CASESTUDY

Optimum Colliery : Water Management for the proposed Pullenshope Mining Area

J N J Viljoen

Abstract

Optimum Colliery is committed to supplying coal for both the export market and Eskom. To meet
this commitment, all available coal reserves, including those in the Pullenshope field, have to be
utilised. The Pullenshope field is situated upstream of the currently mined Optimus field in the
valley of the Woestalleen East spruit, a tributary of the Klein Olifants River. The catchment area of
the Woestalleen East spruit at the downstream extent of mining measures 119 km?, and to reduce
the risk of flooding to the proposed mining operations, the run-off from the upstream catchment,
which measures 72 km?, should be diverted away from the mining area.

Clean water is currently becoming affected by the Optimus opencast section. With the diversion
of the spruit, the volumes of clean stream flow entering the Optimus section will be decreased,

- with a resultant decrease in the volumes of water that become affected. A detailed water balance
has been computed, and an extensive study to determine the long term water qualities in all the
relevant areas has been undertaken. Management measures are proposed that will prevent
flooding of the Pullenshope field as well as dealing with in-pit water to satisfy the requirements for
mining authorisation. Water management for mine closure is inter-linked with the proposed
measures, and is also being addressed.
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introduction

Optimum Colliery, a division of Trans-Natal Coal Corporation, is one of the largest opencast coal
mines in South Africa. The mine is situated between Middelburg and Hendrina in the Eastern
Transvaal Highveld. The coal is exposed with draglines and transported by coal haulers to the
crushers after which washing and screening is undertaken to prepare certain portions of the coal
for the Hendrina Power Station and the export markets.

During 1990 steps were taken in an attempt to limit the volumes of runoff and stream flow that
become affected by the mining operation. A committee of various disciplines and specialists was
set up to initiate the necessary investigations and studies. The committee accepted the broad
philosophy that:

i) clean water must remain clean ‘
i) affected water must be contained and disposed of in an environmentally

acceptable manner

During that time, the Minerals Act was promulgated, and the first drafts of the Aide Memoir for the
preparation of Environmental Management Programme Reports (EMPR) were circulated. The EMPR
specifically asks for an environmental management plan addressing all environmental issues,
including the management of water during mining and after closure.

Pullenshope, which is one of the reserve areas of Optimum Colliery, was earmarked to be mined
in the 1990’s to fulfil the contractual obligations of the mine for long term coal supplies. The
Pullenshope field is situated immediately south of the main current mining area, or the Optimus
section. This new field straddles the Woestalleen East spruit, so some means of dealing with the
flow in the stream is obviously required to ensure that the risk of flooding to the mine is kept to
a minimum. A diversion scheme would have the added benefit of reducing the flow of water into
the Optimus section immediately downstream of the Puiienshope section, where ciean water
presently becomes affected by flowing through backfilled spoils before re-entering the stream as
decant.

It became evident that a total integrated water management plan is required to deal with the
current and future mining, bearing in mind closure of the mine as well. Approval of such a water
management plan by the authorities would in all likelihood secure a mining authorisation.




Mining of the Pullenshope field

The Pulienshope field bnsects the Woestalleen East spruit, with a catchment area at the upstream
extent of the mine of 45 km?. Two smaller tributaries enter the Woestalleen East spruit over the
reach that will be affected by mining, and cutting off these two tnbutanes upstream of the mining
extent increases the size of the upstream catchment to 72 km?,

Several possible means of dealing with the flow in these streams were investigated, and it was
decided that the construction of flood attenuation dams on each stream upstream of the mine
boundary would be the most cost effective solution. It was further decided to inter-connect these
dams by means of canals, resulting in a single outflow from the main dam on the Woestalleen East
spruit, known as the Boschmanskop Dam.

