubecks Creek during Stage I and II and the current period 
compared to Pre-Brine Placement Baseline, Background at LDP1 and Pre- and Post-50th and 
90th Percentile Trends as well as bore MPGM4/D9 background groundwater and the Surface 
Water Guidelines or Goals 

Element 
(mg/L) 

Neubecks Creek at WX22 LDP1 
Background 

Current Stage 
I & II 

July 2016 to 
June, 2017 

D9 
Groundwater 
July, 2016 to 
June, 2017 

Surface Water 
Guidelines or 

Goals# 

Baseline (Pre-
Stage I 90th 
Percentile) 
1993-2000 

Post- Stage I 
& II 

Jan. 2001 to 
June, 2017 

Current Stage 
I & II 

July 2016 to 
June, 2017 

 

Trend 
(Pre-Stage I 

50th 
Percentile) 

Trend 
(Post-Stage I & II 
90th Percentile) 
Jan. 2001  to 
June, 2017 

pH 7.8 7.3 7.3 7.5 7.7 7.9 5.8 6.5 – 8.0 

Cond/ 
(uS/cm) 894 486 442 396 935 435 2774 2200 

TDS 580 322 279 226 614 297 2168 1500^ 

SO4 332 151 109 104 354 115 1428 1000 ++ 

Cl 22 20 18.7 10 46 ! 11.5 146 350 + 

As 0.001 0.001 <0.001 0.001 0.002 0.001 <0.001 0.024 

B 0.090 0.09 0.05 0.026 0.17 ! 0.057 0.65 0.37 

Cd 0.001 0.0002 <0.0001 <0.001 0.0002 <0.0001 <0.0001 0.00085 

Cr 0.001 0.001 <0.001 0.001 0.002 0.001 <0.001 0.002 

Cu 0.001 0.002 0.001 0.001 0.002 ! 0.005 <0.001 0.0035 

Fe* 0.281 0.12 0.11 0.11 0.29 0.03 11.6 0.3+++ 

Mn* 0.720 0.52 0.32 0.212 0.99 ! 0.11 10.1 1.9 

Mo 0.001 0.005 <0.001 0.001 <0.01 0.002 <0.001 0.01+ 

F 0.338 0.19 0.12 0.2 0.30 0.13 0.09 1.5+++ 

Ni 0.005 0.019 0.014 0.001 0.043 ! 0.007 0.334 0.017 

Pb 0.001 0.001 0.001 0.001 0.001 0.002 <0.001 0.005 

Se 0.001 <0.001 <0.001 0.001 0.002 <0.001 <0.001 0.005 

Zn** 0.116 0.029 0.008 0.021 0.040 0.028 0.126 0.116 

Notes: * filtered samples for iron and manganese 
^  River salinity from 0.68 x 2200 uS/cm low land river conductivity protection of aquatic life 
#  ANZECC (2000) guidelines for protection of freshwaters, livestock or irrigation water.  
Cadmium, Chromium, Copper, lead, nickel and zinc adjusted for effects of hardness: Ca, Mg in Neubecks Creek 19.7, 11.8 mg/L, respectively   
 Local guidelines using 90th percentile of pre-placement data in bold 
+ irrigation water moderately tolerant crops; irrigation. Note: Molybdenum drinking is 0.05 mg/L  ++ Livestock  +++ drinking water 
!  Cl Sept2012,Mar, Aug, Oct2013 to Feb2014; B Aug2012, Oct2013 to Mar2014; Cu Aug 2010 to Feb 2011,Mar, 2013;Mn various events since 2003 with 
latest in Feb2014; Ni July & Oct 2007, Feb2013 to present; Cd LOR of <0.001 mg/L in 2001/02 
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3.10 Model Verification 
 
The UTS Mt Piper groundwater model was suggested to be updated in the previous report if the 
additional groundwater bores installed to sample the southern underground coal mine (bore D23) and 
the groundwater under the Lamberts North ash (embankment bore D20) showed that the flow path of 
groundwater was from the upper areas toward bore D9 via Huon Gully. The chloride distribution 
following heavy rainfall events in June and July, 2016 (Figure 8), which recharged the groundwater 
entering Huon Gully, confirms this view.  
 
Examination of the D20 chloride data in (Aurecon, 2017b) showed it was eight times lower than at D10 
(102 mg/L compared to 822 mg/L) before the rainfall events. However in August, 2016, after the 
rainfall recharge, bore D20 remained at roughly stable, low concentrations, despite the chloride at D10 
decreasing by approximately 60%. Nevertheless, the chloride reduction at D10 was followed by a 
reduction at D9, near Neubecks Creek, in September, which had a further reduction after the 
February, 2017 rainfall event. Accordingly, it is suggested that updating the model, or otherwise, 
should wait for the results of the 2017 Lamberts North annual update report to see how the D20 
groundwater levels, rainfall and chloride concentrations responded to rainfall recharge from the 
underground mine water in the area. 
 
The understanding of how bores D20, D1 and D9 respond to underground mine water recharge 
effects, up-gradient of Huon Gully, is expected to aid investigations into the role of rainfall recharge 
and its mitigation of the chloride plume in Huon Gully.  
 
In addition to these observations, it is considered possible that the compacted mine spoil in Huon 
Gully has resulted in partially dammed conditions for groundwater flow from the Mt Piper rubble drain 
as it flows into Huon Gully (Merrick, 2007). These changed conditions may be affecting the 
groundwater flow regime, particularly with respect to flow paths and volumes, beneath the Lamberts 
North ash placement site. Hence, it is suggested that the UTS Mt Piper Model to be updated following 
results of the Lamberts North annual update for 2016/17.  
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4. Discussion 
 
The 2016/17 annual update report has found ongoing evidence that the northern brine conditioned ash 
benches (B1 to B4) are not having a significant effect on the groundwater at the northern seepage 
detection bore MPGM4/D3. The previous report for 2015/16 (Aurecon, 2017a) showed that the brine 
leachates from the southern Stage II B5 brine conditioned ash area were from a source beneath the 
Mt Piper water conditioned and brine conditioned ash placements. This leachate is entering the 
groundwater and is the potential cause of the high chloride in bore D10.  
 
In addition, drilling through the B5 brine bench confirmed that the brine conditioned ash was placed 
above the required water conditioned ash level of RL946m, so, other than limited effects of rainfall 
infiltration through the bench, the increased chloride in the upper reaches of Huon Gully are unlikely to 
be due to the brine conditioned ash placement.  
 
The previous report, and current results have found that chloride concentrations decrease in the 
groundwater plume from under the southern ash area as groundwater flows down Huon Gully, 
resulting in lower concentrations at each of the down-gradient bores D20, D1 and D9. The decreases 
were most likely due to the effects of low chloride inflows from the north-western underground coal 
mine groundwater. However, a much larger mitigation of the chloride plume in the upper reaches of 
Huon Gully has since become evident during a high rainfall event in 2016. The parallel increases in 
groundwater levels at bores D23 and D10 indicates that the mitigation of groundwater chloride 
concentrations was most likely due to increased groundwater inflows through the southern 
underground coal mine with increased groundwater recharge.  
 
Additionally, the recently installed rainfall runoff collection pond, CW2, appears to contribute to the 
rainfall recharge of the upper Huon Gully area. Figures 1 and 2 show the pond is located near a trench 
at the base of the hill south of the ash area, which may also contribute some rainfall runoff into the 
local groundwater. Hence, it is suggested that an investigation be undertaken to determine how to 
enhance rainfall recharge of the local groundwater to mitigate the chloride plume in Huon Gully, 
particularly during dry weather. These investigations could also include, subject to suitable water 
quality, the use of rainfall runoff from the Lamberts North dry ash and the collection and storage of 
runoff from the Mt Piper ash area. 
 
The previous and current groundwater recharge effects are most likely the reason why there have 
been no significant effects of the southern salinity and chloride source beneath the Mt Piper water and 
brine conditioned ash placements on the water quality or trace metals at the receiving water site in 
Neubecks Creek. This suggests that an enhanced rainfall recharge system be investigated to see if it 
could mitigate the salinity and boron concentrations at the receiving groundwater bore MPGM4/D9, 
regardless of the source, to comply with the Local/ANZECC trigger values. 
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5. Conclusions 
 
The 2016/17 assessment of effects of the Mt Piper Stage I and Stage II brine co-placements on the 
receiving surface water and groundwater has led to the following conclusions:  

• No significant effects of the northern brine area placement on the local groundwater at D3. 
• ANZECC (2000) and locally derived guideline trigger values for groundwater, other than 

salinity and sulphate, with a minor elevation in mine water related boron, continued to be met 
at bore MPGM4/D9 

• No exceedances of the local and ANZECC guidelines at D8 
• Chloride, salinity and trace metals complied with the local/ANZECC trigger values for the 

Neubecks Creek receiving water site WX22. 
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6. Recommendations  
From the assessment of water quality data collected in 2016/17, it became apparent that rainfall 
recharge of the underground coal mine groundwater could mitigate the chloride concentrations in the 
upper Huon Gully, so it is recommended that the potential for enhancing groundwater recharge in the 
area by rainfall runoff be investigated.  
 
Additional recommendations are:  

• Continue the routine monthly monitoring at all the groundwater bores, as well as at Neubecks 
Creek, to confirm they meet the requirements of the 2008 Water Management Plan  

• The rainfall recharge investigation to consider use of the UTS groundwater model to confirm 
the potential benefits of mitigation of chloride concentrations in Huon Gully 

• Assess effects of the 2016, and early 2017, rainfall recharge of the southern underground coal 
mine groundwater on the groundwater quality beneath the Lamberts North ash placement 
during 2016/17.  
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Attachment 1 
 

Surface and Groundwater Data for July, 2016 to June, 2017 
1. a) Water Quality Data and Summary for Neubecks Creek WX22 and  

b) Mt Piper Power Station Licence Discharge Point LDP1 

2.       Water Quality Data and Summary for Groundwater Seepage Detection Bores MPGM4/D1 and   
4/D3 

3.  Water Quality Data and Summary for Background Groundwater Bores MPGM4/D4 and 4/D5 

4.       Water Quality Data and Summary for Ash Placement Area Groundwater Bores B901 (north-
west ash area background), B904 (south-west ash area background for Bore D10), bores 
MPGM4/D10 and MPGM4/D11 

5.  Mt Piper Water Conditioned Ash Runoff Pond Water Quality (no runoff collection pond in the 
area – see Figure 2, so previous data from 2001 to February, 2014 is shown)  

 
6.       Water Quality Data and Summary for Groundwater Receiving Water Bores MPGM4/D8 and 

4/D9 
        

 



 

 

   
 

 
1. Water Quality Data and Summary for Neubecks Creek WX22 and Mt Piper Power station Licence Discharge Point 
1a. Water Quality Data and Summary for Neubecks Creek WX22 

Neubecks Creek WX22 Pre-Brine/ash Placement - Background Data 1993 - 2000 (mg/L)  

 Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Average  0.148 58 0.001 0.035 0.025 0.001 33 0.001 15 0.001 470 0.001 0.001 0.19 0.164  5.9 0.032 21 
Maximum  1.110 124 0.002 0.130 0.030 0.001 108 0.001 114 0.001 1180 0.001 0.001 0.600 0.446  10.9 0.039 75 
Minimum  0.005 11 0.001 0.005 0.02 0.001 13 0.001 5 0.001 190 0.001 0.001 0.001 0.1  5.0 0.02 7 
90th Percentile  0.320 90 <0.001 0.090 0.029 0.001 49 <0.001 22 <0.001 894 <0.001 <0.001 0.338 0.281  7.0 0.038 34 
Pre-50th Percentile 
Trend  0.057 60 0.001 0.026 0.025 0.001 27 0.001 10 0.001 396 0.001 0.001 0.200 0.110  5.0 0.036 17 

ANZECC 2000  0.00005 - - 0.024 0.370 0.700 0.100 175 0.00085 350 - 2200 0.002 0.0035 1.500 0.300 0.00006 - - - 
 

Continued………………..Neubecks Creek WX22 Pre-Brine/ash Placement - Background Data 1993 - 2000 (mg/L)  

 Mn Mo Na NFR Ni NO2+NO3 ORTH
P Pb pH Sb Se SiO2 SO4 Temp TFR TN TOTP V Zn 

Average 0.289 0.001 15 8.6 0.003 0.068 0.007 0.001 7.4  0.001 10.1 147 14.4 305 2.81 0.070 0.001 0.039 
Maximum 1.030 0.001 55 94 0.006 0.960 0.051 0.002 8.1  0.002 183.0 565 18.1 1020 8.00 2.120 0.001 0.308 
Minimum 0.033 0.001 5 1 0.001 0.001 0.001 0.001 5.3  0.001 0.1 19 11.5 18 0.001 0.001 0.001 0.001 
90th Percentile 0.720 <0.001 28 17 0.005 0.153 0.017 0.001 7.8  <0.001 11.6 332 17 580 3.141 0.130 0.001 0.116 
Pre-50th Percentile 
Trend 

0.212 0.001 14 2 0.001 0.029 0.003 0.001 7.5  0.001 5.0 104 14 226 3.001 0.021 0.001 0.021 

ANZECC 2000 1.900 0.010 230 10.0 0.017 - - 0.005 6.5-8.0 - 0.005 - 1000 - 1500 - - - 0.116 
 



 

 

   
 

 

Neubecks Creek WX22 Post- Brine/ash Placement Data July 2016 to June, 2017 

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND µS/cm Cr Cu F Fe Hg K Li Mg 
27/07/2016 0.0005 0.46 61 0.0005 0.05 0.016  21.2 0.0001 10.3  291 0.001 0.002 0.078 0.075 0.00002 4.4  11.6 

24/08/2016 0.0005 0.15 67 0.0005 0.025 0.024  33.3 0.0001 15.9  463 0.001 0.001 0.073 0.051 0.00002 5.33  20.2 

28/09/2016 0.0005 0.28 54 0.0005 0.06 0.018  19.3 0.0001 11.7  290 0.001 0.001 0.07 0.079 0.00002 4.05  12 

26/10/2016 0.0005 0.12 71 0.0005 0.025 0.017  24.7 0.0001 12.4  336 0.001 0.001 0.093 0.065 0.00002 3.98  15 

23/11/2016 0.0005 0.11 82 0.0005 0.025 0.014  22.8 0.0001 8  283 0.001 0.001 0.121 0.13 0.00002 3.17  13.1 

7/12/2016 0.0005 0.06 106 0.0005 0.025 0.014  31.3 0.0001 12.5  394 0.001 0.001 0.131 0.199 0.00002 3.1  19.1 

11/01/2017 0.0005 0.08 120 0.0005 0.025 0.014  28.5 0.0001 10.7  390 0.001 0.001 0.185 0.084 0.00002 3.04  17.7 

18/01/2017 0.0005 0.13 137 0.0005 0.025 0.016  33.7 0.0001 12.5  464 0.001 0.001 0.196 0.2 0.00002 3.14  22.4 

22/02/2017 0.0005 0.04 119 0.0005 0.15 0.024  86 0.0001 89.8  1380 0.001 0.001 0.206 0.047 0.00002 7.72  71.8 

22/03/2017 0.0005 1.83 50 0.002 0.08 0.026  18 0.0001 10.6  261 0.002 0.005 0.102 0.152 0.00002 5.34  9.47 

5/04/2017 0.0005 0.29 87 0.0005 0.08 0.018  23.3 0.0001 14.5  348 0.001 0.001 0.164 0.079 0.00002 5.24  13.8 

24/05/2017 0.0005 0.1 72 0.0005 0.025 0.018  27.7 0.0001 21.1  393 0.001 0.002 0.125 0.087 0.00002 6.81  15.6 

28/06/2017 0.0005 0.03 36 0.0005 0.06 0.02  26.1 0.0001 13.1  454 0.001 0.001 0.063 0.153 0.00002 4.35  16.1 

 

Continued…………….Neubecks Creek WX22 Post- Brine/ash Placement Data July 2016 to June, 2017 

Date Mn Mo Na NFR Ni NO2+NO3 ORTHP Pb pH Sb Se SiO2 SO4 Temp TFR TN TOTP V Zn 
27/07/2016 0.057 0.001 16.7  0.005 0.03  0.004 6.54  0.0003  69.3 6.1 202 0.9  0.005 0.009 
24/08/2016 0.079 0.001 22.1  0.005 0.02  0.001 7.63  0.0001  137 6.4 262 0.05  0.005 0.005 
28/09/2016 0.047 0.001 14  0.005 0.01  0.001 7.27  0.0001  67.6 8.7 191 0.1  0.005 0.003 
26/10/2016 0.079 0.001 16.2  0.005 0.04  0.001 7.39  0.0001  78.1 10.5 172 0.3  0.005 0.003 
23/11/2016 0.203 0.001 15.1  0.007 0.06  0.001 7.33  0.0001  42.7 18.1 175 0.4  0.005 0.003 
7/12/2016 0.441 0.001 21.3  0.015 0.04  0.001 7.51  0.0001  67.3 18.4 267 0.3  0.005 0.003 
11/01/2017 0.522 0.001 23.8  0.009 0.005  0.001 7.5  0.0002  60.5 26.3 240 0.3  0.005 0.003 
18/01/2017 0.745 0.001 29.1  0.024 0.005  0.001 7.28  0.0001  80.8 22.6 333 0.3  0.005 0.011 
22/02/2017 0.878 0.001 105  0.068 0.03  0.001 7.58  0.0001  551 19.5 932 0.4  0.005 0.035 
22/03/2017 0.14 0.001 13.4  0.01 0.04  0.004 7.15  0.0004  57.9 19 216 0.6  0.005 0.024 
5/04/2017 0.398 0.001 22.8  0.01 0.005  0.001 7.21  0.0003  62.3 13.7 302 0.3  0.005 0.003 
24/05/2017 0.298 0.001 27.8  0.008 0.03  0.001 7.35  0.0001  85 9.3 210 0.4  0.005 0.003 
28/06/2017 0.259 0.001 27.8  0.009 0.04  0.001 7.1  0.0001  56.2 7.7 126 0.1  0.005 0.007 



 

 

   
 

Neubecks Creek WX22 Post- Brine/ash Placement Summary July 2016 to June, 2017 

 Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Ave 0.001 0.28 82 0.001 0.050 0.018  30 0.0001 18.7  442 0.001 0.001 0.12 0.11 0.00002 4.6  20 

Max 0.001 1.83 137 0.002 0.150 0.026  86 0.0001 89.8  1380 0.002 0.005 0.21 0.20 0.00002 7.7  72 

Min 0.001 0.03 36 0.001 0.025 0.014  18 0.0001 8.0  261 0.001 0.001 0.06 0.05 0.00002 3.0  9 

50th Percentile 0.001 0.12 72 0.001 0.025 0.018  26 0.0001 12.5  390 0.001 0.001 0.12 0.08 0.00002 4.4  16 
Post-90th 
Percentile 
Trend 

0.001 0.43 120 0.001 0.080 0.024  34 0.0001 20.1  464 0.001 0.002 0.19 0.19 0.00002 6.5  22 

                                                                                                                                                                                                          

Continued…………….Neubecks Creek WX22 Post- Brine/ash Placement Summary July 2016 to June, 2017 
 Mn Mo Na NFR Ni NO2+NO3 ORTHP Pb pH Sb Se SiO2 SO4 Temp TFR TN TOTP V Zn 

Ave 0.32 0.001 27  0.014   0.001 7.3  0.0002  109  279 0.34  0.005 0.008 

Max 0.88 0.001 105  0.068   0.004 7.6  0.0004  551  932 0.90  0.005 0.035 

Min 0.05 0.001 13  0.005   0.001 6.5  0.0001  43  126 0.05  0.005 0.003 

50th Percentile 0.26 0.001 22  0.009   0.001 7.3  0.0001  68  216 0.30  0.005 0.003 

Post-90th 
Percentile 
Trend 

0.70 0.001 29  0.022   0.003 7.6  0.0003  127  327 0.56  0.005 0.021 

 

  



 

 

   
 

1b. Water Quality Data and Summary for Mt Piper Power station Licence Discharge Point 

Mt Piper Power Station Licence Discharge Point LDP1 Summary of Pre-brine Placement  Background Data 1993 - 2000 (mg/L) 

 Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Average   69 0.001 0.071 0.028 0.001 31 0.001 13 0.001 370 0.001 0.011 0.252 0.162  7 0.013 19 
Maximum   215 0.003 0.571 0.033 0.001 89 0.001 71 0.001 990 0.001 0.039 1.000 0.890  22 0.019 83 
Minimum   29 0.001 0.005 0.020 0.001 5 0.001 5 0.001 102 0.001 0.001 0.001 0.100  5 0.010 7 
90th Percentile   92 0.001 0.173 0.032 0.001 47 0.001 26 0.001 552 0.001 0.016 0.386 0.218  11 0.017 30 
Pre-50th 
Percentile Trend     63 0.001 0.037 0.030 0.001 29 0.001 9 0.001 365 0.001 0.010 0.230 0.11   5 0.010 17 

 

Continued……………………Mt Piper Power Station Licence Discharge Point LDP1 Summary of Pre-brine Placement Background Data 1993 - 2000  (mg/L) 
 Mn Mo Na NFR Ni NO2+NO3 ORTHP Pb pH Sb Se SiO2 SO4 Temp TFR TKN TOTP V Zn 
Average 0.102 0.003 16 28 0.007 0.186 0.014 0.002 7.5  0.001 2.8 103 16.0 299  0.037 0.001 0.020 
Maximum 0.229 0.004 67 224 0.008 0.535 0.216 0.005 8.4  0.001 7.9 356 18.6 1092  0.242 0.001 0.136 
Minimum 0.036 0.001 5 1 0.005 0.006 0.001 0.001 6.2  0.001 0.0 8 12.3 78  0.001 0.001 0.001 
90th Percentile 0.162 0.004 33 82 0.008 0.447 0.020 0.003 7.9  0.001 4.7 159 17.8 464  0.090 0.001 0.037 
Pre-50th 
Percentile 
Trend 

0.089 0.003 12 14 0.008 0.144 0.006 0.001 7.5  0.001 2.6 95 16.1 250  0.023 0.001 0.013 



 
 
 
 
 
 

 

   
 

Mt Piper Power Station Licence Discharge Point LDP1 Post-brine Placement Data July 2016 to June, 2017 (mg/L) 

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
uS/cm Cr Cu F Fe-filtered Hg K Li Mg 

22-Jul-16 0.0005 3.46 58 0.001 0.025 0.04 0.0005 22.9 0.0001 9.85  470 0.002 0.007 0.054 0.064 0.00002 5.02  13.3 

18-Aug-16 0.0005 0.18 88 0.0005 0.025 0.028 0.0005 34.6 0.0001 12.8  540 0.0005 0.002 0.097 0.012 0.00002 6.32  28.1 

22-Sep-16 0.0005 2.25 52 0.001 0.025 0.029 0.0005 18.5 0.0001 7.9  250 0.002 0.007 0.087 0.08 0.00002 4.36  10.8 

20-Oct-16 0.0005 0.45 87 0.0005 0.05 0.023 0.0005 32.3 0.0001 13  460 0.0005 0.004 0.108 0.017 0.00002 5.64  24.5 

17-Nov-16 0.0005 2.8 59 0.001 0.09 0.031 0.0005 19.1 0.0001 6.57  230 0.002 0.01 0.09 0.049 0.00002 4.94  11.9 

14-Dec-16 0.0005 0.28 97 0.0005 0.025 0.027 0.0005 34.8 0.0001 11.3  580 0.0005 0.004 0.114 0.024 0.00002 5.87  25.9 

25-Jan-17 0.0005 0.58 82 0.001 0.025 0.028 0.0005 26.7 0.0001 8.08  340 0.0005 0.006 0.232 0.056 0.00002 5.26  15.5 

15-Feb-17 0.0005 0.24 112 0.0005 0.14 0.023 0.0005 32.9 0.0001 12.7  464 0.0005 0.005 0.202 0.022 0.00002 6.3  20.6 

15-Mar-17 0.0005 0.3 100 0.0005 0.07 0.03 0.0005 36.5 0.0001 16.3  540 0.0005 0.005 0.144 0.018 0.00002 6.96  21.3 

27-Apr-17 0.0005 0.47 80 0.0005 0.16 0.034 0.0005 32.8 0.0001 11.3  451 0.0005 0.005 0.127 0.007 0.00002 5.48  21.2 

17-May-17 0.0005 0.25 97 0.0005 0.025 0.028 0.0005 31.3 0.0001 14.1  460 0.0005 0.004 0.173 0.014 0.00002 6.5  19.7 

21-Jun-17 0.0005 0.25 88 0.0005 0.025 0.025 0.0005 32.8 0.0001 14  430 0.0005 0.005 0.115 0.022 0.00002 6.13  18.4 

 

Continued………….Mt Piper Power Station Licence Discharge Point LDP1 Post-brine Placement Data July 2016 to June, 2017 (mg/L) 

Date Mn-
filtered Mo Na Ni NO2+NO3 ORTHP Pb pH Sb Se SiO2 SO4 Temp TFR TOTP V Zn 

22-Jul-16 0.078 0.001 13.2 0.01 0.16  0.007 8  0.0011  150  296  0.005 0.054 
18-Aug-16 0.175 0.001 23.6 0.011 0.09  0.004 8  0.0004  190  371  0.005 0.017 
22-Sep-16 0.064 0.001 11.9 0.01 0.13  0.004 7.7  0.0008  71  229  0.005 0.048 
20-Oct-16 0.084 5E-04 18.3 0.007 0.04  0.004 8  0.0006  130  280  0.005 0.017 
17-Nov-16 0.035 0.001 15 0.008 0.11  0.005 7.7  0.0009  63  276  0.005 0.052 
14-Dec-16 0.047 0.002 24.6 0.004 0.09  0.004 7.9  0.0003  130  290  0.005 0.01 
25-Jan-17 0.094 0.003 20.4 0.006 0.18  0.004 8.7  0.0006  90  248  0.005 0.041 
15-Feb-17 0.06 0.004 26 0.004 0.06  0.004 7.91  0.0006  97.4  312  0.005 0.013 
15-Mar-17 0.071 0.003 31.3 0.005 0.18  0.004 7.7  0.0006  140  374  0.005 0.015 
27-Apr-17 0.41 0.003 33.9 0.007 0.18  0.004 7.72  0.0006  103  298  0.005 0.027 
17-May-17 0.082 0.004 32.3 0.003 0.17  0.004 7.9  0.0005  110  338  0.005 0.022 
21-Jun-17 0.068 0.003 29.9 0.004 0.15  0.004 7.9  0.0003  110  252  0.005 0.021 

 

 

   



 

 

   
 

Mt Piper Power Station Licence Discharge Point LDP1 Post-brine Placement Summary July 2016 to June, 2017 (mg/L) 

 Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
uS/cm Cr Cu F Fe-

filtered Hg^ K Li Mg 

Ave 0.0005 0.96 83 0.001 0.057 0.029 0.001 30 0.0001 11.5  435 0.001 0.005 0.13 0.03 0.00002 5.7  19 

Max 0.0005 3.46 112 0.001 0.160 0.040 0.001 37 0.0001 16.3  580 0.002 0.010 0.23 0.08 0.00002 7.0  28 

Min 0.0005 0.18 52 0.001 0.025 0.023 0.001 19 0.0001 6.6  230 0.001 0.002 0.05 0.01 0.00002 4.4  11 

50th Percentile 0.0005 0.38 88 0.001 0.025 0.028 0.001 33 0.0001 12.0  460 0.001 0.005 0.11 0.02 0.00002 5.8  20 

Post-90th 
Percentile Trend 

0.0005 2.75 100 0.001 0.135 0.034 0.001 35 0.0001 14.1  540 0.002 0.007 0.20 0.06 0.00002 6.5  26 

                                                                                                                                                                                                                                                     
 
Continued……Mt Piper Power Station Licence Discharge Point LDP1 Post-brine Placement Summary July 2016 to June, 2017 (mg/L) 
 Mn-filtered Mo Na Ni NO2+NO3 ORTHP Pb pH Sb Se SiO2 SO4 Temp TFR TOTP V Zn 
Ave 0.11 0.002 23 0.007 0.13  0.002 7.9  0.0006  115  297  0.005 0.028 

Max 0.41 0.004 34 0.011 0.18  0.007 8.7  0.0011  190  374  0.005 0.054 

Min 0.04 0.001 12 0.003 0.04  0.001 7.7  0.0003  63  229  0.005 0.010 

50th Percentile 0.07 0.003 24 0.007 0.14  0.001 7.9  0.0006  110  293  0.005 0.022 

Post-90th Percentile Trend 0.17 0.004 32 0.010 0.18  0.005 8.0  0.0009  149  368  0.005 0.052 
 

  



 

 

   
 

2. Water Quality Data and Summary for Groundwater Seepage Detection Bores MPGM4/D1 and 4/D3 

3a. Water Quality Data and Summary for Groundwater Seepage Detection Bore MPGM4/D1 

MPGM4/D1 Pre-Brine/Ash Placement Background Summary 1993-2000 (mg/L) 

 Ag ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Average 0.001 223 0.001 0.018 0.046 0.001 69 0.001 257 0.024 1975 0.002 0.011 0.292 1.939 0.00011 6 0.023 91 
Maximum 0.005 405 0.008 0.582 0.500 0.001 135 0.006 512 0.056 3410 0.008 0.02 0.71 15 0.00030 15.3 0.08 225 
Minimum 0.001 90 0.001 0.005 0.001 0.001 5 0.001 26 0.001 1170 0.001 0.005 0.001 0.1 0.00010 5 0.005 5 
Baseline 90th 
Percentile 0.001 397 0.002 0.015 0.14 0.001 98 0.001 410 0.048 2609 0.001 0.011 0.656 7.72 0.00010 9 0.059 131 

Pre-50th 
Percentile Trend 0.001 311 0.001 0.005 0.001 0.001 66 0.001 272 0.019 2050 0.001 0.010 0.230 0.19 0.00010 5 0.005 86 

 

Continued……………MPGM4/D1Pre-Brine/Ash Placement Background Summary 1993-2000 (mg/L) 
 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 

Average 0.840 0.001 199 0.087 0.002 6.4  0.001 372 15.4 1018 0.001 6.02 6.00 906.70 0.029 
Maximum 4.51 0.001 390 0.219 0.007 7.5  0.002 610 17.4 1560 0.001 7.80 7.80 908.08 0.116 
Minimum 0.001 0.001 14 0.010 0.001 5.7  0.001 180 13.0 795 0.001 4.80 4.50 904.81 0.001 
Baseline90th 
Percentile 2.64 0.001 290 0.182 0.006 7.4  0.002 466 17.2 1615 0.001 7.30 7.30 907.92 0.063 

Pre-50th 
Percentile Trend 0.20 0.001 230 0.059 0.230 6.7  0.001 377 15.9 1330 0.001 5.71 5.71 907.29 0.001 

 



 

 

   
 

 

MPGM4/D1 Post-Brine/Ash Placement Data July 2016 to June, 2017 (mg/L) 

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

27-Jul-16 0.0005 0.42 110 0.011 2.01 0.032  377 0.00005 502  4685 0.0005 0.0005 0.1 41.1 0.00002 38.9  269 

24-Aug-16 0.0005 0.18 145 0.009 2.48 0.036  409 0.00005 314  5123 0.0005 0.0005 0.1 45.9 0.00007 39.9  291 

28-Sep-16 0.0005 0.63 97 0.009 2.19 0.043  417 0.00005 535  5091 0.001 0.0005 0.1 36.6 0.00002 40.6  289 

26-Oct-16 0.0005 0.38 148 0.012 2.24 0.034  419 0.00005 586  5332 0.0005 0.0005 0.1 34.3 0.00002 33.9  286 

23-Nov-16 0.0005 0.13 124 0.01 1.84 0.032  433 0.00005 549  5177 0.0005 0.0005 0.1 37.2 0.00002 42.6  301 

07-Dec-16 0.0005 0.18 130 0.008 2.28 0.032  409 0.00005 560  5183 0.0005 0.0005 0.25 38 0.00002 37.1  296 

18-Jan-17 0.0005 0.37 135 0.01 2.12 0.034  404 0.00005 523  5016 0.0005 0.0005 0.066 42.6 0.00002 36.3  290 

22-Feb-17 0.0005 0.14 136 0.01 2.09 0.033  385 0.00005 488  4900 0.0005 0.0005 0.084 41.9 0.00002 41  279 

22-Mar-17 0.0005 0.04 137 0.008 2.18 0.029  355 0.00005 500  4790 0.0005 0.0005 0.078 20.2 0.00002 32.6  255 

05-Apr-17 0.0005 0.27 150 0.01 1.76 0.032  345 0.00005 452  4610 0.002 0.0005 0.051 27.9 0.00002 39.3  252 

24-May-17 0.0005 0.76 151 0.01 1.83 0.029  361 0.00005 480  4680 0.0005 0.0005 0.1 42.4 0.00002 38  257 

28-Jun-17 0.0005 0.005 143 0.022 1.91 0.033  361 0.00005 252  4740 0.0005 0.0005 0.1 38.6 0.00002 40.8  263 

 

 
Continued…………….MPGM4/D1 Post-Brine/Ash Placement Data July 2016 to June, 2017 (mg/L)  

Date Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
27-Jul-16 15.2 0.0005 333 1.06 0.0005 5.53  0.0001 2130  3770 0.005 1.9  910.7 0.138 

24-Aug-16 15.6 0.0005 376 1.17 0.0005 6.3  0.0001 2540  4400 0.005 2.1  910.5 0.152 
28-Sep-16 16.8 0.0005 385 1.09 0.0005 5.87  0.0002 2530  4050 0.005 1.7  910.9 0.139 

26-Oct-16 17.5 0.0005 464 1.17 0.0005 5.87  0.0001 2480  4040 0.005 1.9  910.7 0.145 

23-Nov-16 15.8 0.0005 419 1 0.0005 5.91  0.0001 2210  4140 0.005 1.9  910.7 0.123 
07-Dec-16 16.7 0.0005 451 1.07 0.0005 5.88  0.0001 2380  4140 0.005 2.1  910.5 0.129 

18-Jan-17 16 0.0005 468 1.09 0.0005 5.9  0.0001 2230  4550 0.005 2.3  910.3 0.133 
22-Feb-17 14.1 0.0005 428 1.03 0.0005 5.86  0.0001 2100  4350 0.005 2.7  909.9 0.124 

22-Mar-17 14.8 0.0005 408 0.962 0.0005 5.84  0.0001 2000  3480 0.005 2.8  909.8 0.109 
05-Apr-17 13.4 0.0005 406 0.858 0.0005 5.86  0.0002 1900  3870 0.005 2.7  909.9 0.108 

24-May-17 13.8 0.0005 392 0.877 0.0005 5.86  0.0001 2120  3450 0.005 2.8  909.8 0.101 

28-Jun-17 14.8 0.0005 408 0.922 0.0005 5.89  0.0001 1100  3780 0.005 2.9  909.7 0.103 

 

 



 

 

   
 

 
MPGM4/D1 Post-Brine/Ash Placement Summary July 2016 to June, 2017 (mg/L) 

 Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Ave 0.0005 0.29 134 0.011 2.08 0.033  390 0.0001 478  4944 0.001 0.001 0.102 37.2 0.00002 38.4  277 

Max 0.0005 0.76 151 0.022 2.48 0.043  433 0.0001 586  5332 0.002 0.001 0.250 45.9 0.00007 42.6  301 

Min 0.0005 0.01 97 0.008 1.76 0.029  345 0.0001 252  4610 0.001 0.001 0.051 20.2 0.00002 32.6  252 

50th Percentile 0.0005 0.23 137 0.010 2.11 0.033  395 0.0001 501  4958 0.001 0.001 0.100 38.3 0.00002 39.1  283 

Post-90th 
Percentile 
Trend 

0.0005 0.61 150 0.012 2.28 0.036 0.005 419 0.0001 559  5182 0.001 0.001 0.100 42.6 0.00002 41.0  296 

 
Continued………………..MPGM4/D1 Post-Brine/Ash Placement Summary July 2016 to June, 2017 (mg/L) 
 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
Ave 15.4 0.001 412 1.025 0.001 5.9  0.0001 2143  4002 0.005 2.3  910.3 0.125 

Max 17.5 0.001 468 1.170 0.001 6.3  0.0002 2540  4550 0.005 2.9  910.9 0.152 

Min 13.4 0.001 333 0.858 0.001 5.5  0.0001 1100  3450 0.005 1.7  909.7 0.101 
50th 
Percentile 

15.4 0.001 408 1.045 0.001 5.9  0.0001 2170  4045 0.005 2.2  910.4 0.127 

Post-90th 
Percentile 
Trend 

16.8 0.001 463 1.162 0.001 5.9  0.0002 2525  4395 0.005 2.8 4.8 910.7 0.144 

 

 

  



 

 

   
 

3b. Water Quality Data and Summary for Groundwater Seepage Detection Bore MPGM4/D3 

MPGM4/D3 Pre-Brine/Ash Placement Background Summary 1993-2000 (mg/L) 

 Ag ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Average 0.001 161 0.001 0.066 0.184 0.001 50 0.001 45 0.003 734 0.003 0.011 0.147 6.9 0.00014 6.9 0.008 30 
Maximum 0.001 345 0.0012 2 4.8 0.001 85 0.003 90 0.011 1084 0.035 0.05 0.62 20.0 0.00050 9.8 0.02 47 
Minimum 0.001 44 0.001 0.005 0.001 0.001 11 0.001 7.9 0.001 307 0.001 0.001 0.001 0.10 0.00010 5.0 0.005 12 
Baseline 90th 
Percentile 0.001 221 0.001 0.0242 0.11 0.001 70 0.001 60 0.008 870 0.0035 0.010 0.408 14.17 0.00030 8.3 0.014 40 

Pre-50th 
Percentile Trend 0.001 190 0.001 0.0050 0.05 0.001 55 0.001 45 0.001 808 0.0010 0.010 0.110 7.10 0.00010 7.2 0.005 33 

 

Continued…………MPGM4/D3 Pre-Brine/Ash Placement Background Summary 1993-2000 (mg/L) 
 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
Average 0.643 0.001 47 0.008 0.006 6.4  0.001 150 15.0 459 0.001 10.8 10.9 909.1 0.020 
Maximum 1.8 0.001 68 0.02 0.093 7.4  0.005 350 16.5 975 0.001 16.0 16.0 911.3 0.516 
Minimum 0.02 0.001 24 0.001 0.001 3.0  0.001 67 12.7 225 0.001 8.8 8.8 904.1 0.001 
Baseline90th 
Percentile 1.067 0.001 66 0.0164 0.010 6.9 0.001 0.001 190 16.3 588 0.001 13.7 13.7 910.7 0.05 

Pre-50th 
Percentile Trend 0.640 0.001 50 0.006 0.001 6.4 0.001 0.001 155 16.3 480 0.001 10.5 10.5 909.7 0.001 

 

  



 

 

   
 

MPGM4/D3 Post-Brine/Ash Placement Data July 2016 to June, 2017 (mg/L)  

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

28-Jul-16 0.0005 0.08 26 0.0005 0.08 0.039  13.1 0.00005 14  233 0.003 0.0005 0.013 0.05 0.00002 2.03  8.58 

25-Aug-16 0.0005 0.51 30 0.006 0.06 0.052  18.5 0.00005 18.9  307 0.003 0.003 0.013 0.07 0.00006 2.66  11.3 

29-Sep-16 0.0005 1.08 32 0.012 0.18 0.109  19.9 0.00005 18.1  331 0.003 0.011 0.014 0.025 0.00002 2.76  12.7 

27-Oct-16 0.0005 1.72 61 0.012 0.13 0.096  49.7 0.00005 24.4  614 0.007 0.016 0.025 0.68 0.00005 8.9  38.8 

24-Nov-16 0.0005 0.15 81 0.002 0.08 0.036  76.4 0.00005 26.3  892 0.001 0.002 0.025 6.85 0.00002 8.51  43.4 

8-Dec-16 0.0005 0.19 88 0.0005 0.14 0.028  85.3 0.00005 25.7  953 0.001 0.0005 0.05 10.2 0.00002 9.22  48.5 

19-Jan-17 0.0005 0.14 102 0.001 0.07 0.026  78.3 0.00005 28.1  926 0.0005 0.0005 0.087 8.93 0.00002 8.99  47.4 

22-Feb-17 0.0005 0.1 108 0.0005 0.06 0.023  77.8 0.00005 31  910 0.0005 0.0005 0.066 7.78 0.00002 9.47  45.7 

23-Mar-17 0.0005 0.07 108 0.0005 0.025 0.025  72.6 0.00005 29.8  910 0.001 0.0005 0.101 1.12 0.00002 8.46  43.2 

6-Apr-17 0.0005 0.08 112 0.0005 0.07 0.021  75.9 0.00005 24.7  930 0.0005 0.0005 0.062 11.4 0.00002 10.6  45.8 

