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1.0

INTRODUCTION

Following the acquisition in late 2013 of the Lake Maitland project, Toro Energy Ltd (Toro) undertook an
internal review of the project considering its conjunctive operation with the nearby Centipede and Millipede
operations. This resulted in a change in the mining strategy at Lake Maitland mine to mine an average of
around 1.3 Mtpa over a mine life of approximately 6 years, which is less than that proposed in earlier studies
for the uranium project by Mega Uranium (previous owner). The mine plan is also based on a simpler areal
mining sequence with an average depth of mining to around 6 m to 8 m below ground surface.
As a result of its review, Toro has identified a number of changes to the proposed Lake Maitland operation,
with implications for mine dewatering and the mine’s water balance. These include:



reinjecting surplus water from mine pit dewatering, with a study recently being undertaken by
Pennington Scott (2015) to investigate the feasibility of this option



use of hypersaline water within the process stream



disposal of tailings produced from the processing of Lake Maitland ore at an in-pit tailings storage
facility at the Millipede mine site, with no return water to Lake Maitland



changes in dust suppression requirements



establishment of one evaporation pond at Lake Maitland with a surface area not exceeding 8 ha.

Given the possible impacts of the above changes, Toro requested that Golder Associates Pty Ltd (Golder)
undertake an initial review of the likely dewatering volumes and overall site water balance for Lake Maitland.
This would assist in confirming the adequacy, or otherwise, of water management facilities at Lake Maitland
and, conversely, the volumes of dewatering that can be maintained during mine operation without the need
for discharge to the environment. These aspects are essential in preparing the Public Environmental Review
(PER) document proposed to be presented by Toro to regulators in late June 2015.
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STUDY OBJECTIVES

Based on our discussions with Toro personnel and subsequent email communications, we understand the
key objectives of the study to be:



Review of the proposed mine plan and schedule and other available hydrogeological information from
earlier studies and reports and water demand estimates based on current mine plan



On the basis of all available information, quantify likely dewatering requirements to ensure mining can
be undertaken under generally dry conditions



On the basis of the results of the groundwater reinjection assessment by Pennington Scott (2015) and
current estimates of water requirements for ore processing and other project activities, assess the
impact on the site water balance to confirm:

 Adequacy of proposed facilities to dispose of any excess water through evaporation
 Likely water requirements from the external borefield to meet project water requirements



Assess the likely volumes of dewatering that could be sustained during operations, while not negatively
impacting on the site water balance.

A brief overview of the modelling and results associated with the dewatering and site water balance
assessments are presented in the following sections.

3.0

MINE DEWATERING

As part of the Mega Lake Maitland Uranium Project, Golder developed a near-mine groundwater numerical
model, this being a subset of the regional model developed earlier in that project. The details of the
numerical model are presented in Appendix G of the Groundwater Studies – Lake Maitland Uranium Project
report (Golder, 2011a). This model was used to assess the dewatering requirements for the proposed Toro
Lake Maitland project during its proposed 6 year mine life.

3.1

Hydrogeological Setting Summary

Lake Maitland is located on a major drainage system (the Carey Palaeovalley) that has developed across
the Yilgarn Craton, being a large sequence of Archaean age metamorphic rocks, from which the uranium in
the deposit has been derived (Figure 1).
Groundwater flows from higher ground that is underlain by variably weathered bedrock and discharges into
the main aquifers located in the palaeodrainage system. A playa lake system is located in the low lying area
of the palaeodrainage where groundwater (evaporative) discharge takes place.
The palaeodrainage system consists of a surficial aquifer with Tertiary and Quaternary alluvial sediments
comprising kaolinitic sandy clay to clayey sand and calcareous deposits. The uranium mineralisation occurs
within the alluvial part of the surficial aquifer.
The surficial calcrete (calcrete tongue and other local and regional outcrops) is precipitated from calciumcarbonate saturated groundwater and occurs as a discrete aquifer flanking the palaeodrainage, overlying
sandy clay alluvial sediments.
Beneath these units, a heterogeneous aquifer system exists within the underlying weathered bedrock.
Groundwater elevations within the bedrock aquifer are higher than those within the palaeodrainage aquifers.
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Figure 1: Hydrogeological Setting with Proposed Mining Area (Red Outline)

