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ANC Acid Neutralising Capacity 
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DP Discharge Plan 
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EPA Environmental Protection Agency 
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LGO Low Grade Ore 
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MLN Mineral Leases Number 

MMP Mining Management Plan 

NT Northern Territory 

ROM Run of Mine 

RP Retention Pond 

TSF Tailing Storage Facility 

Vista Gold Vista Gold Australia Pty Ltd 

VSD Variable Speed Drive 

WDL Waste Discharge Licence 

WRD Waste Rock Dump 

WMP Water Management Plan 

WTP Water Treatment Plant 

°C Degrees Celsius 
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shown in Figure 2-3. A small quantity of mine water has the potential to enter Horseshoe Creek 
year-round via seepage points near the southern and eastern embankments of TSF1.  

2.2.3  Stow Creek  

Stow Creek is an ephemeral watercourse with a large catchment to the east of the site measuring 
25.1 km in length. Batman Creek and Horseshoe Creek enter Stow Creek within the mine lease.  

2.2.4  Burrell Creek  

Burrell Creek is an ephemeral creek, with the lower reaches classified as seasonal wetlands as it 
contains wetland vegetation during the wet season. The WRD and RP1 cover the majority of the 
natural creek and catchment. The major source of flow is from surface runoff due to rainfall during 
the wet season. Currently there is potential for seepage from RP1 to enter Burrell Creek, however 
the proposed modifications of RP1 and Batman Pit for water to be redirected to the process water 
pond to provide water for the mining operations process water supply will reduce the potential for 
seepage inputs to Burrell Creek  

2.2.5  West Creek  

West Creek is ephemeral and is located to the west of the Batman Pit and RP1. West Creek 
receives surface water flows from the natural catchment in the southwest of the site and from the 
western stormwater diversion drain.  

  





Figure 2-2





Figure 2-3
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2.4.2  Retention ponds  

Detailed below are the retention ponds on site and water management infrastructure, considered in 
water management planning and activities. There are also a number of smaller ponds without 
catchments; these ponds are not considered in water management operations or planning, as these 
ponds do not require active management. A further six catchments are present within the site; these 
are natural catchments, which drain undisturbed runoff directly in the various creeks which dissect 
the site, as shown in Figure 2-2. Figure 2-4 shows the water management at the site during 
operations. 

Table 2-2 Water infrastructure  

Storage Structure 
Retention 

Pond Number 

Maximum 
Storage 

Capacity (m3)  

Maximum pump 
rate (m3/hr) 

Pump to 

Waste Rock Dump 
Retention Pond 

RP1 1,226,548 443 PWP 

Low Grade Ore 
Stockpile Pond 

LGRP      
(formerly RP2) 

10,414 266 PWP 

Batman Pit 
BATMAN PIT 
(formerly RP3) 

11,970,286 443 PWP 

Process Plant Retention 
Pond 

PRP           
(formerly RP5) 

13,721 70 PWP 

Process Water Pond PWP 72,000 500 WTP 

Treated Water Holding 
Tank 

TWHT 300 300 PWP, Edith River 

Tailings Storage Facility TSF1 4,680,000 182.5 PWP 

Tailings Storage Facility TSF2 TBA 182.5 PWP 

Heap Leach Pad Moat HLP 1,134 194 PWP 

Raw Water Dam RWD Infinite 284.5 Process Plant 

Water Treatment Plant WTP - 500 
Process Plant, Dust 

suppression, 
discharge 

Process Plant PP - - PRP, PWP 
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Figure 2-4 Surface Water Management
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Table 2-3 Site -Wide Water Management Flow Summary  
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the process plant following a heavy rainfall event. This mechanism is not in place within the 
current site-wide water balance (SWWB) but is proposed for future versions (Appendix A9). 

2.4.2.4 Process Water Pond 

The PWP catchment will encompass the mine processing and operational facilities, the 
southern faces of the ROM pad and the surface runoff from the access ramps and roads on the 
WRD. The PWP will be a lined facility to collect runoff from the plant and processing area (RP2, 
HLP and WRD). Also, water from TSF1, TSF2, RP1, LGOs, processing plant Batman Pit and 
the water treatment plant (WTP) (if required as top up water).  The PWP is located to the east of 
the processing area all of which is situated within in the Batman Creek catchment. Water not 
used in the ore processing plant will be treated by the WTP prior to discharge via Stow Creek to 
the Edith River or other use on site. During heavy rainfall the WTP will manage water quality 
discharge.  

2.4.2.5 Batman Pit 

Since the termination of operations in 2000, Batman Pit has been the end point for pumped 
excess water from the various other on-site retention ponds. This strategy was used to prevent 
uncontrolled discharges of poor quality mine water from the site. Prior to 2012, Batman Pit 
contained poor quality water due to high metal concentrations and low pH. The water quality 
significantly improved since 2012 due to the micronized minerals treatment process which 
allowed dewatering from the pit and discharge to the Edith River.  

An important feature of the current water management strategy is to maintain the Batman Pit 
water level below the identified brecciated zone where there is potential for connectivity 
between the pit water and the groundwater. Currently the level of water in Batman Pit is below 
this level, and due to dewatering activities, it is unlikely that the water level will rise to this zone. 
During operations any surplus water pooling in the pit will be pumped to the PWP. 

Prior to the 2015-16 wet season an additional lime treatment was applied to Batman Pit to 
further treat the water body and to reduce the required dilution ratio for offsite discharges. An 
additional 158 tonnes of lime was added to Batman Pit in December 2015 to precipitate the 
metals in the upper layers and by late January 2016, a dilution rate of 1:24 was achieved which 
had been maintained unto 2020. By March 2021, the volume in Batman Pit had reduced to 0.47 
GL and active discharge of treated pit water ceased. As the site was no longer discharging 
treated water WDL 178-08 was rescinded by DEPaWS.   

2.4.2.6 TSF 1  

Currently, the existing tailings storage facility dominates the TSF1 catchment. 72.5% of incident 
rainfall falls directly into the TSF. The majority of natural inflows are surface water runoff and 
rainfall with a small amount of AMD that is generated by the scats stockpile to the west, which is 
contained within the TSF. The proposed operational program will reprocess the scats stockpile 
via the new processing facility and thereby reduce the AMD loading to TSF1.  

TFS1 is located in the Horseshoe Creek catchment and is not a specifically designed water 
storage facility. It is designed to be a process tailings storage facility and is the last place to 
send water only if all other water storage areas are full. The emergency spillway is located at the 
south-western corner and is comprised of a canal formed into the siltstone, which carries water 
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drains has been designed under the base liner to collect groundwater inflows from areas 
upstream of TSF2. The primary under-drain will collect flows from a series of secondary gravel 
under-drains. Seepage flows from the primary under-drain will be collected in two separate 
underdrain seepage collection sumps located at the southwest corner of TSF2. The water 
quality of the seepage collected in the under-drain seepage collection sump will be monitored 
regularly and the water transferred to the Equalisation Pond or to the supernatant pond atop 
TSF2 during operations. 

A network of gravel over-drains has been designed above the liner system to collect pore water 
drainage from the tailings mass. The drainage from the over-drain system will report to an over-
drain seepage collection sump located south of the TSF. Overflow from the seepage collection 
sump under upset conditions such as a mechanical failure of the pumps, will discharge into the 
adjoining lined seepage overflow collection pond. The seepage reporting to the collection sump 
will be pumped to the supernatant pond atop TSF2 during operations.  

Supernatant process water from the tailings impoundment will be pumped as return water to the 
PWP using a pair of skid mounted electric pumps. For more information on TSF2 construction 
see Section 4.6.2 of the MMP. 

2.4.3  Inflow and Seepage  

As detailed in the MMP Appendix A 11, groundwater modelling has shown that drawdown of the 
local aquifer associated with the mine site during operations is not likely to have a significant 
impact on the local groundwater flows into the Edith River or to neighbouring groundwater 
supply bores at Werenbun and Leliyn (Edith Falls).  

The proposed Batman Pit deepening and enlargement are likely to result in a terminal sink pit 
lake with a water level significantly below the surrounding land surface. The steady state pit 
lake water level elevation is predicted to be approximately -15 m AHD. This is expected to 
prevent outward migration of pit lake water into and though the aquifer.  

2.5  Raw Water Dam  

The Raw Water Dam (RWD) was built during previous operations is located on Horseshoe 
Creek and supplies raw water to the MTPA. The RWD will primarily supply water for dust 
suppression. Untreated raw water will also be distributed to the process plant water circuit, 
powerhouse, mining facilities, firewater circuit and camp if required. For drinking purposes raw 
water will be fed from the dam to site and stored in a raw water tank until treatment in a WTP 
(Figure 2-5).  Potable water (1.7 m3/h) is treated via filtration, chlorination and ultraviolet 
sterilisation, then stored in a potable water tank prior to distribution. For the normal operations, 
the nominal raw water consumption will be 600 m3/h and will occasionally peak at 2,200 m3/h 
during the dry season. 
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Figure 2-5 Proposed potable water treatment plant  

2.6  Stormwater Management  

As discussed previously, the MTPA is traversed by five ephemeral creeks which drain into the 
Edith River, located to the south of the mine. Horseshoe and Batman Creeks feed Stow Creek 
which borders the proposed TSF2 and then flows into the Edith River. Horseshoe Creek flows 
along the eastern boundary of the mine, Batman Creek flows through the centre of the mine and 
Burrell Creek flows along the south-western corner of the MTPA. Burrell Creek will be partially 
buried by the new waste rock dump (WRD). West Burrell creek flows to the east near the 
southwest toe of the WRD, where it turns south and drains to the Edith River (see Appendix 
A14 Stormwater Management Plan Section 4.4). 

Flooding along these creeks has the potential to encroach on storage embankments, plant, pit 
and other infrastructure. Hydrologic modelling in conjunction with 1-D hydraulic models has 
been used to extend the existing flood outlines from previous studies and to assess flood 
immunity and impacts on existing and proposed mine infrastructure, particularly storage 
embankments. Channels have been designed to route the storm runoff away from the mining 
facilities and to the Edith River. These channels are strategically placed to limit the water 
interacting with mine facilities and being directed to the WTP for treatment. 

Flood modelling has shown that most of the existing mine infrastructure is located outside the 
100-year ARI design flood extent of creeks passing through the mine area. The notable 
exceptions are the future TSF2 which encroaches on the area of flooding along Horseshoe 
Creek and Stow Creek, also the area of the proposed LGO stockpiles and ROM which encroach 
on the flood extent of Batman Creek. 
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The design of TSF2 includes diversion channels and levees along Horseshoe Creek and Stow 
Creek to protect the embankment from flooding and erosion as shown in Section 4 of the MMP. 
Diversion channels have been designed for 100-year ARI flood events and comprise lined rip-
rap channels with a width and length on Stow Creek of approximately 60 m and 850 m, 
respectively, and a nominal depth of 4.2 m. The width and length of the diversion channel on 
Horseshoe Creek will be approximately 40 m and 550 m, respectively, with a nominal depth of 
2.5 m. 

The existing TSF1 is protected from flooding along Horseshoe Creek by means of a creek 
diversion channel which modelling shows has sufficient capacity to accommodate the 100-year 
ARI design flood event. 

Upgraded drainage channel designs have been made to rout stormwater to the nearest creek to 
avoid contamination and interference with mining activities. Drainage across the processing plant 
site will be limited by the installation of cut-off drains to divert uncontaminated runoff from 
around the site and into Batman Creek via a settling pond. All stormwater runoff from within the 
site will be directed toward the existing drainage channel on the east side of the proposed 
process plant. 

ROM and additional LGO stockpiles will require collection ditches to capture runoff and seepage 
from stockpiles for conveyance to the PWP. The designs for the required channel, sedimentation 
ponds and storage embankment heights for these structures are located in Appendix A14 
Stormwater Management Plan. 

Mitigation includes diversion structures to limit the runoff from undisturbed areas of the mine and 
upstream catchments from reaching water containment and plant infrastructure. Diversions are 
also present upstream of the LGO stockpiles and around the HLP with the purpose of collecting 
runoff from these disturbed areas of the mine and directing it into storage ponds for transfer to 
the WTP (or direct to the WTP).  

Diversion drains have been constructed around the western and eastern margins of the RP1 to 
divert uncontaminated runoff away from the pond and reduce the risk of overtopping. Diverted 
water reports to local creeks downstream of the pond. With the increased size of the WRD new 
diversion drains have designed to divert runoff from RP1. Additional diversion ditches have been 
designed around the east and west of TSF2 and east of TSF1 as to avoid the unnecessary 
treatment of previously clean water.  

Overtopping of cross drainage structures and haul roads is likely to be an infrequent occurrence 
but upgrades to existing stormwater drainage, erosion and sediment controls, including the 
vegetation of verges, will be necessary to minimize damage during less extreme but more 
frequent storm events. 

Locations where flood peak velocities are expected to exceed 2m/s and thus have the potential 
to cause scouring of unlined channels have been identified. Whilst the majority of these 
locations are sufficiently distant from mine infrastructure to be of no immediate risk, the section 
of Batman Creek adjacent to the processing plant is likely to experience high velocity flows 
during extreme flood events. Rip-rap protection to earthwork embankments adjacent to the 
existing drainage channel on the east side of the proposed process plant will be installed for 
channel protection. Upstream sections of the Western WRD diversion channel will need rip rap, 
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Table 2-5 Expected WTP Effluent Quality (MMP Appendix A 13 ) 

 

However, the GoldSim water balance model shows that the simulated average output from the 
WTP is 4.4 GL/yr over the LOM and assumes transfers from RP1, RP2 and Batman Pit occur 
whenever there is spare storage in the PWP. The model shows that no water will be discharged 
from the WTP to the Edith River as the fixed process plant water demand wholly consumes the 
WTP treated water. However, if the process plant shuts down and no changes to WTP inflows 
occur, WTP treated water will be discharged to the Edith River. Discharge of treated water is 
expected to only occur in high rainfall conditions.  
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Figure 2-6 WTP Process 1 of 2  
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Figure 2-7 WTP Process 2 of 2
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2.8.5  Pipelines and Pumps  

Currently the site is equipped with High-Density Polyethylene (HDPE) pipelines of various 
diameters that are used to transfer surface waters in efforts to minimise uncontrolled discharges 
from retention ponds. Variation in pipe diameters evident on many pipelines has resulted from the 
reuse and recycling of piping inherited when site management commenced. Prior to operations 
commencing, the length and size of pipes will be optimised to obtain the best efficiency for the 
site and minimise power consumption. Currently, a number of pumps are utilised on-site to 
transfer water between retention ponds and the WTP and, previously, to discharge treated water 
offsite.  