25-May-17 0.0005 0.1 108 0.0005 0.12 0.024  80.2 0.00005 29.4  890 0.0005 0.0005 0.075 9.81 0.00002 10.4  43.6 

29-Jun-17 0.0005 0.11 116 0.0005 0.025 0.024  75 0.00005 27.2  890 0.0005 0.01 0.056 13 0.00002 9.74  43 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

   
 

Continued……………..MPGM4/D3Post-Brine/Ash Placement Data July 2016 to June, 2017 (mg/L)  
Date Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 

28-Jul-16 0.026 0.0005 16.4 0.005 0.0005 5.55  0.0001 61  155 0.005 6.3  913.7 0.008 

25-Aug-16 0.057 0.0005 18.2 0.009 0.01 5.77  0.0004 86  170 0.005 6.1  913.9 0.018 

29-Sep-16 0.054 0.001 21 0.024 0.024 5.8  0.0021 98.2  182 0.005 6.1  913.9 0.039 

27-Oct-16 0.476 0.0005 46.5 0.029 0.042 5.88  0.0012 210  368 0.005 6.2  913.8 0.064 

24-Nov-16 0.768 0.0005 37.1 0.009 0.002 6.01  0.0001 340  623 0.005 6.4  913.6 0.008 

8-Dec-16 0.998 0.0005 40 0.028 0.001 6  0.0001 369  498 0.005 6.6  913.4 0.017 

19-Jan-17 0.755 0.0005 37.8 0.005 0.002 6.07  0.0001 322  670 0.005 6.9  913.1 0.006 

22-Feb-17 0.714 0.0005 38.2 0.004 0.0005 5.98  0.0001 348  637 0.005 7.2  912.8 0.0025 

23-Mar-17 0.791 0.0005 34.4 0.003 0.0005 5.97  0.0001 306  660 0.005 7.4  912.6 0.0025 

6-Apr-17 0.827 0.0005 35.9 0.005 0.0005 6.02  0.0001 318  594 0.005 7.4  912.6 0.0025 

25-May-17 0.749 0.0005 36.7 0.003 0.0005 6.01  0.0001 307  538 0.005 7.5  912.5 0.0025 

29-Jun-17 0.816 0.0005 35.2 0.002 0.0005 6  0.0001 308  595 0.005 7.6  912.4 0.013 

 

 

  



 

 

   
 

 
MPGM4/D3 Post-Brine/Ash Placement Summary July 2016 to June, 2017 (mg/L) 

 Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Ave 0.0005 0.36 81 0.003 0.087 0.042  60 0.0001 25  732 0.002 0.004 0.049 5.83 0.00003 7.6  36.0 

Max 0.0005 1.72 116 0.012 0.180 0.109  85 0.0001 31  953 0.007 0.016 0.101 13.00 0.00006 10.6  48.5 

Min 0.0005 0.07 26 0.001 0.025 0.021  13 0.0001 14  233 0.001 0.001 0.013 0.03 0.00002 2.0  8.6 

50th 
Percentile 

0.0005 0.13 95 0.001 0.075 0.027  75 0.0001 26  891 0.001 0.001 0.053 7.32 0.00002 8.9  43.3 

Post-90th 
Percentile 
Trend 

0.0005 1.02 112 0.011 0.139 0.092 0.001 80 0.0001 30  930 0.003 0.011 0.086 11.28 0.00005 10.3  47.2 

 
 

Continued…….MPGM4/D3 Post-Brine/Ash Placement Summary July 2016 to June, 2017 (mg/L) 
 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
Ave 0.59 0.001 33.1 0.011 0.007 5.9  0.0004 256  474 0.005 6.8  913.2 0.015 

Max 1.00 0.001 46.5 0.029 0.042 6.1  0.002 369  670 0.005 7.6  913.9 0.064 

Min 0.03 0.001 16.4 0.002 0.001 5.6  0.000 61  155 0.005 6.1  912.4 0.003 

50th Percentile 0.75 0.001 36.3 0.005 0.001 6.0  0.000 308  566 0.005 6.8  913.3 0.008 
Post-90th Percentile 
Trend 

0.83 0.001 39.8 0.028 0.023 6.0  0.001 347  658 0.005 7.5 1.9 913.9 0.037 

 
 
  



 

 

   
 

3. Water Quality Data and Summary for Background Groundwater Bores MPGM4/D4 and D5 

3a. Water Quality Data and Summary for Background Groundwater Bore MPGM4/D4 

MPGM4/D4 Pre-Brine/Ash Placement Background Summary 1989-2000 (mg/L)  

 Ag ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Average <0.001 6 0.029 0.042 0.039 0.013 37 0.002 12 0.018 1887 0.016 0.196 0.135 227 0.00011 7 0.029 19 
Maximum <0.001 29 0.139 0.9 1 0.08 110 0.008 37 0.036 8200 0.090 1.400 0.440 935 0.00040 12 0.099 50 

Minimum <0.001 5 0.001 0.005 0.001 0.001 5.4 0.001 5 0.007 460 0.001 0.01 0.001 0.1 0.0001 5 0.005 5 
Baseline 90th 
Percentile 0.0052 5 0.077 0.030 0.035 0.0289 62.1 0.004 18.9 0.0304 2988 0.0425 0.412 0.316 505 0.0001 9 0.0787 32 

Pre-50th Percentile 
Trend 0.0010 5 0.012 0.005 0.001 0.0025 36.5 0.001 10.0 0.0160 1705 0.0085 0.100 0.120 218 0.0001 6 0.0050 18 

 
MPGM4/D4 Pre-Brine/Ash Placement Background Summary 1989-2000 (mg/L)  
 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
Average 1.2 0.001 15 0.046 0.098 2.8 0.001 0.001 942 15.9 1483 0.046 2.7 2.7 917.0 0.500 
Maximum 3.3 0.001 105 0.086 0.337 6.1 0.001 0.005 2646 18.5 5070 0.100 3.9 3.9 918.7 2.800 
Minimum 0.22 0.001 5 0.019 0.001 1.7 0.001 0.001 120 13.5 142 0.01 1.0 1.0 915.8 0.001 
Baseline 90th 
Percentile 2.10 0.001 23 0.074 0.200 3.3 0.001 0.001 1854 18.1 2965 0.084 3.4 3.4 918.5 1.070 

Pre-50th Percentile 
Trend 1.10 0.001 13 0.041 0.086 2.8 0.001 0.001 815 15.7 984 0.042 2.9 3.0 916.7 0.310 

 

  



 

 

   
 

MPGM4/D4 Post-Brine/Ash Placement Background Data July 2016 to June, 2017 (mg/L)   

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

13-Jul-16 0.0005 24.2 0.5 0.066 0.025 0.012  10.8 0.001 6.24  1100 0.004 0.003 0.346 181 0.00002 5.76  6.34 

10-Aug-16 0.0005 25.8 0.5 0.066 0.025 0.011  11.6 0.0012 7  1114 0.004 0.003 0.123 165 0.00002 6.43  6.94 

15-Sep-16 0.0005 27 0.5 0.065 0.025 0.011  11.8 0.0012 6.88  1123 0.004 0.002 0.266 170 0.00002 6.6  7.36 

12-Oct-16 0.0005 28.2 0.5 0.069 0.025 0.013  12.4 0.0012 6.49  1115 0.004 0.003 0.132 175 0.00002 7.09  6.88 

9-Nov-16 0.0005 26.8 0.5 0.061 0.025 0.011  11.5 0.0012 7.68  1115 0.004 0.003 0.289 155 0.00002 6.43  6.88 

21-Dec-16 0.0005 25.6 0.5 0.057 0.025 0.011  11.9 0.0012 8.86  1091 0.004 0.004 0.139 125 0.00002 6.5  7.26 

12-Jan-17 0.0005 25.1 0.5 0.055 0.025 0.011  12.6 0.0012 8.03  1074 0.004 0.002 0.22 131 0.00002 7.42  7.7 

9-Feb-17 0.0005 22.7 0.5 0.061 0.025 0.012  12.4 0.001 8.23  1047 0.003 0.0005 0.122 139 0.00002 7.69  7.09 

8-Mar-17 0.0005 22.4 0.5 0.06 0.025 0.011  12.1 0.0011 9.21  1040 0.004 0.002 0.15 120 0.00002 7.66  7.41 

20-Apr-17 0.0005 21.7 0.5 0.058 0.025 0.012  12.6 0.001 8.53  1030 0.003 0.0005 0.157 126 0.00002 8.08  7.65 

10-May-17 0.0005 18.4 0.5 0.056 0.025 0.012  13.2 0.0008 10.2  1000 0.004 0.002 0.128 114 0.00002 8.24  7.91 

15-Jun-17 0.0005 23.6 0.5 0.061 0.025 0.011  12 0.001 6.88  1080 0.003 0.002 0.149 142 0.00002 7.37  7.26 

 
 

 

 

 

 

 

 

 



 

 

   
 

Continued………..MPGM4/D4 Post-Brine/Ash Placement Background Data July 2016 to June, 2017 (mg/L)  

Date Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
13-Jul-16 0.766 0.0005 19.8 0.026 0.026 3.19  0.0002 526  701 0.02 1.1  918.5 0.274 
10-Aug-16 0.836 0.0005 20.8 0.028 0.042 3.12  0.0002 585  810 0.02 1.2  918.4 0.305 
15-Sep-16 0.8 0.0005 22.8 0.027 0.027 3.41  0.0002 541  1060 0.02 1.1  918.5 0.309 

12-Oct-16 0.81 0.0005 22.1 0.028 0.027 3.31  0.0016 555  732 0.02 1.2  918.4 0.316 
9-Nov-16 0.783 0.0005 19.7 0.026 0.025 3.3  0.0003 474  1020 0.02 1.2  918.4 0.296 

21-Dec-16 0.708 0.0005 21.4 0.025 0.024 3.29  0.0002 476  1140 0.02 1.2  918.4 0.267 
12-Jan-17 0.74 0.0005 21.2 0.025 0.024 3.26  0.0002 519  1080 0.02 1.4  918.2 0.275 
9-Feb-17 0.745 0.0005 21.4 0.026 0.023 3.31  0.0002 431  914 0.02 1.7  917.9 0.266 
8-Mar-17 0.714 0.0005 18.4 0.024 0.023 3.25  0.0001 459  1020 0.01 1.7  917.9 0.251 

20-Apr-17 0.716 0.0005 19 0.021 0.022 3.29  0.0002 423  1030 0.01 1.5  918.1 0.257 
10-May-17 0.75 0.0005 22.9 0.021 0.026 3.31  0.0002 454  934 0.01 1.6  918.0 0.223 
15-Jun-17 0.765 0.0005 18.6 0.027 0.021 3.23  0.0002 515  959 0.02 1.7  917.9 0.275 

 

  



 

 

   
 

 
MPGM4/D4 Post-Brine/Ash Placement Background Summary July 2016 to June, 2017 (mg/L)  

 Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Ave 0.0005 24.29 0.50 0.06 0.03 0.01  12.1 0.0011 7.9  1077 0.004 0.002 0.19 143.43 0.00002 7.1  7.2 

Max 0.0005 28.2 0.5 0.069 0.025 0.013  13.2 0.0012 10.2  1240 0.004 0.004 0.346 181 0.00002 8.2  7.9 

Min 0.0005 18.4 0.5 0.055 0.025 0.011  10.8 0.0008 6.2  856 0.003 0.001 0.122 79.8 0.00002 5.8  6.3 

50th Percentile 0.0005 24.65 0.5 0.061 0.025 0.011  12.1 0.0012 7.9  1080 0.004 0.002 0.1495 142.00 0.00002 7.2  7.3 

Post-90th 
Percentile 
Trend 

0.0005 26.98 0.5 0.066 0.025 0.012 0.00156 12.6 0.0012 9.2  2284 0.004 0.003 0.2867 362.00 0.00002 8.0  7.7 

 

Continued……………….MPGM4/D4 Post-Brine/Ash Placement Background Summary July 2016 to June, 2017 (mg/L)        

 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
Ave 0.76 0.001 20.7 0.025 0.026 3.3  0.0003 519  956 0.018 1.4  918.3 0.276 

Max 0.836 0.001 22.9 0.028 0.042 3.4  0.0016 686  1190 0.020 1.7  918.5 0.316 

Min 0.708 0.001 18.4 0.021 0.021 3.1  0.0001 361  479 0.010 1.1  917.9 0.223 

50th Percentile 0.7575 0.001 21.0 0.026 0.025 3.3  0.0002 525  1020 0.020 1.3  918.3 0.275 
Post-90th 

Percentile Trend 
0.809 0.001 22.7 0.028 0.027 3.3  0.0003 1707  2567 0.020 1.7 33.9 918.5 0.309 

 

  



 

 

   
 

4b. Water Quality Data and Summary for Background Groundwater Bore MPGM4/D5 

MPGM4/D5 Pre-Brine/Ash Placement Background Summary 1993-2000 (mg/L) 

 Ag ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Average <0.001 38 0.001 0.020 0.066 0.001 51 0.001 20 0.030 678 0.002 0.012 0.129 15 <0.0001 6.8 0.044 33 
Maximum <0.001 130 0.002 0.26 1.9 0.001 83 0.002 47 0.036 1690 0.026 0.14 0.51 70 0.0003 35.4 0.14 64 
Minimum <0.001 5 0.001 0.005 0.001 0.001 25.8 0.001 9 0.023 376 0.001 0.001 0.001 0.1 0.0001 5.0 0.005 7.9 
Baseline 90th 
Percentile 0.001 68 0.001 0.0257 0.061 0.001 74 0.001 28 0.034 986 0.001 0.010 0.318 42.0 0.0001 8.0 0.116 52 

Pre-50th 
Percentile 
Trend 

0.001 35 0.001 0.0050 0.001 0.001 50 0.001 18 0.031 624 0.001 0.010 0.125 8.8 0.0001 6.0 0.005 29 

 
Continued…………MPGM4/D5 Pre-Brine/Ash Placement Background Summary 1993-2000 (mg/L) 
 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
Average 4 0.001 19 0.068 0.018 5.8  0.001 262 15.1 471 0.001 14.8 14.8 910.8 0.124 

Maximum 10.5 0.001 55 0.086 0.28 6.7  0.01 605 16.5 1020 0.001 18.99 18.99 914.23 0.39 

Minimum 0.3 0.001 5 0.056 0.001 3.0  0.001 110 13.7 255 0.001 11.52 11.52 906.76 0.001 
Baseline 90th 
Percentile 5.8 0.001 25 0.082 0.020 6.4  0.001 418 16.3 734 0.001 16.5 16.6 913.0 0.240 

Pre-50th 
Percentile 
Trend 

3.3 0.001 18 0.068 0.006 6.0  0.001 240 15.3 410 0.001 14.5 14.5 911.3 0.120 

 
  



 

 

   
 

 
MPGM4/D5 Post-Brine/Ash Placement Data July 2016 to June, 2017 (mg/L)  

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

13-Jul-16 0.0005 0.05 99 0.002 0.11 0.018  84.8 0.0001 21.2  1275 0.0005 0.0005 0.082 76.2 0.00002 7.68  61.2 

10-Aug-16 0.0005 0.07 123 0.002 0.11 0.02  94.3 0.0001 26  1275 0.0005 0.0005 0.104 67.9 0.00002 8.28  67.4 

14-Sep-16 0.0005 0.06 96 0.002 0.11 0.017  93.6 0.0001 23.5  1284 0.0005 0.0005 0.025 69.7 0.00002 8.71  74.3 

12-Oct-16 0.0005 0.04 116 0.002 0.12 0.018  100 0.0001 22.3  1292 0.0005 0.0005 0.05 45.1 0.00002 9.99  70.5 

9-Nov-16 0.0005 0.07 111 0.002 0.12 0.017  92.5 0.0001 25  1294 0.0005 0.0005 0.177 63 0.00002 8.93  68.3 

21-Dec-16 0.0005 0.08 95 0.002 0.12 0.017  94.8 0.0001 24.6  1302 0.0005 0.0005 0.226 55.1 0.00002 8.89  70.8 

12-Jan-17 0.0005 0.10 58 0.002 0.11 0.018  98.5 0.0001 22.4  1290 0.0005 0.0005 0.126 57.7 0.00002 9.48  73 

9-Feb-17 0.0005 0.04 62 0.0005 0.11 0.018  96.9 0.0001 20.9  1279 0.0005 0.0005 0.05 24.7 0.00002 10.1  67.2 

9-Mar-17 0.0005 0.07 101 0.001 0.1 0.017  96.9 0.0001 24.4  1290 0.0005 0.0005 0.116 56.9 0.00002 9.66  71.6 

20-Apr-17 0.0005 0.04 68 0.0005 0.11 0.018  95.7 0.0001 23.3  1260 0.0005 0.0005 0.119 28.4 0.00002 9.98  71 

10-May-17 0.0005 0.07 85 0.0005 0.1 0.017  95.9 0.0001 23.9  1270 0.0005 0.0005 0.077 51.7 0.00002 10.1  70.5 

15-Jun-17 0.0005 0.06 81 0.001 0.11 0.017  95 0.0001 23.6  1300 0.0005 0.0005 0.101 57 0.00002 8.99  71.7 

 
  



 

 

   
 

 
Continued………………….. MPGM4/D5 Post-Brine/Ash Placement Data July 2016 to June, 2017 (mg/L)  

Date Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
13-Jul-16 8.75 0.0005 25.5 0.053 0.0005 6.07  0.0003 634  1000 0.005 10.7  915.1 0.026 
10-Aug-16 9.09 0.0005 27.2 0.06 0.0005 5.89  0.0003 611  945 0.005 10.4  915.4 0.023 

14-Sep-16 8.76 0.0005 28.9 0.057 0.0005 5.96  0.0002 562  961 0.005 10  915.8 0.023 
12-Oct-16 9.29 0.0005 30.3 0.057 0.0005 5.95  0.0014 625  850 0.005 9.7  916.1 0.022 
9-Nov-16 8.78 0.0005 26.6 0.061 0.0005 5.97  0.0003 662  1140 0.005 9.8  916.0 0.02 

21-Dec-16 8.14 0.0005 29.1 0.055 0.0005 5.97  0.0002 624  1100 0.005 9.9  915.9 0.022 
12-Jan-17 8.3 0.0005 28.8 0.058 0.0005 6.06  0.0002 616  1050 0.005 10  915.8 0.03 
9-Feb-17 8.04 0.0005 29.1 0.054 0.0005 5.92  0.0001 533  1020 0.005 10.2  915.6 0.02 

9-Mar-17 8.19 0.0005 24.9 0.054 0.0005 5.93  0.0001 601  968 0.005 10.4  915.4 0.026 
20-Apr-17 7.72 0.0005 24.6 0.047 0.0005 5.91  0.0001 554  882 0.005 10.5  915.3 0.019 
10-May-17 7.82 0.0005 29.9 0.048 0.0005 5.93  0.0002 613  958 0.005 10.6  915.2 0.026 
15-Jun-17 8.16 0.0005 25.5 0.055 0.0005 5.87  0.0003 516  990 0.005 10.7  915.1 0.03 

 
 
  



 

 

   
 

MPGM4/D5 Post-Brine/Ash Placement Summary July 2016 to June, 2017 (mg/L)  

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Ave 0.0005 0.06 91 0.001 0.11 0.018  95 0.0001 23.4  1284 0.001 0.001 0.10 54.5 0.00002 9.2  69.8 

Max 0.0005        0.10  123 0.002       0.12  0.020  100 0.0001 26.0  1302 0.001 0.001       0.23  76.2 0.00002 10.1  74.3 

Min 0.0005        0.04  58 0.001       0.10  0.017  85 0.0001 20.9  1260 0.001 0.001       0.03  24.7 0.00002 7.7  61.2 

50th 
Percentile 

0.0005        0.07  96 0.002       0.11  0.018  95 0.0001 23.6  1287 0.001 0.001       0.10  57.0 0.00002 9.2  70.7 

Post-90th 
Percentile 
Trend 

0.0005 0.079 116 0.002 0.12 0.018 0.001 98 0.0001 25.0  1299 0.001 0.001 0.1719 69.5 0.00002 10.1  72.9 

  
Continued……………MPGM4/D5 Post-Brine/Ash Placement Summary July 2016 to June, 2017 (mg/L) 
 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 
Ave 8.4 0.001 27.5 0.055 0.001 6.0  0.0003 596  989 0.005 10.2  915.5 0.024 

Max 9.3 0.001 30.3 0.061 0.001 6.1  0.0014 662  1140 0.005 10.7  916.1 0.030 

Min 7.7 0.001 24.6 0.047 0.001 5.9  0.0001 516  850 0.005 9.7  915.1 0.019 

50th Percentile 8.2 0.001 28.0 0.055 0.001 5.9  0.0002 612  979 0.005 10.3  915.5 0.023 
Post-90th 
Percentile Trend 

9.1 0.001 29.8 0.060 0.001 6.1  0.0003 633  1095 0.005 10.7 60.0 916.0 0.030 

 
  



 

 

   
 

4. Water Quality Data and Summary for Ash Placement Area Groundwater Bores B901 (north-west ash area background) B904 (south-west ash area 
background for Bore D10), bores MPGM4/D10 and MPGM4/D11. 
Note: Pre- and Post-placement data for bores B901 (covered with ash after August, 2001), 4/D12 (covered after July, 2006), B904 (covered after March, 2000), D13 (covered after April, 2005) and 4/D14 
(covered after January, 2003) are shown in Connell Wagner (2008). 
4a. Water Quality Data and Summary for Ash Placement Area Groundwater Bore B901 
Bore B901 Pre-Brine/ash Placement - Background Summary 1997- September 2000 (mg/L) 

 Al Ag ALK As B Ba Be Ca: Cd Cl: Co COND 
uS/cm Cr Cr-6 Cu F Fe Hg K: Li Mg: 

Average 2.30  224 
0.005 3.18 0.021   216 0.0103 30 0.355 1623   0.017 

4.45 6.08   36   112 

Maximum 17.00  440 
0.010 12.00 0.05  390 0.054 65 1.000 3430   0.055 17.00 34.00  140  180 

Minimum 0.01  22 0.003 0.05 0.01   130 0.001 15 0.005 1030     0.001 0.20 0.05   11   3 

90th 
Percentile 

5.8  342 0.007 7.45 0.0292  320 0.023 47 0.706 2274   0.039 12.1 14.54  64  159 

Pre-50th 
Percentile 
Trend 

0.05  230 0.005 1.05 0.018  190 0.003 27 0.190 1388   0.008 1.8 1.95  21  115 

 

Continued…………Bore B901 Pre-Brine/ash Placement - Background Summary 1997- September 2000 (mg/L) 
 Mn Mo Na: NFR Ni NO3 Pb pH Se SO4: Temp TDS V WL1 WL2 WLAHD Zn 

Average 5.66 
  46 364 0.92 4.45 0.002 6.6 0.005 948   

1638 
  2.3   910.2 3.883 

Maximum 14.00 
 66 570 2.40 17.00 0.005 7.6 0.005 1600  2500  2.5  912.0 12.000 

Minimum 2.90   37 120 0.23 0.20 0.001 6.1 0.005 580   1100   2.1   909.1 0.140 

90th 
Percentile 

9.03  57 563 1.49 12.1 0.005 7.2 0.005 1320  2290  2.4  911.4 8.780 

Pre-50th 
Percentile 
Trend 

4.5  43 420 0.825 1.8 0.001 6.5 0.005 855  1550  2.3  909.8 2.800 

Note: B901 data updated to August, 2001 with maximum TDS corrected from 5400 to 2700 mg/L using relationships with SO4 and COND uS/cm. 



