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Executive Summary 
 

As a result of Transnet Limited’s (“Transnet”) planned expansion of the bulk iron ore handling facility of the 

Port of Saldanha from an authorised 45 million tons per annum (MTPA) to 93 MTPA, the demand for good 

quality water for dust suppression will increase to 3600 cubic metres per day (m3/day).  In view of the 

scarcity of water supplies experienced by the local authority and the urgent need to quickly develop a 
secure water source for the planned expansion, Transnet proposes to construct a reverse osmosis 

desalination plant at the Port of Saldanha (the Port) for the desalination of sea water.  Three alternative 

sites for the proposed desalination plant were identified by Transnet.  These are: 

1. Alternative 1 – “dune/beach site”; (Site 1) 

2. Alternative 2 – “tippler/Small Bay site”; (Site 2) and 

3. Alternative 3 – “quay/MPT site” (Site 3). 

Alternative infrastructure locations for feed water intake and brine outfall have been evaluated for each of 

these Sites. These are: 

Site 1: 

a) Beach well intake and pipeline outfall (Big Bay) 

b) Pipeline intake and pipeline outfall (Big Bay) 

c) Beach well intake and beach well discharge (Big Bay) 

Site 2: 

a) Beach well intake and pipeline outfall (Small Bay) 

b) Pipeline intake and pipeline outfall (Small Bay) 

Site 3: 

a) Pipeline intake (Small Bay) and pipeline outfall (Small Bay) 

b) Pipeline intake (Small Bay) and pipeline discharge (Big Bay) 

c) Borehole intake on quay (Stockpiles) and pipeline discharge (caisson 3, Big Bay) 

d) Borehole intake on quay (Multipurpose Terminal) and pipeline discharge (caisson 3, Big Bay) 

 

SRK Consulting was appointed to assess the impact of the proposed desalination plant on groundwater at 
the three proposed alternative sites and to compile a report for the Environmental Impact Assessment 

(EIA) process.  The appointment included a detailed assessment of aquifer conditions at Site 1 by drilling 

and pump testing of boreholes as well as numerical modelling to assess the feasibility of water abstraction 

and brine discharge through beach wells.  Detailed investigations were only done at Site 1 due to ease of 

accessibility and the assumption that aquifer conditions at Site 2 are similar to that of Site 1. 



SRK Consulting   Groundwater Resources Impact Assessment 

Environmental Impact Assessment 
Proposed Reverse Osmosis Water Desalination Plant for the Port of Saldanha, 6 May 2008 ii 

 

Status Quo/Baseline 

 

The baseline conditions pertaining to groundwater at the Port can be summarised as follows: 

·  The Port is situated on the northern shore of Saldanha Bay.  The surrounding area is 
characterised by a gently undulating coastal plain with low hills. 

·  The mean annual precipitation (MAP) in the area is about 330 mm/a.  Some 81 % of rainfall 
falls between April and September each year, with the peak rainfall month being July.  Mean 

annual evaporation (MAE) is relatively high with a total potential rate of some 1 300 mm. 

·  The Port is located in the Berg Water Management Area and in quaternary catchment G10M.  
There are no rivers located at or near the Port. 

·  Most of the Port is situated on land reclaimed from Saldanha Bay which consists of a thin (20 
cm) layer of iron ore gravel and / or ferricrete that covers a variable layer of compacted 

material that includes calcrete, rocks and gravel in a silty sand matrix.  The compacted layer 

is in excess of 3 m thick. 

·  The Port and its surrounds (5 km radius) are underlain by Cenozoic sediments of the 
Langebaan and Witzand Formations, which form part of the Sandveld Group.  These 

consolidated to unconsolidated aeolian sands and limestones are underlain by the intrusive 

Langebaan Pluton of the Cape Granite Suite. 

·  There are two types of aquifers identified at the Port, namely, an upper unconfined to semi-
confined intergranular primary aquifer formed by the Cenozoic sediments of the Langebaan 

and Witzand Formations and a deeper fractured/weathered-rock secondary aquifer formed in 

the granite bedrock. 

·  No geological structures could be identified at the Port, as the area is covered by a sand 

layer and any such structures will not be readily visible on aerial photographs. 

 

Impact Assessment 

 

Two potential impacts were identified and assessed, namely: 

1. Impact on the local aquifer system; and 

2. Impact on existing groundwater users. 

 

The potential impact on existing groundwater users pertains to the proposed beach well water abstraction 

scheme which will abstract both groundwater and seawater.  When groundwater is abstracted there is 

always the potential that other nearby groundwater users might be impacted on. 
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Fatal flaws 

·  From a groundwater perspective, the only fatal flaw identified is that disposal of the brine by 

injection into a beach well is physically not possible due to the high water table and relatively low 
transmissivity of the sediments. 

 

Conclusions 

·  Groundwater levels at the Port and the adjacent fore-dune beach areas above the high water 
mark are in the order of 1.5 to 3.1 m below ground level (mbgl).  Groundwater levels further 

inland, at monitoring boreholes MW8, MW9 and SAPO1 are deeper, ranging between 4.5 and  

6.6 mbgl.  

·  It was interpreted that groundwater flows regionally in a south-westerly direction towards the 

coast.  However, the dune areas north and northeast of the Port act as a localised groundwater 

divide, resulting in localised flow in a northerly direction. 

·  Ambient groundwater quality, in terms of electrical conductivity (EC), which is directly related to 

salinity, ranges between ~1,150 and ~1,200 milli-Siemens per metre (mS/m).  According to the 
Department of Water Affairs and Forestry (DWAF) Quality Guidelines for Domestic Water 
Supplies this range is classified as unacceptable for drinking purposes and represents saline 

conditions. 

·  There are no groundwater users within a 5 km radius of the Port. 

·  Groundwater Reserve and allocation determination carried out by SRK Consulting for the DWAF 

in 2004 has indicated that the available groundwater resources in both the Langebaan Road 

Aquifer System and Elandsfontein Aquifer System are insufficient to meet the future water 
demand of the Port.  Groundwater as a sole source of water for dust suppression is therefore not 

a feasible option. 

·  Drilling of two test holes and four observation holes on the beach at Site 1 above the high water 
mark east of the Port, indicated a shallow unconfined intergranular (primary) type aquifer 

consisting of unconsolidated fine to coarse grained sand with gravely/shelly lenses.  This layer, 

which attains a thickness of ~12 m along the ~300 m stretch of beach that was investigated, is 

underlain by calcretised sand and calcrete.  Similar geological/aquifer formations are inferred to 
occur at Site 2. 

·  Pumping tests carried out on the 178 mm diameter test boreholes indicate maximum yields in the 

order of 7 to 8 litres per second (L/s).  Borehole yields can most probably be increased to at least 
10 L/s by installing large diameter (300 – 500 mm) wells equipped with continuous-slot screens 

and gravel packs.  Similar results could be expected at Site 2. 

·  If horizontal collector wells are decided on, it is estimated that at least two with ~100 m of 
horizontal collector pipes each will be required.  The installation of these collector wells will, 

however, disturb an estimated area of at least 20 x 250 m (5,000 m2) along the beach.  In 
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comparison construction of large diameter boreholes will disturb a much smaller area of  

~10 x ~10 m each, i.e. a total of 1,000 m2. 

·  Based on the pumping test results a transmissivity value of ~68 m2/day and a storativity value of 

~0.19 were derived for the unconfined aquifer. 

·  Comparing the EC measured in Test Hole TH1 (~4,050 mS/m) to those measured at inland 
boreholes ranging from ~1150 to ~1200 mS/m and to sea water (~5460 mS/m), it can be 

concluded that the water pumped at TH1 consisted roughly of a 30:70 ratio groundwater to sea 

water.  In comparison, the water pumped from Test Hole TH2, which had an EC of  
~1,340 mS/m, seems to mainly consist of groundwater.  The higher EC at TH1 is caused by it 

being bounded by both the reclamation dam and the sea whilst TH2 is only bounded by the sea, 

which is downstream.  During long term pumping the EC of the water is expected to increase to 

close to that of sea water as predominantly sea water is drawn in. 

·  Numerical modelling indicates that it is feasible to abstract the anticipated water demand of  

8,000 m3/day (~93 L/s) for the desalination plant from ~10 large diameter (300 – 500 mm) wells 

constructed ~50 m apart parallel to the shoreline, as close as possible to, but above the high 
water mark at Site 1.  Similar aquifer conditions are expected to exist at Site 2 making abstraction 

through beach wells here also a feasible option, provided accessibility is not a problem. 

·  Numerical modelling also indicates that the impact of beach well abstraction on the water table will 
be limited to a small area around the well field.  The model suggests the zone of impact should 

not extend further than ~150 m inland during abstraction. 

·  The numerical model indicates that disposal of 4,400 m3/day of brine through a beach well at  
Site 1 and Site 2 is physically not possible due to the high water table and relatively low 

transmissivity.  Injecting this volume of brine will simply cause the well to overflow, or, if the well 

head is sealed, the brine will simply discharge at surface around the borehole. 

·  At Site 3 there is no natural groundwater, although it could be possible to abstract sea water 
through wells sunk through the quay material into the seabed sediments. 

·  Site 3 is underlain by reclaimed land consisting of compacted layers of marine derived material 
that includes calcrete, rocks and gravel in a silty sand matrix.  This fill material is expected to have 

a low permeability and transmissivity, which will have a much reduced contaminant movement 

rate in comparison to the higher permeable sand and gravel deposits at Site 1 and 2. 

·  Although both Site 1 and Site 2 are suitable for abstraction of feed water from a beach well field, 
Site 1 is most probably the first choice due to better accessibility. 

·  The groundwater specialist study confirms that there is no reason, from a groundwater 
perspective, why the proposed Reverse Osmosis Desalination Plant should not be authorised.  

There are no fatal flaws in respect to the Site’s groundwater dynamics, conditions and use, 

provided that brine disposal by beach well injection is not used. 
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Mitigation Measures 

 

�  To reduce interference and hence water level drawdown, intake beach wells should be spaced 

50 m apart (edge to edge) parallel to the shoreline and as close as possible to, but above, the 

high water mark. 

�  Only biodegradable non-toxic drilling additives, e.g. Polyflip, must be used during beach well 

construction. 

�  Silt-laden water airlifted from the boreholes during cleaning and development must be 

contained in the same “pits” used for mixing the drilling additive in.  Once the work is 

completed the pits must be backfilled and the site cleaned up. 

�  Contamination of the soil and groundwater by accidental spills of chemicals, fuel, oil and / or 

grease during construction and operation must be kept to a minimum by applying a good 

‘housekeeping’ approach.  In the event of any such spillages, procedures must be in place to 

quickly and effectively repair any leakages and remove the contaminated soil.  This soil must 
be collected and disposed of at a suitably licensed waste disposal facility. 

�  Beach wells should not be used for the disposal of brine.  The option of disposal directly to the 

ocean should rather be assessed. 

 

Recommendations 

 

�  To optimise well efficiency beach wells should be equipped with continuous-slot stainless steel 

screens. 

�  If the beach well option is decided on at either Site 1 or 2, at least 5 observation boreholes to 

monitor the impact of abstraction on the surrounding water table and groundwater EC must be 
installed inland of the beach well field.  This should be done in an array as indicated in  
Figure 12  of the report.  The recently completed test and observation boreholes could be used 

for this purpose as well as at least another three monitoring boreholes installed on the inland 

side of the dune ridge.  In order to obtain baseline data these boreholes must be installed and 
monitoring initiated at least 6 months before abstraction from the well field commences.  Best 

practise will be to equip the observation holes with digital data loggers measuring water level, 

EC and temperature.  Monitoring will be required for the duration of the production period. 

�  The monitoring boreholes and production beach wells must be surveyed to obtain accurate 

surface elevations. 

�  Annual analysis of the monitored data and reporting thereon to Transnet and the DWAF by a 
qualified and experienced geohydrologist is recommended. 

�  From a groundwater contamination perspective Site 3 (borehole intake on quay) is the 
preferred site as it is not underlain by a natural groundwater system and has the lowest rate of 
contaminant movement. 
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�  From a feasibility perspective of a beach well feed water supply system, Sites 1 and 2 are 

allocated equal status, although Site 1 has better accessibility and space for development of 
such a system and should therefore have preference over Site 2.  

�  Based on the results of this groundwater assessment, there is no reason why the planned 
desalination plant should not be authorised, provided that an alternative to disposal of brine 

through a beach well is found, e.g. disposal directly to the ocean. 
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Glossary of Terms 

 
Aeolian :  Relating to or arising from the action of wind. 

Aquifer:   A geological formation capable of supplying economic volumes of groundwater (Also see Non-

Aquifer). 

Aquifer system:   A heterogeneous body of interlayered permeable and less permeable material that acts 

as a water-yielding hydraulic unit covering a region. 

Anthropogenic:  Effects derived from human activities. 

Beach well:  A shallow, 10 – 15 m deep well constructed /drilled in the beach sediments just above the 

high water mark for the abstraction or injection of water. 

Borehole:   Includes a well, excavation, or any other artificially constructed or improved groundwater 
cavity which can be used for the purpose of intercepting, collecting or storing water from an 

aquifer; observing or collecting data and information on water in an aquifer; or recharging an 

aquifer [from the National Water Act (Act No. 36 of 1998)]. 

Catchment:   The area from which any rainfall will drain into the watercourse, contributing to the runoff at 
a particular point in a river system, synonymous with the term river basin. 

Cenozoic Era : Cenozoic, meaning "new life", is the most recent of the three classic geological eras.  It 

covers the 65.5 million years since the Cretaceous–Tertiary extinction event at the end of the 

Cretaceous that marked the demise of the last non-avian dinosaurs and the end of the 

Mesozoic Era. The Cenozoic era is ongoing. 

Contamination:   is the introduction of pollutants (whether chemical substances, or energy such as noise, 

heat, or light) into the environment to such a point that its effects become harmful to human 

health, other living organisms, or the environment. 

Discharge area :  An area in which subsurface water, including water in the unsaturated and saturated 

zones, is discharged at the land surface. 

Electrical conductivity:   Is a measurement of the ease with which water conducts electricity.  Distilled 

water conducts electricity poorly, while sea water, with its very high salt content, is a very 

good conductor of electricity. 

Fault:   A zone of displacement in rock formations resulting from forces of tension or compression in the 
earth’s crust. 

Formation:   A general term used to describe a sequence of rock layers. 

Fracture:   Cracks, joints or breaks in the rock that can enhance water movement. 

Geohydrology:   The study of the properties, circulation and distribution of groundwater, in practise used 
interchangeably with hydrogeology; but in theory hydrogeology is the study of geology from 
the perspective of its role and influence in hydrology, while geohydrology is the study of 

hydrology from the perspective of the influence on geology. 
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Groundwater:   Water found in the subsurface in the saturated zone below the water table or piezometric 

surface, i.e. the water table marks the upper surface of groundwater systems. 

Groundwater flow:   The movement of water through openings and pore spaces in rocks below the water 

table, i.e. in the saturated zone.  Groundwater naturally drains from higher lying areas to low 

lying areas such as rivers, lakes and the oceans.  The rate of flow depends on the slope of 

the water table and the transmissivity of the geological formations. 

Groundwater resource:   All groundwater available for beneficial use, including by man, aquatic 
ecosystems and the greater environment. 

Heavy metals:   Those elements with atomic numbers greater than 36 in Group III through V of the 

Periodic Table. 

Hydraulic gradient:   Change in hydraulic head per unit of horizontal distance in a given direction, i.e. the 
difference in hydraulic head divided by the distance along the groundwater flow path. 

Groundwater flows from points of high elevation and pressure to points of low elevation and 

pressure. 

Leachate:   Any liquid, including any suspended components in the liquid that has percolated through or 

drained from human-emplaced materials. 

Lineaments:   A major, linear, topographic feature of regional extent of structural or volcanic origin, most 

easily appreciated from remote sensing data, e.g. a fault system. 

Lithostratigraphy :  Referring to the variation in composition of the different geological formations 

Major aquifer system:   Highly permeable formations, usually with a known or probable presence of 
significant fracturing, may be highly productive and able to support large abstractions for 

public supply and other purposes, water quality is generally very good. 

Non-aquifer system:   Formations with negligible permeability that are generally regarded as not 

containing groundwater in exploitable quantities, water quality may also be such that it 

renders the aquifer as unusable, groundwater flow through such rocks does take place and 
needs to be considered when assessing the risk associated with persistent contaminants. 

Perched water table:   Localised, unconfined groundwater separated from the underlying main body of 

groundwater by an unsaturated zone, i.e. the local water table is not in hydraulic continuity 

with the regional groundwater system. 

Permeability:   The ease with which a fluid can pass through a porous medium and is defined as the 

volume of fluid discharged from a unit area of an aquifer under unit hydraulic gradient in unit 

time (expressed as m3/m2/d or m/d); it is an intrinsic property of the porous medium and is 
independent of the properties of the saturating fluid; not to be confused with hydraulic 

conductivity which relates specifically to the movement of water. 

