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Abstract

The ACRU agrohydrological model, in the form of ACRU2000 and its salinity module, ACRUSalinity, was employed in
catchment-scale assessment of widespread irrigation with low quality mine-water in undisturbed (un-mined) and reha-
bilitated soils in the Upper Olifants basin of South Africa. The study area comprised a small catchment of 4.7 km? located
in a coal-mine environment, known as the Tweefontein Pan catchment. The catchment drained to a surface reservoir
(Tweefontein Reservoir) of maximum capacity and surface area 4 000 M€ and 1.5 km?, respectively. The catchment was
instrumented to measure hydrodynamic responses and simulated as a hydrological system. Consideration was given to run-
off, groundwater storage, evapotranspiration, baseflow, interception, irrigation water supply and rainfall, thereby account-
ing for all the dominant hydrological components of the system. Three scenarios were simulated using the available records
for 5 years (1999 to 2004). The first was a baseline scenario representing the prevailing condition in the study area and the
other 2 scenarios represented widespread irrigation with the mine-water on undisturbed and rehabilitated soils. In simulat-
ing the widespread irrigation on rehabilitated soils, a distinction was made between a rehabilitated irrigated area before and
after the re-establishment of the equilibrium water table. Comparison of the results from the simulated scenarios indicated
that a greater undisturbed area (max of 160 ha) than rehabilitated area (max of 120 ha) could be irrigated with mine-water
from the Tweefontein Reservoir. Irrigation on rehabilitated soils depleted the water in the reservoir more rapidly than irriga-
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tion on undisturbed soils, due to lower runoff and higher ingress to groundwater in rehabilitated areas.
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Introduction

A large amount of low quality mine-water is generated by the
coal mines in South Africa. In the Mpumalanga coalfields and
the Olifants Basin, for example, estimates of 360 M{/d and
170 Mt/d, respectively, may be generated after the closure of
the mines there (Grobbelaar et al., 2004). The general problem
of the disposal of the generated low quality mine-water has
been well recognised in South Africa (DWAF, 1993; Pulles

et al., 1995; Bell et al., 2001; Younger, 2002; Coleman et al.,
2003; Heath et al., 2004). The need for a cost-effective as well
as environmentally sustainable means of mine-water disposal
has fostered interest in the possibility of utilising mine-water
for irrigation in suitable soils, which could include rehabilitated
mined land. The potential offered by such mine-water utilisa-
tion will, however, depend on the availability of the water in
proximity to a suitable soil (Tanner et al., 1999). Other factors
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that need to be considered are the resultant soil water and salt
balance for different cropping systems, the choice of irrigation
management strategies (Jovanovic et al., 2001), and the impact
of the irrigation drainage water on water resources. The focus
of this study was the impact of mine-water irrigation on water
resources.

The use of wastewater from collieries for irrigation of
agricultural crops on both undisturbed (i.e. un-mined) and
rehabilitated soils has been investigated in some detail in South
Africa (Du Plessis, 1983; Barnard et al., 1998; Annandale et al.,
1999; Annandale et al., 2001; Annandale et al., 2002; Jovanovic
et al., 2002). These investigations focused on field assessments
(at centre pivot scale) of the impacts of irrigation with mine-
water on crop production, soil characteristics and the quantity
and quality of drainage water. Rehabilitated soils are different
from normal agricultural soils (Viljoen, 1992; Schoeman et
al., 2002). Rehabilitation is carried out after complete removal
of the overburden and the coal. The material from an adja-
cent strip (a mixture of broken rock and soft overburden) is
back-filled into the void and graded to form a new surface
topography. Usable topsoil, stripped ahead of the mining, is
then replaced on the new surface. Because of the large soil
volumes involved, heavy machinery is required and this exerts
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a considerable compactive force on the soil over which it
travels. Various soil amelioration and re-vegetation operations
then follow on the re-established land surface to complete the
rehabilitation process.