 

 

   
 

 

4b. Water Quality Data and Summary for Ash Placement Area Groundwater Bores B904+ MPGM4/D10 

Pre-Brine/ash Placement - Background Summary in Bore B904 1997 - 2000 (mg/L) 

 Ag Al ALK As B Ba Be Ca: Cd Cl: Co COND 
uS/cm Cr Cr-6 Cu F Fe Hg K: Li Mg: 

Average  7.33 114 0.005 1.48 0.100  182 0.005 22 0.388 1118   0.005 5.3 10.59 0.0001 27  86 
Maximum  20.00 430 0.010 2.50 0.280  240 0.018 41 0.670 1839   0.011 10.0 34.00 <0.0005 37  130 
Minimum  0.01 3 0.001 0.08 0.004  55 0.001 12 0.027 449   0.001 0.5 0.10 0.0001 14  6 
Baseline 90th 
Percentile  13.76 364 0.008 2.26 0.172  228 0.010 32.6 0.568 1748   0.010  28.00 0.0001 34  130 

Pre-50th 
Percentile for 
Trend 

  6.2 17 0.005 1.40 0.091   200 0.004 20.0 0.370 1128     0.005 6.8 0.83 0.0001 28   110 

  
Continued………………….Pre-Brine/ash Placement - Background Summary in Bore B904 1997 - 2000 (mg/L) 

 Mn Mo Na: NFR Ni NO2 NO3 Pb pH Se SO4: Temp TFR V WL1 WL2 WLAHD Zn 
Average 9.2  33 165 0.839 0.29 1.30 0.004 5.7 0.005 892  1384    909.57 2.620 
Maximum 24.0  40 320 1.200 1.00 5.80 0.005 8.2 0.005 1500  2100    910.31 4.900 
Minimum 5.2  18 68 0.056 0.04 0.04 0.001 4.1 0.003 42  270    908.79 0.140 
Baseline 90th 
Percentile 15.4  38 314 1.140 0.88 4.18 0.005 7.4 0.005 1320  1980    910.0 4.180 

Pre-50th 
Percentile for 
Trend 

6.4  36 110 0.960 0.04 0.04 0.005 5.1 0.005 1100  1500    909.7 2.800 

 



 

 

   
 

 
MPGM4/D10 Post-Brine/ash Placement – Data from July 2016 to June, 2017 (mg/L)  

Date Ag Al ALK As B Ba Be Ca: Cd Cl: Co COND 
uS/cm Cr Cr-6 Cu F Fe Hg K: Li Mg: 

28-Jul-16 0.0005 0.34 59 0.001 1.42 0.014  194 0.0026 371  4867 0.0005  0.0005 0.435 14.7 0.00002 106  172 
24-Aug-16 0.0005 0.15 71 0.001 2.48 0.019  261 0.0043 482  6603 0.0005  0.0005 0.546 16 0.00002 116  244 

30-Sep-16 0.0005 0.1 87 0.001 1.68 0.016  179 0.0028 342  4820 0.002  0.001 0.1 13.4 0.00002 92.5  161 
28-Oct-16 0.0005 0.1 87 0.001 2.81 0.018  299 0.0052 622  7286 0.0005  0.0005 0.25 12.7 0.00002 125  258 

24-Nov-16 0.0005 0.07 89 0.001 2.6 0.017  262 0.005 638  7620 0.0005  0.0005 0.567 9.65 0.00002 141  288 

8-Dec-16 0.0005 0.08 89 0.001 3.52 0.017  290 0.0059 722  8258 0.0005  0.0005 0.325 11 0.00002 142  316 
18-Jan-17 0.0005 0.1 98 0.001 3.94 0.016  314 0.0066 830  9242 0.0005  0.0005 0.785 7.6 0.00002 172  358 

22-Feb-17 0.0005 0.11 104 0.001 4.53 0.019  346 0.0085 959  10630 0.0005  0.002 0.578 4.96 0.00002 209  424 
23-Mar-17 0.0005 0.1 96 0.001 5.02 0.016  352 0.0081 1070  11130 0.0005  0.0005 0.444 1.67 0.00002 206  428 

5-Apr-17 0.0005 0.09 104 0.001 3.38 0.015  307 0.0069 890  10360 0.0005  0.0005 0.684 4.1 0.00002 218  396 
26-May-17 0.0005 0.09 90 0.001 4.11 0.016  349 0.008 982  10880 0.0005  0.002 0.62 1.75 0.00002 208  423 

30-Jun-17 0.0005 0.09 92 0.001 3.86 0.017  306 0.0077 949  10080 0.0005  0.0005 0.687 2.55 0.00002 209  384 

 

 

  



 

 

   
 

 

Continued………………….MPGM4/D10  Post-Brine/ash Placement - Data from July 2016 to June, 2017 (mg/L) 
Date Mn Mo Na: NFR Ni NO2 NO3 Pb pH Se SO4: Temp TFR V WL1 WL2 WLAHD Zn 

28-Jul-16 4.18 0.0005 639  0.591   0.002 5.57 0.0011 2260  3660 0.005 13.3  912.8 1 

24-Aug-16 6.35 0.0005 907  0.846   0.004 5.83 0.0017 2770  4450 0.005 13.7  912.4 1.36 

30-Sep-16 4.35 0.0005 627  0.574   0.002 5.65 0.0012 2160  3920 0.005 13.2  912.9 0.957 

28-Oct-16 6.61 0.0005 1190  0.914   0.004 5.59 0.0022 3480  6060 0.005 13.7  912.4 1.31 

24-Nov-16 6.34 0.0005 1150  0.797   0.004 5.69 0.0023 3630  6530 0.005 13.7  912.4 1.05 

8-Dec-16 7.41 0.0005 1320  0.985   0.004 5.65 0.0029 4000  7190 0.005 14  912.1 1.22 

18-Jan-17 7.98 0.0005 1570  0.976   0.004 5.62 0.0033 4530  8150 0.005 14.3  911.8 1.15 

22-Feb-17 8.72 0.0005 1760  1.14   0.006 5.56 0.0036 5040  9140 0.005 14.7  911.4 1.25 

23-Mar-17 9.55 0.002 2110  1.12   0.004 5.64 0.0038 5760  9190 0.005 14.9  911.2 1.2 

5-Apr-17 8.49 0.001 1500  0.941   0.006 5.58 0.0035 4810  8890 0.005 14.6  911.5 1.02 

26-May-17 8.64 0.0005 1800  1.04   0.005 5.51 0.0043 5340  9630 0.005 14.9  911.2 1.09 

30-Jun-17 8.37 0.0005 1710  0.948   0.004 5.55 0.0037 5860  8460 0.005 14.8  911.3 1.00 

 

 

 

 

 

 

 

 



 

 

   
 

MPGM4/D10 Post- Brine/ash Placement Summary July 2016 to June, 2017 (mg/L) 

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cr-6 Cu F Fe-

filtered Hg K Li Mg 

Ave 0.0005 0.118 89 0.001 3.28 0.017  288 0.0060 738  8481 0.001  0.001 0.50 8.34 0.00002 162  321 

Max 0.0005 0.340 104 0.001 5.02 0.019  352 0.0085 1070  11130 0.002  0.002 0.79 16.00 0.00002 218  428 

Min 0.0005 0.070 59 0.001 1.42 0.014  179 0.0026 342  4820 0.001  0.001 0.10 1.67 0.00002 92.5  161 

50th Percentile 0.0005 0.100 89.5 0.001 3.45 0.017  303 0.0063 776  8750 0.001  0.001 0.56 8.63 0.00002 157  337 

90th Percentile 0.0005 0.146 103 0.001 4.49 0.019  349 0.0081 980  10855 0.001  0.002 0.69 14.57 0.00002 209  424 
 
 
Continued……………………MPGM4/D10 Post- Brine/ash Placement Summary July 2016 to June, 2017 (mg/L) 

 Mn-
filtered Mo Na NFR Ni NO2 NO3 Pb pH Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 

Ave 7.2 0.001 1357  0.906     0.004 5.6 0.0028 4137  7106 0.005 14.2  911.9 1.134 

Max 9.6 0.002 2110  1.140   0.006 5.8 0.0043 5860  9630 0.005 14.9  912.9 1.360 

Min 4.2 0.001 627  0.574   0.002 5.5 0.0011 2160  3660 0.005 13.2  911.2 0.957 

50th Percentile 7.7 0.001 1410  0.945     0.004 5.6 0.0031 4265  7670 0.005 14.2  911.9 1.120 

90th Percentile 8.7 0.001 1796  1.112     0.006 5.7 0.0038 5718  9185 0.005 14.9  912.7 1.304 
 

  



 

 

   
 

4c. Water Quality Data and Summary for Ash Placement Area Groundwater Bore MPGM4/D11 

MPGM4/D11 Post-Brine/ash Placement - Data  from July 2016 to June, 2017 (mg/L) 

Date Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cr-6 Cu F Fe-

filtered Hg K Li Mg 

27-Jul-16 0.0005 0.14 73 0.01 2.8 0.02  581 0.0001 851  8641 0.001  0.001 0.25 78.5 0.00002 121  389 

25-Aug-16 0.0005 0.1 154 0.01 3.27 0.027  566 0.0001 755  8392 0.001  0.001 0.25 81 0.00002 106  365 

29-Sep-16 0.0005 0.02 96 0.008 2.96 0.022  574 0.0001 798  8604 0.003  0.001 0.25 61.4 0.00002 98.2  355 

27-Oct-16 0.0005 0.06 163 0.008 2.97 0.037  567 0.0001 814  8488 0.002  0.001 0.25 69.8 0.00002 80.1  346 

24-Nov-16 0.0005 0.005 105 0.008 2.49 0.019  610 0.0001 845  8700 0.001  0.001 0.25 75.1 0.00002 99.5  382 

7-Dec-16 0.0005 0.02 119 0.006 3.32 0.024  594 0.0001 884  8920 0.001  0.001 0.5 78.4 0.00002 88.2  384 

19-Jan-17 0.0005 0.01 124 0.008 3.09 0.022  618 0.0001 903  9180 0.001  0.001 0.25 67.5 0.00002 86.4  400 

23-Feb-17 0.0005 0.005 110 0.008 2.92 0.02  602 0.0001 943  9150 0.001  0.001 0.107 62.9 0.00002 107  398 

22-Mar-17 0.0005 0.005 119 0.006 3.16 0.019  578 0.0001 965  9470 0.001  0.001 0.286 39.7 0.00002 94.5  396 

5-Apr-17 0.0005 0.005 127 0.008 2.33 0.018  554 0.0001 903  9320 0.001  0.001 0.5 64.1 0.00002 101  402 

25-May-17 0.0005 0.005 132 0.006 3.26 0.015  617 0.0001 942  9640 0.001  0.001 0.25 81.6 0.00002 126  423 

29-Jun-17 0.0005 0.01 135 0.012 2.79 0.018  605 0.0001 956  9260 0.001  0.001 0.1 93.5 0.00002 116  406 

 
 
  



 

 

   
 

 
Continued……………………. MPGM4/D11 Post-Brine/ash Placement - Data from July 2016 to June, 2017 (mg/L) 

Date Mn-
filtered Mo Na Ni Pb pH Se SO4 Temp TFR V WL1 WL2 WLAHD 

(m) Zn 

9-Jul-15 17.2 0.0005 1090 0.904 0.0005 5.85 0.0002 4480  6570 0.005 24.9  912.5 0.146 

13-Aug-15 15.6 0.0005 1010 0.822 0.0005 6.35 0.0001 3880  6080 0.005 25.3  912.1 0.126 

10-Sep-15 17.7 0.0005 1000 0.846 0.0005 6.18 0.0003 4270  7220 0.005 24.6  912.8 0.118 

15-Oct-15 17.5 0.0005 1170 0.866 0.0005 6.17 0.0001 4180  7650 0.005 25.1  912.3 0.11 

11-Nov-15 16.3 0.0005 1080 0.819 0.0005 6.19 0.0001 4370  7930 0.005 25.1  912.3 0.104 

23-Dec-15 16.3 0.0005 1180 0.895 0.0005 6.25 0.0002 4560  7250 0.005 25.4  912.0 0.12 

13-Jan-16 19.3 0.0005 1310 0.962 0.0005 6.29 0.0002 4580  8440 0.005 25.8  911.6 0.117 

25-Feb-16 15.7 0.0005 1250 0.937 0.0005 6.14 0.0003 4710  8760 0.005 26.1  911.3 0.137 

23-Mar-16 18.6 0.0005 1430 1.01 0.0005 6.06 0.0002 4910  8850 0.005 26.5  910.9 0.137 

13-Apr-16 16.4 0.0005 1070 0.862 0.0005 6.11 0.0003 4620  6460 0.005 26  911.4 0.118 

26-May-16 17 0.0005 1330 0.966 0.0005 6.1 0.0003 4820  8990 0.005 26.3  911.1 0.145 

23-Jun-16 17.8 0.0005 1280 0.928 0.0005 6.15 0.0002 5430  7180 0.005 25.3  912.1 0.149 
*water level measurement not consistent with new concrete footings and pipe height RLs 
  



 

 

   
 

 
MPGM4/D11 Post-Brine/ash Placement Summary from July 2016 to June, 2017 (mg/L) 

 Ag Al ALK As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cr-6 Cu F Fe-

filtered Hg K Li Mg 

Ave 0.0005 0.032 121 0.008 2.95 0.022  589 0.0001 880  8980 0.001  0.001 0.27 71.13 0.00002 102  387 

Max 0.0005 0.140 163 0.012 3.32 0.037  618 0.0001 965  9640 0.003  0.001 0.50 93.50 0.00002 126  423 

Min 0.0005 0.005 73 0.006 2.33 0.015  554 0.0001 755  8392 0.001  0.001 0.10 39.70 0.00002 80.1  346 

50th 
Percentile 

0.0005 0.010 121.5 0.008 2.97 0.020  588 0.0001 894  9035 0.001  0.001 0.25 72.45 0.00002 100  393 

Post-90th 
Percentile 
Trend 

0.0005 0.096 152 0.010 3.27 0.027  616 0.0001 955  9455 0.002  0.001 0.48 81.54 0.00002 121  406 

 

Continued…………………….MPGM4/D11 Post-Brine/ash Placement Summary  from July 2016 to June, 2017 (mg/L) 

Date Mn-
filtered Mo Na Ni Pb pH Se SO4 Temp TFR V WL1 WL2 WLAHD 

(m) Zn 

Ave 17.1 0.001 1183 0.901 0.001 6.2 0.0002 4568  7615 0.005 25.5  911.8 0.127 

Max 19.3 0.001 1430 1.010 0.001 6.4 0.0003 5430  8990 0.005 26.5  912.8 0.149 

Min 15.6 0.001 1000 0.819 0.001 5.9 0.0001 3880  6080 0.005 24.6  910.9 0.104 

50th Percentile 17.1 0.001 1175 0.900 0.001 6.2 0.0002 4570  7450 0.005 25.4  912.0 0.123 
Post-90th Percentile 
Trend 

18.5 0.001 1328 0.966 0.001 6.3 0.0003 4901  8841 0.005 26.3  912.5 0.146 

 



 
 
 
 
 
 
 
 

 

   
 

5. Mt Piper Water Conditioned Ash Runoff Pond Water Quality February, 2001 to March, 2010 and SW3 only in 2011 - 2014 

Mt Piper Ash Dam Runoff Pond (mg/l)                 
Date Ag Al ALK As   B Ba Be Ca Cd Cl Co COND 

(mS/m) 
Cr Cr-6 Cu F Fe-

filtered 
Hg K Li Mg 

5-Feb-01  0.64 144 <0.001   0.94 0.03  104.0 <0.005 20  139000   <0.005  <0.03 0.0001 20.5  120.0 
13/03/2001 0.001  32 0.001   0.8 0.001 0.001 59.2 0.001 67 0.012 106300 0.001  0.041 0.43 0.1 0.0002 43.7 0.211 32.5 
19/07/2001 0.001 0.077 60 0.007   0.061 1.83 0.001 99 0.001 31 0.003 78700 0.001  0.001 0.14 0.12 0.0002 53 0.467 21 
9/11/2001 0.001  13 0.002   0.73 0.062 0.001 66 0.001 13 0.002 76000 0.001  0.002 1 0.1 0.0002 23 0.195 22 
6/02/2002   5 0.002   0.12 0.084  16 0.001 22  19500  <0.01 0.005 0.4 0.1  7  6 
30/05/2002 <0.005 0.75 <1 0.002   0.26 0.036  57 0.0005 15 <0.005 25900 <0.05  <0.005 <0.01 0.36 0.00005 8.8  21 
29/08/2002 <0.005 0.2 39 <0.002   0.64 0.063  51 0.0005 27 <0.005 79200 <0.05  <0.005 0.6 0.11 0.00005 13  24 
3/03/2003 <0.005 0.73 32 *<0.02   0.51 *<0.05  35 *<0.005 76     *<0.05 93300 <0.05      *<0.05 0.6 0.45 0.00005 13  24 
27/02/2006 <0.01 0.59 50 0.002   0.48 0.053  51 <0.002 31 0.013    0.017 0.4 0.77** 0.0001 18  33 

22/08/2006 <0.01 1.4 <10 <0.002   0.62 0.04   <0.002 46 0.006 1410 <0.01  0.006 0.5 0.39 0.0001 26  45 
26/02/2007  0.21 30 <0.01*   0.63 0.06   <0.002 88 0.006 1758 <0.05  <0.005 1.2 0.07 0.0001 35  49 
30/08/2007 <0.01 0.03 50 0.006   0.22 0.045  64 <0.002 36 <0.005 886  <0.005 <0.010 1 0.05 0.0001 12  28 
18/03/2008  0.51 60 0.002   0.48 0.062  93 <0.002 67 <0.005 1428 <0.05  <0.005 1 0.13 0.0001 24  33 
22/10/2008 <0.01 0.2 20 0.002   0.90 0.300  140 0.002 190 0.0050 2955 <0.01  <0.01 1.00 0.03 0.0001 57  71 

19/03/2009 <0.01 0.6 70 0.004   1.80 0.090  150 <0.002 61 0.0050 1592 <0.01  <0.005 2.10 0.01 0.0001 29  38 
23/3/2010 0.010 6 80 0.018   1.00 0.150  170 0.002 190 0.0100 4359 0.01  0.290 4.00 1.50 0.00005 86  80 
SW3 
Feb to May 
2011     

  
     65  1402          

27/12/2012  58 <25 0.036   0.24 0.36  86 0.0008 20  625 <0.001  0.046 0.6 <0.01  16  14 
27/07/2013              510          
21/02/2014  9.8 34    0.07 0.150  28 <0.0002 12 0.0100 340   0.042 <1 0.09 <0.0005 10  12 
Note: since August, 2006 conductivity reported as uS/cm 

 
 
 
 



 
 
 
 
 
 
 
 

 

   
 

5. Mt Piper Water Conditioned Ash Runoff Pond Water Quality February, 2001 to March, 2010 and SW3 only in 2011 - 2014 

Mt Piper Ash Dam Runoff Pond (mg/l)                 
Date Ag Al ALK As   B Ba Be Ca Cd Cl Co COND 

(mS/m) 
Cr Cr-6 Cu F Fe-

filtered 
Hg K Li Mg 

Ave 0.003 5.00 49 0.007   0.578 0.242 0.001 83 0.001 59 0.006 1312 0.003 <0.0075 0.051 0.998 0.25 0.00008 29 0.291 39 

Min 0.001 0.03 5 0.001   0.061 0.001 0.001 16 <0.0005 13 0.002 195 0.001 <0.005 0.001 0.140 0.01 0.00005 7 0.195 6 

Max <0.01 58.00 144 0.036   1.800 1.830 0.001 170 <0.005 190 0.013 4359 0.010 <0.01 0.290 4.000 1.50 0.00010 86 0.467 120 

50th 
Percentile 

0.001 0.60 45 0.002   0.510 0.062 0.001 66 0.001 41 0.005 1045 0.001 <0.0075 0.012 0.600 0.11 0.00010 23 0.211 33 

  Note: Results for May and August 2002 and March 2003 come from SWPond2          

 

Note: No Mt Piper rainfall runoff water quality data for the water conditioned ash area has been recorded since February 2014.  
 