Different options for sizing the dams and conveying the outflow were then investigated. The
ultimate size of the dams will be dependant on both the level of protection required, determined
by selecting an appropriate design recurrence interval, and on the outflow rate allowed. The
options considered were the following :

- An open canal to another catchment (Woestalleen West spruit)

- A tunnel to the Woestalleen West spruit (short tunne! plus canal)
- A pipe following more or less the present route of the stream

- A pump column and small canal to the Woestalleen West spruit

The option of a temporary diversion with re-instatement of the stream over the backfilled spoils has
not been considered due to the failure of similar systems in the past.

The costs relating to the different options above range beiween R23 million and R58 miilion
(August 1991).

Hydrology

Initially, the preliminary design of the attenuating dams was dong using standard flood hydrology
techniques. However, for the selected option of emptying the main dam by pumping, the outflow
rate was too smaill to be used in conjunction with one of these standard techniques, as the "single
event" criterion assumed by these standard techniques becomes invalid. It was therefore proposed
that a simulation approach should be adopted in preference to traditional design techniques.

In adopting a simulation approach, the aim is to model (i.e. compute) the water balance of the
system based on average monthly rainfall and evaporation rates. The system model would
typically comprise run-off sources, pumps, sumps or buffer storage facilities, evaporation dams
and irrigation fields. Where appropriate, re-cycling and re-use are also incorporated. However,
Jones & Wagener has found that a monthly water balance is inadequate for accurate estimation
of the sizes required for the various system components when pumping is being ~onsidered. One
of the main reasons for this is that the average rainfall values are not a true reflection of the actual
rainfall experienced due to the often extreme variation in rainfall depths for a particular month from
one year to the next. Jones & Wagener have therefore developed a water balance computer
simulation model, using recorded daily rainfall as the primary input.
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In the daily simulation model the current moisture status of the soil, and hence its runoff potential,
can be computed on a daily basis according to the actual recorded antecedent rainfall. Variations
in runoff proportions according to the antecedent rainfall depths can thus be computed and
extremes, which would otherwise be masked using monthly averages, can be accounted for.

It was decided to use rainfall data from the Schoonoord and Langsloot weather stations, which
have daily rainfall records of 64 and 77 years respectively. Mass piots of the rainfall data were
constructed for each station to ensure that there were no obvious deviations or non-conformities

in the data.

As mentioned above, the runoff resulting from a particular storm will depend on the prevailing soil
moisture status at the onset of the storm, so account has to be taken of antecedent rainfall. One
of the most useful methods of computing runoff volumes taking into account current soil moisture
status is the SCS technique (Schmidt and Schulze, 1987). This method makes use of the so called
Curve Number (CN) which is one of the factors used in determining the runoff volume for a given
depth of rainfall. This CN can be adjusted according to antecedent rainfall and evapotranspiration,
and in this way the effects of pre-wetting and/or drying of the soil can be accounted for.

The SCS method of runoff determination was therefore adopted for the water balance simulations.
Antecedent rainfall over the specified preceding period was accumulated and the accumulated
evapotranspiration over the same period was computed making use of the relevant crop factors.

- Selection of the initial, or average CN was done by comparing computed runoffs from given
depths of rainfall with those predicted by "single event" standard hydrological techniques referred
to above (eg. Midgley and Bauer, 1974; Op ten Noort and Stephenson, 1982). A final check on
the validity of the selected CN value of 70 was a comparison of the long term runoff proportion
with that given in the relevant Water Resources publication (HRU, 1981). A mean annual runoff
(MAR) of 7,2% was computed compared with the published value of 6,3% for this region, which
was considered excellent agreement for this size catchment.

As these simulations are based on historical data, no recurrence interval much in excess of the
record length can be attached to the results with any degree of confidence. The presence of
certain obvious outliers in the data made this aspect even more difficult. It was accordingly
decided to synthesize several rainfall patterns corresponding to the 100 year and 200 year events.
The simulations were re-run with these synthetic rainfall inputs, and the performance of the
relevant system components assessed for these more severe conditions.

