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EXECUTSBSVHEMARY

Scientific Aquatic Services (SAS) was appointed to conduct a hydropedological assessment as part of
the Water Use Authorisation (WUA) process for the proposed expansion of the existing opencast mine
at Exxaro Lueewpan Coal Mine near Delmas, Mpumalanga Province.

The proposed mine expansion includes open cast mining through some wetlands. Thus, it was deemed
necessary to investigate the recharge mechanism of the wetland systems within and in close proximity
to the proposed mining activity areas to ensure informed mine design and planning as well as to support
the decision-making process in line with the principles of sustainable development and Integrated
Environmental Management.

According to the risk assessment conducted by Limosella Consulting (2019), the study area comprises
three wetlands systems, two pan wetlands surrounded by a hillslope seep wetland. The results are
summarised on the table below.

Table: Summary of the results of the assessments of the wetland systems occurring in study
area (Limosella, 2019)

Wetland (HGM types) PES Status EIS
Pans D (Largely modified) c/b
Hillslope Seep E (Seriously Modified)

Based on the Present Ecological State (PES) and Ecological Importance and Sensitivity (EIS) results
presented above, the wetland systems have been impacted to some degree, owing to ongoing mining
as well as current and historical agricultural activities within the catchment, vegetation clearing, and
road infrastructure.

The presence of a hillslope seep surrounding the pan wetlands and the dominance of interflow soils
may be indicative that hillslope processes are significant drivers of the wetlands within the study area.
Furthermore, several geohydrological studies have reported on the presence of aquifers in the
Mpumalanga coalfields, therefore it is highly likely that the wetlands are largely driven both by hillslope
processes and shallow fractured aquifer/s which have a direct interaction with the wetlands, with specific
mention of the pan wetlands. It should be noted that the presence of aquifers was not confirmed as part
of this investigation, however, based on previous studies which have been conducted in a similar
regional geological setting. The contribution of overland flow and precipitation (rainfall) is considered
significant during rainy seasons due to limited rainfall days to generate adequate runoff to sustain the
wetlands.

The hydropedological contribution to the wetland systems was calculated using simple hydrological
principles in an effort to quantify the hydropedological percentage loss due to the proposed project both
on a local and catchment scale. The impacts are summarised as follows:

0 The wetlands located within the proposed open cast footprint will be completely destroyed since
coal deposits underlie these wetlands as well as their associated flow drivers;

0 The remaining portion of the hillslope seep located outside and upgradient of the study area
will likely remain functional and be sustained by water input, including hydropedological input
from catchment areas to the south of the study area, assuming that water input into this system
is not intercepted for some unrelated reason;

U  Although the remaining portion of hillslope seep will remain functional, mitigation measures are
imperative, particularly reinstating the soil back to its original sequence and backfilling to a free
draining scenario post mining to restore recharge to these drainage features and reduce the
duration of impact;

U If the hydropedological processes in the landscape are considered, a scientifically derived
buffer can be determined. The results of this determination are presented in Figure 17. The key
principles of the plan are to avoid the Westleigh while the Glencoe is sacrificed along with the
deep recharge Hutton soils. If the proposed mine plan was adapted to avoid this defined buffer,
the loss of hydropedological contribution to the affected wetlands is calculated to be
approximately 5.7% which will have a low to moderate impact on the wetlands which are then
left unmined.
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Key mitigation measures include:

i

It is strongly recommended that concurrent rehabilitation be undertaken to ensure that the
duration that any pit or extent thereof is left unrehabilitated is minimised;

Restrict the amount of mechanical handling of soils, as each excision increases the compaction
level;

Separate stockpiling of different soils such that soils which are regarded as important for
wetland recharge (i.e. Longlands, Wasbank, Westleigh, Glencoe) are separated from ground
water recharge soils (i.e. Hutton);

A very well designed, managed and executed topsoil (separate from soft overburden)
management program is highly recommended where separate stripping, stockpiling and
replacing of soil horizons in the original sequence to combat hard setting is ensured;

The A (0-30cm) and B (30-60cm) horizons of topsoil should be stripped separately and replaced
in the same sequence on top of the backfilled areas to ensure that the hydropedological
functioning of wetland recharge soils is reinstated post mining;