The availability of rehabilitated soils in the mining envi-
ronment, where a large amount of low quality mine-water is
also available, could make such soils targets for widespread
irrigated agriculture, using the available low quality mine-
water. Field studies have shown that there is a high potential
for using mine-water in raising certain agricultural crops
(Annandale et al., 2002; Jovanovic et al., 2002). However, the
studies need to be extended beyond field scale, and impacts of
large-scale irrigation with mine-water on both surface water
and groundwater resources need to be assessed. Such an assess-
ment would make the impact from large-scale utilisation of
mine-water for irrigation, on both undisturbed and rehabilitated
soils, predictable and comparable. In addition, it will enable
design of adequate policies and institutional arrangements
that can guarantee more effective planning and management
of water resources. In a recent study, Annandale et al. (2006)
evaluated the potential impact of irrigation with mine-water
on the groundwater of sub-areas west of Witbank, using the
numerical modelling package FEFLOW (Diersch, 1988).
Results from field-scale studies were used as inputs. In addi-
tion to the fact that the study was not based on a catchment, it
focused on direct recharge to groundwater only. Effective water
resource assessment and management, however, is best con-
sidered at catchment scales (Global Water Partnership, 2000),
taking into consideration the land uses and all the essential
components of the hydrological cycle. Such a consideration
enables an integrated assessment of water resources in the
different components of a hydrological system. Furthermore,
it facilitates a broader planning and management programme
with a wider context, which includes downstream stakeholders.
The objective of this study, therefore, was to use a catchment
as the basis for comparing the impact of widespread irrigation
of undisturbed and rehabilitated soils, using mine-water, on the
water resources of parts of the Upper Olifants basin. It aimed at
the integrated assessment of the volume of water and the mass
of salt in the different components of the hydrological system in
the catchment. The study employed the ACRU agrohydrologi-
cal model, in the form of updated ACRU2000 and its salinity
module, ACRUSalinity, for mine land.

The ACRU agrohydrological model

The ACRU agrohydrological model is a multi-purpose, daily
time step, physical conceptual model that integrates the vari-
ous water-budgeting and runoff-producing components of

the terrestrial hydrological system (Schulze et al., 1995a).

It is structured to be sensitive to land cover/use and climate
changes and its water budgeting is responsive to supplementary
watering by irrigation, inflows, and abstractions. The model
can operate either as a lumped small catchment model or as a
distributed cell-type model for larger catchments or in areas of
complex land use and soils. Water input into the hydrologic sys-
tem occurs as precipitation or irrigation. In the case of surface
reservoirs, inflows, abstractions and evaporation take place.
Vegetative or impervious land covers may intercept part or all
of the water input. The rainfall and/or irrigation not abstracted
as interception or as stormflow (either rapid response or
delayed) first enters the soil profile through a surface layer

and then resides in the topsoil (A) horizon. When the drained
upper limit of the topsoil is reached, excess water percolates
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into the subsoil (B) horizon asdrainage at a rate dependent on
the respective horizon soil textural characteristics, wetness,
and drainage-related properties. Saturated and unsaturated
soil water redistribution may take place between soil horizons.
However, soil water movement downwards from the lower (B)
soil horizon drains into the groundwater storage, from where
baseflow may be generated. Baseflow release from the ground-
water store is based on a response coefficient, which acts as a
decay constant and is intrinsically dependent on factors such
as groundwater storage volume, geology, catchment area and
slope. Unlike in a non-irrigated area where the subsurface
soil-water redistribution takes place between 2 soil horizons
(A and B), in the irrigated area, this takes place in only 1 soil
horizon. The soil horizon in the irrigated area is assumed to be
a tilled soil. It is defined as the zone in which the majority of
roots occur, and therefore, where the amount of water avail-
able in the soil is regulated (Lecler and Schulze, 1995). Due

to repeated tillage, this zone is assumed homogenous, so that
differentiation into horizons A and B was considered unneces-
sary. The depth of this zone can be stipulated by the ACRU
user. Evaporation takes place from the intercepted water and
from the various soil horizons, in which case it is either split
into separate components of soil-water evaporation and plant
transpiration, or combined as total evaporation. Plant transpira-
tion takes place from all root-active soil horizons.

