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GROUNDWATER IMPACT ASSESSMENT FOR THE RENOVATIONS/UPGRADING TO 

THE WATER SERVICES, WATER TREATMENT PLANT, SANITATION SERVICES AND 

WASTEWATER TREATMENT WORKS AT FORT COX COLLEGE. 

  

1.0 INTRODUCTION  

 

This hydrogeological report describes and assesses the sensitivity of the aquifer(s) to 

possible pollution and degradation should there be any failure of the proposed 

upgrades to the sanitation services and WWTW (Waste Water Treatment Works) both 

during and post construction. The proposed upgrades for the new WWTW and 

construction design have been supplied by Lukhozi Engineering (Appendix 1). 

 

This report also forms specialist input to the Integrated Water Use Licensing 

Application (IWULA) for the WWTW, as required by DWS (under National Water Act, 

Section 21 Water Uses). More specifically, this report addresses the essential risks to 

surface and groundwater as they are an integral portion of the hydrological cycle, and 

suggests the way forward. In essence, an 'impact significance assessment´.  

 

2.0 TERMS OF REFERENCE  

 

Water Resource Development & Engineering Services was tasked by Peter De Lacy of 

EOH to provide (a) the Geohydrological and (b) geological services in order to evaluate 

the groundwater and aquifer types in the above mentioned area. The aim of the 

project was to complete a specialist study for the Basic Assessment investigation for 

the proposed new WWTW and associated upgrades, and to complete above mentioned 

tasks for all legal and legislative requirements. 

 

The specialist study or groundwater sensitivity analysis will follow the CSIR guidelines 

for geohydrological investigations in the BA and any requirements listed by DWS. The 

brief was to conduct a hydrogeological specialist study for an IWULA and the CSIR's 

'Guideline for Involving Hydrogeologists in the EIA Process' (2005) was followed as 

well as 'Environmental Planning Guidelines´Project Components) DWAF, 2005. 

  

3.0 SCOPE OF WORK  

 

Water Resource Development was tasked with providing information on the study area 

under investigation and to report on the following: 

 Geology and potential aquifers. 

 A list and position of existing boreholes, reservoirs, springs and wetlands.  

 Existing surface and groundwater use.  

 Groundwater quality if available (TDS/EC, pH, S04, and N03).  
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 Assessment of immediate and subsurface permeability.  

 Flow regime changes, if any.  

 Assessment of pollution risk.  

 Recommendations with respect to groundwater monitoring.  

 Classification of groundwater (after Parsons and GRDM).  

 Impact significance of various WWTW options.  

 Cumulative effects of groundwater pollution.  

 The "no go' option.  

The following methodology was followed: 

 

Desk Study that included a review of information from the National Groundwater Data 

Base (NGDB), as well as the Groundwater Resource Information Project (GRIP). 

Geological and associated structural interpretations were also completed. From this an 

assessment of pollution to the groundwater aquifers was assessed. 

 

Site investigation that confirmed basic hydrocensus information, but more 

importantly the actual geological formations, alluvial thicknesses, saturation of the soil 

and soil type. The potential pathways of potential pollutants to the surface and the 

groundwater components. The actual site of the proposed upgrade to the WWTW and 

the topographical influences such as perched water tables and flood plains were 

included. Alternative sites for the proposed WWTW were not investigated.  

 

4.0       SITE LOCALITY AND DESCRIPTION 

  

4.1       Location 

 

An aerial view of the maturation ponds is shown below.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 1. Aerial view of the maturation ponds taken with a drone 
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The co-ordinates of Fort Cox which is situated between King Willaims Town and Alice in 

the Eastern Cape are tabled below.  

 

Fort Cox 

- 32.7607425 S     027.0373689 E 

 

 

4.2  Climate, Physiography and Drainage 

Numerous ecosystems and habitats evolve from the varying terrain, resulting in a 

great bio-diversity of fauna and flora. Appendix 2 has photographs of the onsite 

topography, illustrating the general gradient of area and vegetation. This has a bearing 

on slope stability and sheet run-off during rainy periods. Groundwater flow tends to 

mimic topographical features. Climatic data is not available for Fort Cox and due to its 

locality the data for King Williams Town and Alice were used. 

 

Alicedale's climate is a local steppe climate. This location is classified as BSh by 

Köppen and Geiger. The average annual temperature in Alicedale is 18.2 °C. 