All of the current pumps are in good working condition and capable of coping with the average 
wet season demands of the site during non-exceptional rainfall conditions. An automated 
start/stop system has been installed which enables the remote control of most pumps from the 
site office via telemetry. Some manual control of the pumping systems will always be necessary 
as a number of the pumps fail to maintain their prime and require checking prior to starting in 
order to protect the equipment. 
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Table 2-6 Preliminary Pipe and Pump Requirements for Operations  
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3.1.1  Predicted groundwater inflows to Batman Pit  

Estimated groundwater inflows to the Batman Pit during mining are shown graphically in Figure 
3-1. Predicted groundwater inflows ranged from a few litres per second at the start of mining to 
approximately 2 L/s during the final months of mining. Short-term variability of inflows 
calculated by the model has been smoothed by plotting the inflows as cumulative average 
values. Although the proposed mining would deepen and laterally expand the pit gradually, the 
model simulated pit deepening and lateral expansion in a step-wise fashion.  

 

Figure 3-1 Predicted groundwater inflows to Batman Pit  

3.1.2  Predicted groundwater level changes  

The mining-phase simulation also provided estimates of predicted drawdown related to mine 
dewatering operations. The drawdown was calculated by subtracting the water table elevation 
at the end of mining from the steady-state water table elevation. The maximum predicted 
drawdown at the end of mining was approximately 595 m, the depth of the pit below the initial 
steady-state water table. Drawdown was predicted to decrease rapidly with distance from the 
pit, with the 10 m drawdown contour extending only to about the rim of the pit and the 1 m 
drawdown contour extending less than 450 m from the rim of the pit. 

Modelled changes in water levels at the locations of several monitoring bores are illustrated on 
Figure 3-2. Very little water level change was predicted for locations except BPMB01 and 
BPMB02 near the Batman Pit, where rapid and large declines were predicted when the 
expanding pit approaches the bore locations. Water levels at bores BW1P, BW17P, 
TSF2MB02, WDMB02, and SW4MB02 adjacent to the Edith River near the downstream side of 
the Project area was predicted to rise slightly, or WDMB02P near the WRD retention pond. The 
water level at location BW1P east of Batman Pit and south of TSF1 was predicted to rise while 
TSF1 is active during the first five years of mining and then decline to about 1.5 m below its 
initial level by the end of the mining period, after TSF1 has drained for about nine years. Water 
levels at BPMB01 and BPMB02 near the Batman Pit were predicted to decline in response to 
pit dewatering during the mining phase. 
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3.1.3  Predicted s tream flow changes  

Stream flows were monitored along the Edith River near the confluence with Stow Creek (Edith 
River SW4) and near the downstream side of the mine area (Edith River SW10) and along the 
lower reaches of Stow Creek (Stow Creek SW3). Stream flows at all three locations were 
predicted to increase slightly during the first five years of mining, as the head in TSF1 
increased and seepage from TSF1 into the alluvium along Horseshoe Creek likely increased, 
and then decreased with the decline in heads at TSF1 following its closure (Figure 3-3). The 
predicted stream flows at the end of the mining period were reduced from the modelled stream 
flows at the start of the mining period by 0.1 percent at both locations along the Edith River and 
by 0.78 percent along Stow Creek. 

 

 

Figure 3-3 Predicted stream flows during mining phase  

3.2  Groundwater Demand  

Groundwater will be extracted as part of the pit dewatering. External pit dewatering using 
dewatering bores is unlikely to be viable or necessary due to the relatively low flow rates 
generally observed in the hornfelsed BCTF. In-pit groundwater extraction is expected to be 
performed using sumps. The groundwater removed from the proposed pit is likely to be acidic 
and contain elevated concentrations of metals or other contaminants and therefore should be 
assumed to be unfit for raw or potable water supply without additional treatment. This water will 
be pumped to the PWP for use in the process plant or treated in the WTP. 

The demand for groundwater for potable and raw water use is unlikely, as drinking water will be 
sourced from the RWD. Although BW6P is currently in use as a raw water supply, this water 
and the water from other existing pumping bores is considered too elevated in metal 
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Figure 3-4 Bore Location Map
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Table 5-1 Identified Hazards Relevant to Water Management  

Reference Source of Impact / Potential event 

Surface Water 

SW01 Major Flooding of significant structures such as mine pit, infrastructure and roads  

SW02 Overflow from the retention ponds due to extreme rainfall event, pump failure 

SW03 Severe rainfall event leading to AMD in surface runoff (disturbed) leaving site (e.g. leachate from 
WRD, HLP) 

SW04 Physically altered surface flow regime including creek diversion effects 

SW05 Failure of retention pond wall or WRD or creek diversion 

SW06 Complete failure of the WTP during a significant storm event (1 in 5 yrs) 

SW07 Spills of hazardous materials leading to entry into surface water and/or soil 

SW08 Failure of TSFs 

SW09 Diversion channel construction on Horseshoe Creek and Stow Creek 

Groundwater 

GW01 Increase capacity of TSF1 

GW02 Establishment of TSF2 

GW03 WRD leaching, including seepage from existing and expanded WRD 

GW04 Seepage of cyanide through HLP into localised / site groundwater system 

GW05 Liquid and solid waste leaks and disposal, including chemicals 

Acid and Metalliferous Drainage 

AMD01 Dewatering of Batman Pit to commence mining 

AMD02 Dewatering of Batman Pit during mining 

Waste 

WA01 Poor waste characterisation and / or Insufficient on-site supply of cover material for rehabilitation 

WA02 Generation of putrescible waste, sewerage on-site and at the accommodation facility 

WA03 Hydrocarbon and chemical spills and leaks 

Closure and Rehabilitation 

CL01 Rehabilitation delayed beyond proposed schedule  

CL02 Ineffective mine closure including insufficient TSF and WRD cover/thickness or general rehabilitation 
practices 

CL03 Post mining (during closure) water management inadequate (i.e. passive water management fails) 

5.2  Actions and Strategies in Response to Identified Risks  

Whilst there continues to be an anticipated decrease to the volumes of treated water released 
during operations, the quality of the treated discharge water will still be required to meet 
thresholds and criteria specified under any future WDL. Such targets can largely be controlled 
through the adjustment of dilution rates to ensure environmental protection, as evidenced during 
discharges over the previous years. 

It is important to note that the risk of decreasing AMD water storage capacity has been 
substantially reduced in recent years. This is due to the volumes of treated water discharged off 
site, the low annual received rainfall volumes and increased direct evaporation, all of which 
have resulted in a marked reduction in the net site water inventory. The dewatering of the site 
has further reduced this risk of exhausting AMD storage capacity. 
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With the significant reduction in pond levels in recent years, the available storage capacities of 
both RP1 and TSF1 are currently at their highest. Whilst the quantity and frequency of rainfall 
events remains the primary threat to capacity exhaustion of these ponds, the additional storage 
capacity lowers this risk. 

The commencement of operations will further reduce the water inventory on site, with ore 
processing utilising all excess water on-site.  

Impacts on community sentiment are of risk, not only to Vista Gold but also to DITT, due to the 
unique operating agreement for the site. Management of community expectations will require 
agreement on the on-site management actions and strategies and a clear and consistent 
communication of all site matters between Vista Gold and DITT. 

For the actions and strategies listed in response to the identified risks listed above, refer to the 
risk assessment document (Appendix T in the MMP) 
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waters at MTPA is very low due to the small volumes maintained and utilised on site and the 
presence of appropriate storage and handling procedures. 

6.3.2  Potential impacts  

The primary impact of contaminated ground water is the reduction in water quality for other 
surrounding groundwater users and the contamination of surface water streams, rivers, lagoons 
if groundwaters are released to the surface via springs, and other groundwater sinks. 

While the potential contaminants are significant, for the MTPA the general conclusion from 
investigations to date, suggest that there exists limited ability for such contaminants to travel 
significant distances. This attenuation of transport exists throughout the majority of the site, 
particularly in higher areas where porous material is absent, and therefore restricting any 
potential impacts to the immediate area. 

The Horseshoe Creek catchment below TSF1 is expected to be the area of most significant 
impact as a result from the cessation of correct Tailings Storage Facility management facilitating 
increased seepage. A number of bores below the TSF exhibit high concentrations of cobalt 
unequalled across the site however, surface waters within the Stow Creek do not exhibit 
characteristics consistent with the contamination and subsequent transport through the 
surrounding alluvium, indicating that there is no connectivity. 

The neighbouring and regional land uses do not share substantial groundwater resources with 
the mine site, with the nearest neighbouring bores being over six kilometres away (upstream) at 
the Werenbun community and Edith Falls recreational area. Results from monitoring of down 
gradient bores approximately 500 m from RP1 has failed to identify any chemical signatures 
similar to that of the pond water. Results from dry season sampling of the Edith River also do 
not report elevated contaminants or evidence any information of direct groundwater 
contamination. 

6.4  Remedial or Corrective Management Actions  

The remedial or corrective actions undertaken during the previous reporting period to address 
the management issues identified in Section 6.2 are broken into those relating to surface water 
and those relating to groundwater and are detailed below. 

6.4.1  Surface w ater m anagement during previous period  

Water management activities for the 2020-21 period largely remained consistent with goals of 
minimising uncontrolled discharges through a combination of on-site storage of contaminated 
waters, treatment of the contaminated waters contained in Batman Pit, and controlled (licenced) 
release of treated water from Batman Pit. This successfully resulted in the dewatering of 
Batman Pit.  

All monitoring activities pursuant to WDL 178-8 and MMP for 2020-21 have been successfully 
completed. Surface water monitoring was undertaken on a monthly program for the period of 
reporting and daily during the December 2020 to March 2021 discharge period. Biological and 
sediment monitoring was conducted in April 2021. 

Results of water quality monitoring demonstrate compliance with WDL reporting values. These 
results are presented in the WDL 178-8 Monitoring Report (SLR 2021).  

Macroinvertebrate and sediment sampling each year has not revealed any statistical differences 
in macroinvertebrate populations related to the discharge water quality. The 2021 sampling has 



http://www.mttodd.com.au/waste-discharge-licence.html
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Location Description Latitude Longitude 
SW7 Burrell Creek downstream of mine -14.16533368 132.1079651 
SW11 Horseshoe Creek downstream of mine -14.13632611 132.1281727 
SW12 West Creek upstream RP1 Spillway 

confluence 
-14.16406393 132.1035284 

SW13 Stow Creek upstream of Horseshoe creek 
confluence 

-14.15605208 132.129894 

SW14 Stow Creek below HLP drain confluence -14.15702332 132.1244979 
SW15 Edith River upstream Burrell Creek 

confluence 
-14.17148983 132.1069033 

SW16 Stow Creek upstream site of TSF2 -14.14703 132.15608 
RP1 Retention Pond 1 -14.16306406 132.1072276 
RP1 Spillway Water from RP1 when discharging via 

spillway 
-14.16334286 132.1046916 

WRD Weir 1 Weir 1 on southern Toe of WRD -14.15497097 132.1112862 
WRD Weir 2 Weir 1 on southern Toe of WRD -14.15506615 132.111596 
WRD Weir 3 Weir 1 on southern Toe of WRD -14.15492912 132.1051241 
RP1 Siphon A Discharge point 1 from primary siphons -14.16355 132.1073844 
RP1 Siphon B Discharge point 2 from primary siphons -14.16355215 132.1074238 
RP2  Retention Pond 2 -14.13900123 132.1105751 
RP2 Spillway Water from RP2 when discharging via 

spillway 
-14.13848504 132.1103263 

Batman Pit Batman Pit -14.14032773 132.1026623 
PWP Process Water Pond -14.14157675 132.1129599 
TSF1 Tailings Storage Facility 1 (formerly TSF1) -14.12763543 132.1174275 
HLP Heap Leach Pad -14.14085911 132.1198629 
RWD Raw Water Dam -14.12312228 132.1320079 
PWP  Process water pond (previously RP5) TBA TBA 
PRP Process retention pond TBA TBA 
TSF2 Tailings storage facility 2 TBA TBA 
TWHT Treated water holding tank  TBA TBA 

8.2.1  Physical and Chemical Parameters  

Table 8-2 shows the water quality parameters assessed for the water quality monitoring sites. 
Surface water sampling locations are shown in Figure 8-1. 

Table 8-2 Surface water physical and chemical parameters  

Physical  
Temperature 

Physico-chemistry 
pH Electrical conductivity Dissolved oxygen 

General chemistry  
Ammonia as N Bicarbonate Alkalinity as 

CaCO3 
Calcium 

Carbonate Alkalinity as CaCO3  Chloride Cyanide (free, total and WAD) 

Hardness Magnesium Nitrite 

Nitrate  Potassium Sodium 

Sulfate Total suspended solids Total dissolved solids 
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Figure 8-1 Surface Water Sampling Locations  
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8.2.2  Surface Water sample analysis and assessment  

The collection of surface water samples for physical and chemical measurements from the 
majority of surface water monitoring sites occurs quarterly during Care & Maintenance and 
monthly during Mining (access and flow will determine which sites are suitable for monitoring). 
All collected surface water samples are sent to a NATA accredited laboratory for analysis.  

Water quality data from all on-site surface water sampling locations is stored within the site 
water quality register. Data from site-specific surface water sampling sites is used for internal 
purposes or when needed to provide clarification for a specific site/area management regime if 
required. Analysis and interpretation of this data occurs on a routine basis.  

The analyte concentrations are assessed against seasonal variations and historic values to 
provide an indication of potential changes in surface water quality. A trend analysis is conducted 
to monitor any upward trends in analyte concentrations in natural surface waters. If an upward 
trend is identified, further investigations will be conducted following the Trigger Action Response 
Plan (TARP). The specifics of the program may change over time to address any changes in 
the surface water monitoring needs of the site and company.  

8.2.3  Trigger Action Response Plan  

A Trigger Action Response Plan (TARP) has been developed for providing directions on 
requirements if a significant increase in metal concentrations in natural waterways is detected. 
Table 8-3 shows the TARP for surface water investigations.  

