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1 INTRODUCTION 

GCS Water and Environment (Pty) Ltd (GCS) was appointed by Kangra Coal (Pty) Ltd to 

undertake a hydropedology assessment for the proposed development of a Co-Disposal Facility 

and Water Treatment Plant (WTP) at Maquasa East operations, near Driefontein, Mpumalanga 

Province (refer to Figure 1-4). The project falls in quaternary catchment W51B of the Pongola 

to Mtamvuna Water Management Area (WMA) (DWS, 2016). 

 

1.1  Project background  

Kangra Coal is an existing coal mine located in Driefontein, near Piet Retief, in the Mkhondo 

Local Municipality within the Gert Sibande District Municipality. The Maquasa East (MQE) 

operations include the historical opencast and underground operations.  K angra is proposing 

to construct a water treatment plant as well as a co -disposal facility at their Maquasa East 

operations.  The treatment plant will be used to treat water from the existing decant point as 

well as any surplus water within the mining opera tions.   

 
1.1.1  Water Treatment Plant:  

Decant is currently observed in the form of clear groundwater discharge emanating from the 

old underground workings at MQE close to the Heyshope Dam. This decant is observed at an 

elevation range of approx. 1303 to 1306 mamsl and is contained in an unlined  contamination 

dam. This excess decant is currently pumped from the unlined dam back to the MQE PCDs. 

Based on available data from previous studies undertaken at the mine decant observed 

emanating from the old workings occurs at a rate ranging from 1 220 t o 2 700 m³/d (average 

1 800 m³/d), depending on the rainfall season.  

Kangra intends to upgrade the current contamination dam with a correctly lined dam as 

approved by the Department of Water and Sanitation to prevent any seepages onto the 

Heyshope Dam. The decant will be pumped into the proposed wastewater treatment plant 

that will be situated close to the Maquasa East PCDs.  Construction and operation of the 

discussed infrastructure will trigger listed activities that will require authorisation .  

The master layout plan associated with the proposed water treatment plant and brine storage 

facilities proposed (and existing PCDs) is shown in Figure 1-1. 

It should also be noted that Kangra is investigating the possibility of storing brine on the 

discard dump/co -disposal that will come from the water treatment plant. This is one of the 

two options, with the other being dedicated brine evaporation ponds. GCS  has not yet received 

confirmation as to which option Kangra are opting for, thus impacts relating to both are 

considered in this assessment. 
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Treated water will be discharged into the Heyshope dam  at the existing decant rate  at pristine 

water qualit y (in line with GA limits  for treated effluent  discharge), and therefore will likely  

not have a negative impa ct on wate r quantity  or quality. Compared to the active d ecant wate 

quality, the proposed activity is pre dicted to improve the Heyshope water quality.  Proposed 

discharge will take place at an e xisting abstraction point west of Driefontein, that is no longer 

in use. 

 

 
Figure 1-1: Proposed WTP and possible brine evaporation pond  

 
1.1.2  Co-Disposal Facility  

The discard dump at MQE has an approved environmental authorisation  and a water use 

license.  As a result of changing operational requirements, there is now a need for a co -disposal 

facility at MQE, this co -disposal facility is not authorised.  

¶ The co-disposal facility will be located within the MQE operation on the remaining 

(RE) portion of the farm Rooikop 18 HT.  The co -disposal facility will accommodate 

discarded produced from the benefaction  plant located at Maquasa East, which 

currently washes and processes coal from the surrounding Kangra Coal operations and 

will receive coal from future expansion areas.  

¶ This discard dump was originally designed as a three-compartment side hill -type dump 

with a footprint of approximately 65ha. The three -compartment layout allows for a 

modular implementation approach with the benefit of delaying capital expenditure . 

The implementation of this project will be done in two phases:  
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¶  Phase 1 will entail the use of the approved discard dump, and  

¶ Phases 2 and 3 will entail the use of a co -disposal facility that requires authorisations. 

In the phases, the plan is to build the full waste dump over 20 years. Phase 1 (7 years capacity), 

Phase 2 (7 years capacity), and Phase 3 (6 years capacity). GFK are undertaking detailed 

designs of the dump, as well as stormwater sizing. The facility will be lined with an 

impermeable barrier. The layout plan for the co -disposal facility is shown in Figure 1-2.  