Precipitation here averages 440 mm. King William's Town's climate is classified as 

warm and temperate. King William's Town has a significant amount of rainfall during 

the year. This location is classified as Cfa by Köppen and Geiger. The temperature here 

averages 18.0 °C. About 600 mm of precipitation falls annually. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Rainfall and temperature chart for King Williams Town. 
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The least amount of rainfall occurs in June. The average in this month is 19 mm. With 

an average of 78 mm, the most precipitation falls in March. 

 

The temperatures are highest on average in February, at around 22.3 °C. July has the 

lowest average temperature of the year. It is 13.6 °C. 

 

The Keiskamma River flows in a horse shoe configuration around Fort Cox and the 

overflow from the treated sewage upgrades will be directed to the river. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The Keiskamma Sub-area (R 10 catchment) 

 

5.0    GEOLOGY, SOILS AND VEGETATION   

The geology is responsible for the soil types and together they influence the runoff co-

efficient for the rivers, dams and the recharge of groundwater aquifers. Regional 

geology is described below in chronological order, commencing from the older rocks 

through to younger rock units. The Beaufort Group (BG) is the geologically dominant 

unit in the district. 

 This Group (BG) forms part of the Karoo Supergroup. Dolerite intrusions form massive 

sheets, dykes and ring-shaped intrusions in this Group (BG). The Group (BG) is 

divided into two subgroups namely the Tarkastad and Adelaide Subgroups. These  
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Subgroups have been divided into formations. The following formation is present in the 

study area, 

 Katberg Formation 

The Katberg is defined as a relatively sandstone rich unit forming the lower part of the 

Tarkastad Subgroup.  Lithologically the Katberg Formation in this area consists of thick 

zones of sandstone (up to 20m or more), with thin irregular mudstone layers and 

lenses. A general dip of 2 to 4 degrees to the North East is characteristic of the strata 

within the study area. 

 

          

 

                     Figure 3. Geological Map of the Fort Cox College area. 

The proposed upgrades to the infrastructure fall within the sandstone area below 

the dolerite sheet. 

 

Dolerite 

Sandstone 
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5.1 Geological Structures 

 

Folding: Variations in dip steepness and direction occur locally next to some 

intrusions. 

Fracturing: Localized fracturing associated with intrusions occurs in the host rock. 

Weathering: The weathered zone rarely exceeds 10 m in depth.  

 

Stress regime: NW-SE trending structures are likely to be in tension (open) and 

those at right angles to this in compression (closed). The NW-SE trending (vertical) 

fractures are most likely to be open at depth given the NW-SE maximum horizontal 

stress. 

 

5.2       Soils 

 

Soil forms generally have limited ranges of physical and hydrological properties. 

Together with effective depth and clay content, these properties affect the 

way the soils take up rainwater and the amount of run off or recharge of 

aquifers that occurs. 

 

Trial pits were dug in the vicinity of the proposed upgrade of the sewage plant. 

 

 

 

 

 

 

 

 

 

 

 

Photograph 2. Trial pit close to stream area where sewage upgrade is planned. 

 

The soil was classified according to the Binomial System for Southern Africa. In this 
system the diagnostic horizons of the soil profile are identified; the sequence in 
which they occur determines the soil form. Soil characteristics as refined 
classification, will then determine the soil series. 

One main soil group was identified, namely shallow sandy soils that occur on 
sandstone. They have a bleached layer above the partially weathered underlying 
rock and are erodible. The dominant soil form identified was Cartref. 

 

The alluvium adjacent to the river can reach depths of 3m and as such has an 
influence on basal flow to the river. 
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                      Composite sample                                                          Trial pit one 

 

The three trial pits exhibit the same horizons, namely an orthic A horizon on a 

lithocutanic horizon. They generally have shallow brown and grey brown sandy 

loam (8% clay) topsoil that overlies semi-weathered mudstone or sandstone. The 

mottled layer with iron concretions is indicative of a seasonal perched water table. 

None of the trial pits had any ingress of water. 

These soils are usually shallow and not highly fertile (refer to photographs in 

appendix 2). 

Infiltration capacity is defined as the maximum rate at which soil absorbs water. 

This is distinct from percolation, which relates to the downward flow of water due to 

gravity in the zone of aeration of the soil, once water has gained access to the soil. 

Total water absorbed by the soil in the first hour is the infiltration capacity. The 

double ring infiltrometer is used to determine these rates. 