3.2

Model summary

The numerical groundwater model comprises 3 layers with a flat topographic surface set at 473 m AHD. The
hydraulic properties of the different zones are presented in Table 1 and shown in Figure 2. In order to model
th
the proposed mining depth, a 4 layer was added by dividing the previous Layer 2 into two layers with the
same properties (hydraulic conductivities and storage) to simulate the base of the pits set at 467 m AHD, as
per the proposed mining depth of 6 m below ground level (bgl). The model did not include any influence
from the proposed water supply borefield(s) to the north of Lake Maitland, re-injection borefield(s),
evaporation pond(s) or hydraulic barriers limiting the groundwater flow towards the pits. A recharge rate of
0.1 mm/y was applied over the entire model area, which directly accounted for surface evaporation.
Groundwater discharges from the model to the south via throughflow within the palaeodrainage. This is
modelled using general head boundaries applied at the model boundaries, which take into account the
results from the earlier, regional groundwater model (Golder, 2011a).
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Table 1: Assumed Hydraulic Properties in the Groundwater Model
Colour

Unit

Kh and Kv
(m/d)

Kz
(m/d)

Calcrete

300

300

Ss
(1/m)
-5

0.06

-5

0.06

-5

0.06

-4

0.15

-4

0.05

-4

0.15

1 × 10

Calcrete

100

100

1 × 10

Calcrete

600

600

1 × 10

Playa Sediment
Alluvial Sediment
Weathered Bedrock

0.1
2.5
0.1

0.1
0.25
0.1

Sy

1 × 10
1× 10

1 × 10

473 m AHD

468 m AHD
467 m AHD
465 m AHD

443 m AHD

Figure 2: Groundwater Numerical Model Layers (Top – Layer 1, Layer 2 and 3, Bottom – Layer 4 and Cross-section)

The model extent and the results of the steady-state calibration are presented in Figure 3. Based on the
previously calibrated model, the steady-state calibration predicts an average groundwater level of around
470.4 m AHD in and around the pit area (Figure 3).
The dewatering was modelled using the drain function within the modelling package, applied over the pit
areas during the period of mining. Following mining, it was assumed that the mined pit areas would remain
open without any backfill or water storage for the remainder of the mining period. The mined out pits would
then be modelled using a high hydraulic conductivity (1000 m/d) and a high storage (0.99) to compensate for
the open area.
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Figure 3: Model Extent and Steady-State Groundwater Levels

3.3

Mining Progress and Dewatering Levels

The mining schedule applied in the model was based on the total volume mined per year (provided by Toro),
the pit area within each proposed cut (Golder 2011a) and the proposed mining sequence (provided by Toro).
The pit area associated with each cut is outlined in red in Figure 3, with the resulted mining schedule
presented in Table 2.
The dewatering target (groundwater level) was assumed to be1 m below the base of the pits during mining
for trafficability purposes.
Table 2: Mine dewatering progress
Start Day
(in each year)

End Day
(in each year)

Cut

Pit Depth Elevation
(m AHD)

Groundwater Elevation
(m AHD)

Year 6

1

365

Cut 2

470.4

469.4

Year 7

1

365

Cut 2

467.9

466.9

1

128

Cut 2

467.0

466.0

129

365

Cut 3

468.9

467.9

1

114

Cut 3

467.0

466.0

115

282

Cut 5

467.0

466.0

283

365

Cut 4

472.0

471.0

1

365

Cut 4

467.2

466.2

1

19

Cut 4

467.0

466.0

20

365

Cut 1

467.0

466.0

Year 8

Year 9
Year 10
Year 11
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Results

An average daily dewatering rate was calculated for each cut based on the number of days per year
associated with that dewatering (see Table 3). An average daily mine dewatering rate was then derived
based on all cuts within each year as outlined in Table 4.
3

Table 3: Average Dewatering Rate (m /d) per Cut
Cut 2
Year 6

4 698

Year 7

8 869

Year 8

8 681

Year 9

Cut 3

Cut 5

Cut 4

1 913
4 950

13 227

0*

Year 10

4 214

Year 11

4 359

Note:

Cut 1

3 078

*mining above groundwater level

Table 4: Average Mine Dewatering Rate
Area Dewatered

Average Dewatering Rate
3
(m /d)

Year 6

Cut 2

4 698

Year 7

Cut 2

8 869

Year 8

Cut 2 and Cut 3

4 295

Year 9

Cut 3, Cut 5 and Cut 4

7 611

Year 10

Cut 4

4 214

Year 11

Cut 4 and Cut 1

3 145

4.0
4.1

SITE-WIDE WATER BALANCE
Model Description

In 2011, Golder developed a daily site water balance model to simulate operations within the water circuit at
the Mega Lake Maitland mine (Golder, 2011b). The mine plan and process system have since been
modified from that previously simulated as follows:



Mine production and volume of tails processed annually have been reduced.



Likely tailings characteristics have resulted in changes to process water demand.



The hypersaline water from dewatering will be utilised to the extent possible within the process stream
Tailings will from the processing of Lake Maitland ore will be pumped to the Millipede TSF and no
tailings or supernatant water from this stream will be returned to Lake Maitland.



Water required for dust suppression will be limited to a maximum salinity of around 10 000 mg/L and, as
a result, will likely be sourced (at least in part) from the bore field and inpit runoff. Any excess water
from dewatering of the Lake Maitland mine pits would either (in order of preference) be reinjected or
pumped to an evaporation pond.

The GoldSim model developed as part of the previous Golder studies (Golder, 2011b) has been revised to
take into account these changes. The model assumes that the area available for establishment of
evaporation ponds will not exceed 8 ha.. A schematic of the Lake Maitland site water balance model is
shown in Figure 4.
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Figure 4: Schematic of Site Water Balance Model
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In general, it is assumed:



The majority of the process water demand is met from the saline dewatering water with, as mentioned
above, any surplus being reinjected (up to the maximum of 1 GL/y) and the remainder pumped to the
evaporation pond. Groundwater salinities in the previous field sampling program varied from 9930 mg/L
to 74 500 mg/L. To take this variability into account in the modelling the salinity of the dewatering water
was assumed to have a normal distribution with an assumed mean of around 50 000 mg/L and
standard deviation of 15 000 mg/L. The salinity estimate was resampled monthly to allow for the
observed variation in groundwater salinities across the mining area.



Fresher water required in the process stream was sourced from the stormwater pond retaining runoff
from the stockpiles and operational areas with any further deficit in process water demand sourced from
the borefield



Potable water was sourced from the borefield only



The evaporation pond has a surface area of 8 ha with an assumed depth of 3 m. This equates to an
3
assumed total storage capacity of 240 000 m



All ponds are HDPE-lined with no infiltration or seepage losses



The raw water pond (location yet to be confirmed) will be maintained at around full capacity to ensure
sufficient fresh water remains available in the event of any short term operational failures associated
with the borefield



Pit pumping capacity (to remove local rainfall-runoff) is 100 m /d (this was found to be a reasonable
compromise between pumping requirements and retaining water in pit sumps for excessive periods)



Dust suppression is not required on days in which rainfall exceeds 15 mm.

3

The primary inputs to the model are outlined in Table 5.
Table 5: Key Site-Wide Water Balance Model Inputs
Parameter

Value/Source

Process fresh water demand

0.25 GL/y (Toro)

Moisture in ore

0.23 GL/y (Toro)

Maximum reinjection

1 GL/y (Toro/Pennington Scott(2015))

Tailings water to Centipede

1.3 GL/y (Toro)

Potable water demand

0.05 GL/y (Toro)

Dust suppression demand

0.83 GL/y (Toro)

Evaporation in process plant

0.44 GL/y (Toro)

Average pit dewatering

See Table 4 (Golder) (with maximum of 4 GL/y)

Evaporation pond area

8 ha (Toro)

Daily rainfall

84 years (as per previous Lake Maitland study) (Golder, 2011b)