Stockpile height should be restricted to that which can deposited without additional traversing
by machinery. A maximum height of 2-3 m is therefore proposed, and the stockpile should be
treated with temporary soil stabilisation methods such are Geotextile; and

At rehabilitation replace soil to appropriate soil depths in the correct order, and cover areas to
achieve an appropriate topographic aspect and elevation profile so as to achieve a free draining
landscape that is as close as possible the pre-mining conditions. Should this not be feasible,
recommendations in the wetland report compiled by Limosella Consulting should be considered
(Limosella, 2019)

Based on the findings of this study, the proposed project will lead a high impact on the wetlands within
the study area, particularly during the operational phase, since the wetlands will be mined. It should be
noted however that from a hydropedological point of view, the proposed project is not anticipated to
impact on surrounding wetlands located outside of the study area since they are not hydropedologically
linked to wetlands associated with the proposed mine expansion.
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GLOSSARY OF TERMS

Alluvial soil A deposit of sand, mud, etc. formed by flowing water, or the sedim
deposited thus within recent times, especially in the valleys of large

Aquifer An aquifer is an underground layer ofbwatarg permeable rock,
fractures or unconsolidated materials e.g. gravel, sand, or silt, that
transmits groundwater

Base flow: Longterm flow in a river that continues after stormgtssdths

Catena A sequence of soils of similar age, derived from similar parent n
occurring under similar macroclimatic condition, but having
characteristics due to variation in relief and drainage.

Catchment: The area where watezaliected by the natural landscape, where all
runoff water ultimately flows into a river, wetland, lake, and ocean o
to the groundwater system.

Chroma: The relative purity of the spectral colour which decreases with

greyness.

Evapotranspiratiot

The process by which water is transferred from the land to the atn
evaporation from the soil and other surfaces and by transpiration fr

Fluvial: Resulting from water movement.

Gleying: A soil processsulting from prolonged soil saturation which is manife
presence of neutral grey, bluish or greenish colours in the soil matr

Groundwater: Subsurface water in the saturated zone below the water table.

Hydromorphic soil

A soil that in itsxdrained condition is saturated or flooded long e
develop anaerobic conditions favouring the growth and rege
hydrophytic vegetation (vegetation adapted to living in anaerobic s

Hydro period

Duration of saturation or inunddtfowetland system.

Hydrology: The study of the occurrence, distribution and movement of water
under the land surface.
Hydromorphy: A process of gleying and mottling resulting from the intermittent o

presence of excess watdreirsoil profile.

Intermittent flow:

Flows only for short periods.

Eluviation Transport of soil material from upper layers of soil to lower levels
precipitation of water across soil horizons

Mottles: Soils with variegated colour patterdsesargbed as being mottled, wit
Abackground colouro referred t
referred to as mottles.

Perched wate| The upper limit of a zone of saturation that is perched on an unsatu

table: an impergable layer, hence separating it from the main body of gro

Regolith The layer of unconsolidated solid material covering the bedrock

Runoff Surface runoff is defined as the water that finds its way into a su

channel withaufiltration into the soil and may include overland flow
and base flow.

Vadose zone

The unsaturated zone between the ground surface and the
(groundwater level) within a soil profile

Watercourse:

In terms of the definition contwiitieid the National Water Act, a water
means:
1 Arriver or spring;
1 A natural channel which water flows regularly or intermitten
1 A wetland, dam or lake into which, or from which, water flo
1 Any collection of water which the Ministemutge iy the Gazet
declare to be a watercourse;
1 and areference to a watercourse includes, where relevant,
banks

viii
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ACRONYMS

°C Degrees Celsius.

DWA Department of Water Affairs

DWAF Department of Water Affairs and Forestry
DWS Department of Water and Sanitation

EAP Environmental Assessment Practitioner
EIA Environmental Impact Assessment

ET Evapotranspiration

FAO Food and Agriculture Organization

GIS Geographic Information System

GPS Global Positioning System

HGM Hydrogeomorphic

m Meter

MAP Mean Annual Precipitation

MPRDA Minerals and Petroleum Resources Development Act, Act 28 of 2002
NEMA National Environmental Management Act
NWA National Water Act

PSD Particle Size Distribution

SACNASP South AfricaBouncil for Natural Scientific Professions
SAS Scientific Aquatic Services

subWMA SubWater Management Area

WMA Water Management Areas

WULA Water Usedeince Application
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1 I NTRODUCTI ON

