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1.

Introduction

This addendum presents the assessment of the post-closure groundwater head recovery post-mining in context
to informing pit-lake levels for the Lamb Creek Mine. The assessment reflects that the mined void will not be
backfilled and hence will form the closure landform.
The Lamb Creek Mine is shown on Figure A-1, inclusive of pit outline and network of monitoring bores and
production bores. Figure A-2 shows the production bore locations under higher resolution.
2.

Post-Closure Groundwater Head Recovery

The pit at the Lamb creek Mine extends below the baseline water table at 672 m AHD. Therefore, during mining
drawdown of the water table will occur due to groundwater abstraction. After mining, the groundwater
abstraction will cease, and groundwater heads will recover. This recovery will be primarily driven by transient
water balances of the mined void. As the heads gradually recover a pit-lake will form in the mined void.
Ultimately, the pit-lake will attain a dynamic equilibrium (steady-state) largely controlled by the balance between
recharge fluxes and evaporation losses from the pit-lake, hence dependent on the pit-lake surface area.
Typically, the evaporation losses from the pit-lake are comparatively large and contribute to the mined void
forming a long-terms groundwater sink, with associated residual drawdown of the water table being a function
of the recharge catchment area required to offset the evaporation losses.
This section presents the simulation of the long-term transient water mass balances for the pit-lake used to
predict the pit-lake levels under dynamic equilibrium and consequential residual drawdowns.
Water Mass Balance Model
A water mass balance model of the mined void was developed. The objectives of the water mass balance
model included:
•

Estimation of the period for water table recovery

•

Dynamic equilibrium pit-lake levels

•

Amplitudes of residual drawdown imposed by the pit-lake

•

Sensitivity of water balance factors on residual drawdown.

Predictions of the long-term pit-lake levels was made by estimation of the processes of runoff, evaporation, and
seepage in a transient mass balance model of the mined void. The model incorporated the incremental storage
volumes and surface areas of the mined void required to reasonably represent the changes in mass balance
as the pit-lake level rises. Inset 1 shows a broad conceptual model of the water balance components.

Inset 1:

Schematic of Hydrological Inflows and Outflows Controlling Pit-Lake Levels
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Predictions of the long-term pit-lake levels was made by estimation of the processes of runoff, evaporation, and
seepage in a transient mass balance model of the mined void. For all simulations it was assumed that the
mined void retained the mined storage, with no backfill.
The hydrological components of the water mass balance model are discussed below.
2.1.1

Model Approach

The model incorporated a daily time-step, with inflows, outflows and changes in storage calculated for each
day. The inflow was estimated by predicting the rainfall and the groundwater seepage. Rainfall had the majority
contribution to inflows. The outflow is primarily driven by the evaporation. The change pit-lake storage was
then estimated by calculating the difference between the total inflows and outflows.
2.1.2

Model Parameters

2.1.2.1

Stage-Storage Curve

The incremental volumes and surface areas of the mined void are shown in Inset 2.

Inset 2:
2.1.2.2

Pit Storage and Surface Area Characteristics
Rainfall

The daily rainfall data was obtained from SILO to derive the rainfall inputs. SILO gridded data uses
mathematical interpolation techniques to construct spatial grids and infill gaps in time series datasets from
observation stations nearby.
Inset 3 presents the synthetic 50-year (1970 to 2020) rainfall used for inputs to the model.
Part of the rainfall precipitates directly onto the pit-lake and is converted directly to storage. Other parts will
infiltrate, and the rest will be carried as runoff which will be converted directly to storage.
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Inset 3:
2.1.2.3

SILO Daily Rainfall (1970 to 2020)
Evaporation

Records of reliable daily evaporation rates for long-periods are not easy to obtain and for that reason the
evaporation rates were characterised as a constant for each season. Evaporation record based on Morton's
Shallow Lake Evaporation Equation (Morton, 1983a) for the site was also obtained from SILO to inform the
seasonal evaporation rates. This equation was developed for evaporation over large, shallow lakes with depth
less than 30 m and width more than 300 m, which is like the mined void.
Table 1 Summarises the seasonal average evaporation from 1970 to 2020.
Table 1 – Average Daily Evaporation Each Season
Average Daily Evaporation1
(mm)

Season
Spring (September, October, and November)

5.7

Summer (December, January, and February)

6.9

Autumn (March, April, and May)

4.5

Winter (June, July, and August)

3.2

Total (annual)
1

1,850

Based on Morton's Shallow Lake Evaporation Equation.