Poor aquifer system:   see non-aquifer system. 

Recharge:   The addition of water to the zone of saturation, either by the downward percolation of 

precipitation or surface water and / or the lateral migration of groundwater from adjacent 

aquifers. 

Recharge area:   An area over which recharge occurs. 
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Runoff:   All surface and subsurface flow from a catchment, but in practise refers to the flow in a river, 

i.e. excludes groundwater not discharged into a river. 

Saline intrusion:   Replacement of freshwater by saline water in an aquifer, usually as a result of 

groundwater abstraction. 

Saline water:   Water that is generally considered unsuitable for human consumption or for irrigation 

because of its high content of dissolved solids. 

Saturated zone:   The subsurface zone below the water table where interstices are filled with water under 
pressure greater than that of the atmosphere. 

Site:   Refers to the three alternative sites Transnet proposed for the Reverse Osmosis Desalination Plant. 

Storativity:   The ratio of the volume of water that drains by gravity to the total volume of rock. 

Study Area: The Port of Saldanha and its surrounds within 5 km radius. 

Syntectonic:   A geological event, process, rock or feature / structure formed during tectonism. 

Tectonism:   The deformation of the lithosphere, i.e. the uppermost shell of the earth, broken into a 

number of tectonic plates. 

Transmissivity:   the rate at which a volume of water is transmitted through a unit width of aquifer under a 

unit hydraulic head (m2/d); product of the thickness and average hydraulic conductivity of an 
aquifer. 

Unsaturated zone:   That part of the geological stratum above the water table where interstices and voids 
contain a combination of air and water; synonymous with the zone of aeration and vadose 

zone. 
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PDNA:    PD Naidoo & Associates (Pty) Ltd 

S:   Storativity (dimensionless) 

SRK:    SRK Consulting Engineers and Scientists 

T:   Transmissivity 

TMG:   Table Mountain Group 

TPH:   Total Petroleum Hydrocarbons 

uPVC:    Unplasticized polyvinyl chloride 
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1. INTRODUCTION 
Transnet Limited’s (“Transnet”) existing bulk iron ore handling facility was established in 1977 at the Port 

of Saldanha (the Port), located approximately 120 km north of Cape Town in the Western Cape Province 
(Figure 1 ).  The facility presently handles approximately 38 million tons per annum (MTPA) of iron ore, but 

is authorised to handle 45 MTPA.  The iron ore is transported by rail from Sishen in the Northern Cape to 

the facility, where it is stockpiled prior to being loaded onto bulk iron ore carrier ships for export. 

Transnet has identified the need to expand the current capacity of the facility at the Port, which will 

increase the authorised capacity to 93 MTPA.  A result of this proposed expansion is that the demand for 

good quality water will increase to 3600 m3/day of which most will be used for dust suppression.  In view 
of the scarcity of water supplies experienced by the local authority and the urgent need to quickly develop 

a secure water source for the planned expansion, Transnet proposes to construct a Reverse Osmosis 

(RO) Desalination Plant at the Port for desalination of sea water. 

SRK Consulting was appointed to assess the impact of the proposed desalination plant on groundwater at 

the three proposed alternative sites and to compile a report for the Environmental Impact Assessment 
(EIA) process.  The appointment included the detailed assessment of aquifer conditions at Site 1 by 

drilling and pump testing of boreholes as well as numerical modelling to assess the feasibility of water 

abstraction and brine discharge through beach wells. 

 

2. BACKGROUND AND BRIEF 
Three alternative locations (Sites) within the Port are being considered for the location of the desalination 
plant, as indicated in Figure 2 and alternative infrastructure layout options for the Sites are indicated in 

Appendix A .  These are: 

 

·  Alternative 1: 

This proposed Site 1 is located to the east of the Iron Ore Handling Facility. The Desalination Plant 

would be situated in the vicinity of the coastal dunes.  Alternative options for feed water intake and 

brine outfall are proposed.  These are: 

a) Beach well intake and pipeline outfall (Big Bay) 

b) Pipeline intake and pipeline outfall (Big Bay) 

c) Beach well intake and beach well discharge (Big Bay) 

The proposed beach wells are located on the beach to the east of the existing reclamation dam stone 

revetment. 
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Figure 1: Locality Plan 
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Figure 2: Aerial photograph showing the proposed al ternative locations for the 
Desalination Plant 
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·  Alternative 2: 

Site 2 is located north and northwest of the Iron Ore Handling Facility.  The Desalination Plant would 

be established in an area currently containing stockpiles of gravel and construction rubble.  Alternative 

options for feed water intake and brine outfall are proposed.  These are: 

a) Beach well intake and pipeline outfall (Small Bay) 

b) Pipeline intake and pipeline outfall (Small Bay) 

 

·  Alternative 3: 

Site 3 is located on the southern section of the Quay of the Port. The Desalination Plant would be 

positioned on a gravel area south of the Multipurpose Terminal.  Alternative options for feed water 

intake and brine outfall are proposed.  These are: 

a) Pipeline intake (Small Bay) and pipeline outfall (Small Bay) 

b) Pipeline intake (Small Bay) and pipeline discharge (Big Bay) 

c) Borehole intake on quay (Stockpiles) and pipeline discharge (caisson 3, Big Bay) 

d) Borehole intake on quay (Multipurpose Terminal) and pipeline discharge (caisson 3, Big Bay) 

 

A proposal and costing for the groundwater specialist assessment was submitted by SRK Consulting to 

PDNA/SRK JV on 16 July 2007.  A letter of acceptance of the proposal was received from PDNA/SRK JV 

on August 2007.  The purpose of this study is to assess the environmental impact of the proposed 

desalination plant on the local groundwater resources.  This entailed the following: 

·  A description of the status quo of the groundwater resources; 

·  Identification of sensitive / unique groundwater resources; 

·  Identification of potential impacts; 

·  Identification of mitigating measures; and 

·  Recommendations regarding the most feasible option. 

 

The scope of work for the groundwater assessment entailed the following: 

·  Attend the initial specialist site meeting and visit the three alternative sites; 

·  Identify any fatal flaws associated with any of the alternative sites, or the proposed project; 

·  Advise on design of the desalination plant early on in the process; 

·  Based on previous specialist studies (e.g. for the Phase 1B and Phase 2 iron ore Terminal 

Upgrade EIA’s), existing knowledge of the area, and additional studies where required, describe 

the existing surface and groundwater conditions/quality on and immediately surrounding the 
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proposed sites (including the identification of surrounding communities/animals/plants that may 

be susceptible to groundwater contamination); 

·  Describe the potential for contamination and other risks to groundwater associated with the 

proposed development on each of the three alternative sites; 

·  Carry out a detailed assessment of the feasibility and impact of beach wells for feed water 

supply by drilling and pump testing of test holes and modelling at Alternative Site 1; 

·  Assess the significance of the potential impact of the proposed development on ground and 
surface water resources for each of the alternative sites, according to the standard impact 

assessment methodology; 

·  Recommend mitigation measures to minimise impacts associated with the proposed 

desalination plant (specifying which are essential and which are optional mitigation measures); 

·  Recommend a programme, including key performance indicators, to monitor potential 

groundwater contamination; 

·  Indicate which of the alternative sites are environmentally suitable or unsuitable for the 

proposed desalination plant and identify an environmentally preferred site; and 

·  Prepare a report comprising both baseline information and an impact assessment at the end of 
the study.  

 

3. STUDY APPROACH 
This groundwater assessment was undertaken using recognised methods and approaches, and with the 

consideration of the requirements specified by Department of Water Affairs and Forestry’s (DWAF) 

Procedures to Assess Effluent Discharge Impacts (1995), the National Water Act (Act No. 36 of 1998), the 

National Environmental Management Act (Act 107 of 1998), the Environment Conservation Act (Act 73 of 
1989) and Guideline for involving Hydrogeologists in EIA processes (Saayman I, 2005.  CSIR Report No 

ENV-S-C 2005 053D). 

 

3.1. Information base (source) 
The information used in this assessment was based on the following: 

 

1. A literature review (see reference list provided in Section 10); 

2. Hydrocensus data collected during the Phase 2 Expansion groundwater impact assessment 

(SRK, 2007); 

3. A visit to the three alternative sites; 

4. Aerial photograph and satellite image interpretation; 

5. Drilling and pump testing of test boreholes at Alternative Site 1; 
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6. Numerical modelling of the impact and feasibility of beach well abstraction and brine injection 

at Site 1 and; 

7. Professional judgement based on experience gained in the area and with similar projects.  

 

3.2. Assumptions and Limitations 
The groundwater assessment was undertaken using recognised methods and approaches 

(e.g. sampling methods), and with the consideration of the requirements specified by the Department of 

Water Affairs and Forestry (DWAF).  The following assumptions were made: 

1. The aquifer parameters derived for the two Test Holes at Site 1 are valid for the larger 5 km 

radius study area, including Site 2. 

2. For the numerical model the following assumption were made: 

a. A one-layer unconfined aquifer system. 

b. Local groundwater divide beneath crest of the “back” dune represents a variable head 
northern boundary. 

c. The high tide mark represents a constant head southern boundary. 

d. Groundwater flow lines represent impermeable east and west boundaries. 

e. One calendar year was taken for the simulation period, with three time periods of four 
months each. 

f. Recharge of 25% was assumed to occur in the second time period only, i.e. equivalent to 

May – September. 

g. Recharge percentage assumed to be similar as those derived for Atlantis and other West 

Coast areas. 

h. Specific yield of 20% 

 

Specific limitations relating to the assessment are addressed below. 

1. Both Mr Jaco Coetzee of Namakwa Sands Smelter and Mr Gerswain Manuel of Saldanha 
Steel (Pty) Ltd (a subsidiary of Mittal Steel South Africa) have provided groundwater level 

data obtained during recent monitoring runs at their respective plants.  However, due to the 

sensitivity of chemistry data, the groundwater quality data were not provided to 

SRK Consulting.  Although it would have been beneficial to review ambient groundwater 

quality conditions further north of the Port, this information is not crucial. 

2. Groundwater levels could not be measured and samples could not be collected in the 

northern areas of the Site, due to lack of accessibility at identified boreholes and a general 

lack of boreholes in those areas.  Availability of this information would have been favourable 

for the interpretation of flow directions and ambient conditions, but it is not crucial. 
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3. Borehole collar elevations were derived from the digital terrain model, which were based on 

the Surveyor Generals national 20 m elevation contour data.  This means that elevations of 
some of the boreholes could deviate by 2- 3 m from their true elevations.  This, inaccuracy, 

however, is not deemed crucial for the interpretation of general groundwater flow directions.  

4. The numerical model is based on only two test holes and four observation holes in an model 

area of ~240 hectares.  From a general hydrogeological viewpoint this is not deemed crucial 

as the aquifer conditions are expected to be similar over this area. 

5. No test holes were drilled and tested at Site 2.  From a general hydrogeological viewpoint this 

is not deemed crucial as the aquifer conditions here are expected to be similar to Site 1. 

3.3. Methodology 

3.3.1 Literature surveys 
A detailed literature search was undertaken on groundwater resources in the Saldanha area and the Site.  
The literature search included a number of groundwater monitoring reports prepared by Kantey & Templer 

(2001a; 2001b; 2001c; 2002a; 2002b; 2002c; 2003; 2004a; 2004b; 2005;), monitoring reports prepared by 

Geo Pollution Technologies (2007a and 2007b) the dust suppression study and assessment of water 

availability report prepared by Wetland Consulting Services (Pty) Ltd (2006) and Transnet (2007), as well 

as the Berg River baseline monitoring project groundwater atlas prepared by Parsons and Associatescc 
(2003), and the groundwater Reserve and allocations determination report for the Langebaan Road and 

Elandsfontein Aquifer Systems (SRK Consulting, 2004), among others. 

Previous EIA specialist reports (SRK Consulting, 2001; 2005; PDNA / SRK, 2006, 2007) for earlier phases 

of development of the Iron Ore Export Facility were also reviewed.  The reference list is included as 
Section 10. 

 

3.3.2 Initial Site visit 
Based on observations made during an initial site visit on 27 June 2007 the following general observations 
were reported:  

�  Alternative 1 poses the highest risk to groundwater of the three site alternatives, albeit an 

insignificant to very low risk.  The number, size and extent of the beach well abstraction system 

will depend on the characteristics of the beach sediments, i.e. lithology, transmissivity and depth 
to bedrock.  It was recommended that these parameters be determined by a geotechnical 

investigation prior to finalising design. From a groundwater contamination risk perspective this is 

the least preferred site. 

�  Alternative 2 poses a very low impact risk to groundwater similar to Alternative 1.  If water is to 

be abstracted from the ocean and brine discharge to the ocean, the impact will even be less. 

�  Alternative 3 poses no impact risk to groundwater.  From a groundwater contamination risk 

perspective this is the preferred site. 
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3.3.3 Detailed Investigation at Alternative Site 1 
The feasibility of abstracting water from beach wells at Alternative Site 1 and the impact thereof was 

assessed in detail by undertaking the following work: 

·  Two 350 mm diameter test holes each of 15 m depth were drilled by the mud-rotary method ~300 
m apart on the beach above the high water mark (see Figure 7  for localities).  The test holes were 

equipped with 200 mm outside diameter (OD), i.e. 176 mm inside diameter (ID), class 12 uPVC 

casing and slotted screens.  The slot width of the screens is 0.8 mm and screens were installed 

from 0.5 m.bgl to 15 m.bgl.  A 0.8-1.4 mm grid size washed sand filter pack was installed in each 
test hole.   

·  Two 125 mm diameter observation holes were drilled by mud-rotary method near each test hole.  

These were arranged with one ~30 m inland and one ~15 m seawards.  The observation holes, 
which are ~10 to 15 m deep, were equipped with 63 mm OD (51 mm ID) class 12 uPVC casing 

and slotted screens. The slot width of the screens is 0.8 mm and screens were installed from 0.5 

m.bgl to the bottom of each hole.  A 0.8-1.4 mm grid size washed sand filter pack was installed in 

each test hole. 

·  The final positions of these boreholes were selected to be above the high water mark and to 
cause as little damage as possible to the vegetation. 

·  After completion the boreholes were cleaned and developed with compressed air using an airlift 
technique. 

·  Drilling was done under full time supervision of a hydrogeologist who logged the drill cuttings. 

·  Controlled pump testing consisting of calibration tests, step drawdown tests (SDT) and constant 

discharge tests (CDT) was carried out on the two test holes by using a positive displacement 

diesel engine driven screw-type pump.  The pump unit is equipped with a gearbox to adjust the 
pump’s rotation speed and hence yield, as required.  At the end of each pump test the water level 

recovery was monitored. 

·  Impact of pumping on water levels in the nearby observation boreholes was monitored with digital 
water level recorders.  These were installed to ~0.5 m above the bottom of the observation hole 

with recording intervals set at 5 min.  During the 72 hr pump testing of TH1 a recorder was also 

installed in test hole TH2. 

·  During the CDT water samples were collected at 6 hourly intervals.  These were submitted to the 
CSIR in Stellenbosch for EC and Total Dissolved Solids (TDS) analysis.  A sample was also 

collected at the end of the CDT which was submitted to the CSIR for macro-chemical analysis. 

·  The EC, pH and water temperature were also continuously monitored at the pump’s outlet pipe by 
means of a data logger. 

·  The pump test results were analysed to obtain storativity (S) and transmissivity (T) values for use 
in the 3D numerical modelling. 

·  Various methods were used to obtain storativity (S) and transmissivity (T) values.  Methods used 
were the: 
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o ‘Flow-Characterisation’- or FC-Method developed by the Institute for Groundwater Studies 
(Free State University).  Note: This method was developed to obtain “safe yields” from 
pump test data of confined and semi-confined fractured-rock aquifers.  Although not 

specifically developed for unconfined aquifers as is the case here, the method will give 

some indication of the T and S values as well as the “safe yield” of the boreholes; 

o Birsoy method; 

o Theis method; 

o Cooper-Jacob method and the; 

o Cooper-Jacob Distance Drawdown method. 

·  Numerical modelling of the impact of abstraction from beach wells and brine injection via one 

beach well. 

·  Data analysis and reporting. 

 

3.3.4 Impact Rating 
The impact rating methodology followed is described in Appendix D. 

 

4. DESCRIPTION OF THE AFFECTED ENVIRONMENT 

4.1. Background information 

4.1.1 Climate 
The Saldanha Bay area is characterised by a semi-arid Mediterranean climate with maximum 

temperatures ranging from 20 to 30°C depending on t he season.  The mean annual precipitation (MAP) in 
the area is ~330 mm/a (Weather Bureau at Saldanha for the period 1895 to 1999).  The long-term monthly 

rainfall data is given in Table 1.  Some 81 % of rainfall falls between April and September each year, with 

the peak rainfall month being July.  Mean annual potential evaporation (MAE) is high with a total rate of 

some 1,300 mm. 