 

Table 1. Infiltration and Percolation rates. 

  Infiltration 
capacity 

cm/hour 

Percolation 
rates 

cm/hour 

Cartref A- horizon (T) 

A- horizon (S) 

38.1 

30.5 

22.9 

8.8 

Transpiration 
rates 

0.3cm hot day 0.1cm cold day  

 

Mottled clay above 
bedrock 

Sandy soil 

Weathered bedrock 

 Light brown, ssoil, up to 
24cm 

Light greyish sandy 
loam, 35 cm 

Clay with iron concretions, 30cm 

Weathered sandstone, aggregates 
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Infiltration capacities are as expected indicative of sandy soils with little clay in the 

upper 65cm horizon. Saline water or treated sewage overflow can be used more 

effectively on a well drained light soil. 

The natural vegetation consists mainly of coastal grasslands, savannah (thornveld or  

sourveld) in the coastal areas up to the escarpment with areas of dense bush (valley  

 

 

thicket) in the river valleys and indigenous forest in the mountain zone. Invasions of 

black and silver wattle are found throughout the area with the largest concentrations  

in the Upper Keiskamma and Tyume catchments. Exotic weeds are also found in all 

riparian vegetation but the problem is not as serious as in the Amatole sub-area. 

 

6.0    HYDROGEOLOGICAL DESCRIPTION 

 

Groundwater occurs mainly in the rock matrix. Principal Transmissivity is 

derived from large but infrequent fractures. These fractures have a relatively low 

storage capacity. Secondary transmissivity occur by numerous micro fissures with 

higher storativity but lower transmissivity. Hence the name dual porosity aquifers. 

Deeper fractures often have a higher transmissivity but lower storativity than shallow 

fractures. 

 

The type of aquifers within the study area will to a large degree determine their 

vulnerability to either source or wide spread pollution occurrences. The massive 

sandstone formation of the study area where the upgrades are planned has no 

prominent fracture or bedding planes.  

 

6.1  Aquifers 

Two general types of aquifer are found in the area:  

 Deep to shallow primary (porous) aquifers in the alluvial areas (Quaternary 

Alluvium). This is immediately adjacent to the river. 

 The deeper secondary (fractured) aquifer in the Katberg Formation.  

The main aquifer with a permanent water table is found in the fractured sandstone 

or mudstones of the Katberg Formation. Borehole yields in this arenaceous to 

argillaceous formation in the area are low, generally in the order of 0.2l/s (Meyer 

1998). The overlying alluvial deposits close to the river (primary/porous aquifer) 

sustain a type of perched water table after periods of prolonged precipitation. These 

perched aquifers seem to develop due to hydraulic conductivity differences at the 

base of the alluvial sands, where they are underlain by the comparably less 

permeable sandstones (study area) of the Katberg Formation.  
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6.2 Existing Borehole Data 

  

Data from DWAF's Groundwater Resource Information Programme (GRIP) and the 

National Groundwater Database differ in the number of boreholes within the study 

area. Generally a borehole yield analysis indicates that about 42% of boreholes yield 

less than 0.5l/s. Borehole yields in excess of 3 l/s can be obtained in joint, fault and 

fold structures (contact zones with intrusive dolerites), provided favorable recharge 

conditions exist. 

 

Due to the poor aquifer, Fort Cox College is not reliant on boreholes for water usage. 

     

6.3   Static water levels (SWL)  

 

The static water level (SWL) tries to mimic the surface topography, but is slow to react 

to steep gradients. There is a gradual movement of groundwater from topographically 

higher areas towards streams. The SWL in the greater area varies from 13 mbgl to 

23mbgl and tends to reflect not only the topography but the type of aquifer (secondary 

sandstones). The SWLs also reflect secondary aquifer types that are deep and less 

prone to pollutants. 

 

6.4  Water quality  

 

Research indicates that 55% of wastewater treatment plants, especially smaller ones 

do not meet effluent standards and some do not even measure effluent quality. In 

analogy to the blue drop certification system for drinking water, the government has 

launched a green drop certification for municipal wastewater treatment. As of May 

2011, 7 out of 159 water supply authorities were certified with the green drop, and 32 

out of 1,237 wastewater treatment plants. In 2009, when 449 wastewater treatment 

plants were assessed, according to official government data 7% were classified as 

excellently managed, 38% "performed within acceptable standards" and 55% did not 

perform within acceptable standards. Inland WWTW that do not meet outflow 

standards can impact on the quality of surface and groundwater sources. Wastewater 

limit values applicable to discharge of wastewater into a water resource are given in 

table 2. 
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           Table 2. National Water Act quality standards for WWTW. 