 

 
Figure 1-2: Proposed Co-Disposal Facility (Phase 1 already approved, Phase 2 & 3 will 

be co-disposal) 
 

1.2  The focus of this study  

This hydropedology assessment focuses on the proposed co-disposal facility and probable 

impacts on the hydropedological flow drivers  if the co -disposal facility is constructed. The 

proposed WTP and the brine pond are situated in an already impacted area (near and in the 

benefici ation area). As such, there may have already been an impact on hydropedology since 

mining started in 1996. Considering scaling, the co-disposal facility has a higher potential to 

impact hydropedology flow drivers, as opposed to the small WTP and brine pond.    
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1.3  Study objectives and methodology  

Soils develop over time under the influence of chemical, physical, and biological processes 

(refer to Figure 1-3). Soils are predominantly the result of in -situ weathering of the host rock 

(i.e. has characteristics associated with the parent geological occurrence/rock). Soil has an 

interactive relationship with hydrology (i.e. climate, rainfall duration, runoff patt erns, 

groundwater contribution to baseflow, evaporation etc.). It is a product of water -related 

processes (physical and chemical) and a first -order control of the destin ation of rainwater. 

Though hydrological processes change seasonally, soil characteristics and water transfer 

capabilities remain similar throughout the year. A once -off 

study was undertaken.   

 
The objectives of this hydropedological assessment were to:  

1. Evaluate the soils in the study area:  

o Soils were classified per the taxonomic 

system for South Africa (Department of 

Agricultural Development, 1991) ;  (SCWG, 

2018) 

o Soil permeability was estimated based on 

available data (i.e. field characterised 

textures and public soil data) and according 

to best practice guidelines (FAO, 1980); and 

(DWS, 2011). 

2. Derive hydropedological flow regimes and interaction 

areas: 

o In the determination of Hydrological Soil  

o Types (HST), soils were divided into classes based on their expected 

hydrological responses (Van Tol, et al., 2013) .  

3. Quantification of the hydropedological fluxes using a spreadsheet -based water 

balance model:  

o A simple spreadsheet-based water balance model was used to illustrate 

unsaturated zone fluxes/water balances.  

4. Conceptualise the water flow dynamics and derive hydropedological flow buffer areas 

(if required) for wetlands identified in the area.  

o Hydrological processes were perceived from traceable signatures in the soil 

matrix resulting from the soilõs ability to transmit, store and react with water 

(Le Roux, et al., 2011) . 

Figure 1-3: Typical soil 
genesis  
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5. Identify potential hydropedological impacts per standard DWS & EIA impact criteria 

and risk rating (refer to Appendix B ).  

 

1.4  Legislative considerations  

The study scope of works and objectives coincide with DWS guidelines for Hydropedology 

Studies (Van Tol; Bouwer, J.J, 2021) . Based on the proposed activities , the scope of this study, 

the budget allocated to this study and time frames during this study, a òStep 1 to Step 4ó type 

study could be completed , which entails :  

1. Identification of dominant hillslopes.  

2. Conceptualising hillslope hydropedological responses.  

3. Quantification of hydraulic properties and flow rates.  

4. Quantification of hydropedological fluxes.  

 

1.5  Study relevance to the season in which it was undertaken  

This study was undertaken as a once-off study and relies on historical hydrological and climate 

data for the site; as well as recognized hydrological and water resource databases for South 

Africa. Data generated during the time of this study is not seasona lly bound as average yearly 

data was applied where required and as scientifically acceptable.  

 

1.6  Scope of Work  

The scope of work completed was as follows:  

1.  Desktop study:  

a. All available reports (which were provided by the client) relating to the site 

were assessed. 

b.  Evaluation of soil occurrences in the study area, based on available South 

African databases. 

2.  Field investigation:  

a. Several auger holes were drilled in the project area, in pre -determined 

hillslope areas.  

b.  The soils identified in the study area were screened per the Soil Classification 

guidelines for South Africa (Department of Agricultural Development, 1991)  

and (SCWG, 2018) to derive hydropedological flow regimes.  

3.  Hydropedological assessment:  

a. Meteorological evaluation.  

b.  Catchment delineation.  
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c.  Estimation of soil permeability and soil flow processes based on field 

observation and desktop data.  

d.  HOSASH (Hydrology of South African Soils and Hillslopes) index. 

4.  Water balance and flow modelling:  

a. A simple spreadsheet-based water balance model was used to illustrate 

unsaturated zone fluxes/water balances. 

b.  The total water loss during a development phase concerning the natural water 

processes in a sub-catchment was estimated. This was used in conjunction 

with the water balance flow model to determine the natural stream loss % for 

a sub-catchment and associated hillslopes.  