Scientific Aquatic Services (SAS) was appointed to conduct a hydropedological assessment
as part of the Water Use Authorisation (WUA) process for the proposed expansion of the
existing opencast mine at Exxaro Leeuwpan Coal Mine near Delmas, within the jurisdiction of
the Victor Khanye Local Municipality in the Mpumalanga Province. The proposed opencast
mining expansion will occur on the Farm Kenbar 257 IR Portion 0 and will hereafter be referred

to as the fstudy areaa

The study area is located approximately 6.8 km southeast of Delmas. The old R50 provincial
road borders the northern boundary, whilst the new R50 road is located immediately adjacent

the southern boundary. Refer to Figure 1 and 2.

The proposed mining expansion includes mining of three (3) wetlands as well as areas which
are terrestrial in nature and predominantly comprise landuses associated with agriculture.
Thus, it is deemed necessary to investigate the recharge mechanism of the wetland systems
within and in close proximity to the proposed mining activity areas to ensure that mine planning
takes cognizance of the hydropedologically important areas and subsequently support

informed decision making and sustainable development.

A hydropedological survey and soil sampling activities were conducted on 9" and 24™ January
2019 to assess the hydropedological characteristics of the landscape and associated soils
within the study area and immediate vicinity. A soil sampling exercise was undertaken at
selected representative points, considering the various soil types, in order to deduce the
wetland recharge potential and identify the anticipated hydropedological impacts of the
proposed mine expansion on the wetland resources that will be affected by the proposed

activities.

This study aimed to quantify the percentage loss of hydropedological recharge to the wetlands
based on simple hydropedological principles. It was deemed important to determine a suitable
buffer, in line with the DWS latest thinking, to ensure that appropriate consideration is given
to the proposed mining activities, the perceived impacts thereof on the affected wetlands and

the associated hydropedological drivers in the study area.

In addition to the buffer determination, the Department of Water and Sanitation (DWS) Risk
Assessment Matrix (2016) was also applied to determine the significance of perceived impacts
on the key drivers and receptors (hydrology, water quality, geomorphology, habitat and biota)

of the wetlands associated with the study area. It should be noted that the risk assessment
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presented in this document primarily focused on the risks presented by mining of wetlands

within the study area.
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1.1 Objectives

The purpose of this assessment is to investigate the hydropedological properties of the soils
in the vicinity of the wetland systems within the study area, to infer the potential recharge
mechanisms and destination of the transferred water of the surrounding soils that may be
affected during the life of the proposed mining activity. It was also the objective of this
assessment to investigate whether surrounding wetlands located outside of the study area will
be impacted or will remain unimpacted from a hydropedological point of view.

Recommendations on mitigation were then considered and presented.
1.2 Assumptions and Limitations

Hydropedological science and research is rapidly evolving and there are currently no standard
methods to assess and/or model the recharge capacity of soils. As a result, the findings of this
assessment are a combination of qualitative and quantitative results and are based on the

specialistbs opinion and experience with the hyd

Hydropedology is largely qualitative, with no standard method of approach to quantify the
impact significance of various activities on the hydropedological drivers of wetland systems.
For the purpose of this assessment, a model was developed using basic hydrological
principles in an effort to quantify the percentage loss of hydrological drivers due to the
proposed activities. Although the model outcomes correlate with expected results and results

obtained using other methods, the model used remains untested.

Sampling by definition means that not all areas are assessed, and therefore some aspects of
soil and hydropedological characteristics may have been overlooked in this assessment.
However, it is the opinion of the professional study team that this assessment was carried out
with sufficient sampling and in adequate detail to enable the proponent, the Environmental
Assessment Practitioner (EAP) and the regulating authorities to make an informed decision

regarding the proposed activity.

The effects of climate change dynamics were not considered as part this assessment;
however, it is acknowledged that this might exacerbate the anticipated reduction in water
inputs and the resultant hydrological function of the freshwater resources beyond the extent

of the proposed mining project.
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2 ASSESSMENT METHODOLOGY

Field assessments were conducted on 9" and 24" of January 2019 to investigate the
hydropedological properties of the soils in the vicinity of the wetlands which will be directly
impacted by the proposed mining activities, in order to infer the recharge potential of the
surrounding soils as best possible, based on their intrinsic pedological characteristics.