Table 1: Long-term monthly rainfall data for Saldan ha 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL 

MAP (mm) 6 8 11 25 47 61 64 46 25 18 13 8 332 

Ave. no. of rain days 1.4 1.4 2.2 3.8 6.2 7.1 7.5 6.4 4.8 3.0 1.9 1.8 47.5 

Ave. rainfall per day (mm) 4.1 5.5 5.1 6.6 7.6 8.5 8.5 7.3 5.2 6.0 6.6 4.6 7.0 

 

4.1.2 Topography 
The Port is situated on the northern shore of Saldanha Bay.  The surrounding area is characterised by a 
gently undulating coastal plain with a low range of semi-permanent sand dunes along the coast line.  The 
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highest elevations are at Malgaskop (173 mamsl) to the west, Karringberg (175 mamsl) to the east, and 

Postberg on the Langebaan Peninsula (193 mamsl) to the south.  Several smaller hills and outcrops of 
granite boulders are also evident in the surrounding area. 

 

4.1.3 Drainage 
The Site is located in the Berg Water Management Area and in quaternary catchment G10M.  Due to the 

sandy nature of the area, no rivers are located at or near the Sites.  Local drainage is to Saldanha Bay 

and the Langebaan Lagoon. 

 

4.1.4 Future water usage requirements 
The Port currently consumes about 16 300 m3/month of water (October 2006 data), although 

34 000 m3/month has been authorised by the West Coast District Municipality.  It was initially expected 

that some 85 000 m3/month (32 - 35 L/s over a 24 hrs/d cycle) of water would be required for the Phase 2 

expansion, the majority of water being for dust suppression.  Dust is currently generated during the ore 
handling process at the tipplers, stacker reclaimers, conveyors, as well as ship loading and transfer 

points. 

The amount of water required was significantly revised by Transnet during April 2007 (Transnet, 2007).  
The total water requirements for each phase are shown in Table 2.  Based on the most recent 

information, some 135 000 m3/month (50 - 56 L/s over a 24 hrs/d cycle) of water is required for the Phase 

2 expansion. 

 

Table 2: Total water requirements per phase (based on April 2007 information) 

Water Use Phase 1A 

(m3/month) 

Phase 1B 

(m3/month) 

Phase 2A 

(m3/month) 

Phase 2B 

(m3/month) 

Atomising and wetting at transfer points 24 900 27 650 56 370 82 610 

Domestic consumption 8 640 9 500 10 450 11 500 

Stockpile sprinklers 10 400 13 900 17 400 24 300 

Stockpile wetting down before ship loading 5 400 10 800 16 200 16 200 

Total Monthly Consumption 49 340 61 850 100 420 134  610 

 

Wetland Consulting Services (Pty) Ltd was appointed during the latter part of 2006 to identify potential 

sources of water that could be used for dust suppression at the Site.  The following options were identified 

by Wetland Consulting Services (2006) and listed in the Proposed Phase 2 Expansion Draft 
Environmental Scoping Report (PDNA / SRK, 2007): 

 

1. Re-treated domestic effluent from Saldanha and Vredenburg, with pipelines to the Port; 

2. Groundwater, and the establishment of production boreholes; 
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3. Seawater, and the establishment of a reverse osmosis plant; 

4. Industrial water, and the construction of water storage tanks and pumping infrastructure; 

5. Potable water; 

6. Ballast water delivered by bulk tankers; 

7. Blends, using a combination of any of the above; and 

8. Two or more sources with different qualities applied at different points at the Port. 

 

Based on the assessment by Wetland Consulting Services (2006), abstraction of groundwater and 

desalination of seawater appear to be the most feasible options to meet the water demand for dust 

suppression purposes at the Site.  However, this assessment did not consider work done by 
SRK Consulting (2004) (see Section 5).  The remaining potential sources of water (i.e. domestic effluent, 

industrial water, potable water and ballast water) are insufficient to meet the daily demand of ~4,350 m3/d. 

The potential and feasibility of abstracting groundwater for use at the Site is discussed in Section 5.   

The General Authorisation for quaternary catchment G10M is set as “Zone A” which only allows Schedule 

1 use without a license..  DWAF has suggested that a comprehensive Integrated Water and Waste 
Management Plan (IWWMP) be compiled and submitted to DWAF for approval.  DWAF can exercise the 

right to approve this IWWMP instead of going through the water use license process (PDNA / SRK, 2007). 

 

4.2. Geology 

4.2.1 Lithology 
Observation boreholes drilled just inland (Figure 3 ) from the iron ore stockpiling facility indicate that the 

area is underlain by a thin layer of transported, dry to moist, pale grey speckled white, medium dense, fine 

and medium grained sand with occasional coarse shell fragments (Mc Keown, 2001) covering calcrete 
and calcretised sand of the Langebaan Limestone Formation (Maclear, 2000).  Note: The meaning of the 
labels in the borehole numbers given to the boreholes by the various authors is: BH = borehole; BH-E = 

exploration borehole; W = well and MW = monitoring well.  This formation ranges in thickness from 10 m 

to 27 m in boreholes drilled at the Saldanha Steel Plant and is in turn underlain by weathered granite 

saprolite.  Bedrock in the area consists of granite of the Cape Granite Suite.  The succession of different 
geological formations occurring in the vicinity of the Port is summarised in Table 3 .   
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Figure 3: Aerial photograph showing positions of ex isting monitoring boreholes 
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Most of the Port is located on reclaimed land consisting of a thin (20 cm) layer of iron ore gravel covering 

a variable layer of compacted material, including calcrete, rocks and gravel in a silty sand matrix, in 
excess of 3 m in thickness (McKeown, 2001). 

Table 3: Lithostratigraphy at the Site 

Group / 

Suite 

Formation / 

Pluton 

Lithology Epoch Age 

(Ma) 

  Fill, reclaimed area   

Witzand 
Unconsolidated white sand with shells and pebbles, 

locally along the beach 
Sandveld 

Langebaan 
Limestone and calcrete, partially cross-bedded, 

calcified dune sand 

Holocene - 

Pleistocene 
1.7 

Cape 

Granite 
Langebaan 

Mainly coarse-grained porphyritic granite with 

quartz porphyry 
 598 

 
 

4.2.2 Structural geology 
No geological structures could be identified at the Port, as the area is covered by a sand layer  

(as described above) and any geological structures will not be readily visible on the photographs.  

However, SRK Consulting (2004) provided an inferred position and orientation of the regional Colenso 

Fault (also referred to as the Franschhoek-Saldanha Fault), which is located approximately 5 km east of 

the Port.  The precise position of the fault is not known.  However, this information is not required for the 
purpose of this assessment as it is up-gradient in terms of groundwater flow direction and there is 

therefore no risk of contaminants emanating from the activities at the Desalination plant migrating along 

the fault. 

4.3. Geohydrology 

4.3.1 Local Aquifers 
The local aquifer underlying the Alternative Sites 1 and 2 is of an intergranular type formed by sediments 

of the Witzand and Langebaan Formations.  Site 3 is on reclaimed land underlain by fill material saturated 

with seawater below the water level.  Site 1 and 2, which are located on the beach, is in the intertidal zone 

where groundwater naturally discharges into the ocean.  This zone will consist of a mixture of groundwater 

and sea water.  On a local scale groundwater salinity might vary according to the tides, i.e. more saline at 
high tide than at low tide due to sea water ingress. 

Meyer (2000) reported that the mean yield of individual boreholes in the vicinity of the Port ranges 

between 0.1 and 0.5 L/s.  Du Toit and Weaver (1995) conducted a detailed geohydrological assessment 

at Saldanha Steel during which 15 boreholes yielding between 0.1 and 3.4 L/s were drilled.  Groundwater 
Consulting Services (1995) and Krantz (1995) also undertook investigations at Saldanha Steel to assess 

the feasibility of dewatering during construction of a then proposed smelter.  Four exploration boreholes 

drilled during those investigations yielded between 0.2 and 4 L/s. 
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The aquifer systems underlying the area are therefore low yielding and the potential to drill successful 

boreholes is low.  Assuming each borehole yields between 1 and 1.5 L/s, an estimated 25 to 35 boreholes 
would be required to meet the projected water demand of the Port.   

Recharge to the local aquifer units is low and has been estimated to range between 3.3 and 5.5 % of MAP 

(DWAF, 2005).  Recharge in the coastal sand dunes is expected to be higher with ranges of 15 - 35% 

reported for certain areas on the West Coast, e.g. Silwerstroom Witzand and Cape Flats (Meyer, 2001). 

 

4.3.2 Regional Aquifers 
The north-eastern part of the Site, towards the Salkor Yard, is underlain by the western section of the 

primary Langebaan Road Aquifer System (LRAS), which also extends regionally towards Vredenburg in 
the north-west, Velddrif in the north and Hopefield in the east (Figure 4 ).  SRK Consulting (2004) 

identified five aquifer units within the LRAS (labelled A-E respectively).  The Port and its surrounds are 

situated within the LRAS-C aquifer unit which predominantly consists of limestone.   

The Elandsfontein Aquifer System (EAS) consists of a basal confined aquifer formed by sand and gravel 

of the Elandsfontein Formation, located below a thick sequence of clay and peat.  The aquifer system is 
formed by a thick (~ 90 m) sequence of Cenozoic sediments deposited in palaeo-channels of the Sout and 

Groen Rivers, and reaches a maximum thickness of 140 m between Geelbek and Elandsfontein-Wes 

(SRK, 2004). 

 

4.3.3 Groundwater levels 
Depth to groundwater is important, primarily because it determines the depth of material through which 

any contaminants must migrate before reaching an aquifer.  There is a greater chance for attenuation of 

contaminants to occur as the depth to groundwater increases. 

Measurement of groundwater levels at the Port (monitoring wells W2 – W7) indicate that levels are in the 

order of 1.5 to 3.1 m below ground level (mbgl), indicating a perched water table.  Groundwater levels at 

MW8, MW9 and SAPO1 further inland are deeper, ranging between 4.5 and 6.6 mbgl.   

Groundwater levels at Alternative Site 1 are ranging from ~3 mbgl at the foot of the dune ridge to 0 m at 
the high tide mark (Figure 8 ).  At Alternative Site 2 groundwater levels are expected to be slightly deeper 

than at Site 1 and ranging from ~4 - 5 mbgl at the foot of the dune to 0 at the high tide mark.  The water 

level at Alternative Site 3 is expected to range from ~2 - 3 m on the quay to 0 m at the high water mark. 

 

4.3.4 Direction of groundwater flow 
Using data collected from ongoing monitoring at the Port, Saldanha Steel and Duferco Steel Processing, 

as well as that collected during the hydrocensus, a groundwater elevation contour map was compiled for 

the Site.  From this, it was interpreted that groundwater flows regionally in a south-westerly direction 

towards the coast.  However, the dune area north of the Port acts as a localised groundwater divide, 
resulting in localised flow in a northerly direction (Figure 4 ).  Groundwater at Saldanha Steel flows in a 



SRK Consulting   Groundwater Resources Impact Assessment 

Environmental Impact Assessment 
Proposed Reverse Osmosis Water Desalination Plant for the Port of Saldanha, 6 May 2008  15 

westerly direction prior to mimicking regional patterns.  Therefore, any possible contamination resulting 

from activities at Saldanha Steel will not impact on ambient groundwater quality north of the Port. 

As groundwater flows south-westwards, it flows away from both the Langebaan Road and Elandsfontein 

Aquifer Systems, as well as away from existing groundwater users in the area east of the Salkor Yard. 

The average hydraulic gradient across the Site is 0.0025, as determined by SRK Consulting (2004).  

Based on this low gradient, it is expected that the rate of groundwater flow through the aquifer systems is 

slow.  For the purposes of this study, the estimation of the rate of groundwater flow is not required. 

 

4.3.5 Ambient groundwater quality 
Based on an assessment of the available groundwater quality monitoring data and a review of previous 
monitoring reports, it is understood that the main indicators of contamination at the Port are electrical 

conductivity (EC), and the heavy metals Fe, Ni, Zn, Cu, Pb and Cd.  Total Petroleum Hydrocarbon’s (TPH) 

may also provide an indication of contamination. 

Groundwater at boreholes MW8, MW9 and SAPO1 (Figure 3 ) represent ambient conditions, as these 

boreholes are situated up-gradient of the activities at the Port.  Ambient quality, in terms of EC, ranges 
between 1 150 and 1 200 mS/m.  According to the DWAF (1998), Quality Guidelines for Domestic Water 

Supplies, this range is classified as unacceptable for drinking purposes and represents saline conditions.  

The quality of the natural groundwater is a direct result of the closeness of these aquifers to the ocean.  

Ambient groundwater tends towards a Na-Cl (saline) character, which is common for groundwater along 
the coast. 

The quality of groundwater at MW8 has been impacted on by the presence of the surface water body 

adjacent to the borehole.  The water may be due to a burst water pipe, although this has not been 

confirmed.  MW8 cannot be used to assess ambient conditions due to similar concentrations of the major 

cations and anions between the groundwater sampled at MW8 and that sampled from the surface water 
body. 

The natural concentrations of heavy metals in groundwater are low and generally below any laboratory 

detection limits.  However, relatively high Fe concentrations of between 0.01 and 2 mg/L are a common 

natural phenomenon in groundwater in the region and will only pose aesthetic problems (e.g. bad taste, 

discolouration of walls and clothes, etc) rather than any significant health risk. 
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Figure 4: Regional Aquifer Systems 
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4.3.6 Groundwater contamination 
Interpretation of the groundwater quality results of samples collected at the Port suggests that no 

groundwater contamination has occurred.  EC levels of groundwater adjacent to and down-gradient of the 

stockpiles and dust-affected areas associated with the iron ore terminal range between 750 and  

1,665 mS/m, with the elevated levels being attributed to saline intrusion and / or the natural salt 

concentrations of the fill material which was obtained from deepening the existing harbour. 

EC’s measured in groundwater at MW2 and MW3 exceed ambient conditions, ranging between 3,645 and 

4,020 mS/m.  This is interpreted to again represent the results of saline intrusion or natural salt 

concentrations mentioned above, as the quality of a sea water sample collected during December 2006 

was 5 020 mS/m (Geo Pollution Technologies Cape, 2007).  This groundwater also tends towards a Na-Cl 
character. 

The concentrations of heavy metals are all below the laboratory’s detection limits, except for Fe 

concentrations in all groundwater collected.  These Fe concentrations range between 0.02 and 0.65 mg/L.  

This is interpreted as representing ambient conditions as it falls within natural limits for this area. 

The results of the Total Petroleum Hydrocarbons by Gas Chromatography [TPH (GC)] analysis (SRK, 
2007) show no significant contamination, and the concentrations were generally below the laboratory’s 

detection limit. 

The fill material (compacted marine derived sediments that include calcrete, rocks and gravel in a silty 

sand matrix) used for the reclaimed land on which most of the Port is situated is expected to have a low 
permeability and transmissivity which will be reduced through movement of contaminants by a 

considerable margin.  In comparison the contamination risk of the intergranular-aquifer formed by the 

undisturbed natural sandy/gravely sediments is much higher due to a higher transmissivity and 

permeability.  Site 1 and 2, which is underlain by the latter type aquifer, have there a higher groundwater 

contamination risk than Site 3 which is underlain by fill material. 

 

4.3.7 Groundwater use 
There are no groundwater users in the vicinity (5 km radius) of the Port.  The nearest reported 
groundwater abstraction of 1,095 m3/a is at borehole UKL4 (Figure 6 ), which is located ~6 km north of the 

Port (SRK, 2007).  Small amounts of groundwater is also abstracted at a dug well UKL1 (~150 m3/a) and 

borehole LB11 (~1,100 m3/a) located ~8 and 7.5 km north of the Port, respectively (SRK, 2007). 

There are several boreholes at Saldanha Steel (Pty) Ltd, Namakwa Sands Smelter and Duferco Steel 

Processing (Pty) Ltd, which are only used for monitoring the impact of these businesses’ activities on the 
groundwater resources and groundwater is not abstracted for any purpose. 
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Figure 5: Interpreted Groundwater Elevation and Dir ection of Flow. 
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4.3.8 Aquifer classification 
Using the aquifer classification system developed by Parsons (1995), Parsons and Conrad (1998) 

developed a national scale aquifer classification map of South Africa.  Based on this system and map, the 

aquifers at the Site are classified as poor aquifer systems (formerly referred to as non-aquifer systems).  

These are formations with negligible permeability containing water of poor quality that is generally 

regarded as not suitable for groundwater exploitation of any significant quantities.   

Regionally, the LRAS and EAS are classified as major aquifer systems, which are highly permeable 

formations.  They may be highly productive and able to support large abstractions for public supply and 

other purposes. 

 

4.3.9 Aquifer vulnerability 
Parsons and Conrad (1998) also prepared a national scale aquifer vulnerability map.  Aquifer vulnerability 

is the tendency or likelihood for contaminants to reach a specified position in the groundwater system after 

introduction at some location above the uppermost aquifer. 