The designers should determine which effluent quality criteria are required in that 

specific area. DWS works on two discharge standards namely the general standards 

and special standards.  

Groundwater quality associated with the Katberg Formation varies between 70 and 

1200 mS/m. About 30% of boreholes recorded ECs of less than 200m/Sm and 5% 

in excess of 500 mS/m. Sodium, chloride, total alkalinity and fluoride may exceed 

maximum recommended limits. The groundwater from the Katberg rocks generally 

displays a sodium- chloride-bicarbonate nature.  

 

More importantly, the outflow from the present and future WWTW impacts on the 

water quality in the stream and its recharge of aquifers. 

 

6.5  Piezometry and Groundwater Flow  

Insufficient water levels for interpolations are available, however it is generally 

accepted that groundwater flow will mimic topography and slope. In the case of the 

fractured aquifer, the regional hydraulic gradient is generally towards the lower 

areas. However, due to the geological setting of the area, a deviation from the 

regional groundwater flow can be expected where dolerite intrusions occur. 

The almost horizontal dip of the sandstone measured at the site and the direction of 

basal flow found would strengthen the view that the groundwater or sub surface 

flow in the periodically saturated alluvium would be dictated by the changes in 

gradient along the Keiskamma River.  
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6.6  Groundwater and Surface monitoring requirements  

 

Should DWS grant a license for the upgraded WWTW and infrastructure upgrades, then 

it is recommended that both surface and groundwater quality be monitored on a 

quarterly basis in strategic points adjacent to the outflow. The aim of the monitoring 

should be to form a water quality baseline and to report any variances exceeding 10%. 

Any pollution plume from the proposed upgraded WWTW will move in the direction of 

the present outlet to the river. However due to the deep static water levels and soil 

conditions this would only be likely if there are any leakages or operational failure from 

the WWTW. 

 

The water quality results from audits completed by CSIR and DWS confirms that 

WWTW and the effluent outflow from these plants are the primary causes of pollutants 

into our river systems. This also has an effect on groundwater aquifers that are linked 

to these systems. To ensure compliance a few surface points require sampling as listed 

below. 

 

Appropriate points for sampling: 

COD - inlet & outlet 

TSS - inlet & outlet 

Ammonia - inlet & outlet 

Nitrates - outlet 

Phosphates - outlet 

Faecal coliforms - outlet 

 

6.7  Pollution risk  

 

The main risk of pollution for surface and groundwater sources from the proposed 

upgrades would be: 

 

 The outflow from the sewage works that does not conform to DSW standards.  

 

The aquifer vulnerability concept is based on the assumption that the physical 

environment may provide a degree of protection against contaminants imposed by 

human activities entering the ground surface. Natural attenuation of pollutants occurs 

when the pollutants pass through the unsaturated zone and physical, chemical and 

biological interactions between the material present and the pollutants result in the 

reduction of the pollutant concentrations. It therefore follows that a potential natural 

attenuation depends on both, the pollutant properties as well as the properties of the 

unsaturated zone (Sililo et aI., 2001).  

 

The vulnerability of an area depends not only on the contaminant attenuation capacity 

of the unsaturated zone, but also on the travel time of infiltrating water and 

contaminants as well as on the relative quantities of contaminants that can reach the 

groundwater. All 3 of these factors are a function of geological and hydrogeological 

attributes like sub-soils overlying the groundwater, type of recharge (point or diffuse) 
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and thickness of the unsaturated zone (Sililo et aI., 2001). 

  

According to the map "An evaluation of groundwater vulnerability and pollution risk 

assessment in the preparation of a groundwater protection strategy for South Africa" 

(Reynders, 1996), the groundwater underlying the study area is of a low pollution risk. 

Due to the scale of the map and data input limitations; the assessment neglects site-

specific settings and should be only seen as a general indicator of the vulnerability of 

the area.  