Table 8-3 TARP for SW4 non -compliance  

Trigger Action  Response 
An investigation  is triggered 
if: 
There is a non-significant 
upward trend (r2 > 0.5) (or 
downward trend for pH) in 
dissolved metal 
concentrations using 
historical data at the 
sampling site.  (greater than 
5 sample points are required 
for a trend analysis in 
ESDAT) 
 

On becoming aware of 
upward trend, conduct 
further investigation of 
source of metals within the  
surface water. 
 
 
  

Initiate investigation 
Assess CoC, laboratory data 
and duplicate samples. 
Discuss results with 
laboratory. 
Assess data against 
historical 
Conduct additional sampling 
to confirm source of 
exceedance if required. 
Confirm elevated analyte are 
due to mine activities. 
Review Monitoring program. 
 
Based on the outcome of the 
investigation a mitigation or 
management measure will 
be adopted to mitigate or 
prevent environmental 
impacts. Examples of what 
will be considered as part of 
this process have been 
provided in Section 8.2.4.  
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Table 8-4 Monitoring Bores for Operations   

Bore Group Bore Number RN Northing Easting Elevation 

1 BW18P RN026350 189861.874 8439232.408 140.64 

1 BW19P RN026149 188997.127 8438108.581 138.45 

1 RN028926 RN028926 189992.456 8438278.191 145.52 

2 BW29P RN029363 188306.845 8431788.955 112.9 

2 MB6D  187709.73 8432246.02  

2 MB6S  187714.2 8432246.7  

2 WDMB01  187284.96 8432583.78 124.16 

2 SW04MB01  186767.924 8431559.732 11.64 

3 BW6P* RN026131 188893.019 8433988.369 121.54 

3 MB1  188099.519 8434470.273 131.06 

3 MB3  189158 8434624  

3 MB4  189468.862 8434893.873 129.57 

4 MB5  189426.53 8435302.35  

4 TDMB1D  189381.372 8435351.568 124.56 

4 TDMB2D  189887.907 8435549.062 123.87 

4 TDMB2S  189882.008 8435544.065 124.07 

4 TDMB3D  189937.183 8436307.725 125.32 

4 TDMB4D  189497.626 8437339.708 132.44 

4 TDMBD1  188670.07 8437099.535 143.16 

5 TSF2MB01  191239.441 8436060.05 138.77 

5 TSF2MB02  191608.559 8435084.255 141.36 

6 TSF2MB03  190838.1 8432917 TBA 

6 TSF2MB04  190254.7 8432120 TBA 

* BW6P occasionally monitored for bacteriological and trace metal analyses to evaluate suitability for potable water 
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Figure 8-2 Groundwater Monitoring Bores   
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Table 8-6 Groundwater physical and chemical parameters  

Frequency 

Bi-annual  

Physical 
Temperature Electrical conductivity Dissolved oxygen 
pH Standing Water Level  

General chemistry  

Ammonia as N Bicarbonate Alkalinity as 
CaCO3 

Calcium 

Carbonate Alkalinity as 
CaCO3  

Chloride Cyanide (free, total and 
WAD) 

Hardness Total alkalinity as CaCO3 Magnesium 

Nitrate  Total nitrogen Dissolved organic carbon 

TKN Phosphate as P Phosphorous - total  

Potassium (total and 
dissolved) 

Sodium Sulfate 

Nitrite Thiocyanate Total dissolved solids 

Metals (0.45 micron filtered) 

Aluminium (total and 
dissolved) 

Barium Boron 

Cadmium (total and 
dissolved) 

Chromium Cobalt (total and dissolved) 

Copper (total and dissolved) Iron (total and dissolved) Lead (total and dissolved) 

Lithium Manganese (total and 
dissolved) 

Mercury (total and dissolved) 

Nickel (total and dissolved) Strontium 
 

Zinc (total and dissolved) 

  













http://www.mttodd.com.au/waste-discharge-licence.html
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Analyte SSTV 
WDL 178-
08 

No. Min Med Max No. of SSTV 
exceedances during 
discharge 

Reporting 
required 

pH 6.0-8.0 96 6.2 6.3 6.9 0 No 

EC µS/cm 250 96 23 89 243 0 No 

DO %sat 85-120 96 70 94 100 0 No 

Major Ions (mg/L) 

Bicarbonate 319 27 5 9 20 0 No 

Calcium - 27 0.8 3.2 22 N/A N/A 

Carbonate - 27 <1 <5 <10 N/A N/A 

Chloride 64 27 1 2 6 0 No 

Magnesium 21 27 1.1 2.6 12 0 No 

Potassium - 27 <0.01 1 2.2 N/A N/A 

Sodium - 27 1.7 3 5.8 N/A N/A 

Sulfate 129 26 2 21 120 0 No 

Total Dissolved 
Solids 

- 27 15 39 150 N/A N/A 

Nutrients 

Total Nitrogen - 27 0.1 0.2 1.3 N/A N/A 

Total Phosphorus - 26 <20 <50 60 N/A N/A 

TOC (%) - 10 2 3 3 N/A N/A 

Metals (0.45 µm filtered) µg/L 

Aluminium 150 32 10 10 20 0 No 

Cadmium 0.8 32 <0.1 0.1 0.8 0 No 

Chromium - 32 <1 1 1 0 No 

Cobalt 13 32 <1 1 4 0 No 

Copper 2.5 32 <1 1 14 3 Yes 

Iron 350 32 15 145 360 
Not discharging at the 
time elevated iron 
concentration reported 

No 

Lead 9.4 32 <1 1 1 0 No 

Manganese 3,600 32 5 52 120 0 No 

Nickel 17 32 <1 1 7 0 No 

Zinc 31 32 1 11 140 5 Yes 

Metals - total  µg/L 

Aluminium - 32 20 560 1,900 N/A N/A 

Cadmium - 32 <0.1 0.1 0.8 N/A N/A 

Copper - 32 <1 2 21 N/A N/A 

Iron - 32 150 925 1,700 N/A N/A 

Other water quality parameters mg/L 

Cyanide (total) 0.007 32 <0.004 0.004 <0.005 0 No 

TSS - 26 <5 <10 12 N/A N/A 
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Reporting Exceedances  

WDL 178-08 Condition 47 states:  

Condition 47 A non-compliance with this licence includes:  

47.1 an exceedance of a SSTV at SW4, as specified in Appendix 1, on two 
consecutive sampling occasions;  

47.2 an exceedance of a SSTV at SW4, as specified in Appendix 1, of two times or 
more a trigger value on a single occasion; and   

47.3 subsequent consecutive exceedances of the SSTV from an exceedance 
described in condition 47.1 and 47.2. 

Three non-compliances with Condition 47.2 of WDL 178-08 were recorded. Table 10-3 summarises 
the exceedances of the SSTVs that were recorded at site SW4 (the compliance point), whilst 
discharge was occurring.  All other parameters at the site SW4 were below the SSTV for the reporting 
period.  SSTVs were exceeded at SW4 on five occasions.  Four of these exceedances triggered a 
non-compliance with the WDL and an incident report was provided to the NT EPA on 28 January 
2021. Additional discussion of results is provided below. 

Table 10 -3 Exceedances recorded at SW4 during discharge December 2020 - 
March 2021  

 

10.1.3   Copper  

As shown in Table 10-3, copper exceeded the SSTV at SW4 on 28 and 29 December 2020 and 3 
January 2021. Dissolved copper was measured at 6 µg/L on two occasions and 14 µg/L on the third. 
The copper concentration triggered a non-compliance of WDL 178-08 under Condition 47.2 of WDL 
178-08 as it was greater than two times the SSTV of 2.5 µg/L and an exceedance of the SSTV was 
reported on two consecutive sampling occasions.  

Environmental impacts resulting from the SSTV exceedances are considered unlikely as evidenced by 
historical macroinvertebrate and ecotoxicology results sampled after similar metal exceedances. 
Further, this conclusion is supported by the 2021 macroinvertebrate, sediment and ecotoxicology data, 
which indicates that discharge of treated water from Batman Pit at current dilution ratios is not having 
a measurable impact on aquatic ecosystem health downstream of the mine site. The copper 
concentrations have not exceeded the SW4 SSTVs since 3 January 2021. 

Date Monitoring 
Frequency 

Analyte Units SSTV Result Action 

28/12/2020 Weekly Copper µg/L 2.5 6 Incident report provided to NT EPA. 
Retesting of samples and dilution ratio 
changed from 1:25 to 1:168. 
Monitoring increased. 

28/12/2020 Weekly Zinc µg/L 31 63 

29/12/2020 - Copper µg/L 2.5 14 

29/12/2020 - Zinc µg/L 31 140 

3/01/2021 Weekly Copper µg/L 2.5 6 

3/01/2021 Weekly Zinc µg/L 31 71 

31/01/2021 Weekly Zinc µg/L 31 36 

7/03/2021 Weekly Zinc µg/L 31 46 Minor exceedance. Dilution ratio 
increased from 24:1 to 30:1 
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10.1.4  Zinc  

The SSTV for zinc (filtered) (31 µg/L) was exceeded on five occasions during the 2020/21 reporting 
period. On 28 December 2020 zinc was recorded at 63 µg/L, 29 December 2020 it was 140 µg/L, on 3 
January 2021 it was 71 µg/L (pumping ceased on 3 January 2021), on 31 January 2021 it was 36 µg/L 
and on 7 March 2021 it was 46 µg/L. The zinc exceedance on 28 and 29 December and 3 January 
triggered a non-compliance as it was greater than two times the SSTV of 31 µg/L and an exceedance 
of the SSTV was reported on at least two consecutive occasions.  The zinc concentrations reported on 
31 January 2021 (36 µg/L) and 7 March 2021 (46 µg/L) were not considered to be a non-compliance 
of the WDL as there were not more than two times the SSTV of 31 µg/L and zinc concentrations 
reported between the sample events were below the SSTV.   

The lag between collecting a water sample and receiving water quality results relating to metals, 
means that immediate on-site management actions are not possible.  The Vista Gold team review 
water quality results when received and adjust discharge dilution ratios as required.  When pumping 
recommenced on 25 January 2021, zinc levels had returned to 13 µg/L which is below the SSTV.  
Give that the exceedances of the SSTV at SW4 were for a relatively short period of time during the 
end of December and early January 2021, it is unlikely that there was a significant environmental 
impact as a result.  This is supported by the macroinvertebrate, sediment and ecotoxicology data, 
which indicates that discharge of water from Batman Pit at current dilution ratios is not having a 
measurable impact on aquatic ecosystem health downstream of the mine site. 

10.1.5  Batman Pit Discharge Water Quality Results  

Table 10-4 provides the summary of the treated water quality from Batman Pit for the 2020/21 wet 
season that was discharged into Batman Creek to enter the Edith River via Stow Creek. The ANZG 
(2018) stock watering guidelines are provided as a water quality comparison and are not a guideline 
value that the water quality is required to meet.  

 

Tabl e 10 -4 Batman Pit Water Quality 20 20/21  
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Analyte SWG Count Minimum Median Maximum 

Field Data 

pH 6.0-8.0 68 3.8 6.9 7.30 

EC µS/cm 2,000 68 2,783 3,046 3123 

DO %sat - 68 83 95 110 

Major Ions mg/L 

Bicarbonate - 36 <5 20 26 

Calcium - 36 310 380 480 

Carbonate - 36 <1 <5 <10 

Chloride - 36 5 7 10 

Sodium - Dissolved - 36 33 49 220 

Magnesium - 
(0.45µm filtered) 

- 36 
21 210 250 

Potassium - 
Dissolved 

- 36 
<0.01 8.8 9.8 

Sulphate 1000 35 1,700 2,000 2,700 

Total Dissolved 
Solids 

- 
36 1,500 1,700 4,100 

Metals (0.45 µm filtered) µg/L 

Aluminium 5,000 30 10 50 8,800 

Cadmium 0.8 30 0.9 9.7 38 

Chromium - 36 <1 <1 <1 

Cobalt 13 36 4 38 9,700 

Copper 2.5 36 <1 15 1,700 

Iron 350 36 <1 10 880 

Lead 9.4 36 <1 1 260 

Manganese 3,600 36 1 570 3,000 

Nickel 17 36 7 79 2,600 

Zinc 31 36 <1 490 8,700 

Metals total µg/L 

Aluminium - 37 30 130 10,000 

Cadmium - 37 7.1 16 90 

Copper - 37 3 13 1,700 

Iron - 37 72 180 2,100 

Nutrients µg/L 

Total Nitrogen - 29 1.3 2.8 3.2 

Total Phosphorus - 28 <20 <50 60 

Other water quality parameters mg/L 

Hardness (CaCO3) - 37 1,500 1,900 2,100 

Total Suspended 
Solids 

- 35 <1 <10 25 

Cyanide (total) 0.007 10 <0.004 <0.004 <0.004 
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SWG = ANZG (2018) Stock Watering Guidelines  

The EC is higher in Batman Pit than the Edith River, however, the EC at SW4 was still below the 
SSTV on all occasions.  

10.1.6  SW2 Surface Water Quality Results  

Site SW2 provides the background water quality for Edith River for comparison with the 
downstream sites SW4 and SW10. It is located upstream from the MTPA compliance point at 
SW4. Water quality data collected from SW2 is utilised to develop SSTVs and to determine the 
contribution of the surrounding environment prior to discharge inputs from MTPA at SW4. A 
summary of the water quality at SW2 for the 2020/21 wet season is provided in Table 10-5.  
The SSTVs have been provided in Table 10-5 for comparative purposes only and are not 
applied to site SW2. 

Comparing water quality at upstream reference site SW2 to the SSTVs that are applied to the 
compliance site SW4 is important in understanding the contribution that upstream water quality 
may be having on compliance at SW4. For example, iron is elevated in the background water 
quality and may have some contribution to downstream water quality in conjunction with the 
discharge of treated mine water from Batman Pit as the volumes of water contributed from SW2 
to SW4 are much greater than that of the discharge.  

The majority of results for metals have concentrations above the analysis limits of detection and 
suggest that the mineralisation in the surrounding environment has some contribution to the 
overall water quality in the receiving environment.  

Table 10-5 provides a summary of the water quality at SW2 for the 2020/21 wet season.   