In this study, the ACRU Agrohydrological model was
employed in the form of ACRU2000, which is the object-
oriented version of the model, written in the Java programming
language (Clark et al., 2001). ACRUSalinity is the hydrosalin-
ity module of ACRU2000 and it inherits the basic structures
and flow configuration of ACRU2000 (Teweldebrhan et al.,
2003). The internal computations of the hydrosalinity processes
in ACRUSalinity involve salt load (mg) in terms of the total
dissolved solids (TDS). Hence, ACRUSalinity determines the
conservative salt load in different components of a hydrologic
system and not the different solute species concentrations. The
salt load of the subsurface layers is replenished from internal
and external sources. The salt load of the A horizon is replen-
ished from rainfall salt input and irrigation water, whereas in
the case of the B horizon and groundwater store, it is replen-
ished by the salt load added from the overlying layer along
with the percolating water. The model allows the generation
of an internal source of salt load to a particular soil horizon or
groundwater store through salt dissolution from the geology
of the soil horizon or the aquifer in which the groundwater is
stored. The salt-generating process is based on first-order rate
kinetics proposed by Ferguson et al. (1994). If the salinity of a
soil layer is greater than the specified maximum concentration,
then the excess salt load is precipitated. ACRUSalinity enables
the assessment of the salt load transport in subsurface compo-
nents and runoff, as well as the allocation of the runoff salt load
to various destination components within a land segment area.
It could, therefore, deal with the salt load transport in dry land
and irrigated conditions, in reservoirs and channel reaches, and
for upward and downward subsurface salt transport.

Recently, the original assumption in ACRUSalinity that
the stormflow has the same salinity as that of rainfall was
considered inadequate (Idowu, 2007; Thornton-Dibb et al.,
2005). Stormflow salinity can vary significantly from rainfall
salinity, especially after periods of no rainfall, when the salin-
ity in the soil, mainly near the surface, can increase due to
evaporation. When a rainfall event occurs, stormflow comes
into contact with the accumulated salts near the surface of the
soil and results in a net increase in the salinity of the stormflow,
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causing it to be greater than that of rainfall. In order to account
for this, a soil surface layer has been added to ACRUSalinity.
The soil surface layer is conceptualised as a thin soil layer that
will drain quickly into the A-Horizon (unless the A-Horizon is
already wet), and its addition is meant to model the process of
stormflow water picking up salts accumulated near the surface
of the soil. Salt dissolution, and the resulting stormflow salin-
ity during rainfall, is based on a simplified empirical model
developed by Sharpley et al. (1981) to describe the desorption
of phosphorus (P) from agricultural soil to runoff. The salt
load associated with the intercepted rainfall contributes to

the system and is therefore added to the surface layer. This

is based on the assumption that the salt load that is deposited
on the vegetation as a result of interception is washed down
the branches and stems onto the surface layer in a subsequent
rainfall event. In addition to the recent inclusion of a soil sur-
face layer to ACRUSalinity, an underground reservoir has been
added to ACRU2000 and ACRUSalinity as a representation of
underground mined-out areas in coal mining environments
(Idowu, 2007). Gains to the underground reservoir comprise
groundwater leakages from the surrounding aquifers and the
(mine waste) water pumped into the reservoir for storage, while
losses are made up of water abstracted from the reservoir (e.g.
for irrigation), seepages and spillage when full, as well as con-
trolled releases into the river network through pumping. In the
conceptualisation of the underground reservoir, it is assumed
that the underground mined-out areas lie below the aquifers
and, therefore, that the water in groundwater storage can drain
into the underground reservoir. Darcian flow is assumed for
the drainage as the level of complexity of the Darcian approach
is commensurate with other process representations in
ACRU2000 and ACRUSalinity.

Study area

The study area is part of the Upper Olifants basin, upstream of
Witbank Dam, in the Mpumalanga Province of South Africa
(Fig. 1). The main land use practices in the basin include coal
mining and rain-fed agriculture. The dominant soil types are
moderately deep sandy to sandy-clay loams, while the the
geology consists of the rocks of the Ecca Group and Dwyka
Formation of the Karoo Supergroup (Hodgson and Krantz,
1998). The Ecca Group consists predominantly of sandstone,
siltstone, shale and coal, while the Dwyka Group underlies the
Ecca and consists of tillite, siltstone and sometimes a thin shale
development. Coal mining in the Upper Olifants, by as many as
29 collieries, generates large quantities of low quality mine-
water and has been recognized as the dominant activity in the
Witbank Dam catchment with respect to the pollution and deg-
radation of surface water resources (DWAF, 1993). The study
catchment, the Tweefontein Pan catchment, lies for the most
part within the Kleinkopje Colliery (Anglo Coal, Witbank,
Mpumalanga Province). The catchment has an area of 4.7 km?
and its most noticeable land feature is the Tweefontein Pan,
which is a natural surface reservoir to which the surrounding
catchment drains. The reservoir is used for storage and evapo-
ration of water pumped from opencast mining areas in the
colliery. The capacity and surface area (at maximum capacity)
of the reservoir are 4 000 M and 1.5 km?, respectively. The
typical quality of water in the Tweefontein Reservoir is shown
in Table 1. With an electrical conductivity (EC) of 200 to