The aquifers underlying the Port and its surrounds (5 km radius) are considered to be least vulnerable to 

contamination, while on a regional scale, the LRAS and EAS are deemed to be highly vulnerable to 

anthropogenic activities. 
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Figure 6: Aerial photograph showing localities of b oreholes surveyed during SRK’s 2007 hydrocensus 
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5. DETAILED AQUIFER ASSESSMENT AT ALTERNATIVE 
SITE 1 

5.1. Introduction 
In order to obtain detailed aquifer information to assess the feasibility of abstracting ~8,000 m3/day of feed 

water for the desalination plant and dispose of 4,400 m3/day of brine via beach wells, test boreholes were 
drilled at Site 1 (Figure 7 ).  The boreholes were then pump tested to determine the aquifer parameters 

and their yield capacities. 

5.2. Results of Drilling Programme 
The locations of the observation and test boreholes are shown in Figure 7  and the detailed results and 
geological logs in Appendix B .  Figure 8  shows the hydrogeological profile through each set of 

boreholes.  The rest water level, i.e. the natural pre-pumping water level, and CDT level, i.e. the water 

level at the end of the constant discharge pump test are also shown, as well as the pre-pumping or natural 

groundwater flow direction and the pumping induced groundwater flow directions.  Note that the flow 

direction from the sea-side of the test hole is reversed during pumping, i.e. water starts flowing from the 
sea towards the borehole. 

A white to pale grey sand with occurrences of shell fragments, which increases with depth, was generally 
encountered from surface to about 4 m below ground level (mbgl).  This is underlain by a layer of gravelly 

sand which comprises whitish grey, fine to medium sand and calcretised sand pebbles as well as shell 

fragments.  This layer is thicker along the shoreline attaining a thickness in excess of 12 m while further 
inland it attains thicknesses of between 4 m and 6 m.  Several localised lenses of shelly gravel are 

intersected within the gravelly sand.  These lenses vary in thickness between 1 m and 4 m across the site. 

These lenses could enhance the migration of groundwater due to its greater hydraulic conductivity. T his 

is thought to form part of the Holocene (0 – 10,000 years) aged Witsand Formation.  A calcrete and 
calcretised sand layer underlies the site extending across both profile lines A-A’ and B-B’.  The calcareous 

and calcrete layers are part of the Pleistocene (0.01 – 2 million years) aged Langebaan Limestone 

Formation. 
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Figure 7: Localities of the test boreholes at Alter native Site 1 
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Figure 8: Hydrogeological Profiles A-A' and B-B'.
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5.3. Pumping Testing Results 
From the pump test results and data analysis (Appendix C ) it can be concluded that a relatively narrow 

diameter (176 mm) borehole with normal slotted casing as screens, will only be able to yield between  
7 and 8 L/s.  Higher yields of ~10 L/s could probably be obtained from large diameter (300 – 500 mm) 

boreholes equipped with continuous-slot screens.  In order to abstract the required 8,000 m3/d of feed 

water for the desalination plant, it is estimated that at least 8 – 10 large diameter boreholes will be 
required.  Note: Once the first production borehole has been completed, it should be pump tested to better 

determine the exact number of boreholes that will be required to supply the demand.  To reduce 

interference between adjacent wells to acceptable levels, these should be drilled at least 50 m apart (edge 

to edge). 

Alternatively, horizontal collector wells aligned parallel to the shoreline and/or under the sea bed can be 
constructed.  It is estimated that two collector well systems of ~2 x 50 m length horizontal collector pipes 
each, should be sufficient to supply the demand.  Installing such a system, however, will disturb an 

estimated area of approximately 20 x 250 m (~5,000 m2) along the beach above the high water mark.  In 

comparison installation of large diameter boreholes will have a much smaller impact of approximately 10 x 
10 m each, i.e. ~1,000 m2 in total. Note: Disturbance caused by installation of powerlines and pipelines is 

not included in the estimations. 

The results of the pump testing indicate that the unconfined sandy aquifer along the beach has an 
average T value of ~68 m2/d and S value of ~0.185. 

 

5.4. Groundwater Quality 
Samples collected at each test hole at the end of the constant discharge test were submitted to the CSIR 

in Stellenbosch for macro-chemical analysis.  Samples were also collected at 6 hr intervals and these 
were also submitted to the CSIR for EC measurements.  The results of these analyses are summarised in 
Table 4 and Table 5, whilst the analysis certificates and graphs showing EC and pH variation during the 

pump test is attached in Appendix D . 

Based on the results of the groundwater quality measurements and analysis it is evident that the EC 

(salinity) of the water from TH1 is considerably higher (~4,050 mS/m) than that from TH2 (~1,340 mS/m).  
The EC in TH1 shows cyclical variation of ~100 mS/m, which could be due to tidal effects.  In comparison 

the EC of TH2 remained more or less stable at ~1,340 mS/m for the duration of the 24 hr constant 

discharge test.  The higher EC at TH1 can be attributed to its proximity to both the reclamation pond and 

the sea, i.e. it is bounded by sea water on two sides.  In comparison TH2 is only bounded by the sea on 
one side. 

Comparing these ECs to those measured at inland boreholes ranging from ~1,150 to ~1,200 mS/m and 
with sea water at ~5,460 mS/m, it can be concluded that the water pumped at TH1 consisted roughly of a 

30:70 ratio groundwater to sea water.  In comparison the water from TH2 seems to be predominantly 

groundwater.  During long term production pumping, i.e. after approximately the first three weeks of 
pumping, chemistry of the water is expected to become much closer to that of sea water.  The RO-Plant 

should therefore be designed to desalinate water with a chemical composition similar to that of sea water. 
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The groundwater from the beach wells is of very poor chemical quality (saline) which cannot be used for 

domestic purposes, unless it has been desalinated.  The water is of a Na – Cl type and is very hard with 
CaCO3 concentrations exceeding 1,800 mg/L.  This will cause serious scaling problems for the reverse 

osmosis membranes unless sufficient anti-scaling chemicals are added.  The iron concentration of the 

water from both boreholes was low (<0.05 milli-grams per litre).   

Table 4: Summary of macro-chemical analysis results  

LAB NUMBER: 8841 8845 
SAMPLE No: TH1 TH2 
SAMPLE Time: 12:26 08:10 
SAMPLE DATE: 17/10/07 13/10/07 
Potassium as K mg/L 322 61 
Sodium as Na mg/L 7644 2006 
Calcium as Ca mg/L 309 299 
Magnesium as Mg mg/L 1027 276 
Sulphate as SO4 mg/L 1944 446 
Chloride as Cl mg/L 14400 4720 
Nitrate plus nitrite as N mg/L 0.05 4 
Fluoride as F mg/L 0.7 0.7 
Iron as Fe mg/L 0.05 <0.05 
Conductivity mS/m (25°C) 3975  1340 
pH (Lab) (20°C) 7.4  7.5 
Total Dissolved Solids (Calc) mg/L 25440 8576 
Hardness as CaCO3 mg/L 5003 1883 
Sodium Adsorption Ratio (SAR) 47.0 20.1 

 

Table 5: Summary of laboratory EC measurements 

LAB NUMBER: 8830 8831 8832 8833 8834 8835 8836 
SAMPLE No: TH1 TH1 TH1 TH1 TH1 TH1 TH1 
SAMPLE TIME: 20:17 00:25 06:27 12:24 18:20 00:21 06:20 
SAMPLE DATE: 14/10/07 15/10/07 15/10/07 15/10/07 15/10/07 16/10/07 16/10/07 
Conductivity (EC) mS/m (25°C) 4050 4100 4100 4050 4 100 4050 4050 
TDS (Calc) mg/L 25920 26240 26240 25920 26240 25920 25920 
          
LAB NUMBER: 8837 8838 8839 8840 8842 8843 8844 
SAMPLE No: TH1 TH1 TH1 TH1 TH2 TH2 TH2 
SAMPLE ID: 12:23 18:26 00:21 06:22 14:20 20:17 02:23 
SAMPLE DATE: 16/10/07 16/10/07 17/10/07 17/10/07 12/10/07 12/10/07 13/10/07 
Conductivity (EC) mS/m (25°C) 4025 4025 4050 4000  1340 1340 1340 
TDS (Calc) mg/L 25760 25760 25920 25600 8576 8576 8576 
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5.5. Groundwater Flow Modelling 

5.5.1 Modelling Approach 
In order to simulate local and regional groundwater flow, a numerical flow model has been constructed.  
The industry standard MODFLOW package was used (PMWin version), which is a 3D, finite difference 

code.  A Conceptual Model of the study area was first developed, using the information gathered for the 

Baseline Assessment.  This involved defining aquifers, boundaries and water levels and assigning 

numerical values to parameters such as transmissivity, storage and recharge. 

A steady state model was then constructed in order to calibrate the model in terms of boundaries, initial 
water levels and transmissivity. Once this simulation gave a reasonable representation of the observed 

and assumed hydrogeological conditions a transient model was constructed for simulation of scenarios of 

different borehole spacing, abstraction and numbers and injection of brine. 

5.5.2 Steady State Model 
A basic plan of the study area was digitised and saved in a dxf format to import into the model.  The main 
feature is the sea, with this representing an important boundary in the model (Figure 9 ).  A model area of 

1590 m x 1570 m was used, which was discretized into 10 m x 10 m cells by means of 159 columns and 

157 rows. 

A one-layer unconfined aquifer system was assumed representing the coarse shelly gravels of the main 
aquifer formation.  Transmissivity was calculated from analysis of the test pumping data (see section 5.3). 
Table 6 below lists the various components of the steady state model and the values assigned to them. 

Table 6: Steady State Model Input Data 

Model dimensions 1590 x 1570 m 

Rows 157 

Columns 159 

Cell size 10 m 

Layers 1 

Type Unconfined 

Top of layers Approximation of topography from 1:50 000 topographical map 

Bottom of layers -12 m below mean sea level. Based on exploration borehole logs 

N and S boundaries Constant head 

E and W boundaries Impermeable (parallel to flow lines) 

Starting heads N boundary: +15 mamsl 
S boundary: 0 mamsl (sea level) 

Transmissivity (T) 68 m2/day 

 
Simulated groundwater contours and flow directions are shown in Figure 10  and results can be 

summarised as follows: 

·  Groundwater flow is to the south towards the coast/sea. 
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·  The model simulates groundwater levels at ~1.5 m below ground surface at the exploration 

boreholes compared to the 2 m measured.  This is considered to be a fair approximation of field 

conditions. 

·  The most important boundary is the southern one, which is a constant head representing the sea.  

 

5.6. Scenario Modelling 
The steady state model was transformed into a transient model by incorporating time steps, aquifer 

storage and recharge.  One calendar year was taken for the simulation period, with three time periods of 

four months each.  Recharge was assumed to occur in the second time period only, i.e. equivalent to May 

– September.  Ten abstraction boreholes were incorporated into the model at 50 m spacings in the area 
between the high tide mark and the first vegetated dune.  Ten boreholes were chosen based on the 

results of the test pumping, which indicated that a maximum yield of 10 L/s per borehole could be 
achieved (Figure 11 and Figure 12 ).  The 50 m spacing was based on propagation of drawdown during 

the test pumping, available space and experience. 

The northern boundary was changed to a time-variant head boundary. This was done to simulate the 

expected seasonal drop in water level and because maintaining it as a constant head boundary will mean 

that there is a constant source of recharge from this area, leading to possible over-estimation of 

abstraction potential. 

Additional parameters for the transient model are shown in Table 7 below. 

Table 7: Transient Model - Additional Parameters 

Parameter Comment 

N Boundary Time-variant specified head 
+15 m initially, then +10 m  

Recharge 0.0007 m/day, second time period only, i.e. 4 months 

Time steps 3 of 120 days each 

Specific yield 0.20 or 20% 

Abstraction 10 boreholes, each pumping at 864 m3/day 
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Figure 9: Model layout 
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Figure 10: Simulated steady state model 
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Figure 11: Simulated drawdown model after 1 month o f pumping 
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Figure 12: Simulated drawdown model after 12 months  of pumping 
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5.6.1 Groundwater Abstraction 
Observation boreholes were inserted into the model at strategic positions to enable hydrographs of 
groundwater level response to pumping to be simulated (see Figure 12 for localities).  The resultant 

graphs are shown in Figure 13 .  This shows that drawdown is greatest near the middle of the array of 

pumping boreholes, in observation borehole no 2, where the drawdown after one year is ~2.48 m. 

Drawdown is smallest close to the sea boundary where it is simulated to be <0.1 m.  Drawdown in 
individual pumping boreholes will be ~10m.  All water levels show a levelling-off with time with quasi 

steady-state conditions being reached after one year of pumping.  The results show that abstraction of 

8,000 m3/day or 93 L/s would appear to be feasible. 

The model also indicates that the impact of beach well abstraction on the water table will be limited to a 
small area around the well field, which should not extend further than ~200 m inland (Figure 12 ). 

 

 

Figure 13: Hydrograph simulating drawdown after 12 months of pumping 

 

5.6.2 Brine Discharge through Beach Wells 
A brine discharge well was inserted in the model to simulate the effects of injecting 4 400 m3/day of 
brine into the beach aquifer.  Results of the simulation are shown in Figure 14 .  It can be seen that, not 

unexpectedly, the model simulates groundwater levels above ground level, indicating that such 
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injection is not feasible, owing to the high water table and relatively low transmissivity.  With the limited 

area available, the brine would also be drawn into the beach abstraction wells, thus affecting the 
quality of the feed water to the desalination plant.  An alternative method of brine disposal will have to 

be found  

5.7. Summary of Modelling 
The main conclusions to be drawn from this preliminary numerical modelling exercise are: 

·  A beach well field of approximately 10 wells of 300 – 500 mm inside diameter and 15 m depth, 
spaced ~50 m apart (edge to edge) parallel to the coast, as close as possible, but above, the 

high water mark, will be required to obtain 8,000 m3/day or 93 L/s. 

·  Drawdowns caused by this pumping should be a maximum of ~2.5 m in the central part of the 
line of boreholes but may be up to 10 m in individual boreholes.  Drawdown levels-off after one 

year of pumping and quasi steady-state conditions are reached. 

·  The impact of beach well abstraction on the water table will be limited to a small area around 

the well field, which should not extent further than ~200 m inland. 

·  Injection of brine in beach wells is not feasible due to too a high water table and relative low 
transmissivity. 

 



SRK Consulting   Groundwater Resources Impact Assessment 

Environmental Impact Assessment 
Proposed Reverse Osmosis Water Desalination Plant for the Port of Saldanha, 6 May 2008  34 

 

Figure 14: Simulated groundwater level elevation mo del of beach well abstraction and brine injection w ell 
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6. IMPACT ASSESSMENT 

6.1. Preamble and layout alternatives 
For each of the two project phases (construction and operation), the potential impacts associated with the 

proposed development of the Desalination plant are indicated in this Section. 

Three Alternative Sites have been identified for the Desalination plant (Figure 2 ).  The Desalination 

plant’s feed water supply and brine outfall infrastructure options for each Site are described below: 

 

Site 1: 

a) Beach well intake and pipeline outfall (Big Bay) 

b) Pipeline intake and pipeline outfall (Big Bay) 

c) Beach well intake and beach well discharge (Big Bay) 

Site 2: 

a) Beach well intake and pipeline outfall (Small Bay) 

b) Pipeline intake and pipeline outfall (Small Bay) 

Site 3: 

a) Pipeline intake (Small Bay) and pipeline outfall (Small Bay) 

b) Pipeline intake (Small Bay) and pipeline discharge (Big Bay) 

c) Borehole intake on quay (Stockpiles) and pipeline discharge (caisson 3, Big Bay) 

d) Borehole intake on quay (Multipurpose Terminal) and pipeline discharge (caisson 3, Big Bay) 

 

From a groundwater viewpoint, only Sites 1 and 2 potentially could have an impact on the natural near 

shore groundwater system.  Site 3 and the quay are underlain by compacted fill material which overlay 

marine sediments and sedimentary deposits of the Sandveld Group.  The sea water that saturates these 

sediments cannot be classified as groundwater.  The proposed quay wells will abstract filtered seawater 
from these sediments. 

 

6.2. Impact on the Local Aquifer System 
The local aquifer system consists of fine to medium to coarse grained unconsolidated sand underlain by 

semi-consolidated calcaranite.  In the reclaimed parts of the Port, i.e. most of the Port area seawards of 

the dune ridge, the aquifer consists of compacted fill material comprising of primary unconsolidated 
compacted marine sediments and is classified as a poor aquifer system. 
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Ambient groundwater quality, in terms of EC, ranges between 1 150 and 1 200 mS/m, which is unfit for 

domestic use.  Further, groundwater is not used in the vicinity of the Port, mainly due to the poor quality 
and low borehole yields. 