  



 
 
 
 
 

 

   
 

6. Water Quality Data and Summary for Proposed Groundwater Receiving Water Bores MPGM4/D8 and 4/D9 

6a. MPGM4/D8 

MPGM4/D8 Pre-Brine/Ash Placement Background Summary 1992-2000 (mg/L) 

 Ag ALK Al As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Average 0.0010 26  0.0010 0.007 0.015 0.001 54 0.0010 9 0.011 566 0.0022 0.0104 0.075 1.566 0.00010 5 0.004 32 

Maximum 0.0010 85  0.0024 0.023 0.036 0.001 440 0.0010 37 0.054 1020 0.0170 0.0300 0.490 7.550 0.00010 10 0.008 70 

Minimum 0.0010 6  0.0010 0.005 0.001 0.001 16 0.0010 5 0.001 288 0.0010 0.0010 0.001 0.100 0.00010 5 0.001 14 

Baseline 90th 
Percentile 

0.0010 33  0.0010 0.009 0.032 0.001 74 0.0010 14 0.030 929 0.0020 0.0100 0.253 4.100 0.00010 6 0.006 57 

Pre-50th 
Percentile 
Trend 

0.0010 24  0.0010 0.005 0.021 0.001 31 0.0010 7 0.001 435 0.0010 0.0100 0.001 0.520 0.00010 5 0.005 25 

 
Continued…………MPGM4/D8 Pre-Brine/Ash Placement Background Summary 1992-2000 (mg/L) 
 Mn Mo Na Ni Pb pH Sb Se SO4 Temp TDS V WL1 WL2 WLAHD Zn 

Average 1.132 0.001 16 0.07 0.004 5.5 0.001 0.001 239 14.8 395 0.001 3.49 4.17 902.3 0.086 

Maximum 3.300 0.001 42 0.23 0.027 6.3 0.001 0.001 470 17.1 730 0.001 4.12 6.20 903.4 0.241 

Minimum 0.024 0.001 5 0.02 0.001 4.8 0.001 0.001 86 12.0 145 0.001 3.00 3.00 900.2 0.001 

Baseline 90th 
Percentile 

2.600 0.001 29 0.16 0.010 6.0 0.001 0.001 428 16.8 635 0.001 3.96 4.94 903.1 0.160 

Pre-50th 
Percentile 
Trend 

0.640 0.001 14 0.04 0.001 5.4 0.001 0.001 165 15.0 340 0.001 3.40 4.16 902.3 0.070 

 
 

 

 

 

 



 
 
 
 
 

 

   
 

MPGM4/D8 Post-Brine/ash Placement - Data  from July 2016 to June, 2017 (mg/L) 

Date Ag ALK Al As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe-

filtered Hg K Li Mg 

28/07/2016 0.0005 8 0.56 0.0005 0.025 0.026  14.2 0.0001 2.15  200 0.0001 0.0001 0.005 0.094 0.00002 1.67  9.65 

25/08/2016 0.0005 9 1.03 0.0005 0.025 0.042  22.5 0.0001 9.81  331 0.0001 0.001 0.01 0.203 0.00002 2.57  15.1 

29/09/2016 0.0005 8 0.35 0.0005 0.07 0.032  15.5 0.0001 11.1  230 0.0001 0.002 0.013 0.071 0.00002 1.48  11.1 

27/10/2016 0.0005 8 0.19 0.0005 0.05 0.032  21 0.0001 5.87  302 0.0001 0.0001 0.019 0.062 0.00002 1.93  15.8 

24/11/2016 0.0005 7 0.12 0.0005 0.025 0.034  21.7 0.0001 5.05  295 0.0001 0.0001 0.011 0.03 0.00002 1.8  16.1 

8/12/2016 0.0005 8 0.07 0.0005 0.1 0.035  21.8 0.0001 4.31  304 0.0001 0.0001 0.025 0.023 0.00002 1.81  17.1 

19/01/2017 0.0005 8 0.12 0.0005 0.025 0.04  23.7 0.0001 8.33  366 0.0001 0.0001 0.018 0.099 0.00002 2.34  19.6 

23/02/2017 0.0005 12 0.18 0.0005 0.14 0.058  47.1 0.0001 30.8  700 0.0001 0.0001 0.021 0.529 0.00002 4.51  37 

23/03/2017 0.0005 12 0.62 0.0005 0.025 0.032  13.2 0.0001 4.2  156 0.0001 0.003 0.026 0.215 0.00002 2.45  5.85 

6/04/2017 0.0005 6 0.53 0.0005 0.025 0.032  14.4 0.0001 2.8  221 0.0001 0.001 0.02 0.108 0.00002 2.49  11.1 

25/05/2017 0.0005 5 0.55 0.0005 0.025 0.028  16 0.0001 2.35  217 0.0001 0.002 0.017 0.068 0.00002 2.21  11.1 

30/06/2017 0.0005 7 0.58 0.003 0.025 0.031  17.2 0.0001 4.05  261 0.0001 0.001 0.015 0.076 0.00002 2.11  13.4 

 
  



 
 
 
 
 

 

   
 

 
Continued……………………. MPGM4/D8 Post-Brine/ash Placement - Data from July 2016 to June, 2017 (mg/L) 

Date Mn-
filtered Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD 

(m) Zn 

28/07/2016 0.036 0.0005 4.32 0.019 0.0005 5.21  0.0001 74.7  138 0.005 1.9  904.5 0.031 

25/08/2016 0.291 0.0005 13 0.034 0.001 5.23  0.0001 128  244 0.005 2.1  904.3 0.05 

29/09/2016 0.052 0.0005 4.96 0.029 0.0005 5.58  0.0001 89.1  182 0.005 1.9  904.5 0.039 

27/10/2016 0.184 0.0005 9.96 0.036 0.0005 5.44  0.0001 118  182 0.005 2  904.4 0.045 

24/11/2016 0.154 0.0005 7.73 0.04 0.0005 5.25  0.0001 118  206 0.005 2.1  904.3 0.048 

8/12/2016 0.526 0.0005 7.83 0.076 0.0005 5.31  0.0001 125  188 0.005 2.2  904.2 0.053 

19/01/2017 0.3 0.0005 12.4 0.066 0.0005 5.34  0.0001 139  332 0.005 2.4  904.0 0.076 

23/02/2017 1.21 0.0005 38.9 0.114 0.0005 5.37  0.0001 283  568 0.005 2.6  903.8 0.117 

23/03/2017 0.016 0.0005 3.75 0.018 0.003 5.74  0.0002 46.3  117 0.005 1.9  904.5 0.031 

6/04/2017 0.02 0.0005 5.69 0.028 0.0005 5.26  0.0001 84.3  186 0.005 2.3  904.1 0.036 

25/05/2017 0.024 0.0005 5.62 0.027 0.0005 5.31  0.0001 85.3  169 0.005 2.3  904.1 0.043 

30/06/2017 0.139 0.0005 8.39 0.039 0.0005 5.26  0.0001 104  197 0.005 2.4  904.0 0.059 

 

  



 
 
 
 
 

 

   
 

 

MPGM4/D8 Post-Brine/ash Placement Summary from July 2016 to June, 2017 (mg/L) 

 Ag ALK Al As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe-

filtered Hg K Li Mg 

Ave 0.0005 8.2 0.41 0.001 0.05 0.035  20.7 0.0001 7.6  299 0.000 0.001 0.017 0.13 0.00002 2.3  15.2 

max 0.0005 12.0 1.03 0.003 0.14 0.058  47.1 0.0001 30.8  700 0.000 0.003 0.026 0.53 0.00002 4.5  37.0 

Min 0.0005 5.0 0.07 0.001 0.03 0.026  13.2 0.0001 2.2  156 0.000 0.000 0.005 0.02 0.00002 1.5  5.9 

50th Percentile 0.0005 8.0 0.44 0.001 0.025 0.032  19.1 0.0001 4.7  278 0.000 0.001 0.018 0.09 0.00002 2.2  14.3 

Post-90th 
Percentile 
Trend 

0.0005 11.7 0.62 0.001 0.10 0.042 #REF! 23.6 0.0001 11.0  363 0.000 0.002 0.025 0.21 0.00002 2.6  19.4 

 

Continued…………………….MPGM4/D8 Post-Brine/ash Placement Summary  from July 2016 to June, 2017 (mg/L) 

Date Mn-
filtered Mo Na Ni Pb pH Sb Se SO4 Temp TFR V WL1 WL2 WLAHD 

(m) Zn 

Ave 0.25 0.001 10.2 0.044 0.001 5.4  0.0001 116  226 0.005 2.2  904.3 0.052 

max 1.21 0.001 38.9 0.114 0.003 5.7  0.0002 283  568 0.005 2.6  904.5 0.117 

Min 0.02 0.001 3.8 0.018 0.001 5.2  0.0001 46  117 0.005 1.9  903.8 0.031 

50th Percentile 0.15 0.001 7.8 0.035 0.001 5.3  0.0001 111  187 0.005 2.2  904.3 0.047 
Post-90th 
Percentile 
Trend 

0.50 0.001 12.9 0.075 0.001 5.6  0.0001 138  323 0.005 2.4  904.5 0.074 

 

  



 
 
 
 
 

 

   
 

6b. MPGM4/D9 

MPGM4/D9 Pre-Brine/Ash Placement Background Summary 1996-2000 (mg/L) 

 Ag ALK Al As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe Hg K Li Mg 

Average  77  0.0073 0.011 0.093 0.003 23 0.0010 15 0.035 430 0.0053 0.0334 0.160 1.078  5 0.009 19 

Maximum  125  0.0180 0.024 0.190 0.006 40 0.0010 33 0.062 640 0.0120 0.1280 0.450 2.000  5 0.014 35 

Minimum  32  0.0020 0.005 0.030 0.001 14 0.0010 7 0.026 340 0.0010 0.0100 0.001 0.240  5 0.005 10 

Baseline 90th 
Percentile 

 111  0.0146 0.022 0.160 0.005 29 0.0010 23 0.048 607 0.0105 0.0628 0.297 1.667  5 0.013 23 

Pre-50th 
Percentile 
Trend 

 71.5  0.0065 0.008 0.086 0.003 21 0.0010 12 0.031 375 0.0045 0.0135 0.140 1.025  5 0.008 19 

 
 
Continued…………MPGM4/D9 Pre-Brine/Ash Placement Background Summary 1996-2000 (mg/L) 
 Mn Mo Na Ni Pb pH Se SO4 Temp TFR V WL1 WL2 WLAHD Zn 

Average 0.828 0.001 24 0.127 0.067 6.1 0.001 104 16.2 248 0.014 3.8 4.0 907.7 0.501 

Maximum 1.600 0.002 38 0.220 0.230 6.8 0.003 254 20.0 500 0.027 4.1 5.0 909.7 1.720 

Minimum 0.460 0.001 13 0.079 0.002 5.3 0.001 59 11.5 80 0.001 3.6 3.6 905.6 0.140 

Baseline 90th 
Percentile 

1.004 0.002 34 0.178 0.158 6.8 0.002 139 19.2 451 0.026 4.0 4.3 909.7 1.238 

Pre-50th 
Percentile 
Trend 

5.000 0.050 54 0.168 0.086 6.7 0.002 510 19.0 880 0.022 3.7 3.8 907.8 5.910 

 
  



 
 
 
 
 

 

   
 

 

MPGM4/D9 Post-Brine/ash Placement - Data  from July 2016 to June, 2017 (mg/L) 

Date Ag ALK Al As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe-

filtered Hg K Li Mg 

28/07/2016 0.0005 77 0.23 0.0001 0.49 0.026  183 0.0001 173  2583 0.0001 0.001 0.05 4.06 0.00002 17.4  154 

25/08/2016 0.0005 81 0.82 0.0001 0.56 0.036  185 0.0001 148  2661 0.0001 0.002 0.05 11.8 0.00002 16.4  157 

28/09/2016 0.0005 101 0.005 0.002 0.5 0.029  181 0.0001 141  2728 0.0001 0.001 0.05 21.6 0.00002 15.4  156 

27/10/2016 0.0005 87 0.07 0.0001 0.52 0.03  224 0.0001 160  2794 0.0001 0.001 0.05 6.25 0.00007 14.9  167 

24/11/2016 0.0005 91 0.03 0.0001 0.44 0.034  208 0.0001 150  2722 0.0001 0.001 0.1 15.1 0.00013 16.9  174 

8/12/2016 0.0005 103 0.08 0.002 0.6 0.038  224 0.0002 147  2904 0.0001 0.001 0.25 21.3 0.00007 16.5  194 

19/01/2017 0.0005 117 0.02 0.0001 0.76 0.035  220 0.0001 144  2963 0.0001 0.001 0.214 18 0.00002 17.6  208 

23/02/2017 0.0005 112 0.09 0.0001 0.78 0.035  214 0.0001 175  2910 0.0001 0.001 0.1 19.3 0.00002 19.2  204 

22/03/2017 0.0005 115 0.11 0.0001 0.84 0.037  197 0.0001 142  2910 0.0001 0.001 0.072 5.68 0.00012 16.4  193 

6/04/2017 0.0005 128 0.05 0.0001 0.75 0.039  202 0.0001 132  2910 0.0001 0.003 0.026 14.3 0.00002 19.5  201 

25/05/2017 0.0005 101 0.05 0.0001 0.84 0.036  216 0.0001 124  2780 0.0001 0.001 0.05 1.39 0.00002 19.4  201 

30/06/2017 0.0005 82 0.1 0.001 0.68 0.032  164 0.0001 114  2420 0.0001 0.001 0.05 0.43 0.00002 15.7  166 

 
  



 
 
 
 
 

 

   
 

 
 
Continued……………………. MPGM4/D9 Post-Brine/ash Placement - Data from July 2016 to June, 2017 (mg/L) 

Date Mn-
filtered Mo Na Ni Pb pH Se SO4 Temp TFR V WL1 WL2 WLAHD 

(m) Zn 

28/07/2016 8.68 0.0005 172 0.342 0.001 5.41 0.0001 1390  1910 0.005 1.5  908.2 0.139 
25/08/2016 9.11 0.001 166 0.366 0.001 5.41 0.0001 1280  2030 0.005 1.7  908.0 0.191 
28/09/2016 9.34 0.001 161 0.343 0.001 5.89 0.0001 1400  2070 0.005 1.4  908.3 0.137 
27/10/2016 9.46 0.001 205 0.366 0.001 5.91 0.0001 1400  2280 0.005 1.6  908.1 0.12 
24/11/2016 8.75 0.001 186 0.309 0.001 5.94 0.0001 1290  2040 0.005 1.5  908.2 0.084 
8/12/2016 10.4 0.001 199 0.341 0.001 5.93 0.0001 1450  2110 0.005 1.7  908.0 0.14 
19/01/2017 11 0.001 210 0.364 0.001 5.96 0.0001 1450  2820 0.005 1.9  907.8 0.146 
23/02/2017 10.2 0.001 194 0.333 0.001 5.94 0.0001 1360  2630 0.005 2.1  907.6 0.145 
22/03/2017 10.9 0.001 182 0.341 0.001 5.85 0.0001 1650  2160 0.005 2  907.7 0.128 
6/04/2017 11.2 0.001 182 0.317 0.001 5.83 0.0001 1440  1920 0.005 1.9  907.8 0.129 
25/05/2017 11.8 0.001 172 0.307 0.001 5.85 0.0001 1790  2160 0.005 2.1  907.6 0.078 
30/06/2017 10.2 0.001 142 0.28 0.001 5.86 0.0001 1230  1880 0.005 2.2  907.5 0.072 

 

 

  



 
 
 
 
 

 

   
 

 

 

MPGM4/D9 Post-Brine/ash Placement Summary from July 2016 to June, 2017 (mg/L) 

 Ag ALK Al As B Ba Be Ca Cd Cl Co COND 
µS/cm Cr Cu F Fe-

filtered Hg K Li Mg 

Ave 0.0005 100 0.14 0.000 0.65 0.034  202 0.0001 146  2774 0.000 0.001 0.089 11.6 0.00005 17.1  181 

max 0.0005 128 0.82 0.002 0.84 0.039  224 0.0002 175  2963 0.000 0.003 0.250 21.6 0.00013 19.5  208 

Min 0.0005 77 0.01 0.000 0.44 0.026  164 0.0001 114  2420 0.000 0.001 0.026 0.4 0.00002 14.9  154 

50th 
Percentile 

0.0005 101 0.08 0.000 0.64 0.035  205 0.0001 146  2787 0.000 0.001 0.050 13.1 0.00002 16.7  184 

Post-90th 
Percentile 
Trend 

0.0005 117 0.22 0.002 0.83 0.038 #REF! 224 0.0001 172  2910 0.000 0.002 0.203 21.1 0.00012 19.4  204 

 

Continued…………………….MPGM4/D9 Post-Brine/ash Placement Summary  from July 2016 to June, 2017 (mg/L) 

Date Mn-
filtered Mo Na Ni Pb pH Se SO4 Temp TFR V WL1 WL2 WLAHD 

(m) Zn 

Ave 10.1 0.001 181 0.334 0.001 5.8 0.0001 1428  2168 0.005 1.8  907.9 0.126 

max 11.8 0.001 210 0.366 0.001 6.0 0.0001 1790  2820 0.005 2.2  908.3 0.191 

Min 8.7 0.001 142 0.280 0.001 5.4 0.0001 1230  1880 0.005 1.4  907.5 0.072 

50th Percentile 10.2 0.001 182 0.341 0.001 5.9 0.0001 1400  2090 0.005 1.8  907.9 0.133 
Post-90th 
Percentile 
Trend 

11.2 0.001 204 0.366 0.001 5.9 0.0001 1630  2595 0.005 2.1  908.2 0.146 

 

 

  



 
 
 
 

 

   
 

Attachment 2 
      

Lithgow Rainfall Data from January, 2000 to June, 2017 (mm/month) 
from Bureau of Meteorology 



 
 
 
 

 

   
 

 

 

Year(s) January February March April May June July August September October November December Annual 