1 000 mS/m (i.e. 2 to 10 dS/m), the water is moderately saline
(Rhoades et al., 1992) due to the presence of SO,*, Ca* and
Mg?". The water in the Tweefontein Reservoir is the source of
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Figure 1
Study area

irrigation water to the Tweefontein centre pivot (20 ha), which
is located on rehabilitated soils just outside the catchment. The
pivot was rehabilitated with topsoil of varying depth overly-
ing a fill of coal spoil. The spoil was about 40 m thick, and the
average depth to spoil, on the basis of core depths taken on a
40 x 40 m grid, was 0.93 m (Annandale et al., 2002). In the
catchment itself, there is a centre-pivot irrigation system irriga-
ting an undisturbed area of 30 ha (Fourth Pivot) with water
from the Tweefontein Reservoir, and an underground reservoir
with an estimated capacity of 2 000 M{ and average salinity of
328 mS/m. The underground reservoir comprises old workings
of mined-out underground areas in the Tweefontein Pan catch-
ment. An estimated seepage of 2 400 m?/day occurs from the
Tweefontein Reservoir into the underground reservoir.

Materials and methods

The catchment area of the Tweefontein Pan was delineated
from digitised orthophotos. An automatic weather station was
installed in the catchment to monitor the weather conditions
(rainfall, temperature, relative humidity, solar radiation, and
wind speed) and the centre-pivot irrigation system in the catch-
ment (Fourth Pivot) was equipped with a tipping bucket rain
gauge, which measured the amount and intensity of rainfall and
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Table 1

Typical irrigation water qualities in

Tweefontein Reservoir
Chemical properties Values
pH 8
EC (mS/m) 300
Ca?" (mg/0) 420
Mg?* (mg/0) 240
Na* (mg/t) 32
Fe*" (mg/0) 0.08
Mn?** (mg/0) 0.01
CI (mg/t) 8.2
SO,* (mg/t) 1750
HCO, (mg/t) 68
*SAR 0.3

*Sodium absorption ratio

irrigation. Ceramic cup soil-water samplers for determining the
soil-water salinity were installed at a monitoring station within
the centre pivot at depths of 0.4, 1.0 and 1.4 m.

Three scenarios were simulated using the available records
for 5 years (1999 to 2004). Scenario 1 was the baseline scenario
representing the prevailing condition in the Tweefontein Pan
catchment. Scenario 2 represented the catchment under wide-
spread irrigation on undisturbed soils, with the mine-water
from Tweefontein Reservoir. Scenario 3 represented similar
widespread irrigation on a rehabilitated profile.

The observed volume of water in storage in the surface and
underground reservoirs at the beginning of the simulation was
3750 M( and 1 443 MU, respectively. The land use type identi-
fied in the non-irrigated area was categorised as ‘veld in poor
condition’. In setting up ACRU2000 and ACRUSalinity for the
catchment, the interception loss, consumptive water use coef-
ficient and the fraction of the plant roots active in extracting
moisture from the soil were dependent on the identified land
use type for the non-irrigated area and on maize in the irrigated
areas. The soil type identified in the undisturbed part of the
catchment was sandy loam. Therefore, the porosity, drained
upper limits and permanent wilting point used for the soil type
were taken as 0.448, 0.189 and 0.093, respectively (Schulze et
al., 1995b). As the whole catchment was undisturbed, the same
soil-water retention values were used for the irrigated and non-
irrigated areas. No reliable data were available on the rainfall
salinity in the study area. Therefore, an average value of
4 mS/m, as reported for a study of rain water in Johannesburg
and environs by the Johannesburg City Council (Blight, 1992),
was used. Considering that air pollutants disperse quickly on
the Highveld (Blight, 1992), which includes the study area, the
value for Johannesburg is not expected to be significantly dif-
ferent from that of the study area