Using the foregoing simulation procedure, the performance of any set of system components, such
as dam volume, pumping rate and spillway size and elevation could be assessed over the period

of simulation, or alternatively over a period experiencing the higher recurrence interval, more

severe synthesised rainfall. The simulations ultimately resulted in what was considered the

optimum combination of dam size, overflow spillway length and elevation, and pumping rate for
the flow diversion for the Pullenshope field.




‘Sponge” investigation

The backfilled void in the Woestalleen East spruit valley in the Optimus field has through the years
filled with water and has been likened to a "sponge’. Because of its prolonged contact with the
spoils, this water has become saline, and is gradually being displaced by flows into the sponge
from the stream. Construction of the stream diversion works for the Pullenshope field together with
management of the in-pit water from the Pullenshope field itself will reduce the natural streamflow
into the sponge. Nevertheless, this sponge does have a considerable recharge due to surface
runoff from its own catchment and also due to seepage water infiltrating the spoils and
rehabilitated areas within its catchment. At the present time the sponge is full of water to the level
visible on surface at the Lapa Dam.

It was decided to undertake an investigation into the sponge with a view to determining the
respective volumes of affected water that need to be dealt with. A water balance procedure,
involving rainfall, infiltration, evaporation, evapotranspiration and percolation (or seepage), was
adopted to compute the volumes of water entering and leaving the sponge on an average annual
and daily basis.

A most important aspect in this computational procedure is a knowledge of the infiltration
characteristics of the soil. While the infiliration characteristics of various categories of undisturbed
veld and different soils types have been well documented (e.g. Schmidt and Schulze, 1987) there

- does not appear to be any documentation of the infiltration properties of disturbed surfaces, such
as discard dumps or even rehabilitated areas.

The infiltration and percolation characteristics of a rehabilitated surface will depend on several
factors, such as the type of soil used, its thickness, the degree of compaction and the type and
density of vegetation. It was decided that the only reliable means of estimating the runoff and
infiltration characteristics for the rehabilitated surfaces under consideration in the present study
would be to conduct a series of field experiments. .

The field test that is most commonly used to obtain some idea of the permeability of a scil is the
double ring infiltrometer test. The results from this type of test have however been known to vary
guite widely over small areas, due mainly to the non-homogeneity of the soil. It was therefore
decided to devise a larger scale test that wouid hopefully yield a more representative average soil
permeability over the area. At the time the tests were proposed, Blight (1992) was conducting
research to determine the permeability of different types of covers on sanitary landfill sites, and
had devised a rainfali-runoff simulation experiment. It was decided to adopt this principle in the
present investigation.

Several test plots, each measuring 8 m x 8 m, were selected on different grades of rehabilitation,
different growths of grass cover, and different surface slopes, ranging from 1% to 7%. Irrigation
sprinklers were installed in a manner that ensured uniform coverage of the plot. Simulated “rainfall"
was applied to each plot at different intensities and durations, and was measured at evenly
spaced raingauges on the plot. Roofing gutters were recessed into the ground along the lower two
sides of the plot and surface runoff from the simulated rainfall was collected and measured. In this
way the infiltration characteristics of the particular soil in its specific state of dn'ng ai the onset
of the rainfall could be computed. These infiliration rates determined experimentally were used in
the daily water balance simulation model for the sponge.
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The water balance simulations were performed on a daily basis spanning a 77 year record,
resulting in an assessment of overland runoff volumes, infiltration volumes, evapotranspiration and
percolation volumes and the variation of the storage state of the sponge over time.

It was computed that the recharge of the sponge, after taking evaporation into account, amounts
to a volume of 6,8 Mi/day on average. The individual components are as follows:

- Runofi from rehabilitated spoil was calculated to be in the order of 14% of the
annual rainfall. This is higher than the average runoff of 6,3 % from a much larger
catchment, but considering the smaller sizes of the test plots, steeper slopes, less
vegetal cover and greater degree of compaction, this result was considered well
within practical limits. This water flows into the Lapa dam, and thus back into the

sponge.

