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Figure 6.13: Breakthrough curves
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Table 6.4: Impact rating – long term post-closure phase

Cabanga Concepts cc & Future Flow GPMS cc

Affect

Extent

Duration

Reversibility

Consequence

Probability

Significance

Mitigation

Degree of
irreplaceable loss

Affect

Extent

Duration

Reversibility

Consequence

Probability

Significance

Recovery of groundwater levels once mine
dewatering has stopped
Impacts on groundwater quality due to
contaminant migration
Impacts on surface water quality due to baseflow
from the rehabilitated material
Impacts on surface water quality due to decant

Mitigation

Status

Impact

Pos

1

2

5

1

9

5

45

N

Low

Positive impact – no mitigation measures required

-

-

-

-

-

-

-

Neg

4

2

5

5

16

5

80

Y

High

Appropriate rehabilitation of the opencast mine area.

4

2

5

5

16

4

64

Neg

4

2

5

5

16

5

80

Y

High

4

2

5

5

16

3

48

Neg

4

2

5

5

16

1

16

N

High

Leaving a final void to allow for the pumping and treating of contaminated water.
Installation of a PCD on the southern side of the mine to prevent seepage from the opencast area
Installing monitoring boreholes inside the rehabilitated material and underground mining areas to monitor
groundwater level rise and chemistry evolvement for 10 years after closure.

-

-

-

-

-

-

-
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7. Conclusions and recommendations
7.1.






Topography is gently undulating in the plain with elevations ranging between 1200 to
1250 mamsl. Elevations sharply rise in the north and east of the mining areas due to the
plateau of Balelesberg Mountains. Elevations on the Balelesberg Mountains range from
1850 to 2070 mamsl;
The mine is situated in the quaternary catchment V32B within the Buffalo Catchment of
the Thukela Water Management Area (WMA 7);
The Wasbankspruit, flows between the two main mining areas from north to south into
the Buffalo River. Several pans are located to the south-west of the mining area; and
The Dorpspruit, north of the mineral boundary and within a separate quaternary
catchment (V31A) flows south east towards Utrecht before veering west to confluence
with the Wasbankspruit prior to its confluence with the Buffalo River. The Kweekspruit
flows further west (approximately 3.6km) of the property, also flowing north to south into
the Buffalo River.

7.2.







General conclusions

Baseline groundwater conditions

Two aquifers occur in the area. These two aquifers are associated with a) the weathered
material, and b) the underlying fractured rock material;
The weathered zone is approximately 7m thick. It is considered that effectively between
1 and 3 % of the mean annual rainfall eventually reaches the groundwater table in the
form of recharge to the aquifers. Typical transmissivity values for this aquifer range
between 0.5 and 2m2/day;
The aquifer is expected to show significant seasonal fluctuations due to the combined
effect of the relatively shallow nature of the weathered zone, where a number of areas
had the competent rock outcropping on site, and the dependence on recharge from
rainfall;
Groundwater flows in the lower aquifer are associated with the secondary fracturing in
the competent rock and as such will be along discrete pathways associated with the
fractures.
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Environmental impact assessment

7.3.1. Operational phase
7.3.1.1.







Groundwater level drawdown and the zone of influence

The weathered material aquifer shows a maximum drawdown of only 9 m at the end of
the operational phase;
The maximum drawdown in the groundwater level from pre-mining levels is calculated at
between 350 and 370 m in the fractured aquifer. The drawdown will extend away from
the underground mine area to a radius of 2 km in the lower fractured rock aquifer;
The drawdown is expected to have an impact on the baseflow contribution to the
Wasbankspruit, this is due to the groundwater drawdown cone impacting all the nonperennial streams that contribute to the Wasbankspruit;
Three of the monitoring boreholes owned by Thutha Amalahle Transport and
Construction (Pty) Ltd Coal will be impacted by the drawdown in the area. The maximum
drawdowns in groundwater level in each of the boreholes and springs during the life of
operations are calculated at:
o
o
o
o
o
o

DBH11: 30.8 m (year 6);
DBH12: 5.7 m (year 4);
DBH13: 6.3 m (year 2);
DSP6: 32.7 m (year 6);
DSP7: 27.3 m (year 8); and
DSP3: 19.5 m (year 20).

The drawdown in groundwater level of between 20 and 30 m at springs DSP7 and DSP3
could cause the springs to dry up. Flows might be temporarily restored during the rainy
season.
7.3.1.2.