 

6.8  Classification of Groundwater  

The GQM (Groundwater Quality Management) Index is calculated at 5, and based 

on high aquifer vulnerability rating of 3, suggests that the underlying aquifer would 

require a medium level of protection (Alluvial area). Although the GQM classification 

method used above suggests medium level of protection, cognizance of the highly 

permeable alluvium adjacent to the river must be considered. Thus any potential 

pollution source entering the alluvium will most likely be stored and transmitted 

laterally and vertically to underlying aquifer(s) and the basal flow of the river. The 

rate of movement is also expected to be high. It is therefore believed that the 

overall GQM Index should be elevated to a much higher status close to the outflow 

of the sewage plant, where significantly more levels of aquifer protection are 

required.  

The rest of the expected upgrades to infrastructure are located in poor aquifer 

areas with shallow soil profiles and as such pose no danger to the groundwater 

regime. Based on the aquifer classification system (Parsons, 1995), this area may 

be classified as a minor aquifer system (point rating of 2). These are characterized 

by (a) low primary permeability, (b) moderate extent, (c) variable water quality 

and (d) seldom produce large quantities of water.  

The GQM Index is calculated at 3, and based on low aquifer vulnerability rating of 

1, suggests that the underlying Katberg aquifer would require a low level of 

protection.  

 

 

7.0     GROUND WATER RESOURCE ASSESSMENT  

The following sections give a broad assessment of the available groundwater 

resources available for abstraction.  

7.1     Groundwater harvest potential  

The groundwater harvest potential (after Seward & Seymore, 1995) in the local area 

is restricted to approximately 26 500 m3/ a / km2, due to the medium storage 

potential of the aquifer and also based on rainfall data.  
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7.2    Groundwater recharge  

Annual recharge to groundwater is the volume of rainfall that contributes to 

groundwater held in storage and expressed as a percentage of MAP. Two methods 

to determine recharge are applicable. The first method (after Vegter, 1995) 

considers rainfall, geology and other criteria and depicts recharge in mm on a 

regional scale map. The second method (chloride method) uses a mass balance 

approach to relate the chloride input (rainfall and dry deposition) to the chloride 

output (groundwater recharge). The methodologies are not included in this report. 

It has however been estimated that under good conditions up to 40 boreholes 

spread over an area of 50 km² are required for a supply of 1 million m³ / annum or 

20 000 m³ per km².  

7.3  Ground Water Storage  

The aquifer storage is difficult to determine accurately without access to several 

costly, long-duration pumping tests for the determination of the specific storativity 

of the aquifer. No reliable site-specific storativities could be determined based on 

the pumping test results. However, as the aquifer type is known to be fractured 

sandstone, the specific storativity can be estimated from a literature values to be 

around 0.001. If an exploitable part of the aquifer of 20m is assumed (i.e., 

restricting the draw down to - 20m to limit potential environmental impacts), the 

volume of water released from storage is given by: 

Volume = Area x Change in head x Storativity = 6 000 000 m2 x 20 m x 0.001 

(example). 

= 2120000 m3/a  

This would exclude the alluvium within the study area. 

 

8.0   IMPACT ASSESSMENT OF THE RENOVATIONS/UPGRADING TO THE 

WATER SERVICES, WATER TREATMENT PLANT, SANITATION SERVICES AND 

WASTEWATER TREATMENT WORKS AT FORT COX COLLEGE. 

   

 

The following groundwater related impact activities require hydrogeological 

specialist involvement for the intended project. 

 

 Where effluent or chemicals with the potential to change groundwater quality is 

handled as part of the project during both construction and operation of the works, 
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or discharged into the environment e.g. waste disposal sites, wastewater treatment 

works. For example, phosphorus removal can be achieved by chemical precipitation, 

usually with metal salts of iron (e.g. ferric chloride), aluminium (e.g. alum), or lime. 

These chemicals have the potential to be harmful to the environment.  

 

 The groundwater flow regime is changed by the proposed project e.g. excavations 

and cuttings, developments on floodplains that restrain/restrict subsurface flow and 

the connectivity between groundwater and surface water systems, operations that 

result in the draining of wetlands etc. 

.  

The key issues requiring hydrogeological specialist input are given in the following 

chapters. 

 

Due to the current poor condition of the infrastructure and the low probability of 

aquifer degradation due to the proposed upgrading of pipelines, installation of new 

reticulation systems and the proposed elimination of septic tanks, the following  

 

sections will concentrate on the upgrades to the WWTW and outflow to the river. It 

should be noted that as per the engineering diagram in appendix 1 that portion of 

this outflow will be returned to the rugby field for irrigation purposes (refer 

appendix 2).  