The results of the pumping tests and numerical modelling of the data indicate that the abstraction of  
8,000 m3/day of feed water for the desalination plant via beach wells at Site 1 and, by inference, Site 2 is 

feasible.  The model also indicates that due to the proximity of the sea, unacceptable drawdowns will not 

occur away from the beach wells during abstraction and the zone of impact should be limited to an area 
not further than ~200 m inland. 

Numerical modelling indicates that it is not physically possible to discharge 4,400 m3/day of brine through 
a beach well due to the shallow water table and relatively low transmissivity of the beach sediments.  

Injecting these volumes of brine will simply cause the well to overflow, or, if the well head is sealed, the 
brine will simply discharge at surface around the borehole. 

Discharge of brine into beach wells will increase the salinity of the local groundwater system and introduce 

biocides (e.g. residual chlorine) into it.  This contaminated groundwater will eventually discharge into the 
ocean where it may have a negative impact. Note: The nature and significance of the impact of these 

contaminants on the marine environment will be discussed in detail in the Marine Impact Assessment. 

There are no upstream or downstream groundwater users that can be affected. 

Accidental spillages of brine and/or chemicals at the desalination plant itself is unlikely to have any 
significant impact on the groundwater if carefully managed, controlled and cleaned up.  In case of a large 

chemical spillage which is not contained, the groundwater will be locally contaminated.  If not contained 
and cleaned up, the contaminated groundwater will eventually discharge into the ocean where it could 

have a significant impact on the local marine biota.  

For these reasons, the following deductions can be made for each of the three proposed sites: 

�  Site 1  and Site 2 , which are underlain by more permeable sand and gravel deposits, have a 

higher potential for groundwater contamination by accidental chemical and/or fuel spillages 
than Site 3, which is underlain by a variable layer of less permeable compacted material that 

includes calcrete, rocks and gravel in a silty sand matrix.  If prevented, contained and 

managed by good house keeping, the groundwater contamination risk at all three Sites is low. 

�  Discharge of brine through beach wells at Site 1  and 2 is not feasible due to the shallow water 

table and low transmissivity of the sediments. 

�  Site 3 poses no risk to groundwater as it is underlain by calcareous sediments reclaimed from 

Saldanha Bay during deepening of the harbour.  In comparison to the natural sedimentary 

successions at Site 1 and 2, these compacted sediments have a much lower transmissivity 

and permeability, which will considerably reduce infiltration and movement of contaminants 
originating from accidental spillages and/or leaks at the desalination plant. 
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Table 8: Impacts on groundwater at Site 1 with beac h well intake and brine discharge 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate local 
groundwater system 
which may be detrimental 
to the biota associated 
with the beach when 
contaminated 
groundwater eventually 
discharges into the ocean. 

Local Short 
term 

Low Probable High Insignificant Insignificant 

Increase salinity of 
near shore 
groundwater system 

Excavations/Drilling to 
install beach wells might 
introduce sea water into 
the near shore 
groundwater system 

Local Short 
term Low Probable Medium Insignificant Insignificant C

on
st

ru
ct

io
n 

Disturbance of the 
natural groundwater 
system conditions 

Might alter natural 
groundwater movement 

Local Short 
term 

Low Definite High Insignificant Insignificant 

Increase in salinity of 
near shore 
groundwater system 
and introduction of 
biocides by brine 
discharge in beach 
wells 

Discharge of brine in 
beach wells will increase 
the salinity of the near 
shore groundwater system 
and introduce biocides to 
it.  The contaminated 
groundwater will 
eventually discharge into 
the nearby ocean where it 
could have a negative 
impact on the local marine 
biota  

Local Long 
term 

Medium Definite High Insignificant Insignificant 

Increase in salinity of 
the near shore 
groundwater system 
by intrusion of saline 
sea water 

Feed water abstraction 
through beach wells will 
result in the intrusion of 
saline seawater into the 
local shore groundwater 
system.  This is of no 
significance as there are 
no water users that will be 
affected. 

Local Long 
term Medium Definite High Insignificant Insignificant 

O
pe

ra
tio

n 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
groundwater system 
which eventually will 
discharge into the ocean 
where it may have a 
negative impact on the 
local marine biota.  This 
risk can be mitigated by 
applying good house 
keeping rules and by 
containing and cleaning-
up of spillages. 

Local Short 
term 

Low Possible High Very Low Insignificant 
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Table 9: Impacts on groundwater at Site 1 with beac h well intake and piped outfall to Big Bay 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate local 
groundwater system 
which may be detrimental 
to the biota associated 
with the beach when 
contaminated 
groundwater eventually 
discharges into the ocean. 

Local Short 
term 

Low Probable High Insignificant Insignificant 

Increase salinity of 
near shore 
groundwater system 

Excavations/Drilling to 
install beach wells might 
introduce sea water into 
the near shore 
groundwater system 

Local Short 
term Low Probable Medium Insignificant Insignificant C

on
st

ru
ct

io
n 

Disturbance of the 
natural groundwater 
system conditions 

Might alter natural 
groundwater movement 

Local Short 
term 

Low Definite High Insignificant Insignificant 

Increase in salinity of 
the near shore 
groundwater system 
by intrusion of saline 
sea water 

Feed water abstraction 
through beach wells will 
result in the intrusion of 
saline seawater into the 
local shore groundwater 
system.  This is of no 
significance as there are 
no water users that will be 
affected. 

Local Long 
term 

Medium Definite High Insignificant Insignificant 

O
pe

ra
tio

n 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
groundwater system 
which eventually will 
discharge into the ocean 
where it may have a 
negative impact on the 
local marine biota.  This 
risk can be mitigated by 
applying good house 
keeping rules and by 
containing and cleaning-
up of spillages. 

Local Short 
term 

Low Possible High Very Low Insignificant 
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Table 10: Impacts on groundwater at Site 1 with pip ed intake and outfall from/ to Big Bay 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

C
on

st
ru

ct
io

n 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate local 
groundwater system 
which may be detrimental 
to the biota associated 
with the beach when 
contaminated 
groundwater eventually 
discharges into the ocean.  
Impact can be mitigated 
by good house keeping 
and swift containment and 
cleaning-up operations 

Local Short 
term 

Low Probable High Insignificant Insignificant 

O
pe

ra
tio

n 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
groundwater system 
which eventually will 
discharge into the ocean 
where it may have a 
negative impact on the 
local marine biota.  This 
risk can be mitigated by 
applying good house 
keeping rules and by 
containing and cleaning-
up of spillages. 

Local Short 
term 

Low Possible High Very Low Insignificant 
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Table 11: Impacts on groundwater at Site 2 with bea ch well intake and piped outfall from/to Small 
Bay 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate local 
groundwater system 
which may be detrimental 
to the biota associated 
with the beach when 
contaminated 
groundwater eventually 
discharges into the ocean. 

Local Short 
term Low Probable High Insignificant Insignificant 

Increase salinity of 
near shore 
groundwater system 

Excavations/Drilling to 
install beach wells might 
introduce sea water into 
the near shore 
groundwater system 

Local Short 
term Low Probable Medium Insignificant Insignificant C

on
st

ru
ct

io
n 

Disturbance of the 
natural groundwater 
system conditions 

Might alter natural 
groundwater movement 

Local Short 
term 

Low Definite High Insignificant Insignificant 

Increase in salinity of 
the near shore 
groundwater system 
by intrusion of saline 
sea water 

Feed water abstraction 
through beach wells will 
result in the intrusion of 
saline seawater into the 
local shore groundwater 
system.  This is of no 
significance as there are 
no water users that will be 
affected. 

Local Long 
term Medium Definite High Insignificant Insignificant 

O
pe

ra
tio

n 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
groundwater system 
which eventually will 
discharge into the ocean 
where it may have a 
negative impact on the 
local marine biota.  This 
risk can be mitigated by 
applying good house 
keeping rules and by 
containing and cleaning-
up of spillages. 

Local Short 
term 

Low Possible High Very Low Insignificant 
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Table 12: Impacts on groundwater at Site 2 with pip ed intake and outfall from/to Small Bay 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

C
on

st
ru

ct
io

n 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate local 
groundwater system 
which may be 
detrimental to the biota 
associated with the 
beach when 
contaminated 
groundwater eventually 
discharges into the 
ocean.  Impact can be 
mitigated by good house 
keeping and swift 
containment and 
cleaning-up operations. 

Local Short 
term 

Low Probable High Low Insignificant 

O
pe

ra
tio

n 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
groundwater system 
which eventually will 
discharge into the ocean 
where it may have a 
negative impact on the 
local marine biota.  This 
risk can be mitigated by 
applying good house 
keeping rules and by 
containing and cleaning-
up of spillages. 

Local Short 
term 

Low Possible High Very Low Insignificant 
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Table 13: Impacts on groundwater system at Site 3 w ith piped intake and outfall from/to Small Bay 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

C
on

st
ru

ct
io

n 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate 
groundwater system 
which may be 
detrimental to the 
marine biota when the 
contaminated seawater 
eventually percolates 
into the ocean.  Impact 
can be mitigated by 
good house keeping and 
swift containment and 
cleaning-up operations. 

Local Short 
term 

Low Probable High Low 
significance 

Insignificant 

O
pe

ra
tio

n 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
groundwater system 
which eventually will 
percolates into the 
ocean where it may 
have a negative impact 
on the local marine 
biota.  This risk can be 
mitigated by applying 
good house keeping 
rules and by swift 
containing and cleaning-
up of spillages. 

Local Short 
term 

Low Possible High Very Low Insignificant 
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Table 14: Impacts on subsurface seawater system at Site 3 with piped Small Bay intake and outfall 
to Big Bay 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

C
on

st
ru

ct
io

n 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate subsurface 
seawater system which 
may be detrimental to 
the marine biota when 
the contaminated 
seawater eventually 
percolates into the 
ocean.  Impact can be 
mitigated by good house 
keeping and swift 
containment and 
cleaning-up operations. 

Local Short 
term 

Low Probable High Low 
significance 

Insignificant 

O
pe

ra
tio

n 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
subsurface seawater 
system which eventually 
will percolates into the 
ocean where it may 
have a negative impact 
on the local marine 
biota.  This risk can be 
mitigated by applying 
good house keeping 
rules and by swift 
containing and cleaning-
up of spillages. 

Local Short 
term Low Possible High Very Low Insignificant 
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Table 15: Impacts on subsurface seawater system at Site 3 with quay well intake opposite 
stockpiles and outfall to Big Bay 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

C
on

st
ru

ct
io

n 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate subsurface 
seawater system which 
may be detrimental to 
the marine biota when 
the contaminated 
seawater eventually 
percolates into the 
ocean.  Impact can be 
mitigated by good house 
keeping and swift 
containment and 
cleaning-up operations. 

Local Short 
term 

Low Probable High Low 
significance 

Insignificant 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
subsurface seawater 
system which eventually 
will percolates into the 
ocean where it may 
have a negative impact 
on the local marine 
biota.  This risk can be 
mitigated by applying 
good house keeping 
rules and by swift 
containing and cleaning-
up of spillages. 

Local Short 
term Low Possible High Very Low Insignificant 

O
pe

ra
tio

n 

Intake of 
contaminated water 
at the quay wells 
polluted by 
operations at the 
adjacent stockpile 
area and other 
infrastructure. 

There is a possibility that 
contaminated 
subsurface water could 
be pulled in from 
beneath the adjacent 
areas by abstraction 
from wells sunk on the 
quay.  Monitoring has 
indicated that no 
pollution has occurred to 
date.  This risk, albeit 
small, can be mitigated 
to being insignificant by 
continuation of the 
existing good 
housekeeping and 
pollution control 
operations. 

Local Short 
term Low Possible High Very Low Insignificant 
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Table 16: Impacts on subsurface seawater system at Site 3 with quay well intake opposite 
multipurpose terminal and outfall to Big Bay 

Significance 
 Source of impact Nature of impact Scale Duration Intensity Probability Confidence Without 

mitigation 
With 

mitigation 

C
on

st
ru

ct
io

n 

Fuel, oil and grease 
spillages during 
construction 

High concentrations will 
contaminate subsurface 
seawater system which 
may be detrimental to 
the marine biota when 
the contaminated 
seawater eventually 
percolates into the 
ocean.  Impact can be 
mitigated by good house 
keeping and swift 
containment and 
cleaning-up operations. 

Local Short 
term 

Low Probable High Low 
significance 

Insignificant 

Spillage and leakage 
of chemicals at the 
desalination plant 

Leakage or accidental 
spillage of chemicals at 
the desalination plant 
could contaminate the 
subsurface seawater 
system which eventually 
will percolates into the 
ocean where it may 
have a negative impact 
on the local marine 
biota.  This risk can be 
mitigated by applying 
good house keeping 
rules and by swift 
containing and cleaning-
up of spillages. 

Local Short 
term Low Possible High Very Low Insignificant 

O
pe

ra
tio

n 

Intake of 
contaminated water 
at the quay wells 
polluted by 
operations at the 
adjacent 
multipurpose 
terminal and other 
infrastructure 

There is a possibility that 
contaminated 
subsurface water could 
be pulled in from the 
adjacent areas by 
abstraction from wells 
sunk on the quay.  
Monitoring has indicated 
that no pollution has 
occurred to date.  This 
risk, albeit small, can be 
mitigated to being 
insignificant by 
continuation of the 
existing good 
housekeeping and 
pollution control 
operations. 

Local Short 
term Low Possible High Very Low Insignificant 
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6.3. Impact on existing groundwater users 
No groundwater users were identified within a five kilometre radius of the Port.  Abstraction of  

8,000 m3/day of feed water from beach wells at either Site 1 or 2, will not impact negatively on any existing 
groundwater users.  Reason for this is that modelling has indicated that due to the proximity of the ocean, 

the impact of the abstraction will be contained to a small area of less than 200 m from the wells. 

7. MITIGATION 
The objective of implementing mitigation measures is to reduce potential negative impacts from the 

construction and operation of the planned desalination plant, or to optimise positive impacts.  Based on 

this, it is accepted that appropriate mitigation practises will form part of the construction and operation of 

the proposed expansion project.  The following measures must be implemented in order to reduce the 
significance rating of the potential impacts and to improve operation of the Desalination plant: 

·  To reduce interference and hence water level drawdown, production wells should be spaced  
~50 m apart (edge to edge) parallel to the shoreline and as close as possible to, but above, the 

high water mark. 

·  To prevent contamination of the groundwater, only biodegradable non-toxic drilling additives, e.g. 
Polyflip, must be used during well construction. 

·  To prevent silt-laden water airlifted (method to pump water with compressed air and two pipes) 

from the boreholes during cleaning and development from discharging directly into the ocean, the 
water must be contained in the same “mud pits” used for mixing the drilling additive in.  Once the 

work is completed the pits must be backfilled and the site cleaned up. 

·  Contamination of the soil and groundwater by accidental spills of chemicals, fuel, oil and / or 
grease must be kept to a minimum by applying a good ‘housekeeping’ approach.  In the event of 

any such spillages, procedures must be in place to quickly and effectively repair any leakages and 

remove the contaminated soil.  This soil must be collected and disposed of at a suitably licensed 

waste disposal facility. 

·  To monitor the impact of abstraction on the groundwater system away from a beach well field at 

Site 1 and 2, a groundwater monitoring scheme should be set up.  For this purpose at least five 

observation boreholes will be required.  At Site 1 the existing observation holes, Obs1-N and Obs-
2N, can be used, but an additional three observation holes should be installed inland as indicated 
in Figure 12 .  If a beach well abstraction scheme is installed at Site 2, a similar array of 

monitoring boreholes should be installed. The three monitoring holes, together with the two 

existing observation holes Obs1-N and Obs-2N, should be equipped with digital water level and 

EC loggers.  These boreholes must be installed and the monitoring initiated at least six months 
before abstraction from the well field commences.  Implementation of such a groundwater 

monitoring programme is essential, as it will provide information on groundwater quality and water 

level variation inland from the production well field, from which the extent of the impact of 

abstraction from the beach well field can be determined. 
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8. CONCLUSIONS 
 

In light of the information and data presented in this report, the following conclusions are made: 

Status Quo/Baseline 

 

The baseline conditions pertaining to groundwater at the Port can be summarised as follows: 

·  The Port is situated on the northern shore of Saldanha Bay.  The surrounding area is 
characterised by a gently undulating coastal plain with low hills. 

·  The mean annual precipitation (MAP) in the area is about 330 mm/a.  Some 81 % of rainfall falls 
between April and September each year, with the peak rainfall month being July.  Mean annual 

evaporation (MAE) is relatively high with a total potential rate of some 1 300 mm. 

·  The Port is located in the Berg Water Management Area and in quaternary catchment G10M.  
There are no rivers located at or near the Port. 

·  Most of the Port is situated on land reclaimed from Saldanha Bay, which consists of a thin (20 cm) 
layer of iron ore gravel and / or ferricrete that covers a variable layer of compacted material that 

includes calcrete, rocks and gravel in a silty sand matrix.  The compacted layer is in excess of 3 m 

thick. 