In the baseline simulation of Tweefontein Pan catchment,
the amount and quality of water in storage in Tweefontein
Reservoir, as well as the salinity of soil-water within the Fourth
Pivot, were used for verification. There was no return flow
from the pivot into the Tweefontein Reservoir as Tweefontein
Pivot was outside the catchment; return flow occurred from
the Fourth Pivot only. However, the irrigation water supply
to Tweefontein Pivot was abstracted from the Tweefontein
Reservoir and therefore included in its water budgeting. For
surface reservoir water budgeting in ACRU2000, the following
were required: the surface area of the reservoir at full capac-
ity, the surface area to storage volume relationship, as well
as the water pumped into or abstracted from the reservoir.
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Figure 2
Soil water retention characteristics for Tweefontein Pivot

The surface area to volume relationship for the Tweefontein
Reservoir was established from a plot of the data for surface
area and volume of water in the reservoir, which yielded the
equation:

y = 18 447 x 0274 0]
where:
y is the surface area (m?),
x is the volume (m?);
while 18 447 and 0.2743 are the constant and exponent of
the surface area:volume relationship respectively (Schulze
et al., 1995¢).

Both the water abstracted and pumped from opencast mining
areas into the reservoir formed part of the ACRU2000 input
data for the water and salt budgeting.

Impact of widespread irrigation in the catchment was
investigated by increasing the areal extent of the irrigated area
(whether undisturbed or rehabilitated) under baseline condi-
tions, in multiples of 20 ha, to the maximum capacity that
Tweefontein Pan catchment could provide, while the areal
extent of the non-irrigated area was correspondingly reduced.
For the simulation of widespread irrigation in undisturbed
soils, the hydrodynamic responses verified in the baseline study
were employed in setting up ACRU2000 and ACRUSalinity.
For the simulation of the widespread irrigation in rehabilitated
soils, the responses were those verified in the simulation of
Tweefontein Pivot, which was on a rehabilitated profile. The
determined porosity, drained upper limit and wilting point of
the rehabilitated soil were 0.448, 0.2 and 0.093, respectively.
The pivot was treated as a hydrological system, and to facilitate
adequate drainage and monitoring of the runoff from the pivot,
waterways were constructed so that runoff could leave the
pivot over a weir, where the quantity and quality of runoff were
monitored using Campbell logger CR10X and ISCO 3700 port-
able samplers. Monitoring of the pivot lasted for a year. The
details of the monitoring carried out at the pivot and the analy-
ses of the water and salt balances resulting from the simulation
have been reported in full in Idowu et al. (2008). In order to
adequately simulate the pivot, soil-water retention characteris-
tics (presented in Fig. 2) were determined for the rehabilitated
topsoils and subsoils. The simulated runoff volume and salinity
were verified using the observed runoff volume and salinity.
Comparisons of the observed and simulated runoff volume
and salinities are presented in Figs. 3 and 4, respectively. The
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Observed and simulated runoff from Tweefontein Pivot
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Figure 4
Observed and simulated runoff salinities from Tweefontein Pivot

calculated correlation coefficients of 0.5 and 0.9, between the
simulated and observed runoff volume and salinities indicated
that the volume and salinities of runoff from the pivot were
simulated well. The water and salt balances obtained from
the simulated results of Tweefontein Pivot are presented in
Tables 2 and 3.

In investigating the impacts of widespread irrigation with
mine-water on rehabilitated soils, a distinction was made

between a rehabilitated irrigated area before and after the
re-establishment of equilibrium in the water table. Opencast
mining leads to dewatering of aquifers and the lowering of

the water table, which may form a depression cone not usu-
ally extending more than 40 m in the geologies of the Upper
Olifants (Hodgson and Krantz, 1998). The dewatering cone
extends over short distances into the adjacent sediments
because of shallow mining depths, low hydraulic conductivities
and the stratified nature of the Karoo sediments that constitute
the aquifers. In the rehabilitated void, water level recovery may
occur, with the water level rising to the lowest rehabilitated sur-
face elevation and then decanting, thereby establishing a new
equilibrium. Prior to the re-establishment of a new equilib-
rium, however, percolating water will gradually accumulate in
depressions at the bottom of the rehabilitated mined-out area,
with the water table gradually rising until a decanting level is
reached and equilibrium in the water table is re-established.
Consequently, contribution of baseflow to runoff may be
insignificant. This is not the case after the re-establishment of
equilibrium in the water table, when groundwater will flow in
the direction of the hydraulic gradient and contribute to runoff.
Taking these into consideration, during the simulations of reha-
bilitated areas prior to the re-establishment of the water table,
the contribution of baseflow to runoff was set at zero, whereas
during the simulations representing the period after water table
re-establishment, baseflow contributions were driven by the
groundwater store and a default decay coefficient (0.02).