 

8.1  Shallow Water Table  

 a)  Influence on groundwater abstraction 

  

Since the sewage water inflow and outflow from the proposed WWTW is designed to 

withstand flooding (two days of retention storage), there is a low probability of the 

effluent affecting the groundwater table within the alluvium.  

  

 

 

 

 

 

 

 

 

Mitigation. 

 

     Plant Design of the WWTW and infrastructure. 

  

Where pipelines to and from the WWTW cross drainage lines or erosion features, 

ensure that the pipeline is laid at a sufficient depth of 800mm, and that provisions are 

made to properly secure the pipeline (so that it is not exposed or washed away during 

flood periods). This may include encapsulating the pipeline. 

 

Construction of the WWTW and related infrastructure. 

         

The width of the trench shall be ample to allow the pipe to be laid and jointed properly 

Imp. Sig.  Extent  Duration  Intensity  Status  Significance  Confidence  Probability  

Without  M    M   M  NEGATIVE   M  L    L  

Mitigation  

With  L   M   L  NEGATIVE   L  H   L  

Mitigation  



Water Resource Development & Eng. Services 18

and to allow the bedding and haunching to be placed and compacted to adequately 

support the pipe. The trench sides shall be kept as nearly vertical as possible. When 

wider trenches are specified, appropriate bedding class and pipe strength shall be 

used. In unsupported, unstable soil the size and stiffness of the pipe, stiffness of the 

embedment and insitu soil and depth of cover shall be considered in determining the 

minimum trench width necessary to adequately support the pipe.  

Bedding Classes A, B, C, or crushed stone as described in ASTM C-12 shall be used 

and carefully compacted for all rigid pipe provided the proper strength pipe is used 

with the specified bedding to support the anticipated load, based on the type 

soilencountered and potential ground water conditions. Embedment materials for 

bedding, compacting and initial backfill, Classes I, II, or III, as described in ASTM D-

2321, shall be used provided the proper strength pipe is used with the specified 

bedding to support the anticipated load, based on the type soil encountered and 

potential groundwater conditions. The embedment materials shall be carefully 

compacted for all flexible pipes.  

All water entering the excavations or other parts of the work shall be removed. No 

sanitary sewer shall be used for the disposal of trench water, unless specifically 

approved by the engineer, and then only if the trench water does not ultimately 

arrive at existing pumping or wastewater treatment facilities. 

 

Operation of the WWTW.  

 

Monitor for leakage and implement a contingency plan should failure occur. The 

monitoring point listed in section 6.5 should be considered.  

 

8.2  Groundwater Infiltration and Flow. 

  

The hydraulic conductivity of the primary aquifer (Alluvium) close to the outflow from 

the WWTW at the stream is approximately 10 - 40 m/d, i.e., allowing very fast 

infiltration and flow in the primary aquifer. However, since the assessment of impacts 

related to water infiltration and flow are not applicable for the project site due to its 

geological and soil conditions (upgraded WWTW site), categories 2a (change in 

quantity of groundwater in storage) and 2b (change in groundwater recharge) 

(Saayman 2005), only impacts with regard to potential changes in groundwater quality 

due to rapid infiltration of polluted water at the outflow close to the stream. The 

possible sewage outflow if contaminated would be channeled via the stream system, 

eventually reporting to the alluvial aquifer and possibly the secondary aquifer. 

Potential targets are the periodic shallow water table in the primary aquifer and 

dependent wetlands/ecosystems and socio-economic viability within the river 

downstream of the WWTW. Due to the low surface permeability of the underlying 

aquifer within the proposed construction site of the upgraded WWTW, there is a 

minimal possibility of leakage of wastewater into the underlying fractured aquifer and 

is considered of no significant consequence.  
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Imp. Sig.  Extent  Duration  Intensity  Status  Significance  Confidence  Probability  

Without  M   M    M  NEGATIVE   M   M    M  

Mitigation  

With  L   M   L  NEGATIVE   L   H   L  

Mitigation  

 

 

 

Mitigation. 

Design of the WWTW.  

 

 Ensure due design, construction and maintenance of sewage pipelines and 

infrastructure.  

 

 Ensure no treated sewage effluent is released into the environment and outflow 

effluent is of DWS standards and the relevant control and monitoring points are 

monitored (refer to section 6.5).  

 Ensure correct siting of the sewage outflow pipeline and construction methods 

(refer to section 8.1).  