Groundwater inflows



The mine inflow volumes are expected to range on average between 545 and 1 265
m3/day during the course of the life of mine; and
 Year 20 shows an increase in the expected mine inflow, this is due to the steep
topographical gradient towards the north that will cause a higher hydraulic gradient
between the regional groundwater level and the mine floor elevation.
7.3.1.3.
Groundwater contamination


At the end of life of operations the sulphate plume will have migrated through the
weathered material aquifer to a maximum of 1 670 m down gradient from the
Leeuwfontein opencast mining area. The maximum sulphate concentrations in each of
the boreholes and springs are calculated at:
o

DBH12: 630 mg/L;
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DBH13: 582 mg/L;
DBH7: 135 mg/L; and
DSP8: 176 mg/L.

The water quality in the Wasbankspruit and streams will be impacted by baseflow
contribution from groundwater that has elevated salt concentrations of up to 630 mg/L
sulphate; and
Little contamination is expected to migrate away from the mining area in the fractured
rock aquifer.

7.3.2. Long term post-closure phase
7.3.2.1.








The mine floor elevations of the proposed underground mine will be above that of the
adit. Due to this, decant from the underground mining area via the adit area will start
almost immediately after closure once the mine dewatering stops;
Although adits can be sealed using adit plugs (bulkheads), these are known to fail. A
mine plan decision to access the ore zone via a decline from a topographic high instead
of an adit at the base of a hill should be considered;
An elevated decline allows the workings to be flooded actively, or passively during
closure, this would allow the workings to be fully inundated, minimising the oxidation of
acid forming minerals; and
The groundwater decanting via the adit will display some AMD type character. This will
include aspects such as low pH, high sulphate concentrations of up to 630 mg/L and the
leaching of manganese.

7.3.2.2.






Recovery of groundwater level and decant potential

Groundwater contamination

Modelling simulations show that the contaminant migration is expected to follow the
predominant drainage in a southerly direction, with local drainage of the site almost
exclusively along the Wasbankspruit;
The weathered material aquifer can be expected to contribute poor quality leachate
through baseflow contribution during the rainy season;
The sulphate load contribution 100 years post closure in the Wasbankspruit has been
calculated to average 3 293 g/day (3.3 kg/day);
The sulphate load contribution 100 years post closure in the eastern perennial river has
been calculated to average 392 g/day (0.392 kg /day).

7.4.

Recommendations

7.4.1. Change in groundwater levels and flow patterns due to dewatering and
artificial recharge
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Groundwater levels, as a result of constant dewatering, will decrease. In order to minimise
this impact larger fractures contributing to water flow can be sealed to reduce water inflows
into the mining area. In addition this will prevent these aquifer systems coming into contact
with contaminated water post mining. Groundwater levels in surrounding boreholes must be
measured on a quarterly basis. Registered water users that are impacted on must have an
alternative water supply provided. It is recommended that pump tests be carried out on all
boreholes that are expected to be impacted on so the quantity of the boreholes can be
determined prior to being impacted on.
Artificially increased recharge from the overburden stockpiles can result in increased
recharge into the underlying aquifers from the stockpile areas. Recharge can be between 15
and 30 % of mean annual rainfall, with an average 20 % (Hodgson & Krantz, 1995). This will
cause mounding of the groundwater levels, and influence local groundwater flow patterns
and gradients away from the stockpile areas.
This recharge can be reduced by controlling vertical flows from the stockpiles into the
underlying soils and aquifers through:
• Installing a concrete base for the stockpiles;
• Compacting the floor material of the stockpiles; and
• Installing a synthetic layer in the base of the stockpiles.
7.4.2. Contamination of the surrounding aquifers from the mining area
As discussed previously chemical reactions associated with the backfilled material will lead
to long term acid conditions and elevated metal concentrations.
The floor of the ROM stockpiling areas must be compacted to prevent the ingress of polluted
water from entering the groundwater. The stockpiling areas must be free draining and no
ponding of water must occur. Clean water runoff must be diverted around the coal
stockpiling areas. All dirty water generated at the coal stockpiling areas must be diverted to a
PCD.
In order to minimise the contamination plume as a result of mining it is recommended that:
• Carbonaceous material be placed at the bottom of the pit during backfilling;
• Carbonaceous material is placed in layers and compacted;
• Larger fractures contributing to water flow are sealed to reduce water inflows into the
mining area. In addition this will prevent these aquifer systems coming into contact
with contaminated water post mining;
• The pit must be kept as dry as possible through dewatering. This will reduce the risk
of AMD conditions as exposure of pyritic material to water is reduced;
• Roll-over mining must be concurrent to rehabilitation as this will again assist in
reducing exposure of pyritic material with the elements which leads to AMD
formation;
• Rehabilitated areas must be designed to be free-draining;
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Rehabilitated areas must be vegetated to prevent erosion;
Rehabilitated areas must be regularly monitored to assess for differential settlement
and surface cracking/rat holing; and
Install monitoring boreholes downgradient of the mining activities and within the
rehabilitated opencast and underground workings, so the rise in water level and the
water quality can be measured.