5.  Risk assessment: 

a. The risk and impact criteria (refer to Appendix B ) were applied to the study 

area, to evaluate hydropedological risks.  

b.  Natural flow losses were estimated, using a spreadsheet water balance 

developed for the site.  

6.  Mapping and report:  

a. Several hydrological hillslope profiles, soil distribution and hydrological soil 

type maps were produced; and  

b.  This report was compiled.  

 

1.7  Gaps and limitations  

The following study limitations are recognised:  

¶ The concepts presented are simplifications of the temporal variability of water 

transfer functions. Realistically, water transfer functions, such as throughflow and 

groundwater sources, may take a few months up to several years to recharge streams 

(Le Roux, et al., 2011)  However, hydropedology hillslopes have been effectively 

applied to simulate runoff response mechanisms (Van Tol, et al., 2013) .  

¶ Per minimum requirements for hydropedology studies published by DWS (Van Tol, J.J., 

Bouwer, D. & Le Roux, P.A.L., 2021), this òLevel 3ó study was undertaken (field 

investigation, conceptualisation of hillslopes and soil flow suppression). No numerical 

unsaturated flow modelling  was undertaken, but simple analytical spreadsheet water 

balance/flux modelling.  

¶ It is understood that all gaps and data limitations noted during this investigation will 

be committed to as future works. This report can therefore be considered a work -in-

progress document, which can be updated as the project changes from planning to 

the closure phase. 
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Figure 1-4: Site l ocality and drainage  
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2 SITE OVERVIEW 

As mentioned previously, the project falls in quaternary catchment W51B of the Pongola to 

Mtamvuna Water Management Area (WMA) (DWS, 2016).  Elevations on the site typically range 

from 1  300 to 1 600 meters above mean sea level (mamsl). 

 

2.1  Sub-catchments/hydrological response units (HRUs)  

Three (3) hydrological response unit (HRUs) describes the natural drainage and hydropedology 

flow boundaries associated with the site  (using a 1:1 000 stream count and 30 m DTM fill) ð 

refer to Figure 1-4 and Figure 2-1. The sub-catchment relates well to desktop -delineated 

drainage lines for the project area, as well as verified streams associated with the pr oject 

area. 

Primary drainage from the position of the proposed co -disposal site, and much of the MQE 

area is towards the northeast, to the perennial Egude River, which make s up the bottom inflow  

of the Heyshope Dam. Drainage from the southern portions of the MQE area, and Maquassa 

West (MQW) is towards the south, via several perennial and non -perennial dr ainage lines, 

towards the southern inflow of the Heyshope Dam.  The Heyshope Dam is therefore the end 

received of any surface water -related pollution that may take plac e at the MQE operations.  

 

2.2  Land cover & slope rise  

The dominant land types associated with the sub -catchment are shown in Figure 2-1 (DEA, 

2019), and is observed to be natural grasslands. The slope % rise for the general area is shown 

in Figure 2-2. Slope rise % was used to characterise the sub-catchment slope , hydropedology 

flow fields and general drainage.  

 

2.3  Local geology & soils  

According to the 1:250 000 geological series (2730 Vryheid), the local surface geology is 

characterised by occurrences of dolerite, and sediments associated with the Vryheid 

Formation, of the Ecca Group, of the Karoo Sequence (DMEA, 1998g) ð refer to Figure 2-3. 
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Figure 2-1: Sub-catchments and land cover types  
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Figure 2-2: Sub-catchments and surface slope rise %  
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Figure 2-3: Local geology  
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2.4  Climate  

Climate, amongst other factors, influences soil -water processes. The most influential climatic 

parameter is rainfall. Rainfall intensity, duration, evaporative demand and runoff were 

considered in this study to indicate rainfall partitioning within the project area.  

 
2.4.1  Temperature  

The average yearly temperature (refer to Figure 2-4) for the project area ranges from 25 to 

33°C (high) and -4 to -2°C (Low). The study area is situated in a subtropical highland climate 

or temperate oceanic climate with dry winters (Cwb) area, as per the Köppen Climate 

Classification (Kottek, et al., 2006) . The project area receives summer rainfall.  