·  The Port and its surrounds (5 km radius) are underlain by Cenozoic sediments of the Langebaan 
and Witzand Formations, which form part of the Sandveld Group.  These consolidated to 

unconsolidated aeolian sands and limestones are underlain by the intrusive Langebaan Pluton of 

the Cape Granite Suite. 

·  There are two types of aquifers identified at the Port, namely, an upper unconfined to semi-

confined intergranular primary aquifer formed by the Cenozoic sediments of the Langebaan and 
Witzand Formations and a deeper fractured/weathered-rock secondary aquifer formed in the 

granite bedrock. 

·  No geological structures could be identified at the Port, as the area is covered by a sand layer and 
any geological structures will not be readily visible on aerial photographs. 

·  Groundwater levels at the Port and the adjacent fore-dune beach areas above the high water 

mark are in the order of 1.5 to 3.1 m below ground level (mbgl).  Groundwater levels further 
inland, at monitoring boreholes MW8, MW9 and SAPO1 are deeper, ranging between 4.5 and  

6.6 mbgl.  

·  It was interpreted that groundwater flows regionally in a south-westerly direction towards the 
coast.  However, the dune areas north and northeast of the Port act as a localised groundwater 

divide, resulting in localised flow in a northerly direction. 

·  Ambient groundwater quality, in terms of electrical conductivity (EC), which is directly related to 
salinity, ranges between ~1,150 and ~1,200 milli-Siemens per metre (mS/m).  According to the 
Department of Water Affairs and Forestry (DWAF) Quality Guidelines for Domestic Water 
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Supplies this range is classified as unacceptable for drinking purposes and represents saline 

conditions. 

·  There are no groundwater users within a 5 km radius of the Port. 

·  Groundwater Reserve and allocation determinations carried out by SRK Consulting for the DWAF 
in 2004 has indicated that the available groundwater resources in both the Langebaan Road 

Aquifer System and Elandsfontein Aquifer System are insufficient to meet the future water 

demand of the Port.  Groundwater as a sole source of water for dust suppression is therefore not 

a feasible option. 

·  Drilling of two test holes and four observation holes on the beach at Site 1 above the high water 

mark east of the Port, indicated a shallow unconfined intergranular (primary) type aquifer 
consisting of unconsolidated fine to coarse grained sand with gravely/shelly lenses.  This layer, 

which attains a thickness of ~12 m along the ~300 m stretch of beach that was investigated, is 

underlain by calcretised sand and calcrete.  Similar geological/aquifer formations are inferred to 

occur at Site 2. 

·  Pumping tests carried out on the 178 mm diameter test boreholes indicate maximum yields in the 
order of 7 to 8 litres per second (L/s).  The borehole yields can most probably be increased to at 

least 10 L/s by installing large diameter (300 – 500 mm) boreholes equipped with continuous-slot 

screens and gravel packs.  Similar results could by expected at Site 2. 

·  If horizontal collector wells are decided on, it is estimated that at least two with ~100 m of 

horizontal collector pipes each will be required.  The construction of these collector wells will, 

however, disturb an estimated area of at least 20 x 250 m (5,000 m2) along the beach.  In 
comparison construction of large diameter boreholes will disturb a much smaller area of  

~10 x ~10 m each, i.e. a total of 1,000 m2. 

·  Based on the pumping test results a transmissivity value of ~68 m2/day and a storativity value of 
~0.19 were derived for the unconfined aquifer. 

·  Comparing the EC measured in Test Hole TH1 (~4,050 mS/m) to those measured at inland 
boreholes ranging from ~1150 to ~1200 mS/m and to sea water (~5460 mS/m), it can be 

concluded that the water pumped at TH1 consisted roughly of a 30:70 ratio of groundwater to sea 

water.  In comparison, the water pumped from Test Hole TH2, which had an EC of  

~1,340 mS/m, seems to mainly consist of groundwater.  The higher EC at TH1 is caused by it 

being bounded by both the reclamation dam and the sea whilst TH2 is only bounded by the sea, 
which is downstream.  During long term pumping the EC of the water is expected to increase to 

close to that of sea water as sea water is drawn in. 

·  Numerical modelling indicates that it is feasible to abstract the anticipated water demand of  
8,000 m3/day (~93 L/s) for the desalination plant from ~10 large diameter (300 – 500 mm) wells 

constructed ~50 m apart parallel to the shoreline, as close as possible to, but above the high 

water mark at Site 1.  Similar aquifer conditions are expected to exist at Site 2 making abstraction 

through beach wells here also a feasible option, provided accessibility is not a problem. 

·  Numerical modelling also indicates that the impact of beach well abstraction on the water table will 

be limited to a limited area around the well field.  The model suggests the zone of impact should 

not extend further than ~200 m inland during abstraction. 
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·  The numerical model indicates that disposal of 4,400 m3/day of brine through a beach well at  
Site 1 ( and by inference Site 2) is not physically possible due to the high water table and 

relatively low transmissivity. Injecting these volumes of brine will cause the well to overflow, or, if 

the well head is sealed, the brine will discharge at surface around the borehole. 

·  At Site 3 there is no natural groundwater, although it could be possible to abstract filtered sea 
water through wells sunk through the quay material into the seabed sediments. 

·  Site 3 is underlain by reclaimed land consisting of compacted layers of marine derived material 
that includes calcrete, rocks and gravel in a silty sand matrix.  This fill material is expected to have 

a low permeability and transmissivity, which will have a much reduced contaminant movement 

rate in comparison to the higher permeable sand and gravel deposits at Site 1 and 2. 

·  Although both Site 1 and Site 2 are suitable for abstraction of feed water from a beach well field, 

Site 1 is most probably the first choice due to better accessibility and space available. 
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9. RECOMMENDATIONS 
Based on the conclusions drawn, the following mitigation measures and recommendations are proposed: 

 

�  To optimise well efficiency beach wells should be equipped with continuous-slot stainless steel 

screens. 

�  If the beach well option is decided on at either Site 1 or 2, at least 5 observation boreholes to 
monitor the impact of abstraction on the surrounding water table and groundwater EC must be 

installed inland of the beach well field.  This should be done in an array as indicated in  
Figure 12  of the report.  The recently completed test and observation boreholes could be used 

for this purpose as well as at least another three monitoring boreholes installed on the inland 

side of the dune ridge.  In order to obtain baseline data these boreholes must be installed and 

monitoring initiated at least 6 months before abstraction from the wellfield commences.  Best 

practise will be to equip the observation holes with digital data loggers measuring water level, 
EC and temperature.  Monitoring will be required for the duration of the production period. 

�  The monitoring boreholes and production beach wells must be surveyed to obtain accurate 

surface elevations. 

�  Annual analysis of the monitored data and reporting thereon to Transnet and the DWAF by a 
qualified and experienced geohydrologist is recommended. 

�  From a groundwater contamination perspective Site 3 is the preferred site as it is not underlain 
by a natural groundwater system and has the lowest inferred rate of contaminant movement. 

�  From a feasibility perspective of a beach well feed water supply system, Site 1 and 2 are 

allocated equal status, although Site 1 has better accessibility and space for development of 
such a system and should therefore have preference over Site 2.  

�  Based on the results of the groundwater assessment, there is no reason why the planned 
desalination plant should not be authorised, provided that an acceptable method of disposal of 

brine is found, e.g. disposal directly to the ocean. 
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Appendix A:  Alternative Infrastructure Layout Opti ons 
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Site 1 - Infrastructure Layout Option 1a 
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Site 1 - Infrastructure Layout Option 1b 
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Figure 15: Site 1 - Infrastructure Layout Option 1c  
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Figure 16: Site 2 - Infrastructure Layout Option 2a  
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Figure 17: Site 2 - Infrastructure Layout Option 2b
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Figure 18: Site 3 - Infrastructure Layout Option 3a
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Figure 19: Site 3 - Infrastructure Layout Option 3b
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Figure 20: Site 3 - Infrastructure Layout Option 3c
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Figure 21: Site 3 - Infrastructure Layout Option 3d  
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Appendix B:  Detail Drilling Methodology and Result s 
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Detailed Drilling Methodology 

The drilling contractor, Roburgh Exploration CC, established on Site on 4 October 2007 and 

commenced drilling at the Transnet Iron Ore Handling Facility, Saldanha on 5 October 2007 and 

completed work on 9 October 2007.  Ms Millie Goes of SRK Consulting was responsible for drilling 

supervision and logging of the drill samples.  The boreholes were drilled using the mud-rotary method.  
The test borehole was drilled at 350 mm diameter and equipped with uPVC Class 12 x 200 mm OD 

casing and screens (slot width = 0.8 mm) as well as washed-sand (0.8 – 1.4 mm grain size) filter 

packs.  The observation boreholes were drilled at 125 mm diameter and equipped with 63 mm OD 

uPVC Class 9 casing and screens (slot width = 0.8 mm) with washed-sand (0.8 – 1.4 mm grain size) 

filter packs. 

The drilling additive used for the drilling was POLYFLIP.  This is an off-white, non-toxic, biodegradable, 
free flowing powder and natural gum derived from the sugar bean.  It has been specifically developed 

for the drilling of boreholes for drinking water supplies.  This product is entirely environmentally friendly 

and is widely used in water supply drilling operations throughout South Africa.  

A summary of the drilling results is given in Table 17. 

Table 17: Summary of borehole information 

Borehole Construction BH 
Number 

Latitude Longitude Date 
commenced 

Date 
completed Casing 

Diameter 
(mm) 

Casing Type Screen 
Depth 
(mbgl) 

Final 
Depth 
(mbgl) 

RO-OB1N -33.00756 18.00926 4-Oct-07 4-Oct-07 63 uPVC Class 9 1 - 10 10 

RO-OB1S -33.00790 18.00896 5-Oct-07 5-Oct-07 63 uPVC Class 9 1 - 15 15 

RO-OB2S -33.00971 18.01232 5-Oct-07 5-Oct-07 63 uPVC Class 9 1 - 15 15 

RO-OB2N -33.00915 18.01247 9-Oct-07 9-Oct-07 63 uPVC Class 9 1 - 15 15 

TH2 -33.00940 18.01222 10-Oct-07 10-Oct-07 200 uPVC Class 12 1 - 16 16 

TH1 -33.00792 18.00920 10-Oct-07 10-Oct-07 200 uPVC Class 12 1 - 15 15 

 

 



SRK Consulting   Groundwater Resources Impact Assessment 

Environmental Impact Assessment 
Proposed Reverse Osmosis Water Desalination Plant for the Port of Saldanha, 6 May 2008  67 

Borehole Logs 

 

Borehole  
Start 
Depth 

(m) 

End 
Depth 

(m) 

Total 
Thickness 

(m) 
Lithological Description 

0.0 4.0 4.0 
SAND. White to pale grey, medium grained sand with 
angular shell fragments. Shell occurrence increases 
with depth. 

4.0 6.0 2.0 
GRAVELLY SAND. Whitish grey, fine grained sand 
with calcretised sand pebbles and shell fragments. 
Incrrease in pebbles and shell fragments with depth. 

6.0 8.0 2.0 
SHELLY GRAVEL. Angular pebbles and shells with 
very little to no fines present. 

8.0 12.0 4.0 
GRAVELLY SAND. Greyish, fine grained sand with 
minor shell occurrences and calcretised sand pebbles. 

12.0 13.0 1.0 
SHELLY GRAVEL. Angular pebbles and shells with 
very little to no fines present. 

O
B

1-
S

 

13.0 15.0 2.0 
GRAVELLY SAND. Greyish, fine grained sand with 
minor shell occurrences and calcretised sand pebbles. 

0.0 4.0 4.0 
SAND. White to off-white, medium grained sand with 
shell fragments. 

4.0 6.0 2.0 
GRAVELLY SAND. Whitish grey, fine grained sand 
with calcretised sand pebbles and shells. Occurrence 
of shells increases with depth and fines decrease. O

B
1-

N
 

6.0 10.0 4.0 
SHELLY GRAVEL. Angular pebbles and shells with 
very little to no fines present. Fines decrease with 
depth. 

0.0 3.0 3.0 
SAND. White to off-white, medium to coarse grained 
sand with shell fragments. 

3.0 8.0 5.0 
GRAVELLY SAND. Whitish grey, fine to medium 
grained sand with calcretised sand pebbles and shell 
fragments. 

T
H

1 

8.0 15.0 7.0 
CALCRETE. Lightish brown to cream, medium to 
coarse grained, calcrete. 
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Borehole  
Start 
Depth 

(m) 

End 
Depth 

(m) 

Total 
Thickness 

(m) 
Lithological Description 

0.0 3.0 3.0 
SAND. White to pale grey, medium to coarse grained 
sand with shell fragments. Shell occurrence increases 
with depth. 

3.0 6.0 3.0 
GRAVELLY SAND. Whitish grey, fine grained sand 
with calcretised sand pebbles and shell fragments. 

6.0 9.0 3.0 
SHELLY GRAVEL. Angular pebbles and shells with 
very little to no fines present. 

9.0 11.0 2.0 
GRAVELLY SAND. Greyish, fine grained sand with 
minor shell occurrences and calcretised sand pebbles. 

11.0 14.0 3.0 
SHELLY GRAVEL. Angular pebbles and shells with 
very little to no fines present. 

O
B

2-
S

 

14.0 15.0 1.0 
GRAVELLY SAND. Greyish, fine grained sand with 
minor shell occurrences and calcretised sand pebbles. 

0.0 4.0 4.0 
SAND. White to pale grey, medium to coarse grained 
sand with shell fragments. Shell occurrence increases 
with depth. 

4.0 6.0 2.0 
GRAVELLY SAND. Whitish grey, fein grained sand 
with calcretised pebbles and shell fragments. 

6.0 10.0 4.0 
SHELLY GRAVEL. Angular pebbles and shells with 
very little to no fines present. 

10.0 11.0 1.0 
GRAVELLY SAND. Greyish white, medium grained, 
sand with calcretised sand pebbles. 

O
B

2-
N

 

11.0 15.0 4.0 
CALCRETE. Lightish brown to cream, medium to 
coarse grained, calcrete. 

0.0 4.0 4.0 
SAND. White to off-white, medium to coarse beach 
sand. 

4.0 6.0 2.0 
GRAVELLY SAND. Whitish grey, fine grained sand 
with shell fragments and calcretised sand pebbles. 

6.0 7.0 1.0 
CALCRETE. Lightish brown to cream, medium to 
coarse grained, calcrete. 

7.0 9.0 2.0 
GRAVELLY SAND. Whitish grey, medium to coarse 
grained sand with shell fragments and calcretised 
sand pebbles. 

T
H

2 

9.0 15.0 6.0 
CALCRETE. Lightish brown to cream, medium to 
coarse grained, calcrete. 
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Appendix C:  Pumping Test Analysis and Data Sheets 
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Introduction 

The pumping tests, which were carried out by AB Pumps, commenced on 11 October 2007 and were 

completed on 19 October 2007. 

 
Test Hole TH1 

The pre-pumping water level in this borehole was 1.77 m.bgl and the test pump was installed at  

14.5 m.bgl, resulting in an available drawdown of ~12.2 m.  The borehole was subjected to a calibration 

test consisting of 5 x 15 minute steps of increasing pumping rates starting at 1.77 L/s and ending at 8 L/s.  

During calibration step 5 at 8 L/s pump suction (i.e. the pump starting to suck in air when the water level 
drops to close to the pump intake) was reached after 6 min.  The borehole was then allowed to recover for 

70 minutes during which the water level recovered to within 0.04 m of the pre-pumping level.  A SDT test 

consisting of 4 x 60 minute steps of increasing pump rates were then carried out.  Pump suction was 

again reached after 18 minutes at a pumping rate of 7 L/s.  The results of the SDT are graphically 
represented in Figure 22 . 

 

STEP DRAWDOWN TEST DATA PLOT
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Figure 22: SDT results of borehole TH1 

 

Based on the SDT data it can be concluded that test borehole TH1 cannot yield much more that 5 L/s.  

The water level recovery after pump-shutoff was very quick with 97% occurring during the first 5 minutes.  

The 72 hr CDT was then started at a pumping rate of 5 L/s.  At the end of 72 hrs the water level had 
declined by 6.22 m.bgl, i.e. ~52% of the available drawdown.  Extrapolation of the data indicates that the 

borehole can sustain a pump rate of 5 L/s, or slightly higher.  Recovery after pump switch-off was fairly 

rapid with 88% occurring during the first 5 minutes.  
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CONSTANT  DISCHARGE TEST DATA PLOT
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Figure 23: CDT results of borehole TH1 

 

During pump testing the water levels in the two observation boreholes OBS1S and OBS1N, as well as test 
borehole TH2, were monitored with digital water level recorders.  The results are plotted in Figure 24 .  