- The percentage of rainfall that infiltrates the rehabilitated cover was found to be of
the order of 86 %. A large proportion of this however, is lost to evapotranspiration,
and the computed percolation, or that portion that actually passes through the soil
cover and seeps through the underlying spoils to recharge the sponge was
calculated as 7 % of the rainfall. This value is significantly higher than normal
recharge on undisturbed soil (usually 3-5%) but can be attributed to the numerous
depressions within the rehabilitated areas, where rain water accumulates and from
where it infiltrates through preferential flow paths.

In other case studies it has been found that where the spoils are not rehabilitated the recharge can
be up to 30 % of the annual rainfall.

Groundwater influx into the Optimus pit forms only a small component of the total amount of water
which enters into the pit and is estimated at not more than 1000 m®day, or about 8 % of the total

quantity of water entering the pit.

The evaporation potential of the open water areas is significant. It was computed that about 10%
of the water which enters the sponge evaporates.

A further source of water which presently enters into the Optimus sponge is the water derived from
the catchment south of the Optimus pit. The natural runoff from this area has been calculated to
be about 2,4 million cubic metres per annum (6 Mi/day), but this source will cease with the
implementation of the Pullenshope stream flow diversion.

Groundwater

In the event of a waste load allocation being granted at some time in the future, so that some
water can be released in an environmentally safe manner, a long term prediction on the water
quality leaving the system or being reused is required.

A geohydrological investigation was undertaken on the water retained in the Optimus sponge. As
this is the predominant sponge on the premises, the results obtained could easily be extrapolated
to other backfilled voids. The investigations were undertaken by Professor F Hodgson of the
Institute of Groundwater Studies at the University of the Orange Free State.

According to Hodgson, several factors influence the in-pit water quality in coal mines. They are
typically:




Chemical

1. The amount of salt released from the spoil, through solution.

2, The amount of salt released from the spoil, by base exchange and similar chemical
reactions.

3. The oxidation rate of the pyrite in the coal and spoil, i.e. acid potential.

4, The capacity of the spoil to neutralise acids, i.e. the base potential.

5. Solubility limits of constituents in the spoil water.

Mechanical/Chemical

The state of weathering and composition of the spoil.

Contact time between water and spoil.

Flow paths within the spoil.

The amount of water entering into the backfilled void from external sources.

LN

Acid-_base accounting

According to Hodgson it is possible through laboratory testing and associated calculations, to
determine the long term potential for spoils to remain neutral or turn acid. Rock samples from
cored boreholes were obtained, crushed and pulverised and represeniative section of these
boreholes were tested for their acid-base potential.

The base potential of the rock exceeds the acid potential by a factor of ten, which is significant.
A complicating factor however is the vast quantity of coal discards and coal slurry previously
disposed of within the Optimus pit. An analysis done on the coal discards indicate that the acid
potential for the coal discards exceeds that of the average spoils by a factor of almost 38. This
infers that for each ton of discard placed above the water table within the Optimus pit, at least 38
tons of spoil are required to neutralise the acid generating potential of the coal discards. The
outcome of the gechydrological investigation is that if the total volume of discards is taken into
account, it is likely that the spoil water could turn acid in time. This could result in the solution of
heavy metals which would render the sponge water toxic as well as saline.

Salt loads

A detailed survey has been performed on water qualities within the total opencast mine area, as
well as in boreholes drilled into the spoil. Historical data was also reviewed.

The pH of aii water taken from the opencasi areas was found to be neutral to slightly alkaline.
Sulphate levels above 1000 mg/l have been recorded in a few instances. Correspondingly high
calcium and magnesium levels were also present in these instances, suggesting a significant base
potential within the spoil capable of to neutralising acid. 1t is likely that this was formed during
oxidation of the pyrite within the spoil.