Results and discussion

The observed and simulated volumes, as well as the salinities
of water in storage in the Tweefontein Reservoir under base-
line conditions, are presented in Figs. 5 and 6. Based on the
correlation coefficients between the observed and simulated
volumes (0.96) and salinities (0.76) of water in the Tweefontein
Reservoir, it can be concluded that the volume and salinity of
water in the reservoir were adequately simulated. The decline
in water storage in the reservoir was due to evaporation, and
due to abstraction of water for irrigation at the Fourth and
Tweefontein Pivots, coupled with inconsistent pumping of
water into the reservoir. The generally increasing trend in the
salinity of water in the reservoir reflected the declining volume
of water in the reservoir and the concentration of salts through
evaporation. The salinity, which approached 3 000 mg/C, was

Table 2

Water balance of Tweefontein Pivot over a year

Items

Supplied water

Distribution

Rainfall

Irrigation

Runoff

Total
evaporation

Soil
moisture

Groundwater
drainage

Interception
loss

Volume (m?)

125 100.00

61 130.00

8 879.04

141 594.46

23 218.00

6 097.80

7 616.00

Depth (mm)

625.5

305.7

44.4

708.0

116.1

30.5

38.1

Water distribution (%)

67.2

32.8

4.8

76.0

12.5

3.3

4.1

Table 3

Salt balance of Tweefontein Pivot over a year

Items

Supplied salts

Rainfall

Irrigation

Generated

Distribution

salts

Runoff

Topsoil

Soil surface layer

salts

Precipitated

salts

Dissolved

salts

Precipitated

Dissolved
salts

Groundwater
drainage

Mass (tons)

3.3

117.4

Mass (%)

3.0

97.0

0.3

1.1 59.8

37.9

0.00

-1.4

23.25

1.0 49.0

31.0

0.0

0.0

19.00

Total available salts = 120.92 t
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Figure 5
Simulated and observed daily water storage in the
Tweefontein Reservoir

within the tolerance levels of maize. The max EC of irrigation
water at which growth ceases for maize is 6.7 dS/m (Ayers and
Westcot, 1994), which is about 4 300 mg/¢ (Raghunath, 1987).
The sharp drop in the salinity of the water towards the end of
the simulation (i.e. between January and July 2004) was due
to the dilution effect of the increased rainfall which occurred
during the period. The rainfall that occurred during this period
(505 mm) was about 4 times that which was recorded for the
same period (125.4 mm) in the previous year.
The comparison of the simulated and observed salini-

ties of water in the irrigated soil at 1 m at the Fourth Pivot

is presented in Fig. 7. The observed data on salinity were
irregular because of the difficulties encountered in extracting
soil-water with the ceramic soil-water sampler, particularly
under dry conditions. The results of the water and salt bal-
ance assessment of Fourth Pivot are presented in Tables 4
and 5. Most of the water was lost through evapotranspiration,
and the salts were either precipitated within the root zone or
associated with the soil-water in the topsoil. Similar assess-
ments for the non-irrigated areas are presented in Tables 6 and
7. The simulated results obtained for the Fourth Pivot were
similar to those reported for the same pivot by Annandale

et al. (2002) using the Soil Water Balance (SWB) model,
which is a mechanistic, daily time-step, soil-water-salt bal-
ance, generic crop-growth model. The results from the SWB
model, summarised in Table 8, were based on a study cover-
ing a crop season in 1999/00 when the pivot was planted to
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Figure 6
Observed and simulated salinity of water in storage in the
Tweefontein Reservoir
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Figure 7
Observed and simulated daily salinities of soil water at 1 m in the
irrigated area of Fourth Pivot

maize. The total evaporation (soil-water evaporation and crop
transpiration) and drainage reported for 1999/00 were 71%
and 30% of the total available water, respectively, while 76%
and 8% (Table 4) were recorded in this study. As the runoff
was assumed to be zero by Annandale et al. (2002), the high
drainage reported is plausible.