 

 
Figure 2-4: Average yearly temperatures (Meteoblue, 2022)  
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2.4.2  Wind speed and direction  

Figure 2-5 shows the wind rose for the project area (Vryheid used as reference) and presents 

the number of hours per year the wind blows from the indicated direction. The wind blows 

from WW, ENE and E more often, at velocities ranging from 1 km/hr to 28 km/hr; and from 

other directions but less frequently and at lower velocities (< 19 km/hr).  

 

 
Figure 2-5: Wind rose (Meteoblue, 2022)  

 
2.4.3  Rainfall and evaporation  

The project area is situated in rainfall zone W 5A. The mean annual precipitation (MAP) 

measured at several rainfall stations that fall close to the site is summarised in Table 2-1, 

below.  

 
Table 2-1: MAP of nearest rainfall stations  

Station Name  ID MAP (mm/yr)  

GROOT RIETVLEI 0407639_W  770 

DIRKIESDORP (POL) 0407730_W 681 

SPITSKOP   0407397_W   800 

BRERETON PARK  0443807_W  900 

Average 787.75  

 
The monthly rainfall data used to calculate MAP was obtained from rainfall station 0407639W 

(Grootvlei ). The rainfall record is for the period 1929 to 2003 (74 years). Monthly rainfall for 

the site is likely to be distributed as shown in Figure 2-6, below.  
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Available rainfall data suggest a MAP ranging from 482 (30th percentile) to 1372 (90th 

percentile) mm/yr. The average rainfall is in the order of 768 mm/yr. The project area falls 

within evaporation zone 13A, of which Mean Annual Evaporation (MAE) ranges from 1 200 to 

1 300 mm/yr. The MAE far exceeds the MAP for the site, which implies greater evaporative 

losses when compared to incident rainfall. Monthly evapotranspiration for the site is likely to 

be distri buted as shown in Figure 2-6, below.  

 

 
Figure 2-6: Average rainfall for Station 0407639W  & WR2012 evaporation  
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2.4.4  Runoff  

Runoff from natural (unmodified) catchments for quaternary catchment W51B is simulated in 

WR2012 (WRC, 2015) as being equivalent to 103.5 mm/yr (or 13% of the MAP). This is 

approximately 51.369 Mm³/yr NMAR for the surface area of W51B. 

 

 
Figure 2-7: Simulated natural (unmodified) runoff for W51B 

 

2.5  Surface water and groundwater users in the study area  

According to Water Allocation Registration Management System (WARMS, 2019), there are no  

WARMS water users within a 5  km radius of the proposed activity. A ccording to SADAC GIP and 

National Groundwater Activities (NGA) data, there are at least 3 registered boreholes within 

a 5 km radius of the proposed activities (refer to Figure 1-4 and Table 2-2).  

Table 2-2: Groundwater users within a 2.5 km radius of the site  

ID Source 
Latitude (WGS84)  
Decimal Degrees 

Longitude (WGS84) 
Decimal Degrees 

Elevation  
(mamsl) 

Water 
Level  
(mbgl)  

736675 
SADAC GIP / 

NGA 2022 
-27.06383 30.39031 1322 2.1 

736687 
SADAC GIP / 

NGA 2023 
-27.02717 30.41504 1351 15 

611988 
SADAC GIP / 

NGA 2024 
-26.974167 30.400833 1351 No Data 

 

GCS (2022) identified two (2) groundwater boreholes wi th in a 5 km radius of the proposed co -

disposal facility ( namely FB7 and FB8) that are used for groundwater supply . The boreholes 

are used by Kangra to supply water to the Community Health Centre.  
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2.6  Depth to groundwater  

According to (Vegter, 1995) and (DWAF, 2006), the groundwater levels within the region are 

expected to range from 15 to 30 mbgl (meters below ground level). Available monitoring 

boreholes data for Kangra suggest a water level range from 1.28 to 131 mbgl (nearing the MQW 

underground workings in the mountains), with an average water level in the order of 12.4 mbgl 

for the MQE area. 

Available water level data for boreholes in the area suggest there is a good correlation 

between the surface topography and the groundwater table (refer to Figure 2-8, R ~ 90%). The 

groundwater table is expected to mimic the topography and be shallower closer to perennial  

streams (i.e. these are prominent groundwater contributions to base-flow  areas or areas 

where groundwater seepage from the resource into the aquifer units may take place).  

 

 
Figure 2-8: Groundwater elevation vs topography elevation ð 

correlation  (Kangra Monitoring Holes)  
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2.7  Wetland areas  

Based on available National Wetland Freshwater Ecosystem Priority Areas (NFEPA) (Van 

Deventer, 2018) the non-perennial and perennial drainage areas situated downstream of the 

proposed co-disposal facility  are classified as channelled valley bottom (CVB) wetland areas  

of the Mesic Highveld Grassland Bioregion (refer to Figure 1-4).  