These three observation boreholes are 20 m, 52 m and ~300 m away from the test hole, respectively.  
The observation data indicates that OBS1S, i.e. the borehole closest to the test hole has been most 

affected, although only by 0.6 m.  OBS1N, which is further away inland, shows very little reaction (0.1 m).  
Although not clear, borehole TH2 also seems to show a reaction of ~0.05 m.  Note: This borehole was 

pump tested first, and the gradual rise in water level of ~0.2 m after the recorder was installed and zeroed 
represents continued recovery.  The cyclical (wavy) variation of ~0.05 m in the graphs, which is very clear 

in TH2, represent tidal effects. 
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Figure 24: Effects of pumping from TH1 on the obser vation boreholes 

 

By analysing the pump test data with various methods, a transmissivity (T) value of 70 m2/d and storativity 

(S) value of 0.233 were derived for the unconfined primary aquifer (Table 18). 

 

Table 18: Summary of T and S values derived by diff erent methods 

Method T (m2/d) S 

FC-Basic 67  

FC-Non Linear 54 0.100 

Theis 51 0.200 

Cooper-Jacobs 48 0.357 

Cooper-Jacobs Distance 
Drawdown 

130 0.233 

Average 70 0.223 
 

Test Hole TH2 

The pre-pumping water level in this borehole was 1.54 m.bgl and the test pump was installed at  
14.5 m.bgl, resulting in an available drawdown of ~12.4 m.  The borehole was subjected to a calibration 

test consisting of 6 x 15 min steps of increasing pumping rates ranging from 1.17 L/s to 9.25 L/s.  During 

calibration step 6 at 9.25 L/s pump suction was reached after 3 min.  The borehole was then allowed to 

recover for 10 min during which the water level fully recovered to its pre-pumping level. 

A SDT test consisting of 5 x 60 minutes steps of increasing pump rates ranging from 2 to 9 L/s were then 
carried out.  The results of the SDT are graphically represented in Figure 25 . 
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STEP DRAWDOWN TEST DATA PLOT

 =    Drawdown  data.       
X  =    Recovery  data.       

LOCALITY

0
SALDANHA

BOREHOLE NO:

TH2

DATE TESTED

11.10.07

DISCHARGE RATES  (Q)

Q1 = 2.05 l/s
Q2 = 3.50 l/s
Q3 = 5.22 l/s
Q4 = 7.11 l/s
Q5 = 9.05 l/s

S.W.L = 1.54 m.b.g.l.

0

2

4

6

8

10

12

14

1 10 100 1,000

D
ra

w
do

w
n 

s(
m

)

Time  ( t )    mins.

Available Drawdown

 

Figure 25: SDT results of borehole TH2 

 

Based on the SDT data it can be concluded that test borehole TH2 cannot yield more that 9 L/s.  The 
water level recovery after pump-shutdown was very quick with 100% recovery after 40 min.  

A 24 hr CDT was then carried out at a pumping rate of 7 L/s.  At the end of 24 hrs the water level had 
declined by 8.45 m, i.e. ~68% of the available drawdown (Figure 26 ).  Extrapolation of the data indicates 

that the borehole can sustain a pump rate of 7 L/s, or perhaps slightly higher.  It is expected that the 

borehole yield could be increased to ~10 L/s by installing larger diameter wells equipped with more 
efficient continuous slot type screens.  Recovery after pump switch-off was initially very rapid with 93% 

occurring during the first 3 min.  Thereafter recovery was somewhat slower. 

During pump testing the water levels in the two observation boreholes OBS2S and OBS2N were 
monitored with digital water level recorders.  The results are plotted in Figure 27 .  The two observation 

boreholes are 23 m and 38 m away from the test hole, respectively.  The observation data indicates that 

OBS2S, i.e. the borehole closest to the test hole has been most affected, although not by much (~0.45 m).  
OBS2N, which is further away inland, shows less drawdown (0.22 m).  Note: The tidal effect of ~0.1 m 

observed in observation borehole OBS2S, which is closest to the high water mark. 
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CONSTANT  DISCHARGE TEST DATA PLOT
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Figure 26: CDT results of borehole TH2 
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Figure 27: Effects of pumping from TH2 on the obser vation boreholes 

 

By analysing the pump test data with various methods, a T value of 66 m2/d and S of 0.146 were derived 
for the unconfined primary aquifer (Table 19). 

 



SRK Consulting   Groundwater Resources Impact Assessment 

Environmental Impact Assessment 
Proposed Reverse Osmosis Water Desalination Plant for the Port of Saldanha, 6 May 2008  75 

Table 19: Summary of T and S values derived by diff erent methods 

Method T (m2/d) S 

FC-Basic 100  

Birsoy 66 0.100 

Theis 59 0.104 

Cooper-Jacobs 53 0.357 

Cooper-Jacobs Distance 
Drawdown 

52 0.170 

Average 66 0.146 
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BOREHOLE TEST RECORD SHEET
PROJ NO : 469 MAP REFERENCE: 0 PROVINCE: WESTERN CAPE
BOREHOLE NO: TH1 CO-ORDINATES: DISTRICT: SALDANHA
ALT BH NO: 0 LATITUDE 33.00795° SITE NAME:
ALT BH NO: LONGITUDE: 18.00912°
BOREHOLE DEPTH 16.59m DATUM LEVEL ABOVE CASING (m): 0.25 EXISTING PUMP: 0
WATER LEVEL (mbgl): 1.77 CASING HEIGHT (magl): 0.35 CONTRACTOR: AB PUMPS
DEPTH OF PUMP (m): 14.50 DIAM PUMP INLET (mm): 180.00 PUMP TYPE: P115
                                                            CALIBRATION TEST AND RECOVERY

RPM RPM RPM

DATE: 13/10/07 TIME: DATE: 10/13/2007 TIME: DATE: 10/13/2007 TIME:
TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY
(MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M)

1 0.47 1 1 2.54 1 1 2.91 1

2 0.71 2 2 2.69 2 2 3.34 3.15 2

3 0.99 3 3 2.73 2.48 3 3 3.72 3

5 1.08 1.77 5 5 2.75 5 5 4.55 4.00 5

7 1.83 7 7 2.79 2.47 7 7 4.59 7

10 1.94 1.77 10 10 2.81 10 10 4.72 4.00 10

15 2.04 15 15 2.83 2.47 15 15 4.74 15

20 20 20

30 30 30

40 40 40

50 50 50

60 60 60

70 70 70

80 80 80

90 90 90

100 100 100

110 110 110

120 120 120

150 150 150

RPM RPM RPM

DATE: 10/13/2007 TIME: DATE: 10/13/2007 TIME: DATE: TIME:

TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY

(MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M)

1 5.42 1 1 9.41 1 1.96 1 1

2 5.60 2 2 11.30 2 0.60 2 2

3 5.66 4.70 3 3 12.02 8.00 3 0.29 3 3

5 5.69 5 5 12.02 5 0.18 5 5

7 7.93 6.45 7 6 12.22 7.39 7 0.14 7 7

10 8.37 10 7 12.22 7.00 10 0.12 10 10

15 8.50 6.45 15 8 12.22 6.95 15 0.11 15 15

20 20 0.10 20

30 30 0.08 30

40 40 0.07 40

50 50 0.06 50

60 60 0.05 60

70 70 0.04 70

80 80 80

90 90 90

100 100 100

110 110 110

120 120 120

150 150 150

FORM 5 D
CALIBRATION TEST & RECOVERY

DISCHARGE RATE 1 DISCHARGE RATE 2

DISCHARGE RATE 4 DISCHARGE RATE 5 DISCHARGE RATE 6

18H40 18H55

0

19H10

19H25 19H40

DISCHARGE RATE 3
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BOREHOLE TEST RECORD SHEET
PROJ NO : 469 MAP REFERENCE: 0 PROVINCE: WESTERN CAPE
BOREHOLE NO: TH1 CO-ORDINATES: DISTRICT: SALDANHA
ALT BH NO: 0 LATITUDE: 33.00795° SITE NAME:
ALT BH NO: 0 LONGITUDE: 18.00912°
BOREHOLE DEPTH (m) 16.59m DATUM LEVEL ABOVE CASING (m): 0.25 EXISTING PUMP: 0
WATER LEVEL (mbgl): 1.77 CASING HEIGHT: (magl): 0.35 CONTRACTOR: AB PUMPS
DEPTH OF PUMP (m): 14.50 DIAM PUMP INLET (mm): 180 PUMP TYPE: P115

RPM RPM RPM

DATE: 14/10/07 TIME: DATE: 14/10/07 TIME: DATE: 14/10/07 TIME:
TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY
(MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M)

1 0.90 1 1 2.65 1 1 4.92 1

2 1.11 2 2 2.90 2 2 5.91 2

3 1.15 1.95 3 3 2.99 3.20 3 3 6.22 6.75 3

5 1.17 5 5 3.48 5 5 5.80 5

7 1.53 7 7 3.60 3.55 7 7 4.94 5.01 7

10 3.82 4.00 10 10 3.65 10 10 4.74 10

15 2.03 15 15 3.65 3.55 15 15 4.72 5.01 15

20 1.97 2.05 20 20 3.66 20 20 4.75 20

30 1.98 30 30 3.68 3.53 30 30 4.75 5.02 30

40 2.03 2.04 40 40 3.70 40 40 4.75 40

50 2.04 50 50 3.71 3.52 50 50 4.76 5.01 50

60 2.05 2.04 60 60 3.72 60 60 4.76 60

70 70 70 70 70 70

80 80 80 80 80 80

90 90 90 90 90 90

100 100 100 100 100 100

110 110 110 110 110 110

120 120 120 120 120 120

PH 150 PH 150 PH 150

TEMP °C 180 TEMP °C 180 TEMP °C 180

EC ms/cm 210 EC ms/cm 210 EC ms/cm 210

RPM RPM RPM

DATE: 14/10/07 TIME: DATE: TIME: DATE: TIME:

TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY

(MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M)

1 7.10 1 5.25 1 1 1 1

2 7.84 2 2.62 2 2 2 2

3 7.89 6.50 3 0.72 3 3 3 3

5 9.19 5 0.35 5 5 5 5

7 10.72 7.00 7 0.28 7 7 7 7

10 11.79 10 0.26 10 10 10 10

15 12.00 7.00 15 0.24 15 15 15 15

18 12.43 20 0.23 20 20 20 20

20 12.43 6.99 30 0.20 30 30 30 30

22 12.43 6.80 40 0.19 40 40 40 40

24 12.43 6.79 50 0.18 50 50 50 50

60 60 0.17 60 60 60 60

70 70 0.16 70 70 70 70

80 80 0.16 80 80 80 80

90 90 0.15 90 90 90 90

100 100 0.18 100 100 100 100

110 110 0.15 110 110 110 110

120 120 0.14 120 120 120 120

PH 150 0.13 PH 150 PH 150

TEMP °C 180 0.12 TEMP °C 180 TEMP °C 180

EC ms/cm 210 EC ms/cm 210 EC ms/cm 210

240 240 240

300 300 300

360 360 360

10H40

DISCHARGE RATE 4 DISCHARGE RATE 5

FORM 5 E
STEPPED DISCHARGE TEST & RECOVERY

STEPPED DISCHARGE TEST & RECOVERY

09H40

0

DISCHARGE RATE 1

07H40 08H40

DISCHARGE RATE 2 DISCHARGE RATE 3

DISCHARGE RATE 6
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BOREHOLE TEST RECORD SHEET
PROJ NO : 469 MAP REFERENCE: 0 PROVINCE: WESTERN CAPE
BOREHOLE NO: TH1 CO-ORDINATES: DISTRICT: SALDANHA
ALT BH NO: 0 LATITUDE: 33.00795° SITE NAME:
ALT BH NO: 0 LONGITUDE: 18.00912°
BOREHOLE DEPTH: 16.59m DATUM LEVEL ABOVE CASING (m): 0.25 EXISTING PUMP: 0
WATER LEVEL (mbgl): 1.77 CASING  HEIGHT:  (magl): 0.35 CONTRACTOR: AB PUMPS
DEPTH OF PUMP (m): 14.50 DIAM PUMP INLET(mm): 180 PUMP TYPE: P115

DURATION: 4320

DATE: 14/10/07 TIME: 14H20 DATE: 17/10/07 TIME: 14H20 TYPE OF PUMP: P115
DISTANCE BETWEEN DISCHARGE : OBSERVATION HOLE 1 OBSERVATION HOLE 2 OBSERVATION HOLE 3
AND OBSERVATION HOLES IN M: NR: OB IN NR: OB1S NR:

Distance; 52 Distance: 20 Distance:
TIME DRAW YIELD TIME RECOVERY TIME: Drawdown Recovery TIME: Drawdown Recovery TIME: Drawdown
(MIN) DOWN (M) (L/S) MIN (M) (min) m (m) (min) (m) (min) (m)
1 3.88 1 1.53 1 1 1
2 4.10 2 1.00 2 2 2
3 4.43 4.49 3 0.82 3 3 3
5 4.67 5 0.77 5 5 5
7 4.95 5.01 7 0.77 7 7 7
10 5.07 10 0.76 10 10 10
15 5.17 5.01 15 0.73 15 15 15
20 5.26 20 0.70 20 20 20
30 5.28 5.02 30 0.68 30 30 30
40 5.34 40 0.65 40 40 40
60 5.33 5.02 60 0.61 60 60 60
90 5.41 90 0.58 90 90 90
120 5.43 5.01 120 0.54 120 120 120
150 5.45 150 0.52 150 150 150
180 5.46 5.01 180 0.48 180 180 180
210 5.47 210 0.46 210 210 210
240 5.51 5.03 240 0.44 240 240 240
300 5.52 300 0.42 300 300 300
360 5.51 5.02 360 0.40 360 360 360
420 5.53 420 0.37 420 420 420
480 5.55 5.02 480 0.34 480 480 480
540 5.59 540 0.30 540 540 540
600 5.63 5.01 600 0.28 600 600 600
720 5.67 720 0.27 720 720 720
840 5.74 5.04 840 0.26 840 840 840
960 5.73 960 0.25 960 960 960
1080 5.79 5.04 1080 0.24 1080 1080 1080
1200 5.83 1200 1200 1200 1200
1320 5.89 5.03 1320 1320 1320 1320
1440 5.91 1440 1440 1440 1440
1560 5.96 5.03 1560 1560 1560 1560
1680 5.97 1680 1680 1680 1680
1800 5.96 5.01 1800 1800 1800 1800
1920 6.02 1920 1920 1920 1920
2040 6.06 5.01 2040 2040 2040 2040
2160 6.10 2160 2160 2160 2160
2280 6.09 5.02 2280 2280 2280 2280
2400 6.10 2400 2880 2880 2880
2520 6.00 5.02 2520 3120 3120 3120
2640 6.05 2640 2640 2640 2640
2760 6.11 5.03 2760 2760 2760 2760
2880 6.09 2880 2880 2880 2880
3000 6.14 5.04 3000 3000 3000 3000
3120 6.13 3120 3120 3120 3120
3240 6.17 5.04 3240 3240 3240 3240
3360 6.14 3360 3360 3360 3360
3480 6.16 5.02 3480 3480 3480 3480
3600 6.15 3600 3600 3600 3600
3720 6.19 5.03 3720 3720 3720 3720
3840 6.19 3840 3840 3840 3840
3960 6.21 5.03 3960 3960 3960 3960
4080 6.22 4080 4080 4080 4080
4200 6.24 5.05 4200 4200 4200 4200
4320 6.22 4320 4320 4320 4320
Total time pumped(min): 4320 W/L 1.77 W/L 1.88
Average yield (l/s): 5.00 BH Depth 9.97 BH Depth 13.24

FORM 5 F

TEST STARTED TEST COMPLETED

0

CONSTANT DISCHARGE TEST & RECOVERY

CONSTANT DISCHARGE TEST & RECOVERY

DISCHARGE BOREHOLE
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BOREHOLE TEST RECORD SHEET
PROJ NO : 469 MAP REFERENCE: 0 PROVINCE: WESTERN CAPE
BOREHOLE NO: RO-TH2 CO-ORDINATES: DISTRICT: SALDANHA
ALT BH NO: 0 LATITUDE 33.00949° SITE NAME:
ALT BH NO: LONGITUDE: 18.01235°
BOREHOLE DEPTH 16.86 DATUM LEVEL ABOVE CASING (m): 0.29 EXISTING PUMP: 0
WATER LEVEL (mbgl): 1.54 CASING HEIGHT (magl): 0.32 CONTRACTOR: AB PUMPS
DEPTH OF PUMP (m): 14.50 DIAM PUMP INLET (mm): 180mm PUMP TYPE: P115
                                                            CALIBRATION TEST AND RECOVERY

RPM RPM RPM

DATE: 11/10/07 TIME: DATE: 10/11/2007 TIME: DATE: 10/11/2007 TIME:
TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY
(MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M)