The majority of metals with the exception of cadmium have concentrations above the analysis 
limits of detection and suggest that the mineralisation in the surrounding environment has some 
contribution to the overall water quality in the receiving environment. The SSTVs in Table 10-5 
are provided for comparative purposes only as SW2 is the background water quality site and it 
is prudent to compare the SSTVs that are applied to the compliance site SW4 to ascertain the 
contribution that upstream water quality maybe having on compliance at SW4. For example, 
aluminium, copper, iron, manganese and zinc are elevated in the background water quality and 
may have some contribution to downstream water quality in conjunction with the discharge of 
treated mine water from Batman Pit as the volumes of water contributed from SW2 to SW4 are 
much greater than that of the discharge. 

 

Table 10 -5 SW2 Water Quality  

Analyte SSTV Count Minimum Median Maximum 

Field Data 

pH 6.0-8.0 96 6.0 6.3 6.9 

EC µS/cm 250 96 13 22 42 

DO %sat 85-120 96 82 94 101 

Major Ions mg/L 

Bicarbonate 319 29 <5 8 20 

Calcium - 29 <0.5 0.5 1.3 
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Analyte SSTV Count Minimum Median Maximum 

Carbonate - 29 <1 <5 <10 

Chloride mg/L 64 29 1 2 6 

Sodium - 29 0.9 1.5 2.3 

Magnesium mg/L 21 29 <0.5 0.6 1.1 

Potassium - 29 <0.01 0.6 2 

Sulphate 129 29 <1 1 1 

Total Dissolved 
Solids 

- 29 6 10 22 

Metals (0.45 µm filtered) µg/L 

Aluminium 150 37 10 50 130 

Cadmium 0.8 37 <0.1 0.1 0.2 

Chromium - 37 <1 1 1 

Cobalt 13 37 <1 1 1 

Copper 2.5 37 <1 1 2 

Iron 350 37 33 260 650 

Lead 9.4 37 <1 1 1 

Manganese 3,600 37 5 8 27 

Nickel 17 37 <1 1 12 

Zinc 31 37 <1 2 21 

Metals total µg/L 

Aluminium - 37 60 420 2,000 

Cadmium - 37 <0.1 <0.1 <0.2 

Copper - 37 <1 1 2 

Iron - 37 340 1,000 2,300 

Nutrients µg/L 

Total Nitrogen - 29 <0.1 0.2 1.3 

Total Phosphorus - 29 <20 <50 70 

Other water quality parameters mg/L 

Hardness (CaCO3) - 29 <3 4.1 7.5 

Total Suspended 
Solids 

- 28 <1 <10 13 

Cyanide (total) 0.007 12 <0.004 <0.004 <0.004 
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10.1.7  SW3 Surface Water Quality Results  

SW3 is the downstream site in Stow Creek receiving the treated water discharged from Batman 
Pit before the water enters the Edith River. This site also receives inputs from tributaries 
including the background site SW13.  

A comparison of the median zinc and copper results reported in discharge from Batman Pit and 
Stow Creek suggests that sufficient dilution of the treated mine water appears to be occurring 
within Stow Creek in that the SSTVs will be met at the compliance monitoring point SW4 on 
most occasions. The biological monitoring results also confirms that the discharge of treated 
mine water through this site on Stow Creek is not adversely impacting on macroinvertebrate 
populations  

10.1.8  SW10 Surface Water Quality Results  

SW10 is the downstream site in the Edith River to detect water quality in the receiving 
environment. Monitoring conduced to date has shown that the water quality at SW4 has not 
been adversely impacted, and as such further assessment of water quality at SW10 is no longer 
required.  

10.1.9  Conclusio n  

Based on the 2020/21 water quality data, the water quality in the Edith River has not been 
adversely impacted by the discharge of treated water from the Mt Todd mine site.  

10.2  Groundwater  

Vista Gold has groundwater data from 2011 for most of the 16 bores currently monitored on the 
site on a 6 monthly basis. For ease of interpretation, the bores have been grouped according to 
their location as shown in Table 8-5. Data from the current monitoring bores have been 
reviewed and a trend analysis conducted on those sites with sufficient data points. A summary 
of the significant trend analysis is shown in Table 10-6 and the raw data is shown in this 
document, Appendix P - Appendix P1. Water levels for each group are shown in Figure 10-10 
to Figure 10-12.   
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Figure 10 -1 Total aluminium Group 1  

 

 

Figure 10 -2 Group 1 Total nickel  
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Figure 10 -3 Group 2 Barium  

 

 

Figure 10 -4 Group 3 Ammonia  
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Figure 10 -5 Group 3 EC  

 

 

Figure 10 -6 Group 3 Sulfate  
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Figure 10 -7 Group 4 Ammonia  

 

 

Figure 10 -8 Group 4 Strontium  
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Figure 10 -9 Group 4 Sulfate  
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Figure 10 -10  Group 1 Water Levels  



 

Mount Todd Gold Project  

Water Management Plan 

 Page 93 

 

 

Figure 10 -11  Group 2 Water Levels  
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Figure 10 -12  Group 3 Water Levels  
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10.3  Macroinvertebrate Monitoring  

Macroinvertebrate monitoring was conducted in conjunction with the sediment monitoring 
program. The results of the macroinvertebrate monitoring program are located in the annual 
report, which can be found at http://www.mttodd.com.au/waste-discharge-licence.html . The 
monitoring programme has a new monitoring site (SCUP) located on stow creek upstream of 
STCOP as STCOP will be covered by TSF2. A summary of the results is provided below.   

Overall, there were no significant differences between macroinvertebrate metrics or community 
composition close to the authorised discharge point of treated mine water from Batman Pit on 
Stow Creek (SCBTM) and the Stow Creek upstream site (SCTOP). However, macroinvertebrate 
assemblages on the Edith River downstream of the Stow Creek confluence (ERSW4), and 
therefore downstream of the mine discharge, were significantly different in composition to the 
Edith River upstream (ERUS and ERTOP). These differences were shown in most metrics used 
when assessing macroinvertebrate results. However, these differences are related to the creek 
flow and timing of sampling and not to a point source discharge. 

Previous BMPs associated with the MTPA operations have not reported the differences noted 
during the 2021 monitoring program for macroinvertebrate metrics between upstream and 
downstream sites in Edith River. Previous BMPs did not show any discernible differences 
between the macroinvertebrate assemblages recorded between upstream and downstream 
sampling sites.  

Operations within the MTPA have not changed in the lead up to the 2021 BMP and the 
SIGNAL-2 results were not significantly different between the sites, indicating that point source 
pollution was unlikely to be the cause of the differences noted within Edith River. However, 
during the surface water monitoring program it was observed that Edith River did not flow 
between June and early December 2020, which is uncommon for this river system. Only ponds 
of water were noted within Edith River (ERUS, ERSW4 and ERDS) during this period. The low 
flows noted in Edith River could be correlated to the lower-than-average rainfall experienced in 
the years preceding 2021. Nevertheless, above average rainfall was experienced within the 
region just prior to the 2021 sampling event (December 2020, February and March 2021). This, 
SIGNAL-2 results and community composition analyses suggests that habitat characteristics of 
the sample sites at the time of the 2021 monitoring program is a likely contributing factor to the 
differences in macroinvertebrate assemblages noted between the upstream and downstream 
sites on Edith River.  

Notwithstanding the above, it was also noted that shallow sites (e.g., ERSW4, ERUS) were 
characterised by flow, riffles and broken water whereas deeper pool sites (e.g., ERDS, SCDS), 
water was turbid and flowing. These conditions suggest that the 2021 sampling event may have 
been completed earlier than recommended by the NT Darwin-Daly AusRivas Sampling 
Protocols, which states that sampling should take place 4-6 weeks after a flushing event occurs 
within the catchment. Prior to the 2021 sampling event, almost 140 mm of rain was recorded at 
the closest available weather station in March 2021, which was preceded by almost double the 
average rainfall being recorded in February 2021. These conditions would have resulted in high 
flows and flushing in the Edith River catchment. Additionally, flows of this magnitude would have 
likely been followed by declining, although not stable flows, which were still present during 
sampling in mid-April 2021.   

In conclusion, macroinvertebrate metrics were significantly different for sites on Edith River that 
are upstream and downstream of the Stow Creek confluence. The SIGNAL-2 results were not 

http://www.mttodd.com.au/waste-discharge-licence.html
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significantly different between the sites, indicating that point source pollution was unlikely to be 
the cause of the differences noted. Therefore, timing of the sampling of the sites prior to 
stabilising water flow and macroinvertebrate populations in the catchment likely resulted in the 
observed differences between the Edith River upstream sites and the downstream sites. 

10.3.1  Fish tissue study  

Contributions to fish tissue surveys were included as recommendations within the NT EPA 
assessment report for the project (see recommendation 26).  During the EIS a commitment to 
NT Fisheries was made by Vista Gold to contribute to any future fish tissue monitoring program. 
There has not been a program developed for the Edith and Daly Rivers since the EIS, however 
Vista Gold remains committed to contributing in the future.   

Current and predicted water quality in the Edith River does not indicate that metals will 
bioaccumulate to detrimental levels in fish species downstream of the Mt Todd site. 

10.4  Sediment Monitoring  

As discussed in Section 10.3, the sediment monitoring was conducted in conjunction with the 
macroinvertebrate monitoring program. The results of the sediment monitoring program are 
located at http://www.mttodd.com.au/waste-discharge-licence.html. A summary of the results is 
shown below.  

Analytical results shows that sediment contaminant concentrations are below nominated 
guideline values for both reference and receiving sampling sites. Comparison of the analytical 
results obtained for reference and receiving sites shows that lower heavy metals concentrations 
were reported at the receiving sites when compared to the reference sites.   

Generally, the receiving sites showed an overall reduction in bioavailable metal concentrations 
since discharging of treated mine water from Batman Pit commenced in 2013. 

The surface water runoff from the normal wet season in 2020/21 contributed to elevated 
aluminium, iron and manganese observed in the upstream sites.  

The PSD results were found to be variable across all sites sampled. Receiving sites recorded 
non-negligible silt/clay proportions when compared to reference sites, which indicates that no 
substantial sediment smothering, or build-up of metals has occurred in the catchment as a 
result of controlled discharges from the MTPA.  

In conclusion, results of the 2021 sediment monitoring program shows that discharge from the 
MTPA has not had a measurable impact on the sediment quality within the receiving waterways. 
All receiving sites showed similarity to reference sites with respect to sediment quality.  

  

http://www.mttodd.com.au/waste-discharge-licence.html
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Appendix P1  
Groundwater Data  
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% mg/L uS/cm °C mg/L µg/L mg/L mg/L mg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L mg/L mg/L mg/L mg/L µg/L mg/L mg/L µg/L µg/L µg/L µg/L mg/L mg/L µg/L µg/L
EQL 5 100 0.004 0.1 1 1 0.5 1 1 1 0.5 1 1 1 0.5 5 0.1 0.1 1 1 1 1 1 50 0.5 0.5 0.5 0.5 1 0.5 0.5 1 1 10 10 0.01 0.01 1 1

Location Code Sampled Date Time
BW6P 01-May-2011  -  -  -  -  -  - <0.1 <0.01  - 0.25 0.01 49 188 0.03 <2 0.36 25 17.5 88.6 0.05 28.5 <0.02 <0.02 <0.1 0.82 0.78 0.19 0.06 10 33.3 32.2 60.1 57.6 0.4 3.6 3.5 <0.05 <0.1 21.4 0.6 1.75 0.6 17.9 0.94
BW6P 20-May-2011  -  - 872 32  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 01-Sep-2011  -  -  -  - < 10  -  - < 0.005  - < 5 < 5 50 150 < 1 < 5 < 5 16 17 80 < 1 < 50 < 0.2 < 0.2 < 1 < 1 < 1 < 1 1  - 22  - 45  - < 5 3  - < 5 < 5 < 50 < 50 0.32 0.28 6 5
BW6P 01-Sep-2011  -  -  -  - < 10  -  - 0.005  - < 5 < 5 52 160 < 1 < 5 < 5 15 16 80 < 1 < 50 < 0.2 < 0.2 < 1 < 1 < 1 < 1 1  - 30  - 58  - < 5 3.7  - < 5 < 5 < 50 < 50 0.26 0.25 6 4
BW6P 09-Sep-2011  -  - 845 32.5  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 01-Dec-2011  -  -  -  - < 10  -  - < 0.005 < 0.5 < 5 < 5 38 150 < 1 < 5 < 5 15 15 90 < 1 < 50 < 0.2 < 0.2 < 1 < 1 < 1 1 < 1  - 31  - 55  - < 5 3.1  - < 5 < 5 < 50 < 50 0.47 0.42 5 4
BW6P 16-Dec-2011  -  - 882 32  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 01-Mar-2012  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 01-Mar-2012  -  -  -  - < 10  -  - < 0.005 < 0.5 < 5 < 5 36 170 < 1 < 5 < 5 15 17 90 < 1 < 50 < 0.2 < 0.2 < 1 < 1 < 1 1 < 1  - 30  - 57  - < 5 3  - < 5 < 5 < 50 < 50 0.63 0.44 8 2
BW6P 17-Mar-2012  -  - 930 31.9  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 26-Apr-2013  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 26-Apr-2013  -  -  -  -  - 100  - <0.004  - <1 <1 43 190 <1 <1 <0.5 17 16 88 <0.5 10 <0.1 <0.1 <1 1 <1 1 <1 <50 40 39 72 69 <1 4.1 4.2 <1 <1 17 <10 0.51 0.46 4 2
BW6P 26-Apr-2013  -  - 1018 34.73  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 06-Dec-2013  -  -  -  -  -  -  - <0.004 <0.1 <1 <1 52 180 <1 <1 <0.5 16 15 85 <0.5 23 <0.1 <0.1 <1 <1 <1 <1 <1 <50 39 35 69 63 <1 3.9 3.7 <1 <1 <10 <10 0.55 0.52 8 5
BW6P 19-Aug-2015  -  -  -  -  -  -  - <0.004 <0.1 <1 <1 48 210 <1 <1 <0.5 10 11 77 <0.5 22 <0.1 <0.1 <1 <1 <1 <1 <1 <50 47 44 81 75 <1 5.1 4.5 <1 <1 <10 <10 0.4 0.48 6 3
BW6P 19-Aug-2015  -  - 1109.9 29.2  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 16-Feb-2016  -  -  -  -  -  -  - <0.004 <0.1 <1 <1 46 240 <1 <1 <0.5 18 18 77 <0.5 25 <0.1 <0.1 <1 <1 <1 <1 <1 <50 46 49 75 83 <1 4.2 4.1 <1 <1 <10 <10 0.9 0.75 7 3
BW6P 17-Feb-2016  -  - 1165 32.1  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 28-Sep-2016  -  -  -  - <5  -  - <0.004 <0.5 <1 <1 50 230 <1 <1 <0.5 19 20 87 <0.5 27 <0.1 <0.1 <1 <1 <1 <1 <1 <50 44 46 75 79 <1 3.9 4 <1 <1 <10 <10 0.73 0.59 8 3
BW6P 28-Sep-2016 91.6  - 1104 30.4  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 29-Mar-2017  -  -  -  -  -  -  - <0.004 <0.1 <1 <1 54 260 <1 <1 <0.5 21 20 62 <0.5 20 <0.1 <0.1 <1 <1 <1 <1 <1 <50 56 54 88 85 <1 4.5 4.7 <1 <1 <10 <10 1.4 1.4 6 <1
BW6P 05-Apr-2017  -  -  -  -  -  -  - <0.004 0.1  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - <50  - 49  - 83  -  - 4.6  -  -  -  -  -  -  -  -
BW6P 05-Apr-2017  -  - 1210 32.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 29-Sep-2017  -  -  -  -  -  -  - <0.004 0.2 <1 <1 51 270 <1 <1 <0.5 20 20 65 <0.5 <20 <0.1 <0.1 <1 <1 <1 <1 <1 <50 52 51 84 85 <1 4.9 5 <1 <1 <10 <10 1.2 1.2 9 <1
BW6P 29-Sep-2017  - 5.63 1220 33.58  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 29-Mar-2018  - 5.48 1232 32.5  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 05-Oct-2018  -  -  -  -  -  -  - <0.004 <0.1 <1 <1 55 260 <1 <1 <0.5 18 17 65 <0.5 <20 <0.1 <0.1 <1 <1 <1 <1 <1 <50 51 49 84 79 <1 4.5 4.3 <1 <1 <10 <10 1.1 1.1 11 5
BW6P 05-Oct-2018  - 5.82 1136 32.6  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
BW6P 01-May-2019  -  -  -  -  -  -  - <0.004 0.2 <1 <1 53 230 <1 <1 <0.5 26 23 60 <0.5 30 <0.1 <0.1 <1 <1 <1 <1 <1 <50 47 46 82 80 <1 4.5 4.5 <1 <1 10 <10 1.1 1.1 9 <1
BW6P 01-May-2019  - 3.4 1155 32.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