2000 57 22.2 271.4 50.6 53 32.2 37.4 51.2 43 75 119.2 59 871.6 

2001 105.4 90.6 89.6 84.4 29 9 63.2 30.8 46.4 58.8 80 26.6 713.6 

2002 87.8 187 69.4 40.2 68 22.6 16.8 17 21.2 3 22 47.2 601.8 

2003 3.6 135 41.8 38.4 54 43.2 20.6 0 18.6 82.4 121 68.8 627.4 

2004 35 98.2 22.4 10.4 35 16.2 30.2 50.8 34.8 118 113.8 88.6 654 

2005 102.8 105 55.8 28.6 14 117 59.2 24.6 87.6 117 159.4 48.4 918.9 

2006 146.6 32.6 6.4 6.8 6.8 6.8 54.2 5.8 59.2 3.2 32.2 72.7 433.3 

2007 92.6 141 72.1 44.6 57 223 24.9 65.4 9 37.8 134.7 67 969.1 

2008 102 84.6 47.6 59.8 11 60.9 37.1 43.6 88.2 66.2 83.3 113.2 797.5 

2009 25.2 166 28 74.5 81 44.5 35.9 48.8 63 69 23.6 81.5 740.7 

2010 76.4 119 85.1 35.8 54 40.9 73.5 73.5 52.4 70.9 122.8 164.6 969.5 

2011 114 57.2 77.2 41.2 51.2 72.4 24.6 58.7 78.4 46.2 168 96 885.1 

2012 57.1 152.6 189.8 44.4 30.6 81.8 49.8 21.2 48.6 20.8 30.9 64.1 791.7 

2013 64.1 113.2 184.2 66.2 28.1 29 24.4 23.2 36.8 21.8 95.2 34.2 720.4 

2014 
13.6 74 143.8 63 14 43.2 24.2 24.2 27.9 60.7 21.8 174.3 684.7 

2015 124.8 31 35 184 31 26 44.6 31.6 12.6 37.2 67.2 57.2 682.2 

2016 166.6 46.6 36.8 6.6 20.6 170 102 61.8 92 54.2 51.4 94.8 903.4 

2017 44.6 46.6 175.6 26.8 26.4 40.2        

             Average 726.6 

 



 
 
 
 
 
 

 

Attachment 3 
      

Mt Piper Power Station Groundwater Bore Collar and Pipe Height Survey 
results for:  

a) December, 2011 with Bores MPGM4/D9 and D19 Levels in 2012 

b) Groundwater Level Survey 20th March, 2014 including water level of SW3 
Pond and underground coal mine water seepage point into Huon Gully 

 
 



 
 
 

 

 

 

a) Groundwater Bore Survey results December, 2011  
Bore Name  Easting  Northing  Ground 

level RLm 
Top of 
pipe RLm 

Pipe Height  
m 

MPGM4/D1  225603.983  6305355.123  911.973  912.603  0.63  
MPGM4/D3  225168.952  6305718.268  919.834  920.014  0.18  
MPGM4/D4  224609.58  6305939.21  919.38  919.64  0.26  
MPGM4/D5  224727.822  6305772.088  925.347  925.787  0.44  
MPGM4/D8  226000.54  6305241.889  905.899  906.449  0.55  
MPGM4/D9* 
MPGM4/D11                 

225686.68  
225312.635       

6305313.55  
 6305090.199        

909.566 
 937.344  

 909.664 
937.48            

0.098 
0.15 

MPGM4/D10  225241.559  6304897.926  925.932  926.087  0.14  
MPGM4/D19**   916.947 917.607 0.66 

January 2012 

**from CDM Smith (2012) and Delta Electricity May 2013. 

  



 
 
 

 

b) Groundwater Level Survey 20th March, 2014  

MT PIPER POWER STATION WATER MONITORING 
 

Survey Date 20/03/14 
 

Notes 
 

Vertical Datum is 'Australian Hieght Datum' (AHD) 
 

Horizontal Datum is Map Grid Australia (MGA)  
 

Origin for Survey PM 69965  MGA East    
224266.86 

MGA North    
6306197.29 

AHD Height   
934.946 

 

     
D 10 MGA EAST  MGA NORTH AHD HEIGHT 

 
GROUND 225241.71 6304897.87 925.95 

 
TOP OF CONDUIT 225241.69 6304897.87 926.06 

 

     

MINE WATER SEEPAGE POINT 
INTO HUON GULLY 

MGA EAST  MGA NORTH AHD HEIGHT Comments 

225242.29 6304874.82 923.16 
Ground wet but little 
seepage 

225248.59 6304873.18 920.02 Seepage flowing 

POND WATER LEVEL 225279.48 6304894.09 915.34 
 

     
D 11 MGA EAST  MGA NORTH AHD HEIGHT 

 
GROUND 225312.69 6305090.30 937.30 

 
TOP OF CONDUIT 225312.67 6305090.30 937.37 

 

     
D 15 MGA EAST  MGA NORTH AHD HEIGHT 

 
GROUND 225027.57 6304669.51 940.18 

 
TOP OF CONDUIT 225027.46 6304669.58 940.83 

 

     
D 16 MGA EAST  MGA NORTH AHD HEIGHT 

 
GROUND 225090.33 6304252.03 921.11 

 
TOP OF CONDUIT 225090.35 6304251.90 921.82 

 

     
     

     

D 17 MGA EAST  MGA NORTH AHD HEIGHT 
 

GROUND 225454.95 6304437.14 935.69 
 



 
 
 

 

TOP OF CONDUIT 225454.86 6304437.13 936.50 
 

     
D 18 MGA EAST  MGA NORTH AHD HEIGHT 

 
GROUND 225278.06 6304710.02 932.18 

 
TOP OF CONDUIT 225278.00 6304709.93 932.79 

 

     
POND SW3 MGA EAST  MGA NORTH AHD HEIGHT 

 
WATER LEVEL 225142.93 6304987.14 932.53 

 

     

     
 



 
 
 
 
 

 

 

Attachment 4 
      

Mt Piper Power Station Average Brine Composition 2014/15, 2015/16 and 
2016/17 
 



 
 
 

 

Composition of Brine used for Ash Conditioning 
Date Sampled 2014-2015 2015-2016 2016-2017 

Ag mg/L 
 

0.010 
 

Al mg/L 
 

0.5 0.7 
As mg/L 

 
0.3 

 

B mg/L 
 

31.4 29.3 
Ba mg/L 

 
0.5 0.3 

Be mg/L 
  

0.1 
Bromide mg/L 

  
72.9 

Ca mg/L 
 

587.3 537.5 
Cd mg/L 

 
0.0 0.1 

Chloride mg/L 8331.3 7681.1 6635.8 
Co mg/L 

 
0.5 0.1 

Conductivity (uS/cm) 83487.5 76977.8 73400.0 
Cr mg/L 

 
0.5 0.1 

Cu mg/L 
 

17.9 7.0 
Fe mg/L 

 
0.5 0.3 

Fe mg/L Unfiltered 
 

0.7 
Fluoride mg/L 

  
77.8 

Hg mg/L 
 

0.0 
 

K mg/L 
 

2673.3 2425.0 
Mg mg/L 

 
2840.0 2765.0 

Mn mg/L 
 

5.7 5.8 
Mo mg/L 

  
2.3 

Na mg/L 
 

27633.3 29350.0 
Ni mg/L 

 
6.3 2.4 

Nitrate mg/L 
 

8.6 118.5 
Nitrite mg/L 

 
7.2 7.4 

Nitrogen N mg/L 
  

181.0 
Pb mg/L 

 
0.0 0.1 

pH 
 

8.0 8.3 8.3 
Phenolphthalein Alkalinity (CaCO3) mg/L 

 
17.9 8.2 

Sb mg/L 
 

0.1 0.1 
Se mg/L 

 
0.2 

 

SiO2 mg/L 
 

97.8 106.5 
Sr mg/L 

  
5.8 

Sulphate mg/L 70337.5 61066.7 53800.0 
TDS (mg/L) [gravimetric] 108937.5 99266.7 97966.7 

Ti mg/L 
  

0.1 
Total Alkalinity (CaCO3) mg/L 

 
804.1 708.8 

Total P mg/l 
  

1.4 
TSS mg/L 119.3 71.1 44.8 
Va mg/L 

  
0.1 

Zn mg/L 
 

1.7 0.8 



 

 

 

 

 

 

Attachment 5 
      

EPA Letter regarding Chloride increases at Mt Piper Groundwater Bore 
MPGM4/D10 dated 18th December, 2013  

  



 

 

 

  



 

 

 
 

 

 

 

 

 

  



 

 

 

 

Attachment 6 
      

 

 

Mt Piper Power Station Brine Conditioned Flyash Co-placement Extension 
Water Management and Monitoring Plan, 26 September, 2008. 
 

  



�

���

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

����������	
��������	
����
���	
����	
���
��������	��������
������
��	
�������
��
�����
���
���	
��	��
�����
���
��
������������������������
��
�
�

���������	�
�������

���
������������������

����������
�

�������������
��� �!�"�
#$%��&�������'�����
����(�����
 �
��"�
%�)�
���$� �
%�*���)�+�����������'��#)��
�����
�
,����+���-�.�����'&�����''�
/��������-�.�����'&�����'��
�����-��*� "0���*��1����
***1���*��1����



�

�

�	����
���	
��	��
�

2��)�����32-��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�

24���4((124��

�� �!	� ����� �� ���	
��������� "������ #���	�� $���%���� #���	 ���

�� ��=��=��� 2
���� $
:� $
:� 8(� !>�

�� ��=�&=��� /�����2
���� $
:� $
:� 8(� !>�

�� �=��=��� /�����
���
��*��+�2����������� $
:� $
:� 8(� !>�

�� ��=�'=��� 
�����"�/�����
���
��*��+�2������������ $
:� $
:� 8(� �?�

�
#���
����)������������������
�"��)�������
�"�������������+��
��@���-�
�
�A� 6������+��"��)�������
�"������������
�������
��*��+�)��
�B)���������"��+��@�����+�����
����)
�� ����������+���
�������+�
"���� ���
����1�
	A� 6������+��"��)�������
�"������
��� ��)
�����������
��"�������*
������	 ��������������
1�

�
�
�
3���
�����,+�����C�)��+�)�"�>��*��	�)��,+���
���
��
�
�D��)�����$���������"�
��������
�
• This report has been prepared by Connell Wagner Pty Ltd, at the request of and exclusively for the benefit and reliance of its 

Client 

• ��������	�
�����	
���
��
���
�
�	���������
��	��������
�����
���������	�
��
	��������

	����
����
�� 
��������
������
��

�	����������������������

	�
���������
�	��� 
��
��	��������������
���
��
������ ����	������� ��

��� 
	���!������

	����
����
���	�������������������

�
������

� ��
������
���	�����
�	�������
���������	���!�����
���������

��
�	����"������	���
�������
����
	�
��

��

�
,+�
"���
�����
�
• It is not possible to make a proper assessment of the report without a clear understanding of the terms of engagement under 

which the report has to be prepared, including the scope of the instructions and directions given to and the assumptions made 

by the engineer/ scientist who has prepared the report. 

• ���� ���	�
� ����� ���	�
��
	���� ����

	����
����
��
������
��

�	������������	��	���������	�� 
��������
���������	�
������	
����������������
���
���	���������
	����������������
����
��������
�����
��
����
�������
�
�����
��
���
��
������"�������
������� ������
����
����
�����	�
��
�����!�	�������������!��������
�	�����	�
���

����	�����
����
��������
������	
��������

• �	�������������
�����	����	����	
������������	�������
���	��
�������	��
������	�
��������
��������
������ 
�������	��
������	�
��������
�����
���
������
�
������!�	��
��
����
���

�
!���������3���������������"�3���
�������
�
• The report is also based on information provided to Connell Wagner by other parties. The report is provided strictly on the 

basis that the information that has been provided can be relied on and is accurate, complete and adequate. 

• �	�������������
�!����	�����	�������
���������
�����������������
�����
�	������	�������	���	���������
��
�
���
����
�����������������
������	��
����
	�
����	��� ������ 	�� ���	���
�	����	������ 
	��	��������������� 
��
� 
	� 
��� � 
��
� 
��
��	�������������� �������� ����
�
��� ��� 
���
���	�
�
��
��
��������������
������	���
�	��
	��
����
����

�	���

�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&����

�

�	
��
���
�
�����	
� �����

�

'( )
��	�����	
� ' 

*( �����
����������������
�����
���
��������+������� , 
�1� ����
�� ����(���������� � 
�1� �)
���������
�7)���� � � 
�1� 8
�)�"*���
�7)���� � � 

,( ���

�������
����#������������������
�����
�� - 
�1� �D��������)
�����
)����� � 
�1� �D���"�"�#
����)
�����
)����� � 
�1� �)
�����
)����������������������$
�������������� � 
�1& 8
�)�"*���
� � 

.( �������	
��	��
����	����� / 
&1� ����
�7)���� �8)�"������� ' 
&1� 8
�)�"*���
� ' 
&1�1� 2����(������������"�#���������� �� 
&1�1� ��������(�����
���� �� 
&1�1� 8
�)�"*���
�(�"���?�
���������� �� 
&1� �)
���������
� �� 

-( �	
��
��
������
�� '. 

0( ���
����
�����
������������� '0 

1( ��%���
���� '1 
�
��
�

�
�

��������
�
/��)
���- �D���������"�#��
���"�$
�������"������"�#�+��D��������#
���

/��)
���- (������
���*�
���������#�+�����������#
��������)
�� ���#�
��E� �����*��+�$
���� �
��E�
"�
� �*���
���"�����������
�
)��������"����"��
�����"��D��������#
���$
����2���

/��)
���- ��+������� ��� ����
� ���"������"� #�+� $)�"� ���������� ��
� ������������ ��� $
����
���"������"�#�+�����������F�
������)�+��������
������"�(����������E�����A�

/��)
��&- �D�������$
�������"������"�#�+�����������#
���
��������
)������ �����

/��)
���- (�)�������
���*�
���������#�+���"�$
������9����������#
���8
�)�"*���
���"��)
�����
����
�7)���� �(�����
����������



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&�����

�

�
�
�
#�������
���
�
#����+������- �D��������)
�������"�8
�)�"*���
�7)���� ������"�%��
��+��#�+�2��������#
���

#����+������-�� (�"��������������+��(������
���*�
���������2��������������������������*��
$
�������"������"�#�+���������������+��#�+�����������#
��E��
"�#�
��E������

�
#����+������-�� (�"��������������+��2����������������������3��
������+��������� ����(������
�

��*�
����������
"�G)��E������
�
#����+�����&-�� (�"��������������+��2���������������������
��D������������+���

�D�������$
������"�#�+���9����������#
��E�#�
��E������
�
#����+������-�� $�������
�$�
��
���
������#�+�����������#
���9�2��� �3����������
���
"��+���



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&������

�

��������
�
#������������������
�����������������F���A�*����
���
�"���
��D������������+��(�)�������
���*�
�
��������	
������9�����������
�H�����
���F�������������
E������A�")���������������������������+��
�)

���� ����
���"��
�����"��������*���
����
����"�	
�����
�")������
��)�������
����+�����
���"�
)��
�"������+����*�
����������
����E����(������E����(��F�������������
E�����A1�3������
"�����*��+�
�+��
�B)�
�����������+��2������������������E��+������
�(���������������F�(�A���
��+���D�������
	
������9�����������
���+���	����)�"���"��������)"���+���D���"�"��
��1�,+��)�"���"��(������)"��-��
�

• ��*���
�������
�����
��
�����
��)
�������"��
�)�"*���
�������
��������+����+�"���������������"�

���������*���
�I�

• �+��
�B)�
���������
�������)�������
���������������
����
���
�I�

• ��
����������
�
�")���������	
�����
�")�����E���"�

• 
�B)�
���������
����)�"��������+���
�)�"*���
���"������E�	���"�)�����+��������
����"���1�
�
,+��)�"���"��(�������������*���
�� ���������������������+���"���
�	���+�*��)
�����
)�����*����	��
������"�����
������������������������
�)�"*���
���"��)
�����*���
��
����+��	
�������"������"���+�
�����������
��1�#����������� ��������������"���
�	�"�����+���������+���������
�����)��������)
������
�
�
�)�"*���
����������������� �	�����)

���1



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��'�

�

'( )
��	�����	
�

(�)�������
���*�
����������	�����"�"��������������
������
����+��2���
���������6
	���#����
����"�
���������F26#�A�����
"�#�
��E��������
��+����9�������������	
�������"������"��� ��+�����+���D���������+�
�����������
��1�,+���D�������	
���=��+����������E����"���
�	�"�����+����3�F�'''A��������������
����
�����������������F���AE�����*��	
�����
�")��"�����+���
������������+������������*�
�	��*"�*��
��"���+�
�*�����*���
�E����	��"������"���������*��+��������	�������
����������������1�
�
#�����
�(���������������F�(�A�*����
���
�"E����
�B)�
�"�)�"�
����)���&��������+�")�����
�����+�"�����+���
�������	
�������"������"���+���9������������������F����#����+������A1�,+�������E���"�
���
�������	
�������"������"���+�*��+����+����+������������
��E�+���	����������
������������
%����	�
E�����1��
�
3������E��+��2���
���������������������
���"�������������������)��
�"���+����������������� �����+��
��*�
����������
����E����(������E����(������
"�G)��E������F#����+������A1�,+���*���"���
�	�"������
������
��+���
�H����F�������������
���3E�����A1��
�
2)���������������������������+���)

���� ����
���"��
�����"�����
���"����
����
����"�	
�����
�")������
")������+��)��
�"�E�2����������
���� ��
�����������D���"��+���D�������	
������"���+���9�����������
���
���(�)�������
���*�
��������1�,+������
���������������������+���
�������*�
���D�����"����������
F�������������
E������A�*+��+�*����)	�����"�����)���
�������������������������"�� ��+����+�"��������
�
��1�,+����"����������*������
���"�	 ��+��2���
�����������������������
"�(�
�+������F#����+�����
&A1�,+���
����������"�����+�*�����/��)
���1��
�

�
�
/��)
���1��D���������"�#��
���"��D������������+��$
�������"������"�#�+�����������#
���
�
,+���D���������+�*�����/��)
����*�����
���"���"�B)�������)�����
��������������	
�������"������"���+�
��
��+��
������������������+����+������������������ 1�,+���D���������"��
�����"��D���������
�����
�������
���
�� �"����/��)
��������+�*��+��
��������	��*�����+��������
�������������"��+���*���
���1�
�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��*�

�

,+��"���������������������
��+���D��������
�B)�
�"��+����+���D�����������
�(������������"�
(�����
���������F�(�A�	��)�"���"���"����
���"�	 ��+��2�
����
98���
����
��
����)�"�
��@����
�D������������+��	
�������"������"���+������������
��1�,+��)�"�����)�������)"��"���������-�

• �+�����
����"�����+������
��I�

• �D�����������"
����E���"��

• �+���""��������"������������"���"=�
����
�����
���1�
�
,+����(���""
�������+��*���
�� �������������������+������E�����)"������
����������
�
�")���������
	
�����
�")�����1�3�����������)"�����*���
�������
�����
��
�����
��)
�������"��
�)�"*���
�������
����
����+����+�"���������������"�
���������*���
�1�,+��
�B)�
��������
�������)�������
���������������
����

���
��������������)"�"�����+���(�1�
�
�+�)�"��+��*���
�B)���� �������
������"������������������������������+��	
�������������E��
�)�"*���
�
��"�������*�)�"�	��)�"�
��@�����"��+��
���
�����
�B)�
�"����	�����)�"��������+����"��������
������"�
����+���������������
�F����A����1�,+����"������
�B)�
�"����	������	
���"�)������+��*���
�B)���� �
������
����"���1��
�
,+���(����
��+���D���"�"�	
���������������
���*���)�"���"�	 ���"�� �����+���
�����������
�
(������������"�(�����
���������F��3�����AE����
�B)�
�"�	 ��+�������������"��+����������
�����
���"������1�,+����������+���(������������������+�������������+���������������	
�������"������"���+����
���������)
���*���
�1�3���)��������+���D�������*���
�B)���� E�"���
�	����)
�����*���
���"��
�)�"*���
�
�������������
����������"�"��)�������+���)
�����*���
���"��
�)�"*���
�������
�����
��
���1�
���������� �����������+�����������
)������
�����+����+����������������)�������)
����)
�����*���
��
�
�
�)�"*���
�B)���� ��
��������
������"1�
�
3������D�����"��+����+���(��*����	�������
���"�*��+��+��
�������
 ������(�����������������
��+��	
����
���"������"���+��
���F$$�E�����A1�,+�����������"�������
�"�	 �$�������
�$�
��
���
�������� �!�"�F$$�A�
��
��+����*�
��������1�,+��(�)�������
�����
���������������*����	��
�������	�����
�������
������"�*����

�B)����$�������
�$�
��
���
��������������������+������������ �����E����
�B)�
�"1�
�
�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��,�

�

*( �����
����������������
�����
���
��������+��������

*(' ��������������
�����
��

,+��(�)�������
���*�
�����������"���+����
�����
����
��������"�*��+����+������+��������%�)	��@��
�
��@E����
�	)��
 �����+����D��
���
E�*+��+�������)	9����+���������+����

����	������+����1�����
�
� ����������������
������������+��(�)�������
���*�
�����������+������������
���"�
�����)
�����

)������
����+���D��
����	����
���*� ��
����+��"�������"���+������"
�������"�������*���
������������
���"��F/��)
���A1��D��
����
)�������������"�
����"�����+�������
��2
����F�����"�:)����
��@AE�*+��+����*��
�����������������"���
��+��������:)���(�������"������"��+��8
�)�"*���
������������$�����F8�$A1��
�
�)
�����*���
���������������
)������
���*��+����+���D�������	
�������"������"���+���"��
�����"�
�D�������������������
�����
���)�����"����/��)
���1�,+����
����*���
����"������"���+�
)��������
"�
����"����"�
� �*���
����
�������"�E�
)������
����+��	
�����
�������+��	
����"�
� �*���
����"����"�
������*���
�"���
����������"������������"1�2�����������+���D�������	
����
)������ �������"��
�����"�
	
����"����
��������+�*�����/��)
���1���������"�*���
�*������� �	��)��"���
�")����)��
�������*��+����+��
��+���"�	
���������������
��1��
�

*(* ���%����������+�������

�)
�����*���
�����+�����
	 �%�)	��@���
��@�����+�
����
���"�	 ��������"��������
�����������)��+���E�
�
�����"����������1�,+���
���������+�����)
������+�������������� E�*+��+�����)"����)�9�
������������
�����E���������*+��+�+����	��������"�����+����
���F�������������
E�����	A1�#����+��������
���"���
���)���
 �����+���D��������)
�������"��
�)�"*���
�B)���� ������"����
��+����+�"���������
��1�
�
����
�B)���� ����%�)	��@���
��@����
�������� ����
���"���
��	���")���������+��������)�����"���
����
���*�1�,+����"������
�������*������� ��	�)���1��(!="� 1�
�

*(, &�	�
�
�����+�������

8
�)�"*���
������������������������������
������+��*���
�� �����������������
��+����+�"��������
�
��1�8
�)�"*���
����*���
������
���*��������+����+�"���������
�������+�������
��2
���E�*+��+�����
��
�+��:)�����������"1�!�����"����*����)
��	��*�����+����������"���"�%�)	��@���
��@�F(�

��@E�����A1��
�
,+���������
�)�"*���
�����������"���������E������ ��)��+���E���"��
�����"��������������*������������
�
��������������)�+�������"���"�J���1�,+���
��������������)�+����J������"����"��
��")�����������
����
������������
�����������
��������"������
E����"���"�J��������9�)�����������+����
�+9*��������+��
��+�"������������1�,+���
�)�"*���
�+�����*��:�")������+���
�����������
���� 
����1�4D�"����������+��
�
���� 
����E�	 ��
�)�"*���
����������+
�)�+��+���
��E�
��)���������
 �+��+��������
�����������
�����"�
�)��+���1��
�
���
�*���
�B)���� ����������
���������)�"�
�
�)�"������������
��������+����)�+�����+������1�,+���+���
�������"��+��*���
�B)���� �����+��8
�)�"*���
������������$��������
������ ��
��F�������������
E�
����	A1�,+��������
�����
���+��)�"�
�
�)�"�������
����*+�
������������
��	��*������
��
������
+��"�����+����	������
����� �����"���"��+��
��������*�"������������1�,+��*���
�B)���� �����+�
����
���"�
	 ��������"��������
����������	�
�����"��)��+�������*��������
��E����������E����@�����"�J���1�
�
,+���
�)�"*���
��������
�����������
������������
���)�+���*�
����	��@�
�)�"�	�
���������"��*� �
�
����+����"�������
��1�2)������+����������"����)
������+����
��)���
��	�"������"����������������+��
�
��E��+���
�)�"*���
�*���
�B)���� ����+��+� ���
��	���	��*�������������	�
��1�,+��
��������
	��@�
�)�"�	�
����
��)��"����
��
������	��@�
�)�"����"���������
������
�����*��+��+����+�����������
�
���"�*�9�
�"�����	�
���F����#����+������A1�





���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��-�

�

,( ���

�������
����#������������������
�����
��

(��������������)
�����
)�������
��+���D�������	
�������"������"���+��������������"���
�	�"�����+��
�����*�����������1�#�������
��

���������*����	��)��"���
��+���D���"�"��
��1�
�

,(' ������
�����%������
	%%��

,+��	
���9���"������"��� ��+������������
������������"��������
����)
�����
)�����������������
������������������+���������
�)�"*���
���"��)
�����*���
1�#������	����������/��)
���E��+��	
����
���"������"��� ��+���������"������ �
����"��+���D��
����	����
���
�������"�*��+��������
�������
����
�� ��+�����
����������+��������+��	
����	 �
)�����������)
�����*���
���)���"���+�������������
��1��
�
#���+���������������������������������E��+����
������ ��+����������������
�"�*��+���������"�

���������"E��������
"�����*��+��+��$�������
�$�
��
���
������
�������
 ������(���������������F$$�E�
����A1�3���+���*� E��+��	
�������"������"���+�"�������������
�����"��
����+���)

�)�"��������
�������
	 ����������������*���
����"������"���+���"��������������E�����
������� ����
���"���
��+����+�
�����������
������1�,+���������������+����+�"���������
�������)�+��+����+��
��@�����)
�����
)�����
����
�������)
���*���
���)
��������������1�
�

�
�������,(�����������	%��������	
����	
���#��������
�����������������
��%	���	
���
��
��	%�
���
���	
����	
���#����������
��2%�	����)3�'///4�
�
,+�����)���K!������
�����
����
�������L�����)
�"����!��+��*����������F/�
���
��'''A1�,+��	
���=��+�
����������"�������+�*�"��+����+����H�
�� �����+��
����������������
���"��
����+����+��)
����E�
��)������������
���
���������� ��M�����+�����)���
�������������
��������)
�����
)����1��
�
�)
�����
)������
���*��+����+���D�������	
�������"������"���+������������
����������+�*�����/��)
��&1�#�
�)
���������������M�"�
������+��
��������
)����������*�"��"������������"�����+������
������+��"������E�
*+��+�+�������D��)��"���+�����1���1�����
���������"�����+������"����"�
����"��������������E����"����
�)���*+��+��+���"�
�����*���
�����+������"�������$
����2��1�3���������������+��� ������
��
)�"�
��@���"��� �������)
�����������
�� �")
�����+��������������
��"1�#���
��� ������+�
�������������
��
�+��@�"�")
�����+�������������������"������"�����+��$$��#�+�����������#
���2��� �3�����������+����
F#����+������A1�
�





���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��1�

�

,+������"�$
����2���*�����J�"����������������������������� ��
����
����������
�����"���")�����+�
�����������������
���1�,+���*�����������"�	���"�)�����+��'��+���
��������������� ��
���������+� �

��������"������"���@�����M�����)
�����
)������
����+���
�������+�����������1����
���������� �
)�����
����)��������+�*�"��+����+���
����������"���J��*��������
�����������+����
��
���J��*���)��"1�
�
����
���������"�����+��"������
�)��"���
�")����)��
�������	 ���
� ����������+����+=	
�����
��1�3���+���
*� ��+����J������+�����"�����	��@��������������)�1�,+��"���*����	��@�������� ������
���������	������

�")����+�������	���� ����������
���*1�3���+��)���@�� ��������+����+��"���*���������
���*E��+��*���
�
*�)�"�"
��������+��"�
� �*���
����
����"����*+�
�������)�"�	���)���"�	��@�����+��	
��������������
�
��1�,+������������ ��������������������*�)�"��+���	���"����"�*��+�
���
"��������
����"�������
����
�
�B)��� ���
��+��"�������������������E���"��+���
������������� ������
��"������������"�*���
�����+��
8
�)�"*���
������������$����1��
�

,(* ����
����#�������%������
	%%��

,+��"����������+���D���"�"�	
�������"������"���+������������
���"
�������� ����E�����������
�D��
������"�����
����
)����E�*����	��������
�����+���)��"���
��+���D��������
��1�,+���D�������"���������
���"�*����	���D���"�"�������+���D���"�"��
������
�B)�
�"E���������������������
�������)
����������+���
�+�*�����/��)
��&1�,+����������E����"�����)�����
���������������
)�����*����	������"����
�B)�
�"1�
����
��
����+���)���*����	��"�
����"�����+���D�����������"�$
����2������*�����������""��������$
����
2�������+���D���"�"��
��1�#���+��������)
��������
��D���"�"��
���*����	��������
�����+�����
��+���D�������
���������E��+����J������+�������"�$
����2���*���������	�������E����"������"����/��)
��&1�
�
,+��"����������+��"
�������� �����*����	���)���"�����+���D���"�"������������
�����"��+��������"�
"����������D�����"����	��������
�����+����+�*�����/��)
��&1��
�

,(, ���%������
	%%�����	������	
�	%����
���������
��

4�����������������	
�������"������"���+�������E��+���
���*����	������
�"�*��+���
������+���"��+��
$
����2���*����	��"������������"1�#����
����*����	��
�+�	�������"���"��
���"
������1�
)������
����+��

�+�	�������"��
����*����	��"���
��"�����+������������"
�������� �������
�������
)�����F/��)
���A1��
�

,(. &�	�
�
�����

�
���������������)
����
�)�"*���
�������������������
������+��*���
�� ��������������1�(���)
���
�)�����"�����+����������������������@��������������+����������+����+����+�"���������
�����)�"�+�������
�������
�)�"*���
���"�����)
���)
�����*���
1�
�
,+���������������+����+�"���������
���*����+������������������+����
��������������+�������"�����
������
������������+���������
�)�"*���
1�8
�)�"*���
���"���������

��"��)����
��+���
��������'�'���+�
"���������3��F��%��E��'�'A���"�����"��+������)	9�)
�����"
���E������
)���"��������������E�����
������
�+��"�������"���+��
���������������������*��+��+���
�)�"*���
�����+����������"�*�)�"���+������+���
���1�,+��	
�������"������"��� ��+��
�������+����+��	
�������"������"���+�"������������"������������+��
��+�"������E�����������	�����+��*���
���	��1��
�
$
���9���"������"��� ��+�*��������������������������*��+��+���������
�)�"*���
���	��1�,+��*���
���	������
�
�"����"����
����	 ��	�)����������
��)��������+����������1�,+���������
�)�"*���
��+�)�"��+�
���
��	��
����������	���*��+��	
�������"������"���+�"���������
���F(�

��@���"�,�������E��'''���"�(�

��@E�
����A1��
�
#���+����������"��� ��+�+�������*���
���� E����� ���
 ����������)�����������+�����
���
�"����"�����	��
��
��"������
��)������
��������������
������������+��	
�������"������"���+�"������1�,+��	
���������+�����"��
����
F/�
���
E��'''A���)�"��+����+��
��������������
������*������ ��	�)���������
� ��
E��B)�����������������+���
�M�����+�����)������
����
�������1�
�������������������
�����
����"�������F(�

3�>E�����A�+���
��"�����"��+����+������+�����
�")��"��
����+���D���"�"�	
�������"������"���+��
�����������D�����"����



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��5�

�

+����������������������������*���
�B)���� �����+�������
��2
���E��+��8
�)�"*���
������������$������
�
%�)	��@���
��@1�
�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��/�

�

.( �������	
��	��
����	�����

����
�B)���� �������
�����
���"�������
��������"	��@���
�*���
�� �������������������+����+�"��������
�
��1�,+��������
�����
��
���+���	����"������"�����)��� ��)�������������
���������������������)
����
����)
������+������������+��*���
�� �������������������+���"�������������	����"��������*+��+�
�
�+���������������*���
�B)���� ��
��")������+���������������	
�������"������"���+��
���+�
������������
*��+����+���
��1�,+�������������"����� �*���
�B)���� ��+��������������
� �����������+����)��������	��
�����������"1�3���+���������+����+�������
���D�����"����	��")������+��	
������9���������E�"���������
����	����"��
���
"������

��������������1��
�
,+���
�������#�
��E������2�����������#��
��������"�������%�1�&����"�&��F#����+������A���"��+��
������
���
����������"�� ��+��"�����������F#����+�����&A�
�B)�
����+��2���
�������������������������)���
*��+��+��2���E�2���
�������������
���"����
� �F2��AE�� "�� �����+�����#)�+�
�� �F��#A���"�
!��+��*���)�����
���
"�����
�����"��+����������+���D��������
�)�"*���
���"��)
�����*���
�������
����
�
��
��E�	���
�����
�����������)�"���"�����
�7)���� �(���������������F�7(�A�����	���
����"1��
�

.(' ������+�������&������
���

,+���������)�"�������)��"��
���+���
�9����������'��+���
���������
��+��#%N����F����A��)�"���������
�
�
�������������
��+*���
�F�����������������
E�����	���"�#����+������A1�3���+�)�"�	������"��+���
��"���������"��������+������������������
�����������������"��
������������
�������D�����"�����+������9
��
�E�����+����������������
�������")������+��	
�������"������"���+������������
��)���@�� 1�
�

.(* &�	�
�
�����

,+���
�)�"*���
�������
����	�
��E��+�*�����/��)
���E�+����	����)��"����������
�������������+��
�D�������	
�������"������"������������
��1�2)������+���������������*���
����"������"���+E��+���
�9
	
�������"������"���+�	�
���(��E�$'�����"�$'�&�+����	���������"�	���
��	���������
�"�	 ���+1�
,+��	��@�
�)�"�	�
��(���+���	����"
 �������	
�������"������"���+�����������	�����	)�����
)������"�	���)���������������
�"����+�B)�
��
���
�*���
��������1�,+����
��
������	�
���
(�8(&=2��E�2�����"�2�&�+���������	���������"�	���
��	���������
�"�	 ���+���"�
������ �	�
���
2�����"�2���+����	���������"���"�����
�"�*��+�����������1�,+�
���
�E��+���������*���
�B)���� ����
�+����������"���������	�
�����"��+��8
�)�"*���
������������$�����*����������)�����	��)��"����������
�
�+�������������	
�������"������"���+���������������+����+������������
��1�3���""�����E���	
������*�
��
���J�����
��F*+��+���� �������
�*���
������A�+����	���������"��
�)�"��+���������������+������
�"�
	�
��2�&�F����/��)
���A�����
���"����
� �*�
�����������
��������
�)�"*���
�������������"��+�
���
��
�����	���	
��������+������
����+���D���"�"�	
���������������
��1��+�
�������������������
��������
�
�)�"*���
��������������"������"�	 �����	
������*�
�����J�����
E���	�
��*����	��"
����"��+
�)�+��+����+1�
/
���*���
�����+��	�
��*����	������ ��"���
�*���
�B)���� ���"���+���
������������������"���"����� ��"�
��
������)
����"��������������+���������1�:�*���
E�")������+��*���
����"������"���+����������E��+�
�����
��������	���� �����������������
���
�)�"*���
�������
����	�
�������"���+����+������������
��1��
�
3������
�����"��+��E����*�������������������""����������	
������*�
�����J�����
������+���D���"�"�	
����
�����������
���F������������&1�1�AE��+��*���
�B)���� �����+��8
�)�"*���
������������$�������"��+��
�D�������������
����	�
����)���"���+����+������������
��E��+�*�����/��)
���E�*����	��)��"����������
�
�+���D���"�"�	
�������"������"������������
��1�,+����	
������*�
�����J�����
�E�8
�)�"*���
�
�����������$�������"�
���������	�
����
���)�����������
�������
�����)
�����1��
�
3�E���
������
�����E��D������������+���D��������
�)�"*���
���"��)
�����*���
�������
�����
��
����
	��������������
 E����*����	��)�"�
��@���*��+�����)����������"��������
"�����*��+�
������	���

�B)�
����������24�E��������)��������*��+�2���E�2��E���#���"�!��+��*���)����1�,������"��� �
����)����E�����+�)�"�	������"��+���#����+�������
���
������+��2!�����"��+���2���
���������� �

���
���������+����
��
�2!��1��
�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��'6�

�

�D���������
�)�"*���
�������
����+���	��������������������������B)�
��
� �	������
�)�"��+����+�
"��������������������'�������+�
����
�����+��*���
�B)���� ���"�+ "
�)�����+�
����
�����������+���
��1�,+��
��������������+��	�
���*�
���������"�����
"��������+��#%N����F�''�A��
������������)�9�
�"�������"�
"�*�9�
�"�����	�
��1�,+��	�
���*�
�������"�����"����"��"H����������+����+�"���������
�����
���
� �
*�
������������+������
�����������
����+����+=	
����"������1�3���""������E�	�
���+����	��������	���+�"�
�)
�+�
��*� ��������*�"�������������
�)�"*���
�������������*�
"��+��8
�)�"*���
������������$�����
��"�%�)	��@���
��@���"����������
�	��@�
�)�"����"������1�,+���������������+��	�
����
���+�*�����
/��)
���1�
�
,+���D��������
�)�"*���
�������
�����
��
���*����	��������)�"�)�"�
��+���(��*��+����������
)�"�
��@������
 ��+
�������+�������������+���
�)�"*���
�������
����	�
�+�����1�,+����
�����
��
������
�"�����+��	�
����
�-�*���
�"���+�	���
��	�������F���#)��
������:���+��2��)�E�#:2AE����")������ �
F����	
���"�C�3�����
AE��:E��)��+���E��+��
�"����"��
������������������"����#����+��������+����
��

������������+��#%N����F����A��)�"������1�#��"���)���"���������+������E��
�)�"*���
�	�
��
(�8(&=2��F/��)
���A����)��"�����+��	��@�
�)�"�	�
��")��������������������
��)���1�
�
$�
����
��	����"��&�+�)
��	���
�������������"�����+��	�
��+���+��+�
��+�
���������	����"��������)�����
�+
����������+��	�
�����)��1�
�
#���*���
�B)���� ����� �����
��)�"�
��@����������
"�����*��+�2�������
���"����+�"��F��#����&A1�
2�����������������
����������+������)
��������)
�����������	���	�����"������������
��������������������
�)�"������1�3������������E��+����� �	�������*�����=���+��+���)�"�������������
�����1�
�
,+��
��)�����
����+����������E�����)"������
�������������
�B)�
�"E�*����	���
������"�����+�����)���
����
���������(�����
����
���
��F�(
AE���������)������+�������*������������"���
�	����2����
(������������"�#���������1��





���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��'*�

�

.(*(' �������
�����
���
��#�������
��

#���+��"�������
������"��
����+����	�
���
 ������������
�"�*��+��+���D�������"����	������
��)����
����"�
�D���"���������)�"�������������
������1�#��
�������������)����
����"�����"�)������+��#%N����F����A�
�
���")
�E�*+��+���������"��������������B)�����E��
��
����
��+��E��+
����������+������"�
"�"�������������+��
"���	�����*� ��
����+��"���	��������1�3���+������)
�E��+����	�
���
 ����
�B)����"����
�������+������1�3��
�+���)����
�����	�����+���)�"�������������
�����E���������������������)�"�
��@������"���
���������+��
��)���
���
�����
�")�������������������������1��)�+�"�����������"�����"��
����+��"���	����)��������
������������������+����@�� ���)��������+���)����
�����
�������"��+������	��"�����"1�
�
,+��*���
�B)���� �"��������
��+�"����
����������+�*��
��"������+��	��@�
�)�"���"�
���������*���
�
�
�)�"*���
���"��)
�����*���
�������
���������1��+��
�"�����)��"�������
���
���
�	
��������+�����
	���)����+���������
������+��+� �����
�����"���"�������"�����)������"������)��+��+���
����������+�
��
����
��������E1�,+���+��
�"���������
�������
���"��������
� �*�
������������+�����
����+��	
�������"������"�
��+�"������1��+��
�"����������)���@�� ����)�"�
����+�����������
����������+���
�)�"*���
1��
�
3���������
����������
������	����	��@�
�)�"���"����
���+��+��
���������������)�"���������"��������	���

������	� ��D�����"����")���+��	
���������������
��E�*+����+������������
�������������"�	��@�
�)�"�
���"��������
����@������������)��E��+������������ �����E�"���
�	�"�����+�������*�������������*����	��
����������"1��
�

.(*(* ���������	
��	��
��

3���""����������
�)�"*���
�	�
��E���	
������*�
�����J�����
��F?��A�+����	������������"�*��+����+����+�
"���������
������"������
��������������
��������"��������E������ E��
����+��	
�������"������"��� ��+�
"������1�,+����
���?���*����	����������"�����+���D���"�"��
�������
���������������+����
����� �
����
��������"1�,+��?���*����	���)�@�������)���	���"���+������"������*+��+�
��+�
��������������
����+��
	
�������"������"��� ��+����������1�3���+��?��O����"�������+�����������������)

���E��+�����������
�
�B)��� �����+���)���"��	�
���*����	�����
����"E����
�B)�
�"E�����
���"�����"	��@���
���������������
�+��	
�������"������"��� ��+������������
��1�,+��?����*����	��������
�"�
��)��
� ���"�����+�����
���� ��"���
��+���
���������������E��)�+�������")������ �����)
������1�
�

.(*(, &�	�
�
������	����$���%�����	
�

,+��2#����"�������F#����+�����&A�
�B)�
���+����+����D��8
�)�"*���
�(�"�������
���
��������	�����
)�"�����+���
�)�"*���
���"��������
������"�����+��(�)�������
���*�
����������D�����������$
����
���"������"�#�+�����������#
���9������������������
�����������������F"���"�G)�������A1�,+��
���
��
��������
�B)�
�"����)����+��
��)������"����� �����
����+��*���
�B)���� �������
�����������	
�����+��
�
�)�"*���
��������������
�����
����"��1��
�
,+���������������
�����
����"�������)�"�
��@�����
��D������������+���D�������	
�������"������"���+�
�����������
�������*�������	
���"�)������+���)

����*���
���������"�*���
�B)���� �"���	���1�3���
"�
�
�������	
�����+����"�����
��+���D���"�"��
��E����*����	��
�9
)��������)���������"����+���	������������"�
����
�	
�������"������"��� ��+�����������+������
��"�����+���D���"�"��
��1�
�
,+�������
�B)�
�"�������������)���������"�������"���+������)���
����1�(�"��������)�����������������+���
"�
�
���&�� ��
�E�*+��+��������
��+������������+����������1�:�*���
E�����	
��������)�"�	��)�"�
��@���������+��
����+������)���F�����"�����"�	 ��+��
�"���������
������A�
���+����+���)	9�)
�����"
���E�	���*��+��
�����"���+E�����+��	����������+����������"E��
�*+���������������������+��������*���
�B)���� �+���
���)

�"��+����� ���"����������+������
�����������
����+��	
�������"������"���+��
���+����
���+�"��+��
�
�)�"*���
1�
�

.(, ���%����������

�)
�����*���
�B)���� �������
��������������+��*���
�B)���� �����+��(������
���*�
����������������"�
"���+�
���������F!2����AE����%�)	��@���
��@�����+����
������)������������E�������;�����"��+��8�$1�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��',�

�

,+������������������
���+�*�����/��)
���1���
�������*���
��
���
"�"�����;���	 �2�����"��
���"�"�
���(������
���*�
���������*+���
�B)����"1�,+���;�����������%�)	��@���
��@����������"�"�*���
����
����+����+���"�	
������9�����������
������
�������
�������*���
�B)���� ��+������
������������+��
)���
������������!2����1��
�
�)
�����*���
�B)���� �������
��������)

���� �)�"�
��@���������+
�������+� �	����E��D���������;���
*+��+�+���	��������+� �������4���	�
E�����E���"������������*��+��+��
�B)�
�����������+���
�������
#�
��E������2������������������1�,+�������������
�B)��� �*����	�����������"�����+���)
�����*���
�
B)���� �������
���������1��+�
����
�����������)
�"���"����+�"��)��"E��)�+�������")������ �F����	
���"�
C�3�����
AE�*����	�������������*��+��+����)��"���
��+���
�)�"*���
�	�
���F������������&1����"�
#����+������A1�2�����������������"������������*����������)�����	���+������������
��
�)�"*���
�
"��������������1��
��



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��'.�

�

-( �	
��
��
������
��

3���+��)���@�� ��������+����+��	
����
)����������������"���*���������
���*E��+��*���
�*�)�"�"
��������+��
"�
� �*���
����
����"����*+�
�������)�"�	���)���"�	��@�����+��	
���������������
��1�,+�������*����
���������� �������*�)�"��+���	���"����"1��
�
3���+���������+���������
������"��������+���������������������
�����������+��8
�)�"*���
������������
$��������"��
�%�)	��@���
��@�+�������
����"E���"��
�����
���+�����+��
�������������� �"�
���"�
#%N�����)�"�������������
������E��+��������
����
��)����*����	���D�����"����"���
�������-�
�

• �+�����
���������
������	� �	���D�����"����	��")���+��	
���������������
��E�*+����+��������
����
�������������"�	��@�
�)�"����"��������
����@������������)��E���"�

• �+�
��+���	��������������������"�������������D���"���������+��
�������������� �"�
���"�#%N����
�)�"�������������
��������
��� �����+��*���
�B)���� ��+�
����
������1�

�
�+�)�"��+��
����*�����+��"�����)�������+�����
������������������ ���)��"�	 ��+��	
���=��+�"������E��+��
�����*�����������=
��@�������������*����	��)�"�
��@��-�
�

• ,+��8
�)�"*���
������������$�����E�%�)	��@���
��@���"������+���
�)�"*���
�	�
���*����	��
�9
������"E�������������+�����
�����������"���E����"���
���������+�����
��������
������"����
"���
������+����)��1�,+���
�B)��� �������������*����	�����
����"��������+� �)������+�������
����

������"I�

• ,+��
)�����$
����2�������
�*����	��
�9�+��@�"���
����@�1�#� ����@���+����
��"������"�*����	��

����
�"I�

• ,+�������
�� �����+���)
�����
)����������������� ����������+��	
�������"������"���+�����������
�
��E�*+��+��
��
��)��
� ��+��@�"E�*����	����������"�������)
��
)�����+�������	 �����"��+��
"������������"E��)�����"�"�����"�
����
�"E�����������
 E������
����������������������
����������I��

• ,+��
����������������������+������
����+����9�����������
���*����	��
��)��
� �������
����	 ��+��
��	
������*�
�����J�����
����������"�������+�����������+��	
�������"������"���+������������
��1�
,+�����J�����
��*�)�"�	���D�����"����"��������������*����	���
�����
���+�"��+�������������
	���*I�

• 3���+��*���
�B)���� �����+��8
�)�"*���
������������$���������+�*�����+�����+����������������������
�+��*���
�B)���� ����%�)	��@���
��@E����*����	���)���"��)����"���
� �"�����+����+�����������
�
��1�!���+���������+����	
������*�
�����J�����
��*����	���+��@�"����"���
���������+�������+��
��)�������+����������+��*���
�B)���� �����+��8
�)�"*���
������������$����I�

• #��
�)�"*���
��������������E�����)"������"������E�*����	��)�"�
��@������"���
����������+����)���
����+��*���
�B)���� ��+���������+��8
�)�"*���
������������$��������")�����	
��������+�����
���
�+����+=	
����"������I�

• ,+���������������	
�������"������"��� ��+�*����	�������
�
�� ��)����"�"����"�����+���)������
����+���	������������������1�,+��	
�������
�������"��+�����+��������� �������
��&�(!����	
���1�
,+�
���
���+�
�������������������)�"�
��@�������������������F�
�"����"����)���	
�����
�")������
�����������(!A1��

• �+�)�"��+����)
�������������������������
�������	���"�������"�����+��	
���=��+�"�������E����
��������������*����	����

��"��)�����"���
�����+�*�������
������+���
�	���I�

• ,+��
�����������@�+��"�
��F��#E�2��E�!��+��*���� ���)�������"�2���A�*����	���������"���"�
�������"����"���)���������������������"�"����
����� ��+�����)�����1�,+��2���
������������������
*����	���
���"�"�*��+����"���������+�������)���������
��������"�"������������ ����
��������
���������������"��+��
���"�����������)
���)�"�
��@��I�

• 4��������������	������)��������"�����"���"����
���"E���9����������*�)�"��+���
���������E�
�����*�������
�����	 ��+��
��������#)�+�
�����1��

�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��'-�

�

#��
�������
��+��"���+�
������	
���������+���������������*�����
��������������*����
����)�� ��
����"�
	 �26#�E���������������� �����+����������	
���=��+����������1�4�����"������������������
)�@�����+��
	
��������+����*����������*+�
����������D�"�*��+���*��������������"��)���������	�)����������E����������
������"��)����������E����������������+����*������"�	
�����
��"��)��"�����+��P��D����J���O�����+��������
�)�����1�
�
3���+��)���@�� ��������+����+���	�������)������*���������)
�*+����+�
��*������"�B)����������� ����	
����
���
�������"�E��""�������������
�
 ����
������)�"�	���

����"����������
��)
��)��	
������)�"�	��
�
�����
��"�����������������
�������"�������1��
�
�
�+�)�"����@��	��"������"��
����+��	
�������
�������"�E��+
�)�+�
��)��
�������
��������+���"H������
	�
���F�+�*�����/��)
���A��
������
��)����������������������������E��+�����
��������+��	
������)�"�	��
�
�����

�"��������+�
����"�����+����*�
���������*+�����+��"�������������
����
����
�"1������
)�����������
�����
�
 ����
�����
�����)�"������	�������"�
�"�����+���"H���������"��*�
�������)���	�����
����
���1�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��'0�

�

0( ���
����
�����
�������������

#����
��������
������	��E�(�)�������
���*�
���������������
���"�����+����+���
�")�����E�+��"�������"�
���
��������+��	
���������������"���"���������������������

��"��)�������
�������	��������
1�
�
����
�����
����������
������������	
�����
�")���������(������
���*�
���������+����	���������������"1�
,+��������������������+�"�������)������
����
��
���
���������+��/��+�
���
�*���
��)��� ��������������"�
���
�")����+��)�������+����
�����������D��
���
��)��� 1�,+���+���������"�	
�����
�")�����E������*+���
�+����*�
���������*������
���"�������
��)���������� 1�,+���)

�����
������"�"
�)�+��+���������"��������
����+��/��+�
���
�*���
��)��� ���"����
����"��+��������� �����+����D��
���
��)��� E�����+�����)������
	
�����
�")������+������
����"����
������ ��
�1�,+���D���"�"��
������	
�������"������"���+�����������
+�����@����+�������������������)�����
��)�)
����9����������
�B)�
������1��
�
4�+�
�	
����
�")��������
��������	�����)��"�����)"��
�� ���������������*����*���
���"�)�������������
��*�
�*���
�������"��������+1�,+������������"���+�
���	
������������+���������������*�����
�����������
������	������������������ ����������+���������+�����������"�����������	
�������"������"��� ��+����
����

)���"��
��)����"�"1�
�
,+��+��"��������	
��������+������������

��"��)������
�������� �
�������������+���)

�)�"��������
������1�
$
�������"�������������+���� ��+����)
��*��+����+������"���*�
����������
��E��*� ��
����+����+�"��������
�
��E�����
�������� �	
�����
�	
���������������"�����
��������
�������)
���*���
*� �1�,+���� ���+�
���"����������������
�������
������"�	 �"
�������� �������+��������������"��)����"
�������*���
����
���������	�������
���*+�
���+��*���
����
�� ���"���
����
��
�����)���1�,+��	
�������"������"��� ��+����
�
�����
��"�����+��"��������"�"���������
���	 ������ �
1�
�
,+���)�������
�����
���+��	
��������+����+����"������������������������"��"H����������+��	
����+��"����
���"�E���"��� �"
��������
����+���)����
������"�
����"�	��@�����+��	
�������"�1�,+���������������)�� �
*��"�"�:2�����"�#$������E�������"��	�����
�)�"�������)
���+����+�������	���� �������)�"������"����@�
�����������"1�
�
,+��������� �)�����)
����+����� ����������	
�����������
�����"�����+����
�����������1�,+��"
�������� �����
���	��@�"�)��	 ��+��(������
�/�����:��"�������"E�����+�������+��)���@�� �������������@�"�	
���E��������	��
��������"���"��)���"�	��@�����+��*���
��
�������������1��
�
,+��	
�������
�������"���
��"�)	�������"��������������+��
��@�������@����"��������
�)�"*���
�
�������������1�8
�)�"*���
�	�
���+����	������������"��"H����������+�����"����"��
��������
�"�
B)�
��
� �����
���"����
� �*�
�����������@������+���)��
�����
1�,+���
�)�"*���
����������
�"���
��:E�
�+��
�"�E��)��+���E����")������ ���"�������"�������"�����"�1�3���""�����E��
������������
��������"�
B)�
��
� ���������
���+���������)�"��������
�������D���"�"1��
�
2)
�������
��������+��	
��������+��+��"�������"�E����������"�������������+��������"�����
�����������	��
��)

��"�*��+��+��	
������
���D����*��+��+���� ���+1�,+������
���������
��"����� ��D������"����
�B)�
�"���"�
�
�����
��"�����+����+����
�����
�����������"��
)�@�E�*+�
��������"�������"�����+��	
�������"������"���+�
�����������
��1�,+��	
������)"��������
��"�����+����� �
����"�����
�"�	 ����� �
����	
�������"������"�
�� ���+�����+�������
�"���
�	�"�����+��K(�)�������
���*�
���������$
�������"������"�/� ��+���9
����������9������������������
����������������L�F��3��'''A1�,+��������"��*����������)�����	����
��"����
���+����� �
�����+��"��������"�	
�������"������"��� ��+�"���������
�������������
 1�



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��'1�

�

1( ��%���
����

#%N���E�����1�#)��
����������
�7)���� �8)�"���������
�/
��+���"�(�
��������
�1�#)��
��������"�%�*�
N�����"�����
��������������
���������)����E�#�,1�
�
#%N���E��''�1�8)�"���������
�8
�)�"*���
��
������������#)��
����1�#)��
��������"�%�*�N�����"�
����
������������
���������)����E����	�

�E�#�,1�
�
$$�E�����1�
�������
 ������(���������������(������
���*�
��������E�$�������
�$�
��
���
������
2��)����������4���	�
E�����1�
�
���)�+��������
������"�(����������E�����1�(���+� �#�+������������������
�#�+�����������#
���
(�)�������
���*�
��������E���������	�
�������������	�
E�����1�
���
�����2����������
���� E�(� E�
����1��
�
�������������
���3E�����1������������������
�����������������(�)�������
���*�
���������6�������
��"���6��
�"�E�2����	�
E�����1�
��
�������������
E������1������������������
�����������������(�)�������
���*�
����������D�����������
$
�������"������"�#�+�����������#
��E�G)��E�����1�
�
�������������
E�����	1�(������
���*�
���������$
�������"������"�/� ��+���9��������������
�
(�������������������
�7)���� �(�����
����#��)���6�"����
���
��/�	
)�
 E���������G��)�
 E�����1�

���
�����2����������
���� ������
�E�2����	�
E�����1��
�
��%��E��'�'1�(�)�������
�#�+����
��������
���������3���������������E�%����	�
E��'�'�	 ��+��
�����
���� ���������������%���

�
��#E����&1�#��
���"����+�"����
��+�������������"����� �������*���
�����)���������%�*���)�+������1�
2���
�������������
���������"������
������E���#�$
���+E�� "�� 1�
�
/�
���
E�3E��'''1�(������
�#�+=$
������92��������������/���"�,���1�����������*�
�3���
���������
���
��
8�4���'E��'''����2����������
���� �
�
:�"����E�$�
E��'''1�(�)�������
���*�
���������$
�������"������"�/� ��+���9���������-������
�
7)���� �#���������1�����������*�
�
���
��	 �����
�����������
���������2����������
���� E��'''1�
�
(�

��@�%�����"���,�������E��'''1�(������
�$
�������"������"�#�+�2�������-�8
�)�"*���
�
������������,
�����
����)" 1�%������������
����
�8
�)�"*���
�(���������E�6����
��� ����
,��+����� E�� "�� 1�3����
�+�!�����"�
���
���������������*�
�3���
��������E��'''�
�
(�

��@E�%�E�����1�(�)�������
���*�
���������$
���9���"������"�/� ��+���9���������-�8
�)�"*���
�
(�"������1�#�����6,��
���
��F�+��6����
��� ����,��+����� �� "�� E�%������������
����
�8
�)�"*���
�
(���������A���
��������������
����	�+�������2����������
���� 1�
�
��3E��'''1�(������
���*�
���������$
�������"������"�/� ��+���9�����������������������
����
����������������1��
���
�"���
�2����������
���� �	 �����������*�
�3���
��������E�#)�)��E��'''1�
�
��3E�����1�(������
���*�
���������$
�������"������"�/� ��+���9��������������
�(������������"�
(�����
��������1��
���
�"���
�2����������
���� �	 �����������*�
�3���
��������E�����
�����������
�����



���
� � �

����������	
��������	
����
���	
����	
�����������	��������
������
��	
���������
�����
���
���	
��	��
�����
����
� � ������������������������
��

/3!��4-5����5(46%,��3��
��7��&&�5(,�3��
�.�$
3%�5�#,�
�(8,��!#%5(,��3��
�$
3%�9#�:��;�#%�34%��(����2��<�8(�#%2�24��

����������������������������������������������������������������������������������������������������������������������������������������������������������,�($�
�������
�?3�34%�����#&��'5�

�

#����+�������
�
Table 1. Existing Surface and Groundwater Quality in and Near the Ash Disposal Area 
 

�������� #�+�2��������#
��� $��@�
�)�"�QQ� %�)	��@���
��@�QQQ� #%N����F����A�8)�"�������R�

F��=!A�
$'�����"�

(�8(&=2��� 8�$� (�8(&=2�� �;��� 8
�)�"*���
� /
��+*���
�

#�� �&1��� - - -  �1����

#�� �1���� �1������ �1���� S�1���� �1������ �1������

#!>� ��� ���� &�� �&� � �

#�� �1���� �1���� �1���� �1���� �1��&� �1��&�

$� �1�&� �1�'�� �1���� �1�&'� �1��� �1����

$�� �1���� �1���� �1���� �1���� �1�� �1�...�

$�� �1���� �1���� �1���� �1���� �1���� �1����

�"� �1���� �1���� �1���� �1���� �1���� �1����

��� ��� ��� ��� �'� ���� ���.�

�4%2�F)�=��A� ����� �&''� ����� ���� ����T� �����

�
� �1���� �1���� �1���� �1���� �1���� �1����

�)� �1���� �1���� �1���� �1���� �1���� �1�����

/� �1��� �1�'�� �1���� �1�&�� �1�� �1�...�

/�9�����
�"� ��1��� �1���� ��1�� �1��'� 6(00.� �1�...�

:�� �1������� �1������� S�1������ �1������ �1������ �1������

(�9�����
�"� �1&�� &1�'� �1&�� �1���� -(16.� �1'���

(�� �1���� �1���� �1���� �1���� �1��� �1��.�

%/
� ''� - - � � ��1��

%�� �1&��� �1���� �1���� �1���� 6(--6/� �1����

�	� �1���� �1���� �1��&� �1���� �1���� �1����

�:� �1�� �1�� �1�� �1�� �1�9�1�� �1�9�1��

��� �1���� �1���� �1���� �1���� �1���� �1����

�4&� ���� ���� ���� '�� ����� ����..�

,2�� ����� ����� '��� ���� ����� ����T�

N�� �1���� �1���� �1���� �1���� 6(/65� 6(''0�

* average of bores B901and MPGM4/D12 in ash placement area  
** bore MPGM4/D5 upgradient of ash disposal area and between ash disposal area and Neubecks Creek 
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Attachment 7 
      

 

 

Contour maps of the Mt Piper Power Station brine conditioned ash 
placement areas each year from 2008 to 2016 

 



 

 

Figure A7.1 2008 Mt Piper ash placement area contours 

  



 

 

Figure A7.2 2009 Mt Piper ash placement area contours 

  



 

 

Figure A7.3 2010 Mt Piper ash placement area contours 

  



 

 

Figure A7.4 2011 Mt Piper ash placement area contours  

  



 

 

Figure A7.5 2012 Mt Piper ash placement area contours  

  



 

 

Figure A7.6 2013 Mt Piper ash placement area contours  

  



 

 

Figure A7.7 2014 Mt Piper ash placement area contours  

 



 

 

 

Figure A7.8 January, 2015 Mt Piper ash placement area contours  
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