Because of the neutral to slight alkaline pH of the spoil waters, heavy metals are absent for all
intents and purposes. Sodium and chloride levels in the opencast mine are lecs than 100 mg/l.

When a salt balance was calculated, two crucial values were highlighted, firstly that the sponge
generates a sulphate load of 10,5 tonnes/day, and secondly that the degree of dilution that can
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be achieved with fiushing will not be lower than about 750 mg/l, owing to large the sulphate
producing potential of the spoil.

With these values available it was possible to determine the current sait load generated by the
whole mine, and the expected loads if all the areas are mined out (at closure).

Flood diversion and water utilisation measures

With all the background information available it was now possibie to complete the water balance
for the whole mine. The water balance was divided into two categories namely non affected or
clean water and affected water. Although integrated wherever possible, management measures

for both were dealt with separately.
I} Dam and Diversion Scheme (Clean wafer)

The decision was taken to build the main attenuation dam (Boschmanskop Dam) and two ancillary
dams, linked with a canal south of the Pullenshope field.

Water will be pumped over the watershed into the Woestalleen West spruit catchment. The
advantages of the scheme is a relatively low capital layout, reducing the risk of flooding to the
proposed mine and reducing the inflow of water into the Optimus sponge by about 70 %. All coal
reserves can be optimally utilised (low lying areas). ln -pit water while the mine is in operation will
be pumped to an evaporation dam.

At closure a pipeline will be built over the spoils which will convey water back to the northern limit
of the opencast areas around the proposed opencast evaporation dam.

Water accumulated in spoils at Pullenshope with mine closure will be evaporated by an additional
evaporation dam built more or less in the present position of the spruit.

The building of the attenuation dams will be done concurrently with the opening of the first box-
cut, utilising the material in the box-cut for the dam walls. Similar material will be used for the
evaporation dam for in pit water at a position near the final void.

ii) Cost summary

COST SUMMARY R/MILLION

1. Main attenuation dams with 30,8
pump station and columns

2. Evaporation ponds 3,3




MEASURES TO BE IMPLEMENTED R/MILLION

AT CLOSURE
1. Pipeline over spoil 8
2. Upgrading of evaporation pond in 2

stream (Breedts Dam).

3. Contour drains 2

Affected water management strateqy

) interim Water Management

It was decided to maXImlse the reuse of affected water. The estimated raw usage is in the range
of 3500 to 4000 m /day This usage represents about 55 % of the present average recharge to
the Optimus evaporation dam (Lapa Dam). At least 2500 m® could be returned to the plant.

frrigation was also decided upon as a possible management option to utilise affected water,
dependmg on the water quality. A total area of 250 ha could be irrigated, utilising an estimated

2200 m®/day.
Current evaporation areas will also be maximised.

The option of treating the water was considered, but in'view of the extensive costs, this option was
not pursued.

i) Rehabilitation

Rehabilitation standards have been upgraded and by means of computer modelling low lying
areas and ponding are excluded were possible. Runoff is maximised and contours will be
constructed along the centre drainage lines to ensure clean water runoff remains clean. This
programme will be continued until closure.

At closure each mining sponge will have its own in situ evaporation pond and set of clean water
Gi
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SUMMARY OF COST FOR INTERIM MEASURES R/MILLION

1. Optimus 10

2. Zevenfontein 2,5

3. Bothashoek 2,0
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SUMMARY OF COST FOR R/MILLION
PROPOSED MEASURES AT CLOSURE

1. Optimus | 8

2. Zeveniontein 3,5

3. Bothashoek 2

CONCLUSION

The approach of integrated environmental management is in the process of being implemented
at Optimum Colliery for the new Pullenshope field. If a positive waste load allocation is granted in
future by the Department of Water Affairs, the scale of the closure measures could be
downgraded. Centain aspects, such as the burning of spoil and discards, should form the topic

of further investigation. This could aiso influence the scale of closure measures.
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