 Ensure that a back-up system such as generators and extra pumps are included in 

the design of the plant to reduce the risk of accidental sewage releases at the 

outflow and within the related infrastructure. 

 Ensure that automated and manual monitoring is implemented, especially on the 

outflow system.  

 

Construction of the WWTW. 

 

Any generally accepted material for sewers may be given consideration, but the 

material selected should be adapted to local conditions, such as: character of industrial 

wastes; possibility of septicity; soil characteristics; exceptionally heavy external 

loadings, abrasion, corrosion, or similar problems. 

      

 Operation of the WWTW. 

 

 Operate and maintain the pipeline according to best practice.  

 Include monitoring or regular inspection to detect leakages or signs of stress. 

  

 8.3  Groundwater Abstraction within 1 km of the WWTW. 

  

a) Change in quantity of groundwater in storage and groundwater 

recharge. 

  

The distance to the closest boreholes is 6500m (excludes unused monitoring 

boreholes), upstream from the outfall (NGDB). Due to the distance and aquifer type 

(secondary aquifer), it is highly unlikely that any spillage from the confines of the 

WWTW would have any influence on the quantity of groundwater in storage, nor 

groundwater recharge.  The influence on these parameters is considered negligible. 
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Imp. Sig. Extent  Duration  Status  Significance  Confidence  Probability  

Without  M  M  NEGATIVE   L    M   M  

Mitigation  

With  M   M  NEGATIVE   L  HM   L  

Mitigation  

 

 

8.4  Aquifer Vulnerability 

  

Based on the high hydraulic conductivity (10 - 40 m/d) and low retardation potential 

(mostly alluvium /sand in the stream area), the shallow aquifer close to the river is 

highly vulnerable to pollution. Due to its lower conductivity and a thicker vadose  

 

(unsaturated) zone, the deeper fractured sandstone aquifer is less vulnerable to 

pollution. However, Reynders (1996) assessed the groundwater vulnerability and 

pollution risk of the overall area only as medium. 

 

The geotechnical study indicated that there were neither perched water tables nor 

ingress of subsurface water. The likelihood of contamination of the secondary aquifer is 

low. 

 

Imp. Sig.  Extent  Duration  Intensity  Status  Significance  Confidence  Probability  

Without  M   M  H  NEGATIVE   H   M  M  

Mitigation  

With  M  M   M  NEGATIVE  M  M   L  

Mitigation  

 

Mitigation. 

 

New groundwater sources within 1km of the WWTW should be designed as follows. 

 

 Ensure no hydraulic shortcut between shallow and deeper aquifer (boreholes only 

screened at greater depth and proper sealing of upper borehole sections).  

 Extract water as recommended at greater depth from the secondary sandstone 

aquifer.  

 

Construction of any future boreholes.  

 

      • Drill abstraction boreholes to a depth of 120 m bgl. 

 

Operation of any future boreholes within 1km of the upgrades. 
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 Monitor water levels and water quality on a regular basis. This by law should be 

completed on a quarterly basis. 

 Maintain effluent standards as per DWS requirements for both irrigation purposes 

and effluent discharge to rivers. This will protect any future boreholes. 

 Only allow the required quantity of irrigation water per ha as stated by DWA when 

using effluent for irrigation. 

 Report any changes of groundwater quality to authorities.  

 

 
9.0      IMPACT SIGNIFICANCE OF VARIOUS WWTW OPTIONS 
  
There are no alternatives to the sewage and domestic or irrigation pipelines and 

associated works as these pose no problems to the groundwater regime and in 

reality can only improve on currently situation (refer to appendix 2). 

 

There are two options for the WWTW and its outflow. 

 

 

9.1  Expand the Irrigation System. 

The present design as per appendix 1(refer to the pump station details) allows 

for 85000 l/day to be fed into the river and 30 000 l/day for irrigation purposes. 

The alternative given the soil type and infiltration rates would be to allow for 

irrigation water to be increased to 120 000l/day, thereby minimizing potential 

pollutants into the river system. This would prevent a situation as depicted in 

the photograph below where there is little or no control over the maturation 

ponds. 

 
Photograph 3. River affected by the outflow from WWTW completed in a recent 

study. 
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9.2    Retaining the Current Design Criteria. 