2.1.2.1

Runoff

The daily quantity of runoff was estimated considering direct rainfall on the pit and pit-lake surface areas and
losses from evaporation and infiltration. The estimates were based on:
𝑅 = 𝐺. [𝐴𝐿 + 𝑛. (𝐴𝐶 − 𝐴𝐿 )]
Where

𝐺

is the daily rainfall total (in units of m/day)

𝐴𝐿

is the lake surface area (calculated from the lake storage volume)

𝐴𝑐

is the catchment area for the pit

𝑛

is a runoff proportion to approximate losses to evaporation and infiltration.
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2.1.2.2

Seepage Analysis

Seepage contributes to the water mass balances if the pit-lake elevation is lower than the baseline water table.
The seepage inflow rates are greatest when the pit is dry and gradually decrease with the filling of the pit-lake.
The daily quantity of seepage was calculated using a Dupuit assumption for radial flow:
𝑆=𝐾

(ℎ12 −ℎ22 )
𝑟
ln 1
𝑟2

Where:

𝑆

is the seepage flow (m3/s)

𝐾

is an averaged hydraulic conductivity of the geology around the pit (m/s)

ℎ1

is the water depth (head above the pit floor (m)

𝑟1

is radial distance from the centre of the pit to water table intersection at the pit face (m)

ℎ2

is the water depth (head) at the catchment boundary (672 m AHD)

𝑟2

is radial distance from the centre of the pit to the catchment boundary (m).

The hydraulic conductivity was assumed as 0.9 m/day based on the interpreted results of the slug tests.
2.1.2.3

Catchment Properties

Two options regarding the catchment area were considered:
•

The local catchment area of the pit only

•

Inclusion of runoff from the upstream slopes to the east of the pit.

The increased catchment option would accelerate the pit-lake recovery and supplement the water balance
thereby limiting residual drawdown amplitudes. The catchment areas for both options are presented in Inset 4.

Inset 4:

Simulated Catchments of the Pit-Lake
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Four pit-lake scenarios were simulated, with key sensitivities being the catchment areas and runoff coefficients.
Two runoff coefficients (0.7 and 0.3) were simulated to give upper- and lower-bound mass balances for the
runoff. The range of the coefficients is large, due to uncertainty. This range created sensitivity analysis for the
dynamic equilibrium pit-lake levels. Table 2 summarises the water mass balance model parameters for the
four scenarios.
Table 2 – Summary of Simulated Model Parameters
Pit Base
(m AHD)

Runoff Coefficient

WMB 1

642

0.7

WMB 3

642

0.3

Model ID

Hydraulic Conductivity
(m/day)

Pit Only Catchment
0.9
Pit and Upstream Catchment
WMB 2

642

0.7

WMB 4

642

0.3

0.9

Model Predictive Results
It was envisaged a dynamic equilibrium pit lake level would establish over time as a balance between inflows
from direct rainfall and catchment runoff and evaporative outflows. This equilibrium pit-lake level is important
to assess the long-term residual drawdown. The predicted range of pit-lake levels is shown in Inset 5.

Inset 5:

Simulated Transient Pit-lake Levels

The predicted steady-state pit-lake elevations vary from 661 to 672 m AHD for the four scenarios. The pit-lake
elevations reach steady-state after about 30 years post-closure.
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Higher pit-lake levels would limit the risk associated with residual drawdown. Scenario WMB 2 which includes
the pit, upstream catchment, and 0.7 runoff coefficient predicts the highest elevation pit-lake at 672 m AHD
which is compatible to the observed pre-mining water table. Therefore, allowing water shedding from the
upstream catchment is preferred to achieve faster filling time and to reach a higher steady-state pit-lake
elevation.
Residual Drawdown
The baseline water table (pre-mining) was observed at 672 m AHD. Pit-lake levels at elevations less than
672 m AHD would reflect the presence of a local groundwater sink and associated residual drawdown in the
surrounds. A software program (DMB8 – derived from Walton 1979) was used to predict the lateral extents of
residual drawdowns for the four water mass balance models based on radial flow in an unconfined homogenous
aquifer. For these predictions, the aquifer transmissivity (150 m2/day) and specific yield (0.01 dimensionless)
were derived from the lower-bound scenario (PSM4241-004R), described as most likely. Limitations of the
predictions included:
•

The exclusion of recharge from rainfall

•

Absence of inflows from the base of the pit, given the base of the pit extends to the low-transmissivity
bedrocks if fresh BIF

•

The predictions did not represent steady state, which excluded time and storage.