Table 4
Simulated water balance of the irrigated area (Fourth Pivot) in the Tweefontein Pan catchment over 5 years
Items Supplied water Distribution
Rainfall Irrigation Total Stormflow Groundwater | Soil moisture | Interception
evaporation drainage loss
Volume (x 10° m®) 749.4 662.4 10794 150.3 112.2 5.7 66
Depth (mm) 2 498.0 2208.0 3 598.0 501.0 374.0 19.0 220.0
Water distribution (%) 53.1 46.9 76.4 10.6 79 0.4 4.7
Table 5
Simulated salt balance of the irrigated area (Fourth Pivot) in the Tweefontein Pan catchment over 5 years
Items Supplied salts Generated Distribution
Rainfall Irrigation salts Stormflow Topsoil Soil Surface Layer Groundwater
Precipitated | Dissolved | Precipitated | Dissolved drainage
salts salts salts salts
Mass (tons) 19.5 1601.4 2.7 126.8 757.4 290.5 0 21.8 427.1
Mass (%) 1.0 99.0 7.8 46.7 17.9 0 1.3 26.3

Total available salts = 1623.6 t
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Table 6
Simulated water balance of the non-irrigated area in the Tweefontein Pan catchment over 5 years
Items Supplied water Distribution
Rainfall Irrigation Total Stormflow Groundwater | Soil moisture | Interception
evaporation drainage loss
Volume (x 10° m?) 1 1740.6 0 9 494 418.3 681.5 28.2 1019.9
Depth (mm) 2 498.0 0.0 2 020.0 89.0 145.0 6.0 217.0
Water distribution (%) 100.0 0.0 80.9 4.4 5.8 0.2 8.7
Table 7
Simulated salt balance of the non-irrigated area in the Tweefontein Pan catchment over 5 years
Items Supplied salts Generated Distribution
Rainfall Irrigation salts Stormflow Topsoil Subsoil Soil surface | Groundwater
layer drainage
Dissolved Dissolved Dissolved
salts Salts Salts
Mass (tons) 192.4 0.0 24 27.8 12.4 28.2 19.0 106.8
Mass (%) 100.0 0.0 15.0 6.0 15.0 10.0 55.0

Total available salts = 194.8 t

Water storage (m’ x 10)
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Figure 8
Effect of widespread irrigation of 160 ha in the Tweefontein Pan
catchment on the water storage in the Tweefontein Reservoir

A comparison of the results from the irrigated and non-irri-
gated areas indicates that, because of the availability of more
salts and water in the irrigated area than in the non-irrigated
areas, higher volumes of stormflow, groundwater drainage, soil
moisture in the soil horizons and the salt loads associated with
them, occurred in the irrigated area than in the non-irrigated
area. Similarly, higher average salinities of the runoff (4 480
mg/l) and drainage to groundwater (824 mg/{) were obtained
in the irrigated area. The corresponding values in the non-
irrigated areas were 556 mg/{ and 242 mg/L.

In addition to the irrigation of a rehabilitated area of 20 ha
at the Tweefontein Pivot with the water from the Tweefontein
Reservoir, simulated results indicated that a further undis-
turbed area of 160 ha in Tweefontein Pan catchment, represent-
ing an additional 8 centre pivots of 20 ha each, could still be
sustained without depleting the reservoir. Adequate irrigation
of any additional centre pivot will be unsustainable by the
water in the reservoir, as this will totally deplete it and have
dire consequences for crop growth and yield. Figures 8 and 9
illustrate the effect on the volume and quality of water in the
Tweefontein Reservoir through optimum use of the available
undisturbed areas for irrigation. The sudden change in the
quality of water in the reservoir in comparison to the baseline
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Figure 9
Effect of widespread irrigation of 160 ha in the Tweefontein Pan
catchment on the salinity of water in the Tweefontein Reservoir

condition from around October 2003 onwards was due to the
increased dilution effect of rainfall with the diminishing water
in storage. The results presented in Fig. 8§ demonstrate that, in
making decisions on widespread irrigation with mine-water,

it is very important that sustainability, in terms of the avail-
ability of adequate mine-water for widespread application, be
assessed.