The design of the maturation pond system does allow for 2 days retention of waste 

water. The outflow will however have to meet the standards required by Water Affairs 

and Sanitation for the disposal of WTWW outflow to inland river systems. Greater 

emphasis can be placed on the effective treatment of phosphates, nitrite and nitrates 

in order to ensure compliance with DWS standards for effluent discharge into a water 

course. 

 The disturbed area of construction must be reinstated as close as possible to 

the original contours. Allowance must be made for erosion control structures to 

protect the backfilled trench of the outflow pipe. Plan for cut and fill slopes not 

exceeding a gradient of 1:3 (VH) wherever possible. The choice of the two is really 

an engineering decision and the more robust and safer choice is in all probability is the 

monitoring and control of the system. 

 

10.  THE "NO GO" OPTION  

 

The impact assessment of the proposed infrastructure when considered holistically is 

not going to affect the groundwater aquifers and surface water if the mitigating 

circumstances are taken into account.  

 

11. CONCLUSIONS 

  

The following conclusions are drawn from available information and interpretations 

from these data.  

 

 The upgrades of the WWTW and related infrastructure for Fort Cox College are 

wholly underlain by sandstone with shallow soils that have clay and silt contents of 

8%. 

 With the exception of minor alluvium there is little or no possibility of degradation 

to the groundwater system from the proposed upgrades. 

 Alluvium although minor, is the primary aquifer close to the outlet from the WWTW. 

 There is a possibility of pollutants entering the pristine river system. 

  Soil is a million times more efficient than water systems in removing pathogens 

and pollutants and as such the use of any overflow for irrigation purposes is 

advantageous. 

 The present infrastructure is in a poor state of repairs (refer to appendix 2).  

 The skills level and operational management of WWTW are responsible for the 

greater part of effluent pollution into South African Rivers and waterways. In the 

water sector, the requirements for operator skills and classification are regulated by 

regulation No. R2834 of 1985 in terms of the Water Act, No 54 of 1956 and then 

updated by the National Water Act, No 36 of 1998. With the ensuing promulgation 

of the new regulations regarding the classification and registration of Waterworks 

and personnel, an attempt is being made to ensure that the different classes of 

Wastewater Treatment Works have adequate personnel with appropriate knowledge 

and skills.  
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The primary aquifer at the outlet of the WWTW is susceptible to pollution from: 

o    Seepage from the WWTW site. 

o Episodes when the WWTW effluent does not meet DWS standards. 

 

12.    RECOMMENDATIONS 

  

Recommendations are given based on the information on hand taking into 

consideration the proposed upgrades and existing sources of possible contamination to  

surface and groundwater within the study area. 

  

 The DWS criteria for crop type and sampling of water are stringent for effluent. 

However no investigation on whether the proposed irrigation using the outflow has 

been completed as per DWS criteria. This study should be completed, perhaps with 

the aim of increasing the amount of outflow for irrigation purposes.  

 

 The new Regulations have five (5) Schedules to assist with the classification of 

Water Care Works and its operating personnel (Operators). 

o Schedule I - Registration of Water Treatment Works. 

o Schedule II – Registration of Wastewater Treatment Works. 

o Schedule III – Process controller registration. 

o Schedule IV & V - Minimum staff requirements (operator & supervisor) per shift. 

The schedules for classification of Water Works (Schedule I and II) were revised to 

ensure that the classification is appropriately influenced by the complexity and 

design of the works. The proposed upgrades at Fort Cox College should adhere to 

the regulations and aspire to DWS green drop standards. 
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        Appendix 1 
 

    Locality Map 
      Infrastructure Layout Plan 
     Pump Station Layout Plan 
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Satellite Image of Fort Cox College. 
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Engineering design of the proposed infrastructure at Fort Cox College.
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Proposed Fort Cox Pump station layout 
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Photographic Gallery 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Water Resource Development & Eng. Services 30 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pump house for the abstraction of water from the river.  
Treatment facility for water is not in use. Picture taken from a drone. 
 

 
 

 
 
The rugby field that is to be irrigated with outflow from the upgraded WWTW. Picture taken from a 
drone. 
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Equipment onsite is in a poor condition.               The river taken from a drone appears to be in a                          

                                                                 pristine state. Fish were observed. 
 
 
 

    
 
The turbidity of the river is high, but no algae is      Reservoirs located on the highest point. 
 present.  
 
 
               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                  Dilapidated pump house. 
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Topographical view of the maturation pond area to be upgraded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 