In terms of wetland geo -hydrology, base flow  is considered the most important contributor to 

wetland health. Base flow  (refer to Figure 2-9) is a non-process-related term to signify low 

amplitude high -frequency flow in a river during dry or fair -weather periods. Base flow  is not 

a measure of the volume of groundwater discharged into a river or wetland, but it is recognised 

that groundwater contributes to the base-flow  component of river or wetland flow.  

Available literature (WRC, 2015; DWAF, 2006) suggests groundwater contribution to baseflow 

ranges from 9.8 mm/yr (PITMAN MODEL) to 43.45 mm/yr (HUGHES MODEL). This relates to 

approximately 2% to 6% of rainfall.  

 

 
Figure 2-9: Groundwater base-flow  concept (DWS, 2011) 

 

2.8   Present ecological state (PES) and environmental sensitivity and ecological 
importance (EIS) ð quaternary scale  

Table 2-3 provides a summary of the PES and EIS for the quaternary catchment associated with 

the project area (WRC, 2015). It is rec ommended that th e resource management objectives 

(RMO) for wetlands in the project area need to maintain the current PES and EIS post 

development  

 
Table 2-3: Summary of PES and EIS for the Quaternary Catchment  

Quat PES EIS 

W51B Class B: Largely Natural High 
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2.9  Land morphology and soils  

Different soil types are encountered within shoulder, mid -slope and valley positions of the 

project area (referred to as soil hillslope) and are mainly due to sub -surface geology, products 

of weathering, degree of saturation, soil texture and slope positio n (refer to Figure 2-10). The 

terrain in the project area is slightly sloping to flat (due to undulating hills), with soil depths 

ranging from 600 mm to 1200 mm generally with clay content ranging from 15 to 60%.  

 

Figure 2-10: Land morphology concept (Almond, 2016)  
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According to the Land types of South Africa databases (Land Type Survey Staff, 1972 ð 2006c), 

the soils in the area typically conform to land types of the Bb62 group, which entail  duplex 

soils typically  red and yellow, dystrophic/mesotrophic, apedal soils with plinthic subsoils 

(plinthic soils comprise > 10% of land type, red soils comprise < 33% of land type). According 

to WR2012 soil data for the area, the erodibility of the soils for the area can be c onsidered 

medium  (WRC, 2015).  Typical soil types on hillslopes associated with this landform are shown 

in Figure 2-11 and Figure 2-12 shows the soil land types associated with the greater project 

area. 

Duplex soils are characterised by a distinct difference in saturated and unsaturated hydraulic 

conductivity between the coarser overlying and higher clay content structured underlying 

horizons. In this regard, the coarser materials can accommodate more dis tinct lateral flows 

of water with its associated redox morphology in the form of bleaching and removal of 

sesquioxides. The structured subsoil horizon may exhibit a certain degree of redox morphology 

expression (redox depletions and redox accumulations) th at can, in its maximal expression< 

lead to the classification of a G horizon in the lower parts of the landscape. Wetlands are 

often identified in areas with E horizons and shallow lateral seepage due to the perching of 

the water on the structured subsoil.  

Distinct water accumulation and lateral flows may also occur beneath the structured horizons 

in unconsolidated materials or fractured and weathering rock. In these cases, the redox 

morphology is consistent with the criteria used for wetland identification except for the depth 

criteria that preclude it from formal wetland identification  (Der Waals, 2019). 

 

 
Figure 2-11: Bb62 
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2.9.1  Site-specific  

GCS undertook a soil survey to evaluate the soil types, and to derive the hydropedological soil 

types. The auger hole positions are indicated in Figure 2-13 and soil profiles are available in 

Appendix A. Four (4) dominant hillslopes define the site and soil hydrological processes (f rom 

the position of the proposed co -disposal facility).  

From the soil survey undertaken, the following is noted:  

ü The majority of the co -disposal facility footp rint area is characterised by shallow soi ls 

classified as the Glencoe soil type. The soil type was observed to have relatively 

shallow orthic A (topsoil) horizons, followed by a yellow -brown apedal B horizon with 

evidence of Fe and Mn concretions, clay matter (more than in the A horizon) that 

gradually transitions into very hard plinthic rock (horizon). The presence of clay 

matter and weathered plinth  will likely cause tem porary perched water tables, during 

prolonged rainfall events / storm events. Stagnant flow along the hard plinthic / soil 

interface is expected in a lateral direction.  The Glencoe soil form was observed in 42% 

of the test auger holes.  