Subsurface soil observations were made by means of a standard hand auger method.

Field assessment data included a description of physical soil properties, including the following
parameters, in order to characterise the various recharge mechanisms of the investigated
wetlands:

U Diagnostic soil horizon sequence;

U Landscape position in relation to the investigated wetlands (recorded on Global

Positioning System);
U Depth to saturation (water table), if encountered; and
U Analysis of selected soil samples at a SANAS accredited analytical laboratory (see

below for details of the parameters analysed).

Analysis of the following parameters was undertaken by a SANAS accredited laboratory:

U Particle size distribution (PSD) analyses to verify textural composition. The textural
class was thereafter assigned according to the relative percentage fractions of clay,
silt, and sand particles, as illustrated in the textural classification triangle in Figure 4.
The permeability of the soils and their ability to transmit water through the landscape
was thereafter estimated according to Table 1 and 2, commonly used in the Agricultural
Industry; and

U Soil moisture content to determine the quantity of water contained in the soil as a

percentage, using the oven-dried weight method.

Field assessment data was subsequently used to carry out the following assessments and
investigation:
0 Verification of the spatial extent of the identified soil forms using a Geographical
Information System (GIS) software programme;
U Estimation of the hydraulic conductivity according to soil texture according to the Food
and Agriculture Organization (FAO, 1980) and DWS method (DWS, 2011);
U Identify the potential impacts of the proposed mining project on the unsaturated flow

processes, and implications thereof on the functionality of the wetland systems;
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U Compile a brief report on the conceptual hydropedological regime of the assessed

wetlands based on the soil types within the study area under current conditions;

U Apply the DWS Risk Assessment Matrix (2016) to identify potential impacts that may

affect the wetland systems as a result of the proposed development, and aim to

guantify the significance thereof; and

U0 Recommend suitable mitigation and management measures to alleviate the identified

impacts on the wetland hydropedological conditions.

Table 1. Average permeability for different soil textures in cm/hour Food and Agriculture

Organization (FAO), 1980.

Soil Texture Permeability (cm/hour)
Sand 5

Sandy loam 2.5

Loam 1.3

Clay loam 0.8

Silty clay 0.25

Clay 0.05

Table 2: Soil permeability classes for agriculture and conservation (Food and Agriculture

Organization (FAO), 1980.

Soil permeability classes

Permeability rates

cm/hour cm/day
Very slow Less than 0.13 Less than 3
Slow 0.13-0.3 3-12
Moderately slow 0.5-2.0 12-48
Moderate 2.0-6.3 48- 151
Moderately rapid 6.3-12.7 151- 305
Rapid 12.7-25 305- 600
Very rapid > 25 > 600

*Saturated samples under a constant water head of 1.27 cm

Table 3 : DWS range of hydraulic conductivities in different soil types (DWS Groundwater

Dictionary, 2011)

Soil Type Saturated Hydraulic Conductivity(dn/s)
Gravel 3x1¢7 3

Coarse Sand X167 6x16+

Medium Sand 9x1@1 5x1E

Fine Sand 2x167 2x1&

Loamy Sand 4.1x168

Sandy Loam 1.2x168

Loam 2.9x16

Silt, Loess 1x107 2x16¢

Silt Loam 1.2x16
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Soil Type Saturated Hydraulic Conductivity(dm/s)
Till 1x10@97 2x16

Clay 1IX1@7 4.7x10

Sandy Clay Loam 3.6x16

Silty Clay Loam 1.9x18

Clay Loam 7.2x16

Sandy Clay 3.3x16

Silty Clay 5.6x168

Unweathered marine clay 8x101T 2x10

percent
SILT

percent
CLAY

40

clay Silty
Sandy Clay loam clay loam
clay loam
Mledium T 80
oam i oam
Sandy ty an
10
Loamy loam .
0 Sand 100
100 90 80 70 60 a0 40 30 20 10 0

percent SAND

Figure 3: Soil texture classification chart (Food and Agriculture Organization (FAO), 1980).
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Figure 4: A diagram depicting soil wetness based on soil textural class.

Figure 5: A diagram depicting the percentage volume of water in the soil by soil texture.
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