Monthly evaporation

As per previous Lake Maitland study (Golder, 2011b) (see Table 6)

Lake to pan coefficient

0.64 (Golder)

Sustainable yield – Lake
Maitland bore field

1.3 GL/y (RPS Aquaterra, 2011)
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Average monthly Class A pan evaporation is outlined in Table 6.
Table 6: Average Monthly Class A Pan Evaporation
Evaporation
(mm)

Month
January

452

February

361

March

333

April

223

May

152

June

103

July

109

August

150

September

218

October

309

November

366

December

422

Annual

3200

Actual evaporation as a result of increasing salinity in the evaporation pond was estimated based on the
following relationship (Leaney and Christen (2000)):
Actual evaporation

=

FE * Pan Factor * Class A Pan Evaporation

where
FE

=

evaporation reduction factor

=

1.025 – 0.0246*e

Salinity =

pond salinity (g/L)

0.0087*Salinity

This relationship indicates evaporation will become negligible at a salinity concentration of around
430 000 mg/L.

4.2

Modelling Results

The modelling was undertaken for a six year period reflecting the proposed duration of mining at Lake
Maitland. Based on the available 84 years of daily rainfall this provides 14 alternative (independent) rainfall
sequences on which the site water balance can be assessed. The key model outputs included estimates of:



Mine dewatering, reinjection and water pumped to the evaporation pond



Surplus volumes from the evaporation pond and associated salinities



Bore field water demand comprising: potable demand, ‘fresh water’ process demand, any remaining
process demand not met from dewatering water, and water for dust suppression



Rainfall-runoff pumped from the pit to the evaporation pond.

The average annual water balance, including average annual estimates for the above, is presented in
Figure 5 based on the estimated average dewatering rates (as defined in Table 4) and assumed maximum
reinjection rate.

9

John Baines
Toro Energy Ltd

1531480-001-M-Rev1
9 June 2015

A comparison of the annual variation in these rates and the remaining water pumped to the evaporation
pond is shown in Figure 6.This indicates dewatering water would only be pumped to the evaporation pond if
3
the dewatering volume exceeds around 2.26 GL/y (7 200 m /d), which comprises a hypersaline process
3
3
demand of 1.26 GL/y (3 450 m /d) and maximum reinjection of 1 GL/y (2 740 m /d).
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Figure 5: Estimated Pit Dewatering and Reinjection Rates and Dewatering Water to Evaporation Pond

Excess water volumes discharged from the Lake Maitland evaporation pond and associated pond salinities
are presented in Figure 6 for a single randomly selected model realisation (no. 10). Dewatering rates in
3
excess of around 7600 m /d are likely to result in the evaporation pond reaching capacity and potentially
overflowing to the downstream environment. Surplus water from pit dewatering always occurred in years
7 and 9 (days 366 to 730 and 1095 to 1461, respectively) when the dewatering is estimated to exceed
3
7600 m /d. Isolated periods of surplus water could occur in other years as a result of exceptionally high
rainfall occurring when the evaporation pond is near capacity. The salinity of water excess water from the
evaporation pond is likely to be up to around 80 000 to 90 000 mg/L.
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Figure 6: Estimated Evaporation Pond Overflow Volumes and Salinities (Realisation No. 10)
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CONCLUSIONS

A review of the groundwater and site water balance models for the Lake Maitland mine applied in previous
studies by Golder was undertaken taking into account proposed revisions to the mine plan and process
affecting site water demands.
The groundwater model was adapted to the revised mine plan and based on simulations for the six years of
3
mining the annual average rates of dewatering are estimated to range from 3100 to 8900 m /d.
Based on the revised site water balance these analyses indicate dewatering rates in excess of around
3
7600 m /d are likely to result in the evaporation pond reaching capacity and potentially discharging to the
downstream environment. Salinities of the overflow are estimated to reach around 80 000 to 90 000 mg/L.
These results are also based on a maximum reinjection rate of the dewatering water of around 1 GL/y, as
derived in earlier reinjection studies by Pennington Scott (2015), but take no account of the possible
influence of low permeability perimeter barriers proposed by Toro to limit groundwater ingress to mine pits.
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