ü Towards the southeast side of the site (crest/hilltop) very shallow soils were 

encountered off the Mispah soil type. Augering in these areas hit refusal at depths 

<0.1m. The Mispah soil form was encountered in 28% of the test auger holes. It was 

noted that the area sout heast of the proposed co -disposal facility gradually extends 

into backfilled material used to rehabilitate the old opencast pit associated with the 

area. The Mispah soil form occurred in areas that appear to be associated with the 

high wall of the old pit.  

ü Towards the northeastern  side of the site, soils of the Hutton soil type were observed. 

These soil are signified by deeply weathered soils, having a distinct A horizon, follow ed 

by thick yellow -brown apedal B horizons. Deeper in the profile, weathered zone 

material was observed, with signs of wetness. The soils lacked pedological feat ures 

which would classify this layer as soft plinthic B. The Hutton soil form was encou ntered 

in 14% of the auger test holes.  

ü Towards the northeast and northwest of the site, near the drainage line areas in 

depression areas or areas where stagnant water was observed, soils of the Katspruit 

and Rensburg soil forms were encountered. The pre sence of a saturated G horizon, 

with mottling and gleying, suggests long-term saturated conditions. These soil types 

were inferred to the greater project area, based on their posit ion of the hill slopes. 

The Katspruit  and Rensburg soil forms were encountered in 16% of the auger test holes.  

ü The estimated soil distribution at the site is presented in Figure 2-13.  
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2.10  Soil permeability  

Several soil samples were taken from both A and B horizons and subjected to particle size 

distribution (PSD) tests. The laboratory test results are available in Appendix B  and soil 

texture classes are summarized in Table 2-4. Based on available soil data for the project area, 

it is anticipated that the area is characterized by sandy loam to sandy clay loam soil types. As 

such, the anticipated permeability of the soils is estimated at 1.3 cm/hr to 4.1 x 10 -3 cm/hr.  

 
Table 2-4: Summary of soil classes identified  

Lab ID Sample ID Media 

189388  A11 0-0.3M Sandy Loam 

189389  A11 1-1.3M Sandy Clay Loam 

189390  A12 0-0.3M Loamy Sand 

189391  A12 1.2-1.5M Sandy Clay Loam 

189392  A14 0.4-0.6M Sandy Loam 

189393  A14 0-0.4M Sandy Clay Loam 

189394  A15 Composite Sandy Clay Loam 

189395  A16 0.3M Sandy Clay Loam 

189396  A16 0-0.2M Sandy Clay Loam 

189397  A17 0.0.3M Sandy Clay Loam 

189398  A17 1.3-1.5M Sandy Loam 

189399  A6 0-0.03M Sandy Loam 

189400  A6 1.3-1.5M Sandy Loam 

189401  A7 0.7-0.9M Loamy Sand 

189402  A7 0-0.2M Sandy Loam 

189403  A8 0-0.3M Loamy Sand 

189404  A8 1.2-1.5M Sandy Loam 

 
Table 2-5: Soil permeability classes for agriculture and conservation (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 
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Table 2-6: DWS range of hydraulic conductivities in different soil types (DWS, 2011) 

Type Saturated Hydraulic Conductivity, K s (cm/s)  

Gravel 3x10-2 ð 3 

Coarse Sand 9x10-5 ð 6x10-1 

Medium Sand 9x10-5 ð 5x10-2 

Fine Sand 2x10-5 ð 2x10-2 

Loamy Sand 4.1x10-3 

Sandy Loam 1.2x10-3 

Loam 2.9x10-4 

Silt, Loess 1x10-7 ð 2x10-3 

Silt Loam 1.2x10-4 

Till  1x10-10 ð 2x10-4 

Clay 1x10-9 ð 4.7x10-7 

Sandy Clay Loam 3.6x10-4 

Silty Clay Loam 1.9x10-5 

Clay Loam 7.2x10-5 

Sandy Clay 3.3x10-5 

Silty Clay 5.6x10-6 

Un-weathered marine clay  8x10-11 ð 2x10-7 
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Figure 2-12: Land types associated with the project area  
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Figure 2-13: Estimated soil distribution for sub-catchments associated with the project  














































































