Statistical Summary
Number of Results 1 4 13 13 5 1 1 15 11 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 11 14 11 14 11 14 14 11 14 14 14 14 14 14 14 14
Number of Detects 1 4 13 13 0 1 0 1 3 1 1 14 14 1 0 1 14 14 14 1 8 0 0 0 2 1 4 3 1 14 11 14 11 1 14 11 0 0 3 1 14 14 14 11
Minimum Concentration 91.6 3.4 845 29.2 <5 100 <0.1 <0.004 <0.1 0.25 0.01 36 150 0.03 <1 0.36 10 11 60 0.05 10 <0.02 <0.02 <0.1 0.82 0.78 0.19 0.06 10 22 32.2 45 57.6 0.4 3 3.5 <0.05 <0.1 <10 0.6 0.26 0.25 4 0.94
Maximum Concentration 91.6 5.82 1232 34.73 <10 100 <0.1 <0.01 <0.5 <5 <5 55 270 <1 <5 <5 26 23 90 <1 <50 <0.2 <0.2 <1 1 <1 1 1 <50 56 54 88 85 <5 5.1 5 <5 <5 <50 <50 1.75 1.4 17.9 5
Median Concentration 91.6 5.555 1110 32.3 5 100 0.05 0.002 0.1 0.5 0.5 50 200 0.5 0.5 0.25 17.5 17 80 0.25 25 0.05 0.05 0.5 0.5 0.5 0.5 0.5 25 42 46 73.5 79 0.5 4 4.3 0.5 0.5 7.5 5 0.68 0.555 7.5 3
Standard Deviation 1.1 141 1.3 1.1 0.001 0.092 0.95 0.97 5.8 42 0.13 0.92 1.1 4.2 2.9 11 0.14 6.9 0.027 0.027 0.12 0.15 0.075 0.24 0.23 4.5 10 6.8 13 9.2 0.94 0.67 0.44 0.97 0.97 9.3 9.7 0.45 0.37 3.4 1.7

MetalsField

(Location_Code in ( 'BW6P' )) BW6P.xlsm , 21-04-2020



BW6P Groundwater Chemistry 2019 Vista Gold Mount Todd

EQL

Location Code Sampled Date Time
BW6P 01-May-2011
BW6P 20-May-2011
BW6P 01-Sep-2011
BW6P 01-Sep-2011
BW6P 09-Sep-2011
BW6P 01-Dec-2011
BW6P 16-Dec-2011
BW6P 01-Mar-2012
BW6P 01-Mar-2012
BW6P 17-Mar-2012
BW6P 26-Apr-2013
BW6P 26-Apr-2013
BW6P 26-Apr-2013
BW6P 06-Dec-2013
BW6P 19-Aug-2015
BW6P 19-Aug-2015
BW6P 16-Feb-2016
BW6P 17-Feb-2016
BW6P 28-Sep-2016
BW6P 28-Sep-2016
BW6P 29-Mar-2017
BW6P 05-Apr-2017
BW6P 05-Apr-2017
BW6P 29-Sep-2017
BW6P 29-Sep-2017
BW6P 29-Mar-2018
BW6P 05-Oct-2018
BW6P 05-Oct-2018
BW6P 01-May-2019
BW6P 01-May-2019

Statistical Summary
Number of Results
Number of Detects
Minimum Concentration
Maximum Concentration
Median Concentration
Standard Deviation
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µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L mg/L mg/L mg/L mg/L meq/L meq/L mg/L µg/L mg/L % µg/L mg/L µg/L mg/L pH_Unit mg/L µg/L mg/L mg/L mg/L MG/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
5 5 0.05 1 1 1 1 1 1 5 5 0 0 0.005 5 0.5 0.004 5 100 5 5 5 0.004 3 0.5 0.5 1 5 1

294 316 <0.02  - 0.06 0.07 <0.2 2.3 1.6 <0.05 267 <1  - 267 9.12 9.91 <0.1 <1000  - 4.2  -  - <0.01 <1  -  - 20  -  -  -  - <0.01  - 81.9 79.9 207 198 560  - 22.2 0.01
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.52  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

210 210  - < 0.1 < 1 < 1 < 1 40 12 < 5 341.6 6  -  -  -  - < 0.005  -  -  -  - 62 - 63 < 5 < 0.005  - 280 360  -  -  - < 0.05 < 0.005  - 72  -  -  -  - 480 23 <0.01 - 0.04
210 220  - < 0.1 < 1 < 1 < 1 44 6 < 5 341.6 6  -  -  -  - 0.0007  -  -  - 19,000 71 < 5 < 0.005  - 280 340  -  -  - 0.08 0.009  - 81  -  -  -  - 520 23 < 0.01
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.33  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

190 190  - < 0.1 < 1 < 1 < 1 3 2 < 5 340 <10 - 6  -  -  -  - < 0.005  -  -  -  - 60 < 1000 < 0.005  - 280 < 200  -  -  - < 0.05 < 0.005  - 79  -  -  -  - 680 23 < 0.01
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.46  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

230 270  - < 0.1 < 1 < 1 < 1 3 5 < 5 317.2 6  -  -  -  - < 0.005  -  -  -  - 75 < 1000 < 0.005  - 260 < 200  -  -  - 0.06 < 0.005  - 76  -  -  -  - 550 22 < 0.2
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.35  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
 -  - <0.05  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

360 350 <0.05  - 3 1 <1 10 6 <1 317.2 3 <5 260  -  - <0.1  -  - 1.7  -  - <0.5 <0.004  - 260 200 <5  -  -  - <0.004  - 88 94 270  -  - 650 25  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.58  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

300 290 <0.05  - <1 <1 <1 2 2 <1 305 3 <5 250  -  - <0.1  -  - -0.74  -  - <0.5 <0.004  - 250 600 <5  -  -  - <0.004  - 100 88 260  -  - 790 22  -
360 350 <0.05  - <1 <1 <1 3 2 <1 305 3  -  -  -  - <0.1  -  - 2.8  -  - <0.5 <0.004  - 250 100 <5 <5 250  - <0.004  - 110 98 310  -  - 680 25  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 7.12  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

390 390 <0.05  - <1 <1 <1 3 2 <1 317.2 3  -  -  -  - <0.1  -  - 11  -  - <0.5 <0.004  - 260 1500 <5 <5 260  - <0.004  - 120 100 260  -  - 790 22  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 7.08  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

310 320 <0.05  - <1 <1 <1 4 2 <1 305 3  -  - 11 12.9 <0.1  - <5 2.5  -  - <0.5 <0.004  - 250 <100  -  - 250  - <0.004 440 89 91 310  -  - 660 28  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.85  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

490 480 <0.05  - <1 <1 <1 2 2 <1 329.4 3  -  -  -  - <0.1  -  - 1  -  - <0.5 <0.004  - 270 200 <5 <5 270  - <0.004  - 110 88 340  -  - 800 32  -
 -  -  -  -  -  -  -  -  -  - 317.2 3  -  -  -  - <0.1  -  -  -  -  -  - <0.004  - 260 <100 <5 <5 260  - <0.004  -  - 98 330  -  - 760 30  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.33  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

420 440 <0.05  - <1 <1 <1 2 2 <1 305 3  -  -  -  - <0.1  -  - 4  -  - <0.5 <0.004  - 250 <100 <5 <5 250  - <0.004  - 120 100 350  -  - 760 32  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.79  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.6  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

450 440 <0.05  - <1 <1 <1 3 2 <1 305 3  -  -  -  - <0.1  -  - 1  -  - <0.5 <0.004  - 250 <100 <5 <5 250  - <0.004  - 96 100 360  -  - 810 31  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.64  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

390 350 <0.05  - <1 <1 <1 4 2 <1 305 3  -  -  -  - <0.1  -  - 8  -  - <0.5 <0.004  - 250 <100 <5 <5 250  - <0.004  - 91 89 250  -  - 730 26  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.6  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

14 14 11 4 14 14 14 14 14 14 15 15 2 3 2 2 15 1 1 10 1 4 14 15 13 14 15 9 7 8 4 15 1 14 11 11 1 1 14 15 5
14 14 0 0 2 2 0 14 14 0 15 14 0 3 2 2 1 0 0 10 1 4 0 0 13 14 8 0 0 8 2 1 1 14 11 11 1 1 14 15 2

190 190 <0.02 <0.1 0.06 0.07 <0.2 2 1.6 <0.05 267 <1 <5 250 9.12 9.91 0.0007 <1000 <5 -0.74 19000 60 <0.01 <0.004 6.33 250 20 <5 <5 250 <0.05 <0.004 440 72 79.9 207 198 560 480 22 <0.01
490 480 <0.05 <0.1 3 1 <1 44 12 <5 341.6 6 <5 267 11 12.9 <0.1 <1000 <5 11 19000 75 <1000 <1 7.12 280 1500 <5 <5 270 0.08 <0.01 440 120 100 360 198 560 810 32 <0.2
335 335 0.025 0.05 0.5 0.5 0.5 3 2 0.5 317.2 3 2.5 260 10.06 11.405 0.05 500 2.5 2.65 19000 66.75 0.25 0.002 6.6 260 100 2.5 2.5 250 0.0425 0.002 440 90 94 310 198 560 705 25 0.01
95 89 0.0045 0 0.69 0.18 0.11 14 2.9 0.97 19 1.6 8.5 0.022 3.5 7.1 181 0.13 0.26 12 381 0 0 7.6 0.027 0.0019 16 6.6 49 109 3.8 0.041

Inorganics

(Location_Code in ( 'BW6P' )) BW6P.xlsm , 21-04-2020



BW6P Groundwater Chemistry 2019 Vista Gold Mount Todd

EQL

Location Code Sampled Date Time
BW6P 01-May-2011
BW6P 20-May-2011
BW6P 01-Sep-2011
BW6P 01-Sep-2011
BW6P 09-Sep-2011
BW6P 01-Dec-2011
BW6P 16-Dec-2011
BW6P 01-Mar-2012
BW6P 01-Mar-2012
BW6P 17-Mar-2012
BW6P 26-Apr-2013
BW6P 26-Apr-2013
BW6P 26-Apr-2013
BW6P 06-Dec-2013
BW6P 19-Aug-2015
BW6P 19-Aug-2015
BW6P 16-Feb-2016
BW6P 17-Feb-2016
BW6P 28-Sep-2016
BW6P 28-Sep-2016
BW6P 29-Mar-2017
BW6P 05-Apr-2017
BW6P 05-Apr-2017
BW6P 29-Sep-2017
BW6P 29-Sep-2017
BW6P 29-Mar-2018
BW6P 05-Oct-2018
BW6P 05-Oct-2018
BW6P 01-May-2019
BW6P 01-May-2019

Statistical Summary
Number of Results
Number of Detects
Minimum Concentration
Maximum Concentration
Median Concentration
Standard Deviation
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mg/L mg/L mg/L mg/L mg/L mg/L mg/L
0.005 0.005 0.005 0.005 0.1

 - <0.005  - 0.015  - <0.01  -
 -  -  -  -  -  -  -
 -  - <0.02 - 0.34  - 0.42 < 0.2  -
 -  - < 0.02  - 0.37 < 0.2  -
 -  -  -  -  -  -  -
 -  - < 0.02  - < 0.02 < 0.2  -
 -  -  -  -  -  -  -
 -  - < 0.05  -  - < 0.2  -
 -  - < 0.02  - < 0.02 < 0.2  -
 -  -  -  -  -  -  -
 -  -  -  -  -  -  -