Based on the above assumptions the predictions would over-estimate the residual drawdown footprint. In other
words, the residual drawdown risk is expected to be less than what is predicted.
Table 3 summarise the residual drawdown predictions. Predicted residual drawdowns for the WMB 1, WMB 3
and WMB 4 scenarios are shown on Figure A-3, Figure A-4, and Figure A-5, respectively. The maximum extent
for the 3 m drawdown is 2 km.
Table 3 – Summary of Post-Closure Residual Drawdown
Extent of Residual Drawdown
(km)

Steady-State
Pit-Lake Level
(m AHD)

Local Residual
Drawdown
(m)

5m

3m

1m

WMB 1

665

7

<0.1

0.4

4.5

WMB 2

672

zero

WMB 3

661

11

0.3

2.0

7.0

WMB 4

664

8

0.1

0.7

6.0

Model
ID

No Residual Drawdown

Characteristics of Groundwater Sinks
Where there is persistent residual drawdown, the pit-lake would form a closed physicochemical system which
will accumulate salts, nutrients, metals etc. Over time, the accumulation of mass from evaporationconcentration effects would produce higher density water in the pit-lake. Once the pit-lake elevation (as in
WMB 3) or water column density (as in WMB 1, WMB 2 and WMB 4) equalises with the baseline water table
heads, the pit-lake may transition to a throughflow system.
Table 4 summarises the density required in the pit-lake for the heads to equalise with the baseline heads.
Densities above 1.28 are unlikely to be attained given saturated solutions would prevail.
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Table 4 – Calculated Pit-Lake Density Required to Initiate Throughflow
Steady-State Pit-Lake Level
(m AHD)

Density
(kg/L)

WMB 1

665

1.30

WMB 3

661

1.58

WMB 2

672

-

WMB 4

664

1.36

Model ID
Pit Only Catchment

Pit and Upstream Catchment

3.

Baseline Groundwater Quality

Groundwater sampling indicated the local source is characterised as:
•

Neutral to slightly alkaline pH in the range 7.2 to 8.7

•

Fresh with TDS concentrations in the range 60 to 500 mg/L (based on EC between 98 to 723 μS/cm).

Groundwater quality from nearby mining operations is dominated by a calcium / magnesium and bicarbonate
type.
As the pit-lakes progressively fill, they would at least form temporary sinks, with associated accumulation of
salt. As they transition to through-flow systems (scenario WMB 3), a plume of higher TDS water originating in
the pit-lake would be transmitted downstream. The likely TDS concentrations in the plume have not been
determined; they would be dependent on temporal, transient and cumulative factors, including heads, gradients,
aquifer interfaces in the pit sidewalls, specific yields of the of the local aquifer, etc. The plume TDS
concentrations would be highest on flow paths adjoining the pit-lake and progressively diminish downstream
through mixing and dilution effects.
4.

Conclusions and Recommendations

Observed baseline water table elevations were about 672 m AHD. Predicted steady-state pit-lake elevations
vary from 661 to 672 m AHD. Higher pit-lake levels will limit the risk associated with residual drawdown.
Allowing water shedding from the upstream catchment to the immediate east of the pit is one option to enhance
the pit-lake water balance to promote faster filling time and attainment of higher steady-state pit-lake elevations.
The WMB2 predictive scenario that include the upstream catchment, enabled the highest pit-lake elevation and
likely transition to a through-flow system.
Where the pit-lake forms a groundwater sink with persistent residual drawdown, evaporation-concentration
effects will characterise the pit-lake, likely contributing to the containment of high-TDS concentration waters.
the Mine Closure Plan would further consider the pit-lake water balance and risks together with further
investigation of water harvesting from the adjoining catchments to supplement the water balance.

Yours Sincerely

MING WU
SENIOR HYDROGEOLOGIST
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IAN BRUNNER
PRINCIPAL

Encl.
Figure A-1:
Figure A-2:
Figure A-3:
Figure A-4:
Figure A-5:

Monitoring and Production Bores
Production Bores
Post-Closure Residual Drawdown – WMB 1
Post-Closure Residual Drawdown – WMB 3
Post-Closure Residual Drawdown – WMB 4
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Figure A-3
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Figure A-4
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Figure A-5