If Tweefontein Pan catchment was mined out and rehabili-
tated, and whether the water table had been re-established or
not, a maximum of 120 ha could be adequately irrigated on the
disturbed profile with mine-water from the reservoir, indicating
that a smaller area could be sustained by irrigation with water
from the Tweefontein Reservoir than if the catchment had been
undisturbed. A comparison of the three scenarios (irrigating
an undisturbed area or a rehabilitated area before and after
water table re-establishment), regarding the volume and salin-
ity of water in Tweefontein Reservoir, is presented in Figs.

10 and 11 and Table 9. Irrigating a rehabilitated area of 120

ha in Tweefontein Pan catchment (either before or after water
table re-establishment) would deplete the water in the reser-
voir more rapidly than irrigating an undisturbed area of 120
ha (Fig. 10). This is because the runoff (and its salt load) from
the rehabilitated area would be lower, and the amount of water
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Comparison of the effect of widespread irrigation on the
Tweefontein Reservoir water storage, depending on whether the
irrigated area of 120 ha is undisturbed or rehabilitated
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Comparison of the effect of widespread irrigation on the
Tweefontein Reservoir water quality, depending on whether the
irrigated area of 120 ha is undisturbed or rehabilitated

Table 8
Results of simulated soil water balance for maize for the1999/00 season at the Fourth Pivot using SWB
(Annandale et al., 2002)

Item Total water Total Evaporation Drainage Canopy Runoff Change in
Rainfall Irrigation Soil Crop interception soil water
evaporation | transpiration storage
Depth (mm) 666.0 30.0 248.0 225.0 205.0 30.0 0.0 -12.0
Water distribution (%) 96.0 4.0 36.0 32.0 29.0 4.0 0.0 2.0
Table 9
Comparison of scenario results from widespread irrigation of 120 ha in the
Tweefontein Pan catchment over 5 years
Parameters Undisturbed | Rehabilitation prior to water | Rehabilitation after water
table re-establishment table re-establishment

Runoff (mm) 744.0 195.0 490.0

Runoff salt load (t) 1 856.0 81.0 1678.0

Drainage to groundwater (mm) 374.0 454.0 454.0

Drainage to groundwater salt load (t) 1709.0 1982.0 1982.0

Baseflow (mm) 243.0 0.0 295.0

Baseflow salt load (t) 1352.0 0.0 1 590.0

Average pan salinity (mg/{) 2 285.0 2 143.0 2302.0

and salt that would drain into groundwater storage would

be greater, when the irrigated area was rehabilitated than
when it was undisturbed. Lower runoff (i.e. lower return
flow into the pan) means quicker depletion of water in the
reservoir. The runoff from the rehabilitated area would be
lower before than after water table re-establishment because
no contribution from baseflow to runoff would occur prior
to water table re-establishment. The salinity of water in the
pan would be slightly higher if the irrigated area comprised
rehabilitated land after water table re-establishment than
when it comprised undisturbed or rehabilitated land prior
to water table re-establishment. The volume of groundwater
and the accompanying salt load in storage would be highest
if irrigation was carried out on rehabilitated soils prior to
water table re-establishment.

Conclusion

The ACRU2000 model and its salinity module,
ACRUSalinity, have been realistically applied in the
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hydrological modelling of the Tweefontein Pan catchment in
the Upper Olifants River and enabled a comparative assess-
ment of the surface water and the groundwater resources of
the catchment under widespread irrigation with low quality
mine-water on undisturbed and rehabilitated soils. Results
indicate that widespread irrigation on rehabilitated soils
would deplete the source of irrigation water supply in the
catchment more rapidly than irrigation on undisturbed soils,
due to lower runoff and more drainage into groundwater
storage in rehabilitated areas. The same conditions applied
to salt loads associated with runoff and drainage to ground-
water. This study demonstrates the necessity for adequate
integrated assessment of the water resources of the dominant
hydrological components in a catchment in which an irri-
gated area forms a part. This would enable the prediction
and management of the volume of water and the mass of salt
in the different components resulting from irrigation with
low quality mine-water, as well as the likely impact of such
irrigation on the quantity and quality of the source of irriga-
tion water supply.
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