7.4.3. Contamination of the surrounding surface water from decant
In order to minimise the impact generated as a result of decant daylighting in downgradient
low-lying areas it is recommended that:
• For underground mining areas, where applicable, mine planning must ensure that
access to the coal seam (adit) is from a topographic high point rather than an adit at
the base of a hill. Access via an elevated decline will assist with the workings being
flooded, limiting AMD formation, and reduce the chance of decant from occurring;
• Underground mining entrances must be adequately sealed.
• Monitoring boreholes must be installed at areas where the risk of decant is high;
• Surface water monitoring must include the monitoring of the potentially impact
streams;
• The final backfilled opencast topography should be engineered such that runoff is
directed away from the opencast areas;
• Rehabilitated areas must be free draining and sufficiently vegetated to prevent
erosion;
• The final layer (just below the topsoil cover) should be as clayey as possible and
compacted if feasible, to reduce recharge to the opencast areas;
• Interception trenches can be installed. These will intercept the polluted groundwater
and drain the water into a PCD. Alternatively boreholes can be installed
downgradient of the mining areas. The polluted water can then be pumped and
treated;
• Artificial wetlands can be designed and constructed to passively treat polluted water.
• A pump and treat system can be installed, where the polluted water is pumped from
the opencast workings via boreholes and is sent to a treatment plant for treatment.
• Treatment plant can be established to actively treat the polluted water.
7.4.4. Groundwater monitoring plan
It is recommended that a groundwater level and quality monitoring program be implemented.
Site specific groundwater monitoring boreholes installed around the mine and stockpile
areas should be used to monitor changes in groundwater and quality due to the proposed
development.
Chemical elements that should be analysed for are included in Table 5.3. In summary, it
includes:
 General chemistry such as pH, TDS and EC;
 Major elements such as calcium, magnesium, sodium, potassium, sulphate, nitrate;

Cabanga Concepts cc & Future Flow GPMS cc

November 2014

CAB.14.050

Thutha Amalahle Transport and Construction (Pty) Ltd –
Dama Colliery:
Groundwater study



Page
58

An ICP scan of minor elements including aluminium, manganese, cadmium, mercury,
chromium, vanadium and zinc.

During the initial 12 month period it is recommended that the monitoring program be
implemented on a monthly basis in order to obtain a background indication of seasonal
changes in the area. Once the initial 12 month period is completed the time increments can
be increased to quarterly sampling runs, depending on the outcome of the first 12 months of
monitoring.
In addition monitoring of boreholes around the exiting mining areas should be continued.
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APPENDIX A
GROUNDWATER CHEMICAL ANALYSIS CERTIFICATES
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APPENDIX B
ABA AND LEACH TEST RESULTS
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APPENDIX C
NUMERICAL MODEL SET-UP & CALIBRATION

Cabanga Concepts cc & Future Flow GPMS cc

November 2014

CAB.14.050

Thutha Amalahle Transport and Construction (Pty) Ltd –
Dama Colliery:
Groundwater study

Page
66

C1. Introduction
The numerical flow model was constructed based on the conceptual groundwater flow model
discussed above. The numerical model was constructed using a MODFLOW based software
package. The software is internationally developed, recognised and used. The model
includes all parameters discussed in previous sections of this report and takes into
consideration aspects such as:







The different aquifers present in the area and their interrelation to each other;
Recharge from rainfall;
Aquifer transmissivities, effective porosity, vertical hydraulic conductance etc;
Groundwater flow patterns and velocities;
Geological lithological units and features such as the extensive faulting that occur in
the area; and
Topographical elevations of surface, the contact between weathered material and
competent rock.

The model was calibrated using the “trial-and-error” method where aquifer parameters are
varied within realistic ranges as determine from the desk and field studies until the model is
able to reproduce the field specific conditions. For this study the model was calibrated in the
steady state using the groundwater level elevations measured during the once-off
hydrocensus.
Since there are a multitude of parameters that influence the model calculations there is no
unique single solution to the model where an optimum fit can be obtained. Therefore, it is
imperative that realistic values be used and the results evaluated to judge whether the
obtained groundwater levels and flow patterns are realistic.
C2. Spatial layout
The numerical model boundaries were selected around natural groundwater flow barriers
such as topographical highs and streams that act as groundwater flow divides and barriers.
The model area is shown in Figure C2. The model boundaries consisted of:




The Dorpspruit to the east and south;
The V32B quaternary catchment boundary to the west; and
Topographical highs to the north.