0.018  - <0.005 <0.005  -  - 0.2
 -  -  -  -  -  -  -

<0.005  - <0.005 <0.005  -  - 0.6
0.016  - <0.005 <0.005  -  - 0.1

 -  -  -  -  -  -  -
0.031  - <0.005 <0.005  -  - 1.5

 -  -  -  -  -  -  -
0.02  - 0.008  - <0.005  - <0.1

 -  -  -  -  -  -  -
0.12  - <0.005 <0.005  -  - <0.1

0.036  - <0.005 <0.005  -  - <0.1
 -  -  -  -  -  -  -

0.055  - <0.005 <0.005  -  - <0.1
 -  -  -  -  -  -  -
 -  -  -  -  -  -  -

0.017  - 0.005 <0.005  -  - <0.1
 -  -  -  -  -  -  -

0.068  - <0.005 <0.005  -  - <0.1
 -  -  -  -  -  -  -

10 1 15 10 5 6 10
9 0 3 1 2 0 4

<0.005 <0.005 <0.005 <0.005 <0.005 <0.01 <0.1
0.12 <0.005 0.34 0.015 0.42 <0.2 1.5

0.0255 0.0025 0.0025 0.0025 0.01 0.1 0.05
0.035 0.044 0.004 0.21 0.039 0.46

(Location_Code in ( 'BW6P' )) BW6P.xlsm , 21-04-2020
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��� � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� � ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� (6�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

�"� ��� �# $�� ��� ��#� %�" #!�� �� #�
$�� ��! $! � #�� ��� ���� �$�� #" !$
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,� �$ !%� ,� ,��� ,� ,��� �# �# �! ,��� #� ,��� ,��� ,� ��� �"� ,� ,� ,� ,� ,� ,�� ,�� #�� $�� ,� ,� $��� �%�� ,� � ,� # # ,� � � � � � �
,� �� !�� ,� ,��� ,� ,��� �# �# "% ,��� $% ,��� ,��� ,� �#� �#� ,� ,� ,� ,� ,� ,�� ,�� $�� $�! ,� ,� $��� �%�� ,� ,� ,� # $ ,� � � � � � �
,� "� !�� ,� ,��� ,� ,��� �� �� �� ,��� #$ ,��� ,��� ,� �"� �"� ,� ,� ,� ,� ,� ,�� ,�� $�� $�� ,� ,� �%�� �%�� ,� ,� ,� # � ,� � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $� #��� � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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� ���� � ���� ���� �
 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��� � ���� ���� ���� ����
��� �����
������� �! �"� ��� �# $�� �$% $�
������� �!�&�$ $�� ��! $! � ! � $�� "$

����
1$ %��
����1��
� &
�'��
1 
��1
����

'�()$� �! *+, $��� � � � � � � � � � � � � � � � � � � � � #�%� �  � � � � � � � #��# � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !�"! � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� $! -�. $��� � � � � � � � � � � � � � � � � � � � � $�"! � � � � � � � � #���� � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � !��"�!� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� $% (/0 $��� � � �$� 1� �$� "��" 1��� 1��� "��$ 1��� � � � � 1���� 1��� 1� $$� � � 1��� ��� 1��� 1$� ���" �% "��� ���" 1� $ ��" 1��� $!�� 1��$ 1��$ 1� $�� $�� ���� ���# � � "�2��� � ��"� "� # "!� �%$� ��"� $!�� ��! ��� ���# ���# 1��� !%�" !!�� 1��� 1� #�� % $!�$
'�()$� �� 	�� $��� � � � � � � � � � � � � � � � � � � � � "��� � � � � � � � � $��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !�#� � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � �
'�()$� �� ��
 $��� � � � � � � � � � � � � � � � � � � � � "�## � � � � � � � � #���# � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � !�"" � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� �$ (/3 $��$ � � � � � � � � � � � � � � � � � � � � ##!� � � � � � � � � $%�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !�$$ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� $� 4�3 $��# � � � � � � � � � � � � � � � � � � � � #%�% � � � � � � � � #��! � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���� � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � �
'�()$� �" 5�� $��" � � � � � � � � � � � � � � � � � � � � ��#" � � � � � � � � #���� � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � !�!� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� $$ 5/� $��� � � � � � � � � � � � � � � � � � � � � ##�� � � � � � � � � #��!" � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � !�!� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� $� 4�� $��� � � � � � � � � � � � � � � � � � � � � "��� � � � � � � � � #���� � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � !��# � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� �� -�. $��! � � � � � � � � � � � � � � � � � � � � #%!� � � � � � � � � $%��" � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !�!# � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� $% 	�� $��! � � � � � � � � � � � � � � � � � � ��# "�"� � � � � � � � � ##��$ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !�$$ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� �� 4�3 $��� � � � � � � � � � � � � � � � � � � � #��� � � � � � � � � #��$ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� $% 	�� $��� � � � � � � � � � � � � � � � � � � ���� ""! � � � � � � � � � #��� � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � !��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� $% (/3 $��� � � � � � � � � � � � � � � � � � � ���� #�� " � � � � � � � � #��� � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � !�� � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � �
'�()$� �� 6
� $��� � � � � � � � � � � � � � � � � � � $�$" "$�� � � � � � � � � #��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !�!� � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � �
'�()$� $! -�. $��% � � ��" 1� ��" $$�� � � � � $��# � � � � � � 1���� $�� � � � � � � � � 1��� � � � � � � #% "#�� 1���� � � � � �  � � � 1��$ 1��$ � � �"� �"� ��� ��"% � � � � � � ��$" � � $�� � � %�# � � � � %��! � � ""�# � � � � ���� � � � � ���% �"�#
'�()$� #� 4�3 $��% � � � � � � � � � � � � � � � � � � ���� $#% � � � � � � � � � #��%� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � !��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
'�()$� �� (/0 $��% � � � � � � � � � � � � � � � � � � ���� "$� $ � � � � � � � � #��� � � � � � � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � !�� � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � �

���� '�()$� �� 	�� $��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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mg/L uS/cm °C mg/L µg/L mg/L mg/L mg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L mg/L mg/L mg/L mg/L µg/L mg/L mg/L µg/L µg/L µg/L µg/L mg/L mg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L
EQL 5 100 0.004 0.1 1 1 0.5 1 1 1 0.5 1 1 1 0.5 5 0.1 0.1 1 1 1 1 1 50 0.5 0.5 0.5 0.5 1 0.5 0.5 1 1 10 10 0.01 0.01 1 1 5 5 0.05 1 1 1 1

Location Code Sampled Date
TimeMB1 14-Nov-2010  - 471  -  -  -  -  -  -  -  -  -  -  -  -  - 18.5 18.5  -  -  - <0.02 <0.02  - 0.13 0.15 0.21 0.05  -  - 16  - 29.9  -  - 2.5  -  - 26 0.8 0.78 0.78 0.22 0.15 390 394  -  - 0.17 0.33  - 1.3

MB1 14-Nov-2010  - 480 32.7  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 23-Feb-2011  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 21.5 17.5  -  -  - <0.02 0.02  - 0.1 0.17 0.62 0.63  -  - 18.4  - 29.3  -  - 2.7  -  - 65.1 15.7 1.1 0.72 0.64 2.03 391 371  -  - 0.35 1.49  - 7.5
MB1 23-Feb-2011  - 496 32.35  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 01-May-2011  -  -  -  -  - <0.1 <0.01  - <0.05 <0.01 31 90.6 <0.01 <2 0.007 15 15.5 38.8 0.15 21.5 <0.02 <0.02 <0.1 0.16 0.17 0.34 0.17 40 17.6 17.1 32.9 31.4 0.15 2.9 2.8 <0.05 <0.1 57.4 0.5 0.64 0.72 0.55 0.03 384 393 <0.02  - 0.06 0.35 <0.2 3
MB1 20-May-2011  - 490 32.6  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 01-Sep-2011  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 01-Sep-2011  -  -  - < 10  -  - < 0.005  - < 5 < 5 33 87 < 1 < 5 < 5 16 18 40 < 1 < 50 < 0.2 < 0.2 < 1 < 1 < 1 < 1 < 1  - 18  - 31  - < 5 2.8  - < 5 < 5 < 50 < 50 0.81 0.87 < 1 < 1 370 370  - < 0.1 < 1 < 1 < 1 26
MB1 07-Sep-2011  - 492 32.8  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 01-Dec-2011  -  -  - < 10  -  - < 0.005 < 0.5 < 5 < 5 23 80 < 1 < 5 < 5 15 15 40 < 1 < 50 < 0.2 < 0.2 < 1 < 1 < 1 < 1 < 1  - 19  - 34  - < 5 2.7  - < 5 < 5 < 50 < 50 0.89 0.81 < 1 < 1 330 320  - < 0.1 < 1 < 1 < 1 3
MB1 01-Dec-2011  -  -  - < 10  -  - < 0.005 < 0.5 < 5 < 5 22 81 < 1 < 5 < 5 15 14 50 < 1 < 50 < 0.2 < 0.2 < 1 < 1 < 1 < 1 < 1  - 19  - 30  - < 5 2.6  - < 5 < 5 < 50 < 50 0.89 0.84 < 1 < 1 330 320  - < 0.1 < 1 < 1 < 1 2
MB1 16-Dec-2011  - 532 32.4  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 01-Mar-2012  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 01-Mar-2012  -  -  - < 10  -  - < 0.005 < 0.5 < 5 < 5 < 5 20 < 1 < 5 < 5 7 6 50 < 1 < 50 < 0.2 < 0.2 < 1 < 1 < 1 7 6  - 19  - 9.3  - < 5 1.4  - < 5 < 5 140 < 50 0.42 0.1 2 < 1 12 < 5  - < 0.1 2 2 < 1 29
MB1 11-Mar-2012  - 222 32.4  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 24-Apr-2013  -  -  -  - <100  - <0.004  - <1 <1 25 86 <1 <1 <0.5 14 12 39 <0.5 8 <0.1 <0.1 <1 <1 <1 <1 <1 <50 19 19 36 35 <1 3 3.2 <1 <1 35 <10 0.64 0.6 <1 <1 350 350 <0.05  - <1 1 <1 9
MB1 24-Apr-2013  - 555 32.71  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 03-Dec-2013  -  -  -  -  -  - <0.004 <0.1 <1 <1 26 77 <1 <1 <0.5 19 13 39 <0.5 18 <0.1 <0.1 <1 <1 <1 1 <1 <50 22 16 36 27 <1 3.4 2.4 <1 <1 90 <10 1.1 0.58 2 <1 520 340 <0.05  - 2 <1 <1 21
MB1 03-Dec-2013  - 605 32.15  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 02-Jun-2014  -  -  -  -  -  - <0.004 1.2 <1 <1 28 87 <1 <1 <0.5 15 15 45 <0.5 20 <0.1 <0.1 <1 <1 <1 <1 <1 <50 23 20 42 36 <1 3.3 2.9 <1 <1 30 <10 0.77 0.69 <1 <1 390 370 <0.05  - 1 <1 <1 7
MB1 02-Jun-2014  - 592 32.37  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 22-Jan-2015  -  -  -  -  -  - <0.004 <0.1 <1 <1 32 100 <1 <1 <0.5 17 15 50 <0.5 21 <0.1 <0.1 <1 <1 <1 <1 <1 <50 20 21 38 39 <1 3.3 3.5 <1 <1 30 <10 1.1 0.87 2 <1 480 450 <0.05  - <1 <1 <1 14
MB1 22-Jan-2015  - 624 32.55  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 19-Aug-2015  -  -  -  -  -  - <0.004 <0.1 <1 <1 30 100 <1 <1 <0.5 15 15 49 <0.5 19 <0.1 <0.1 <1 <1 <1 <1 <1 <50 22 22 42 41 <1 3.9 3.7 <1 <1 20 <10 0.83 0.77 <1 <1 470 450 <0.05  - <1 <1 <1 7
MB1 19-Aug-2015  -  -  -  -  -  - <0.004 <0.1 <1 <1 31 100 <1 <1 <0.5 15 15 49 <0.5 19 <0.1 <0.1 <1 <1 <1 <1 <1 <50 24 22 45 41 <1 4.2 3.7 <1 <1 10 <10 0.85 0.8 <1 <1 480 460 <0.05  - <1 <1 <1 7
MB1 19-Aug-2015  - 651 32.72  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 16-Feb-2016  -  -  -  -  -  - <0.004 <0.1 <1 <1 29 100 <1 <1 <0.5 14 15 48 <0.5 21 <0.1 <0.1 <1 <1 <1 <1 <1 <50 22 22 40 43 <1 3.4 3.1 <1 <1 50 <10 1.1 1 2 <1 460 450 <0.05  - <1 <1 <1 8
MB1 16-Feb-2016  - 654 33.17  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 28-Sep-2016  -  -  - <5  -  - <0.004 <0.5 <1 <1 32 130 <1 <1 <0.5 15 17 69 <0.5 25 <0.1 <0.1 <1 <1 <1 <1 <1 <50 28 28 46 48 <1 3.3 3.3 <1 <1 20 <10 0.93 0.89 <1 <1 470 490 <0.05  - <1 <1 <1 2
MB1 28-Sep-2016 1 702 32.9  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 05-Apr-2017  -  -  -  -  -  - <0.004 0.2  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 80  - 25  - 12  -  - 2.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 05-Apr-2017  -  -  -  -  -  - <0.004 0.2  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 90  - 25  - 12  -  - 2.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 05-Apr-2017 0 220 33.28  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 27-Sep-2017 0.08 686 32.86  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 29-Sep-2017  -  -  -  -  -  - <0.004 <0.1 <1 <1 28 120 <1 <1 <0.5 13 13 64 <0.5 <20 <0.1 <0.1 <1 <1 <1 1 <1 50 30 27 46 43 <1 4 3.1 <1 <1 110 <10 1.2 1.1 1 <1 470 480 <0.05  - <1 <1 <1 11
MB1 28-Mar-2018  -  -  -  -  -  - <0.004 0.12 <1 <1 <1 9.8 <1 <1 <0.5 3 2 57 <0.5 <20 0.1 <0.1 <1 <1 <1 8 3 <50 23 21 11 9.5 <1 1.2 1.1 <1 <1 380 <10 0.51 0.011 4 <1 11 <5 <0.05  - 2 <1 <1 80
MB1 28-Mar-2018 0.41 190 33.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 04-Oct-2018  -  -  -  -  -  - <0.004 <0.1 <1 <1 <1 12 <1 <1 <0.5 3 3 55 <0.5 <20 <0.1 <0.1 <1 <1 <1 71 2 <50 23 22 11 9.8 <1 1.3 1.2 <1 <1 50 <10 0.26 0.027 3 <1 6 <5 <0.05  - <1 <1 <1 42
MB1 04-Oct-2018 0.28 192 33.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
MB1 30-Apr-2019  -  -  -  -  -  - <0.004 <0.1 <1 <1 1 4.7 <1 <1 <0.5 4 3 16 <0.5 <20 <0.1 <0.1 <1 <1 <1 2 <1 100 8.9 8.7 5 4.7 <1 1.7 1.6 <1 <1 230 10 0.86 0.7 2 <1 40 32 <0.05  - <1 <1 <1 18
MB1 30-Apr-2019 0.04 93 33.36  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

Statistical Summary
Number of Results 6 19 18 5 1 1 19 16 17 17 17 17 17 17 17 19 19 17 17 17 19 19 17 19 19 19 19 15 17 17 17 17 17 17 17 17 17 19 19 19 19 19 19 19 19 13 4 19 19 17 19
Number of Detects 6 19 18 0 0 0 0 4 0 0 14 17 0 0 1 19 19 17 1 9 1 1 0 3 3 9 6 5 17 17 17 17 1 17 17 0 0 16 4 19 19 11 3 19 16 0 0 7 5 0 19
Minimum Concentration 0 93 32.15 <5 <100 <0.1 <0.004 <0.1 <0.05 <0.01 <1 4.7 <0.01 <1 0.007 3 2 16 0.15 8 <0.02 <0.02 <0.1 0.1 0.15 0.21 0.05 40 8.9 8.7 5 4.7 0.15 1.2 1.1 <0.05 <0.1 10 0.5 0.26 0.011 0.22 0.03 6 <5 <0.02 <0.1 0.06 0.33 <0.2 1.3
Maximum Concentration 1 702 33.36 <10 <100 <0.1 <0.01 1.2 <5 <5 33 130 <1 <5 <5 21.5 18.5 69 <1 <50 <0.2 <0.2 <1 <1 <1 71 6 100 30 28 46 48 <5 4.2 3.7 <5 <5 380 <50 1.2 1.1 4 2.03 520 490 <0.05 <0.1 2 2 <1 80
Median Concentration 0.18 496 32.715 5 50 0.05 0.002 0.085 0.5 0.5 28 87 0.5 0.5 0.25 15 15 49 0.25 20 0.05 0.05 0.5 0.5 0.5 0.5 0.5 25 22 21 36 31.4 0.5 3 2.8 0.5 0.5 35 5 0.85 0.77 0.55 0.5 390 370 0.025 0.05 0.5 0.5 0.5 8
Standard Deviation 0.38 191 0.38 1.1 0.00069 0.28 0.9 0.9 12 39 0.12 0.87 0.99 5.3 5.2 12 0.12 6.3 0.03 0.028 0.11 0.14 0.13 16 1.4 27 4.6 4.7 14 14 0.89 0.94 0.79 0.9 0.9 91 8.8 0.25 0.31 1.1 0.38 177 172 0.0042 0 0.6 0.42 0.097 19

MetalsField

(Location_Code in ( 'MB1' )) MB1.xlsm , 21-04-2020



 MB1 Groundwater Chemistry 2019 Vista Gold Mount Todd
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Location Code Sampled Date
TimeMB1 14-Nov-2010

MB1 14-Nov-2010
MB1 23-Feb-2011
MB1 23-Feb-2011
MB1 01-May-2011
MB1 20-May-2011
MB1 01-Sep-2011
MB1 01-Sep-2011
MB1 07-Sep-2011
MB1 01-Dec-2011
MB1 01-Dec-2011
MB1 16-Dec-2011
MB1 01-Mar-2012
MB1 01-Mar-2012
MB1 11-Mar-2012
MB1 24-Apr-2013
MB1 24-Apr-2013
MB1 03-Dec-2013
MB1 03-Dec-2013
MB1 02-Jun-2014
MB1 02-Jun-2014
MB1 22-Jan-2015
MB1 22-Jan-2015
MB1 19-Aug-2015
MB1 19-Aug-2015
MB1 19-Aug-2015
MB1 16-Feb-2016
MB1 16-Feb-2016
MB1 28-Sep-2016
MB1 28-Sep-2016
MB1 05-Apr-2017
MB1 05-Apr-2017
MB1 05-Apr-2017
MB1 27-Sep-2017
MB1 29-Sep-2017
MB1 28-Mar-2018
MB1 28-Mar-2018
MB1 04-Oct-2018
MB1 04-Oct-2018
MB1 30-Apr-2019
MB1 30-Apr-2019

Statistical Summary
Number of Results
Number of Detects
Minimum Concentration
Maximum Concentration
Median Concentration
Standard Deviation
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µg/L µg/L mg/L mg/L mg/L mg/L meq/L meq/L mg/L µg/L mg/L % mg/L µg/L mg/L pH_Unit mg/L µg/L mg/L mg/L mg/L MG/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
1 1 5 5 0 0 0.005 5 0.5 0.004 5 100 5 5 5 0.004 3 0.5 0.5 1 5 1 0.005 0.005 0.005 0.005 0.1

1  - <1 272  - 272  -  -  - <1000  -  -  -  -  - 6.8  -  -  -  -  -  -  -  -  - 45.1  - 31  -  - 9.7  -  -  -  -  -  -  -  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.5  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

14.8  - 235 <1  - 235 4.63 5.51  - <1000  - 8.6  -  -  -  -  -  -  -  -  -  -  -  -  - 48.4  - 27.9  -  - 7  -  -  -  -  -  -  -  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.36396  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

2.1 <0.05 227 <1  - 227 4.87 5.58 <0.1 <1000  - 6.7  - <0.01 <1  -  - <10  -  -  -  - <0.01  - 49 47.6 41.2 39.7 340  - 11.6 0.005  - 0.01  - <0.005  - 0.01  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
 -  -  -  -  -  -  -  -  -  -  -  - 15  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.06  -  - <0.02 - 0.51  -  - < 0.2  -
3 < 5 292.8 6  -  -  -  - < 0.005  -  -  - 17 < 5 < 0.005  - 240 510  -  -  - 0.1 < 0.005  - 47  -  -  -  - 300 12 < 0.01  -  - < 0.02  - 0.56 < 0.2  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
1 < 5 290 <10 - 6  -  -  -  - < 0.005  -  -  - 13 < 1000 < 0.005  - 240 < 200  -  -  - < 0.05 < 0.005  - 46  -  -  -  - 430 15 < 0.01  -  - < 0.02  - < 0.02 < 0.2  -
1 < 5 290 <10 - 6  -  -  -  - < 0.005  -  -  - 13 < 1000 < 0.005  - 240 < 200  -  -  - 0.06 < 0.005  - 52  -  -  -  - 430 14 < 0.01  -  - < 0.02  - < 0.02 < 0.2  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 0.22  -  - < 0.2  -
26 < 5 134.2 6  -  -  -  - < 0.005  -  -  - < 5 < 1000 < 0.005  - 110 200  -  -  - < 0.05 < 0.005  - 5.7  -  -  -  - 130 2.2 < 0.01  -  - 0.22  - < 0.02 < 0.2  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.45  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
6 <1 280.6 3 <5 230  -  - <0.1  -  - 3  - <0.5 <0.004  - 230 200 <5  -  -  - <0.004  - 49 55 49  -  - 340 13  - 0.024  - <0.005 <0.005  -  - 0.2
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.43  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
4 <1 280.6 3 <5 230  -  - <0.1  -  - -11  - <0.5 <0.004  - 230 600 <5  -  -  - <0.004  - 62 44 65  -  - 380 13  - 0.01  - <0.005 <0.005  -  - 0.6
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.46  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
1 <1 268.4 3 <5 220  -  - <0.1  -  - 0.57  - <0.5 <0.004  - 220 <100 <5  -  -  - <0.004  - 61 54 68  -  - 330 17  - 0.036  - 0.01 <0.005  -  - <0.1
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.38  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
1 <1 280.6 3 <5 230  -  - <0.1  -  - 4.9  - <0.5 <0.004  - 230 <100 <5  -  -  - <0.004  - 62 56 57  -  - 360 17  - 0.012  - 0.013 <0.005  -  - <0.1
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.67  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
2 <1 280.6 3  -  -  -  - <0.1  -  - 3  - <0.5 <0.004  - 230  - <5 <5 230  - <0.004  - 60 60 77  -  -  - 20  - 0.021  - <0.005 <0.005  -  -  -
2 <1 280.6 3  -  -  -  - <0.1  -  - 2.3  - <0.5 <0.004  - 230 100 <5 <5 230  - <0.004  - 65 59 77  -  - 380 20  - 0.017  - <0.005 <0.005  -  - 0.1
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.48  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
<1 <1 292.8 3  -  -  -  - <0.1  -  - 5.5  - <0.5 <0.004  - 240 1500 <5 <5 240  - <0.004  - 67 58 62  -  - 380 16  - 0.026  - 0.01 <0.005  -  - 1.5
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.35  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
<1 <1 292.8 3  -  - 7 7.94 <0.1  - <5 2.3  - <0.5 <0.004  - 240 100  -  - 240  - <0.004 270 56 58 100  -  - 420 26  - 0.046  - <0.005  - <0.005  - 0.1
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.36  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
 -  - 146.4 3  -  -  -  - <0.1  -  -  -  -  - <0.004  - 120 400 <5 <5 120  - <0.004  -  - 1.6 <1  -  -  - 1  - 0.19  - <0.005 <0.005  -  - 0.4
 -  - 146.4 3  -  -  -  - <0.1  -  -  -  -  - <0.004  - 120 400 <5 <5 120  - <0.004  -  - 1.7 <1  -  - 120 1  - 0.19  - <0.005 <0.005  -  - 0.4
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.58  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.58  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
1 <1 280.6 3  -  -  -  - <0.1  -  - 10  - <0.5 <0.004  - 230 <100 <5 <5 230  - <0.004  - 65 54 53  -  - 420 13  - 0.062  - <0.005 <0.005  -  - <0.1

49 <1 134.2 3  -  -  -  - <0.1  -  - -8  - <0.5 <0.004  - 110 300 <5 <5 110  - <0.004  - 0.7 0.6 5  -  - 96 <1  - 0.005  - 0.12 <0.005  -  - 0.2
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.84  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
19 <1 134.2 3  -  -  -  - <0.1  -  - -6  - <0.5 <0.004  - 110 <100 <5 <5 110  - <0.004  - 1.2 1 4  -  - 98 <1  - <0.005  - <0.005 <0.005  -  - <0.1
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.87  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
<1 <1 57.34 3  -  -  -  - <0.1  -  - -6  - <0.5 <0.004  - 47 1200 <5 <5 47  - <0.004  - 0.9 0.7 2  -  - 60 1  - 0.7  - <0.005 <0.005  -  - <0.1
 -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 6.82  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

19 17 21 21 4 7 3 3 19 3 1 14 5 17 19 19 18 18 13 9 10 4 19 1 17 17 15 3 1 16 21 6 14 1 20 14 5 7 13
16 0 20 19 0 7 3 3 0 0 0 14 4 0 0 19 18 11 0 0 10 2 0 1 17 17 13 3 1 16 19 2 13 1 7 0 1 1 8
<1 <0.05 <1 <1 <5 220 4.63 5.51 <0.005 <1000 <5 -11 <5 <0.01 <0.004 6.3 47 <10 <5 <5 47 <0.05 <0.004 270 0.7 0.6 <1 27.9 340 60 <1 0.005 <0.005 0.01 <0.005 <0.005 <0.005 0.01 <0.1
49 <5 292.8 272 <5 272 7 7.94 <0.1 <1000 <5 10 17 <1000 <1 6.87 240 1500 <5 <5 240 0.1 <0.01 270 67 60 100 39.7 340 430 26 0.06 0.7 0.01 0.51 <0.005 0.56 <0.2 1.5
2 0.5 280.6 3 2.5 230 4.87 5.58 0.05 500 2.5 2.65 13 0.25 0.002 6.46 230 150 2.5 2.5 175 0.0425 0.002 270 52 48.4 53 31 340 350 13 0.005 0.025 0.01 0.00625 0.0025 0.01 0.1 0.1

12 0.9 89 59 0 17 1.3 1.4 0.02 0 6.5 5.6 196 0.11 0.2 65 413 0 0 73 0.036 0.00069 25 25 33 6.1 139 7.5 0.022 0.18 0.085 0 0.25 0.034 0.4

Inorganics

(Location_Code in ( 'MB1' )) MB1.xlsm , 21-04-2020
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'�()$	 $� (,- $���
'�()$	 #� (,- $���
'�()$	 �� 	�� $���
'�()$	 �� ��
 $���
'�()$	 �$ (,0 $��$
'�()$	 $� 1�0 $��#
'�()$	 �� ��
 $��#
'�()$	 �" 2�� $��"
'�()$	 $$ 2,� $���
'�()$	 $� 1�� $���
'�()$	 �� *�+ $��!
'�()$	 $% 	�� $��!
'�()$	 �� 1�0 $���
'�()$	 $� 	�� $���
'�()$	 $% (,0 $���
'�()$	 �� 3
� $���
'�()$	 $! *�+ $��%
'�()$	 �� (,- $��%

���� '�()$	 �� 	�� $���
���# '�()$	 �� 	�� $���
���" '�()$	 �� 	�� $���
�(%$ (��'455�)40� '�()$	 $� 1�0 $��#
�(%$ (��'455�)40� '�()$	 $� 1�0 $��#
24+��$� (��'455�)40����
 $��# '�()$	 �� ��
 $��#
24+��"� (��'455�)40��2�6 $��" '�()$	 �" 2�� $��"
24+���! (��'455�)40��216 $��� '�()$	 $$ 2,� $���
24+����� �(��'455�)40��1�7�$��� '�()$	 $� 1�� $���
24+����� �(��'455�)40��*�)�$��! '�()$	 �� *�+ $��!
24+����� �(��'455�)40��*�)�$��! '�()$	 �� *�+ $��!
24+��%#� �(��'455�)40��	���$��! '�()$	 $% 	�� $��!
24+��%#� �(��'455�)40��	���$��! '�()$	 $% 	�� $��!
24+�$�#� �(��'455�)40��1�0�8�$��� '�()$	 �� 1�0 $���
24+�$�#� �(��'455�)40��1�0�8�$��� '�()$	 �� 1�0 $���
24+�$$#� �(��'455�)40��	���$��� '�()$	 $% 	�� $���
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�� � � .� � � %$�� � � # � � � � � � � � � � � � � ����
�� �� � .� %$�� %��� $ # .� ! " .� � � � � ����
$� $" .� .� �!/��� �"/��� " " .� # � .� � � � � � �
$� #� .� .� ��/��� �!/��� $ $ .� $ � .� � � � � � �
�� �� .� .� %%�� %!�� � $ .� " $ .� � � � � � �
!�� ��# .� .� �"�� ���� $ $ .� � ! .� � � � � � �
�� �! .� .� ��/��� ��/��� $ $ .� " $ .� � � � � � �
�! �! .� .� ��/��� ��/��� $ $ .� # $ .� � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � ���� � �
� � � � � � � � � � � � � � � � � � � � � � � � �� ���� � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � $ $
� � � � � � � � � � � � � $ $