A total of five layers were assigned to the model. Each layer depicted a different aquifer:




Layer 1: The upper weathered material aquifer;
Layer 2: The fractured rock aquifer down to the top of the Alfred Seam;
Layer 3: This layer represents the Alfred Seam, which was contoured based on the
contours obtained from the borehole data. The coal layer is estimated to be 3 m in
thickness as that is the estimated mining height;
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Layer 4: This layer was inserted to separate Alfred Seam and Gus Seam; it is a part
of the fractured rock aquifer;
Layer 5: This represents Gus Seam which was contoured using the borehole
database supplied by Cabanga Concepts. The coal layer is estimated to be 3 m in
thickness as that is the estimated mining height; and
Layer 6: The fractured rock aquifer.

C3. Model grid
The model grid was designed around the delineated model boundary and the proposed mine
developments. The highest detail points overlay the mine development area; with a coarser
grid on the far reaches of the model (please refer to Figure C1). At the finest the model grid
is 50 m x 50 m, while the coarsest grid size is 400 m x 400 m.
C4. Layer elevations
The layer elevations were defined as follows:











Layer 1 top (surface): Topographical elevations obtained from SRTM database;
Layer 2 top / Layer 1 bottom (contact between weathered material and underlying
competent rock): Results from the 18 boreholes recorded in the hydrocensus
revealed the deepest depth to groundwater levels in the weathered material aquifer
to be 10 mbgl, therefore a constant thickness of 10 m was assigned;
Layer 3 top / Layer 2 bottom: The average mining thickness in the Alfred Seam is
estimated to be 3 m; therefore a constant thickness of 3 m from the floor contours
was assigned for the top of the layer based on assumed mining conditions;
Layer 4 top / Layer 3 bottom: The floor contours for Alfred Seam were obtained using
192 borehole samples from the existing Dama Colliery;
Layer 5 top / Layer 4 bottom: The average mining thickness in the Gus Seam is
estimated at 3 m; therefore a constant thickness of 3 m from the floor contours was
assigned for the top of the layer based on assumed mining conditions;
Layer 6 top / Layer 5 bottom: The floor contours for the Gus Seam were obtained
using 192 borehole samples from the existing Dama Colliery; and
Layer 6 bottom: Dataset from Layer 6 top minus a constant 30 m value is used.

C5. Site specific characteristics




Starting groundwater levels: The starting groundwater levels were extrapolated for
the entire model area using the Bayesian method based on the groundwater levels
recorded during the hydrocensus. A total of 18 groundwater levels were used in the
interpolation;
Aquifer transmissivities: Aquifer transmissivities were specified using the
“transmissivity” package for horizontal transmissivity, and the “vertical hydraulic
conductivity” package for the vertical transmissivity.
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Perennial streams: Perennial streams and pans were incorporated into the model
using the “river” package. The required data was calculated, including river stage
(assumed to be at topographical level), river bottom (assumed to be 0.5 m below the
river stage), hydraulic conductivity of the river bed material (assumed to be 1 m/day),
and river bed thickness (assumed to be around 0.5 m).
Non-perennial streams: Non-perennial streams were incorporated into the model
using the “drain” package which allows for removal of groundwater from the system
when the groundwater level at the stream is above the stream level. When the
groundwater level is below the stream level there is no interaction. The drain
elevations were specified as being close to surface; and
Recharge from rainfall: The recharge was applied using the “recharge” package.
Detailed climatic data show that the average rainfall in the area is 801 mm/a. An
initial value of 1 % effective recharge was assumed as a starting value.
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Figure C1: Model Area, grid sizing and boundaries
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C6: Model calibration
As stated above the model was calibrated in the steady state using the “trial-and-error”
method where aquifer parameters are varied within realistic ranges until the model is able to
reproduce the field specific conditions. A total of 19 groundwater levels as measured during
the hydrocensus were used to calibrate the model.
The ranges within which the aquifer parameters were varied were derived from the data
collected during the desk study and the field work investigation.
Final calibration values showed calculated groundwater levels ranging generally within 3 m
of the measured groundwater levels, with an average differential of 3.2 m. A 98 % correlation
between measured and calculated groundwater level elevations was achieved (please refer
to Figure C2).
The groundwater balance as calculated in the calibrated steady state model is summarised
in Table C1. From the table it can be seen that there is a balance of 34.67 m3/ day. This
equates to 0.06 % of the total water balance. This correlation between inflows and outflows
is considered to be acceptable.
Table C1: Model water balance
Parameter
Inflows (m3/day)
Outflows (m3/day)
Balance (m3/day)
Drains
0
-5.1395566E+04
-5.1395566E+04
River leakage
2.2865957E+04
-5.9858843E+03
1.6880072E+04
Recharge
9.5418936E+03
0
9.5418936E+03
General head boundaries
2.6656090E+04
-1.7171592E+03
2.4938930E+04
Total
5.9063941E+04
-5.9098609E+04
-3.4667969E+01
Percentage discrepancy
-0.06 %
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Figure C2: Calibration variance
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