!�� ��# .� .� �"�� ���� � $ .� $ � .� �� ���� ����
$� #� � .� ����� �!��� " " .� � ! .� �� ���� ����
�! �� ���! ��� ��##� ����� $�# $�" ��� "�# $�! ���
� %�! ���� � #$�� $��� ���% ���% � ��� ��� �
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&�'(!� ���)*+�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� "�� � �� ��� ��� ""�# ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��"" ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
&�'(!� #!�,�-�#��� ��� $� .� $� #��" ��� ��� #�#$ ��� ��� ��� .�� �� ��� ��� ��� ��� ��� ��� ��� ��� #"� #!� ��� ��� ��� ��� ��� .��� # .���# ��� !� � !�� ��!# ��#" ��� ��� ��� ��� ��� ���" ��� � �� � �� ��� �! ��� �#�# ��� ��� "�� ��� ���
&�'(!� #!�,�-�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #"��� ��� ��� ��� "�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ���  �"��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ���
&�'(!� #!�'/0�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #"� � �� ��� ��� "��" ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���  �!! ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
&�'(!� #��'/0�#��� ��� $� .� $� #��� ���� .���� #�"# .��� ��� � �� .����  �� "!�" ��� ���$ �� .���� .# ����! #"� # � .���� .� �$ �� .���� �� .���# .���# .��� ��"! !�$� ���� ��� ��� �$� �� .��� � ���$ ���� ##�$ ##�# �#� ���� �#�� �� �"�� ���� !�� "� .���� .� ��
&�'(!� � �	�
�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ## �� � ��� ��� "#�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ���  �" ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
&�'(!� �!���
�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #"" � �� ��� ��� "#�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���  �#$ ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
&�'(!� ���'/1�#��# ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #!# � �� ��� ��� "��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���  ��$ ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
&�'(!� #"�2
1�#��" ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #�� �� � ��� ��� "��# ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ���  �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ���
&�'(!� �"�3���#��! ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #� ��� ��� ��� "���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ���  �!$ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
&�'(!� #��3/��#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #"! �� � ��� ��� "���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���  ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
&�'(!� ���2���#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #�� �� � ��� ��� "���" ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���  �!$ ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
&�'(!� � �,�-�#�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #� �� � ��� ��� "#�# ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ���  �!� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
&�'(!� #��	�
�#�� ��� ��� ��� ��� ��� ��� ��� ��� ���  �# #�� �� � ��� ��� "#� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���  �"# ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
&�'(!� �!�2
1�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #�� �� � ��� ��� "#�#! ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���  ��$ ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
&�'(!� #��	�
�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��## "�! � �� ��� ��� "��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ���  ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ���
&�'(!� #��'/1�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� #$ ��� ��� ��� "#�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ���  �"� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ���
&�'(!� �!�4
��#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� #$# ��� ��� ��� "#�$ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ���  � � ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ���
&�'(!� "��2
1�#��$ ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� #$� � �� ��� ��� ""�! ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���  ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���

���" &�'(!� ���	�
�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
���! &�'(!� ���	�
�#��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ���
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��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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���� ���� ���� '6�� ���� ���� ���� ���� ���� ���� ���� ���� ��� � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� � ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

�!� ��� �" #�� ��� ��"� $�! " �� �� "�
#�� �� # � "�� ��� ���� �#�� "!  #
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� ��� ��� ��� $�� $��$$ ��$� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����!"�� ����#�� ��� ��� ���  %� $��� ��$ ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����!"�� �%�!&'� �� ��� ��� � % $��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����!"��  $�(
'� ��$ ��� ���  �� $��� ��$ ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����!"�� ����#�� ��$ ��� ���  � $��%� ���� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����!"�� � �)��� ��� ��� ���  �� $��� ��$$ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����!"��  ��)&�� ��� ��� ��� ��� $���� ���� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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),+�����!��-,..�",'#�)
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)�
��"���
��)*��
 	
0��+#'�,1�2#3�4�3 � $ � � � � �   � � � $ �    � � $ $
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!�������	,��#��'&��,� /��� ���� %�  ���% ���� $��� $ /� %% /� /� $� /� /� $� /��� /��� /�� ��� /����� /����� /�����
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��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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� � � � � � � � � � $ $ $ $ $ $ $ $ $ �
� � � � � � � � � �  $ $ $ $ $ $ $ $ �
�� ���  �  � �$ �$ �� ��  �$  �� /�� �� ���  ��  �� $�� ��� ��% ��� / ����
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�� �� ���� ���� � � � � � � � � � � � � � � � ��� � ��� � � � ���

��� ��$� %�� $��� �� $� ���
$�� ��� ���� � �� $� �  ��

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� /� /�  % %$ / � /��� /� /��� ��� � � � � /���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� /� /�  � �� / � /��� /� /��� �� %� � � /���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� /� /� �  � /� /��� /� /��� �� �� $� /���

/�� /�� ��� ���� /� /�  ��  %�  � /�  /� /� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

� � � � � � � � � � � � � � $ $ $ $ $ $ $ $ $ $ $ $
� � � � � � � � � � � � � � � � $ $ � � � � $ $ $ �

/�� /�� ��� ���� /� /�  ��  %�  � /�  /� /� /� /� �  � /� /��� /� /�� � �� �� $� /���
/�� /�� ��� ���� /� /�  ��  %�  � /�  /� /� /� /�  % %$ /� /��� /� /� �� ��� � � � � /���
� � ��� ���� ��� ���  ��  %�  � ���  ��� ��� ��� ���  � �� ��� �� � ��� �� � �� %� � � �� �
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� ��� ��� � � � � � � � � �� �� ���� ���� � � � � � � � � � �

��� �$  �� ��� ��$� %�� $��� �� $�
���  � � $�� ��� ���� � �� $� � 
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��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
 � /��� /��� /�  � /� /� $ /� /� /�� /�� �� ��%� /� /� ��� ���  � /� / � /� /�
 � /��� /��� /� � /� $ $  /� /� �� /�� ���� ���� /� /� $�� ��� � � /� %  /�
� /��� /��� /� /� /�  /� /� /� /� $�� /�� ��$ ���� /� /� $� $�  � /�   /�
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

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

����
�(� #��
�������
� $
�%��
��
���
����

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

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

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

���� .����� ���! #$� #�� ��#� ��� ���� ���" ��� $$�� .���# ��# $ ��"$ .��# #�" �� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� $��� " .� �� ��� ��� �� .� ��� ��� .��� ��� .����! .����! ��� ��� ��� ��� ��� ��� ����! ��� ����� .����� ��� "�� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� $��#� " .� �! ��� ��� �! .� ��� ��� .��� .��� .����! .����! �� � ��� ��� ��� �!� ��� �#�! ��� .����� .����� ���  �� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��"�� " .� �� ��� ��� �� .� ��� ��� .��� ��# ��� ��� ��� .����! .����! ����! �"� ��� ��� " ��� ���#� .����� ��� #�� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����$ " .� $� ��� ��� $� .� ��� ��� ��� ��" ��� ��� ��� .����! . ����! ���� ��� ��� �"�� ��� ����$ .����� ��� ���� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �����# " .� $ ��� ��� $ .� ��� ��� ��� ��! ��� ��� ��� .����! .����! ���� ��� ��� �"�$ ��� ���# .����� ��� ���� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� .��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� $�� " ��� ��� ��� ��� �� .� .� �� ��� ��� ��� ��� ��� .����! .� ���! .����! ��� ��� ���$ ��� ���" .����� ��� .��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� $ �"� " ��� ��� ��� ��� �$ .� .� �$ ��� ��� ��� ��� ��� .����! . ����! .����! !!� ��� !�# ��� ����� .����� ��� ���� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� $"�$! " ��� ��� ��� ��� �� .� .� �� ��� ��� ��� ��� ��� .����! . ����! .����! !#� ��� !�� ��� ���� .����� ��� ���� ���
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���� ����#� ���! #�" "�� ��"# ���$ ����� ���$ �!� �"!��� ���� � �"$� ���� ��� #�! $�! ���� ��"�� " #�� �� #�� #�� �� #�� #�� �� ��� � ���� ����# ����# ���� ����# ����# ����"�� �!� �� ���"# ��� �� ��� ����#� ����#� #�� !��
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��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���" ��" �� # ��� .����! ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���" �� � # ��� .����! ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ���
���#� ��# � # ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ���
���� � " # ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ���
���� � " # .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���!! .��� � # .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ! ��� ��� ! .��� ��� .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ���
��� $ ��� ��� ! .��� ��� .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ���
���"� ��� #$ # ��� ��� .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���"" ��� #$ # ��� ��� .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����� .��� #� # .��� ��� .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ���
���� .��� �" # .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ���
���!# ��� #� # .��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���� ������#� .��� ������� # ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ���
����� .��� �� # ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��"! ��! � " ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ���
��� ��� ��� ��� ��� ��� ��� �"� .����� .�� .�� .��� .������ .�� "� .�� .�� .���� .����� .�� .�� #" #" .������ .������ #� .�� .�� � .���# .���# .�� " .�� � .�� ��� .�#�� ��# .������ #� ��� �� $ .� � ��! .�� .�� #�� ���� .����# .����# .���# ��� .��� ��!�

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

���� .��� " # .��� .����! .��� �"� �� .� .� .�� .����� .� "� .� .� .��� .���� .� .� #" #" .����� .����� #� .� .�� .��# .��# .� " .� � . � ��� .#�� ��# .����� #� ��� �� $ .� ��! .� .� #�� ���� .���# .��� # .��# ��� .�� ��!�
���� ��� ��� ! .��� .����! .��� �"�  .� .� .�� .����� .� "� .� .� . ��� .���� .� .� #" #" .����� .����� #� .� .�� .��# .��# .� " .� � .� ��� .#�� ��# .����� #� ��� �� $ .� ��! .� .� #�� ���� .���# .���# .��# ��� .�� ��!�
���"$ ��#� ���#� # ���� ����# ����� �"� ��� #�� #�� � ����#� #�� "� #�� ��� ��#� ��� #�� #�� #" #" ����#� ����#� #� ��� #� ��� ��� � �� " ��� � ��� ��� ��� ��# ����#� #� ��� �� $ #�� ��! #�� #�� #�� �� �� ���� ���� ��� ��� #� ��!�
���� ���� �� ��� � ���$$
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��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���� .�� .�� � � � � .���� .�� .�� .�� ! # .�� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

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

���� .� .� � � � � .��� .� .� .� ! # .� .� .� .� "� .� .� .� .� .� ## .#� .� .�� .��# .� .� .� .� .� .� .�� ��� .� �� .��� .� .� � .� #" .��# " . � ��� ��"" � ��� .� �# �"!�#  .�� .� ��� �� ��  �  �� #��
���� .� .� � � � � .��� .� .� .� ! # .� .� .� .� "� .� .� .� .� .� ## .#� .� .�� .��# .� .� .� .� .� .� .�� ��� .� �� .��� .� .� � .� #" .��# " . � ��� ��"" � ��� .� �# �"!�#  .�� .� ��� �� ��  �  �� #��
���� ��� ��� � � � � ���� ��� ��� ��� ! # #�� #�� #�� #�� "� #�� ��� #�� #�� #�� ## �� ��� #� ��� ��� ��� ��� #�� #�� #�� #� ��� ��� �� � ��� ��� ��� � #�� #" ��� " ��� ��� ��"" � ��� ��� �# �"!�#  � #�� ��� �� ��  �  �� #��

.00�$��7150 .00�$��7156 .00�$��715;
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���� ���� ���� ���� ���� ���� ���� '6�� ���� ���� ���� ���� ��� � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� � ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

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

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

.����� .����# .������ .������ .������ .������ !�� ��" ��� �� � ��! .���# ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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�" #�� ��� ��"� $�! " �� �� "� �!� ��� �" #�� ��� ��"� $�! " �� �� "�
# � "�� ��� ���� �#�� "!  # #�� �� # � "�� ��� ���� �#�� "!  #

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� .� .� " !# .� .��� .� .��� ��� �� #$ .��� .� ��� .��� .� ��� " ��� .� .� .� .� ��� .�� ��� ���� ��� .� ��� �#� ��� � .� ��� #
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� .� .� " !" .� .��� .� .��� �# �� "� .��� .� .��� ��# . � " " � .� .� .� .� �"� .�� ��� ���� � .� �"� �#� .� # .� � "
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� #� ��� ��� ��� ��� . ��� ��� ��� ! ��� .� ��� ��� ��� ��� �� ��� ��#! ��� � ��� #�� ��� .� ��� ��� # ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� .� .� " "� .� .��� .� .��� #� #� #" .��� �� .��� .��� .� ! ! .� .� .� .� .� �� .�� ��#! ���� � .� # � #"� .� .� .� # .�
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� .� .� " !� .� .��� .� .��� #" �$ ## .��� $ .��� .��� . �  � � .� .� .� .� ��� .�� ��!� .���� � .� ��� !� .� .� .� � �
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� .� .� # !� .� .��� .� .��� "� #� " .��� �� .��� .��� .� �� � .� .� .� .� .� �#� .�� ���" ��"# # .�  !� ��� # .� .� $ .�
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� .� .� # !� .� .��� .� .��� "� #� " .��� �� .��� .��� .� $ � .� .� .� .� .� �#� .�� ���� ��"# # .�  "� � � # .� .� $ .�
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� .� .� " "$ .� .��� .� .��� # #" #� .��� �� .��� .��� .� �  .� .� .� .� .� !� .�� ��"� ���� � .� ��� �#� .� .� .� � �
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Appendix P2  
Water Extraction Licence  
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