1 0.96 1 1 1.69 1 1 3.63 1

2 1.11 2 2 1.76 1.91 2 2 3.71 4.40 2

3 1.19 3 3 1.89 3 3 3.71 3

5 1.18 1.17 5 5 2.11 2.50 5 5 3.72 4.40 5

7 1.17 7 7 2.13 7 7 3.72 7

10 1.15 1.17 10 10 2.15 2.51 10 10 3.73 4.41 10

15 1.14 15 15 2.17 15 15 3.73 15

20 20 20

30 30 30

40 40 40

50 50 50

60 60 60

70 70 70

80 80 80

90 90 90

100 100 100

110 110 110

120 120 120

150 150 150

RPM RPM RPM

DATE: 10/11/2007 TIME: DATE: 10/11/2007 TIME: DATE: 10/11/2007 TIME:

TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY

(MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M)

1 4.24 1 1 7.28 1 1 12.15 1 0.29

2 4.59 5.00 2 2 8.26 7.35 2 2 12.24 9.25 2 0.16

3 4.70 3 3 8.68 3 3 12.43 3 0.08

5 5.63 6.35 5 5 11.12 8.10 5 5 12.43 8.21 5 0.04

7 5.68 7 7 11.50 7 7 12.43 8.00 7 0.02

10 5.69 6.34 10 10 11.38 8.11 10 10 12.43 7.55 10 0.00

15 5.70 15 15 11.40 15 15 15

20 20 20

30 30 30

40 40 40

50 50 50

60 60 60

70 70 70

80 80 80

90 90 90

100 100 100

110 110 110

120 120 120

150 150 150

FORM 5 D
CALIBRATION TEST & RECOVERY

DISCHARGE RATE 1 DISCHARGE RATE 2

DISCHARGE RATE 4 DISCHARGE RATE 5 DISCHARGE RATE 6

14H45 15H50

0

15H15

15H30 15H45 16H00

DISCHARGE RATE 3
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BOREHOLE TEST RECORD SHEET
PROJ NO : 469 MAP REFERENCE: 0 PROVINCE: WESTERN CAPE
BOREHOLE NO: TH2 CO-ORDINATES: DISTRICT: SALDANHA
ALT BH NO: 0 LATITUDE: 33.00949° SITE NAME:
ALT BH NO: 0 LONGITUDE: 18.01235°
BOREHOLE DEPTH (m) 16.86 DATUM LEVEL ABOVE CASING (m): 0.29 EXISTING PUMP: 0
WATER LEVEL (mbgl): 1.54 CASING HEIGHT: (magl): 0.32 CONTRACTOR: AB PUMPS
DEPTH OF PUMP (m): 14.50 DIAM PUMP INLET (mm): 180mm PUMP TYPE: P115

RPM RPM RPM

DATE: 11/10/07 TIME: DATE: 11/10/07 TIME: DATE: 11/10/07 TIME:
TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY
(MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M)

1 0.48 1 1 1.94 1 1 3.25 1

2 0.98 2.33 2 2 2.12 2.70 2 2 3.59 2

3 1.10 3 3 2.21 3 3 3.42 4.89 3

5 1.48 2.12 5 5 2.49 3.51 5 5 3.75 5

7 1.45 7 7 2.49 7 7 3.79 5.23 7

10 1.45 2.05 10 10 2.50 3.50 10 10 3.82 10

15 1.46 15 15 2.50 15 15 3.85 5.23 15

20 1.47 2.04 20 20 2.50 3.51 20 20 3.87 20

30 1.48 30 30 2.51 30 30 3.88 5.21 30

40 1.48 2.04 40 40 2.51 3.51 40 40 3.88 40

50 1.50 50 50 2.52 50 50 3.89 5.22 50

60 1.51 2.05 60 60 2.52 3.50 60 60 3.89 60

70 70 70 70 70 70

80 80 80 80 80 80

90 90 90 90 90 90

100 100 100 100 100 100

110 110 110 110 110 110

120 120 120 120 120 120

PH 150 PH 150 PH 150

TEMP C 180 TEMP C 180 TEMP C 180

EC ms/cm 210 EC ms/cm 210 EC ms/cm 210

RPM RPM RPM

DATE: 11/10/07 TIME: DATE: 11/10/07 TIME: DATE: TIME:

TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY TIME DRAW YIELD TIME RECOVERY

(MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M) (MIN) DOWN (M) (L/S) (MIN) (M)

1 4.31 1 1 8.56 1 1.34 1 1

2 4.61 5.48 2 2 9.17 2 0.29 2 2

3 4.69 3 3 9.96 9.07 3 0.22 3 3

5 5.65 6.85 5 5 10.10 5 0.18 5 5

7 6.85 7 7 10.27 9.07 7 0.14 7 7

10 8.79 7.70 10 10 10.27 10 0.12 10 10

15 8.32 15 15 10.29 9.05 15 0.09 15 15

20 8.33 7.10 20 20 10.30 20 0.06 20 20

30 8.34 30 30 10.30 9.05 30 0.03 30 30

40 8.34 7.10 40 40 10.31 40 0.00 40 40

50 8.35 50 50 10.31 9.03 50 50 50

60 8.35 7.11 60 60 10.32 60 60 60

70 70 70 70 70 70

80 80 80 80 80 80

90 90 90 90 90 90

100 100 100 100 100 100

110 110 110 110 110 110

120 120 120 120 120 120

PH 150 PH 150 PH 150

TEMP C 180 TEMP C 180 TEMP C 180

EC ms/cm 210 EC ms/cm 210 EC ms/cm 210

240 240 240

300 300 300

360 360 360

DISCHARGE RATE 2 DISCHARGE RATE 3

DISCHARGE RATE 6

FORM 5 E
STEPPED DISCHARGE TEST & RECOVERY

STEPPED DISCHARGE TEST & RECOVERY

18H30

0

DISCHARGE RATE 1

16H30 17H30

19H30 20H30

DISCHARGE RATE 4 DISCHARGE RATE 5
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BOREHOLE TEST RECORD SHEET
PROJ NO : 469 MAP REFERENCE: 0 PROVINCE: WESTERN CAPE
BOREHOLE NO: TH2 CO-ORDINATES: DISTRICT: SALDANHA
ALT BH NO: 0 LATITUDE: 33.00949° SITE NAME:
ALT BH NO: 0 LONGITUDE: 18.01235°
BOREHOLE DEPTH: 16.86 DATUM LEVEL ABOVE CASING (m): 0.29 EXISTING PUMP: 0
WATER LEVEL (mbgl): 1.50 CASING  HEIGHT:  (magl): 0.32 CONTRACTOR: AB PUMPS
DEPTH OF PUMP (m): 14.50 DIAM PUMP INLET(mm): 180mm PUMP TYPE: P115

DURATION: 1440

DATE: 12/10/2007 TIME: 08H20 DATE: 13/10/07 TIME: 14H20 TYPE OF PUMP: P115
DISTANCE BETWEEN DISCHARGE : OBSERVATION HOLE 1 OBSERVATION HOLE 2 OBSERVATION HOLE 3
AND OBSERVATION HOLES IN M: NR: OB2-S (depth:15.11m) NR: OB2-N (depth: 14.10m)NR:

Distance; 23m Distance: 38m Distance:
TIME DRAW YIELD TIME RECOVERY TIME: EC Recovery TIME: Drawdown Recovery TIME: Drawdown
(MIN) DOWN (M) (L/S) MIN (M) (min) m (m) (min) (m) (min) (m)
1 2.19 1 1.28 1 1 1
2 2.58 2 0.69 2 2 2
3 2.81 6.72 3 0.60 3 3 3
5 2.91 5 0.57 5 5 5
7 4.14 7.19 7 0.54 7 7 7
10 6.55 10 0.52 10 10 10
15 7.60 7.19 15 0.52 15 15 15
20 7.76 20 0.52 20 20 20
30 7.69 7.16 30 0.49 30 30 30
40 7.82 40 0.48 40 40 40
60 7.91 7.18 60 0.46 60 60 60
90 7.92 90 0.43 90 90 90
120 8.01 7.18 120 0.40 120 120 120
150 8.03 150 0.39 150 150 150
180 8.04 7.19 180 0.37 180 180 180
210 8.05 210 0.36 210 210 210
240 8.06 7.17 240 0.35 240 240 240
300 8.08 300 0.33 300 300 300
360 8.08 7.16 360 0.31 360 360 360
420 8.10 420 420 420 420
480 8.13 7.19 480 480 480 480
540 8.26 540 540 540 540
600 8.25 7.15 600 600 600 600
720 8.34 720 720 720 720
840 8.46 7.17 840 840 840 840
960 8.50 960 960 960 960
1080 8.55 7.17 1080 1080 1080 1080
1200 8.58 1200 1200 1200 1200
1320 8.52 7.13 1320 1320 1320 1320
1440 8.54 1440 1440 1440 1440
1560 1560 1560 1560 1560
1680 1680 1680 1680 1680
1800 1800 1800 1800 1800
1920 1920 1920 1920 1920
2040 2040 2040 2040 2040
2160 2160 2160 2160 2160
2280 2280 2280 2280 2280
2400 2400 2880 2880 2880
2520 2520 3120 3120 3120
2640 2640 2640 2640 2640
2760 2760 2760 2760 2760
2880 2880 2880 2880 2880
3000 3000 3000 3000 3000
3120 3120 3120 3120 3120
3240 3240 3240 3240 3240
3360 3360 3360 3360 3360
3480 3480 3480 3480 3480
3600 3600 3600 3600 3600
3720 3720 3720 3720 3720
3840 3840 3840 3840 3840
3960 3960 3960 3960 3960
4080 4080 4080 4080 4080
4200 4200 4200 4200 4200
4320 4320 4320 4320 4320
Total time pumped(min): 1440 W/L 2.08 W/L 2.82
Average yield (l/s): 7.14             

DISCHARGE BOREHOLE

FORM 5 F

TEST STARTED TEST COMPLETED
CONSTANT DISCHARGE TEST & RECOVERY

0

CONSTANT DISCHARGE TEST & RECOVERY
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BOREHOLE TEST RECORD SHEET
PROJ NO : 469 MAP REFERENCE: 0 PROVINCE: WESTERN CAPE
BOREHOLE NO: TH 2 TEST 2 CO-ORDINATES: DISTRICT: SALDANHA
ALT BH NO: 0 LATITUDE: 33.00949º SITE NAME:
ALT BH NO: 0 LONGITUDE: 18.01235º
BOREHOLE DEPTH: 16.78 DATUM LEVEL ABOVE CASING (m): 0.15 EXISTING PUMP: 0
WATER LEVEL (mbgl): 1.62 CASING  HEIGHT:  (magl): 0.32 CONTRACTOR: AB PUMPS
DEPTH OF PUMP (m): 14.50 DIAM PUMP INLET(mm): 160 PUMP TYPE: P115

DURATION:

DATE: 18/10/07 TIME: 11H00 DATE: 19/10/2007 TIME: 08/10/2007TYPE OF PUMP: P115
DISTANCE BETWEEN DISCHARGE : OBSERVATION HOLE 1 OBSERVATION HOLE 2 OBSERVATION HOLE 3
AND OBSERVATION HOLES IN M: NR: NR: NR:

Distance; Distance: Distance:
TIME DRAW YIELD TIME RECOVERY TIME: Drawdown Recovery TIME: Drawdown Recovery TIME: Drawdown
(MIN) DOWN (M) (L/S) MIN (M) (min) m (m) (min) (m) (min) (m)
1 3.78 1 4.42 1 1 1
2 4.19 5.00 2 0.64 2 2 2
3 4.35 8.00 3 0.54 3 3 3
5 6.19 5 0.51 5 5 5
7 6.03 7.00 7 0.50 7 7 7
10 6.06 10 0.48 10 10 10
15 6.17 7.00 15 0.46 15 15 15
20 6.33 20 0.45 20 20 20
30 6.43 7.00 30 0.43 30 30 30
40 6.41 40 0.41 40 40 40
60 6.40 7.00 60 0.39 60 60 60
90 6.65 90 0.37 90 90 90
120 6.75 7.00 120 0.36 120 120 120
150 6.84 150 0.34 150 150 150
180 6.84 7.01 180 0.30 180 180 180
210 6.87 210 0.27 210 210 210
240 6.96 7.01 240 0.26 240 240 240
300 7.04 300 0.24 300 300 300
360 6.99 7.01 360 0.23 360 360 360
420 7.20 420 0.22 420 420 420
480 7.34 7.01 480 0.21 480 480 480
540 7.35 540 0.20 540 540 540
600 7.35 7.01 600 600 600 600
720 7.12 720 720 720 720
840 840 840 840 840
960 960 960 960 960
1080 1080 1080 1080 1080
1200 1200 1200 1200 1200
1320 1320 1320 1320 1320
1440 1440 1440 1440 1440
1560 1560 1560 1560 1560
1680 1680 1680 1680 1680
1800 1800 1800 1800 1800
1920 1920 1920 1920 1920
2040 2040 2040 2040 2040
2160 2160 2160 2160 2160
2280 2280 2280 2280 2280
2400 2400 2880 2880 2880
2520 2520 3120 3120 3120
2640 2640 2640 2640 2640
2760 2760 2760 2760 2760
2880 2880 2880 2880 2880
3000 3000 3000 3000 3000
3120 3120 3120 3120 3120
3240 3240 3240 3240 3240
3360 3360 3360 3360 3360
3480 3480 3480 3480 3480
3600 3600 3600 3600 3600
3720 3720 3720 3720 3720
3840 3840 3840 3840 3840
3960 3960 3960 3960 3960
4080 4080 4080 4080 4080
4200 4200 4200 4200 4200
4320 4320 4320 4320 4320
Total time pumped(min): W/L W/L 
Average yield (l/s):

FORM 5 F

TEST STARTED TEST COMPLETED

0

CONSTANT DISCHARGE TEST & RECOVERY

CONSTANT DISCHARGE TEST & RECOVERY

DISCHARGE BOREHOLE
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Appendix D:  Chemical Analysis Certificate 
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Groundwater Quality Measurements 

The EC, pH and temperature of the water pumped from the two test holes were recorded on a continual 
basis (15 min intervals) during the pump tests by means of a data logger inserted into the outlet of the 
discharge pipe.  The results are graphically presented in Figure 28  and Figure 29  for test holes 1 and 2, 

respectively. 

Saldanha RO-Plant Test Hole 1 - EC and pH Variation  during Pump Testing
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Figure 28: EC and pH variation of the water pumped from TH1 
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Saldanha RO-Plant Test Hole 2 - EC and pH Variation  during Pump Testing
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Figure 29: EC and pH variation of the water pumped from TH2 
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Appendix E: Impact Rating Methodology 
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Impact Assessment Methodology for EIAs 
 
The significance of all potential impacts that would result from the proposed project is 
determined in order to assist decision-makers. The significance rating of impacts is considered by 
decision-makers, as shown below.  
 

·  INSIGNIFICANT: the potential impact is negligible and will not  have an influence on 

the decision regarding the proposed activity.  

·  VERY LOW: the potential impact is very small and should not  have any meaningful 

influence on the decision regarding the proposed activity. 

·  LOW: the potential impact may not  have any meaningful influence on the decision 

regarding the proposed activity.  

·  MEDIUM: the potential impact should  influence the decision regarding the proposed 

activity.  

·  HIGH: the potential impact will  affect a decision regarding the proposed activity. 

·  VERY HIGH: The proposed activity should only be approved under special 

circumstances. 

 
The significance of an impact is defined as a combination of the consequence of the impact 
occurring and the probability  that the impact will occur. The significance of each identified 
impact1  must be rated according to the methodology set out below:  
 
Step 1 – Determine the consequence rating for the impact by adding the score for each of the 
three criteria (A-C) listed below: 
 

Rating Definition of Rating Score 
A. Extent – the area over which the impact will be experienced 

 0 
Local Confined to project or study area or part thereof (e.g. site)  1 
Regional  The region, which may be defined in various ways, e.g. cadastral, 

catchment, topographic 
2 

(Inter) 
national 

Nationally or beyond 3 

B. Intensity – the magnitude of the impact in relation to the sensitivity of the receiving 
environment  
None  0 
Low  Natural and/or social functions and processes are negligibly altered 1 
Medium  Natural and/or social functions and processes continue albeit in a 2 

                                                 
1 This does not apply to minor impacts which can be logically grouped into a single assessment. 
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modified way 
High  Natural and/or social functions or processes are severely altered  3 
C. Duration – the time frame for which the impact will be experienced 

None  0 
Short-term Up to 2 years 1 
Medium-term 2 to 15 years  2 
Long-term More than 15 years 3 

 
The combined score of these three criteria corresponds to a Consequence Rating, as follows: 
 
Combined Score  (A+B+C)  0 – 2 3 – 4 5 6 7 8 – 9 
Consequence Rating Not significant Very low Low Medium High Very high 

 
Example 1: 
 
Extent Intensity Duration Consequence 

Regional Medium Long-term High 
2 2 3 7 

 
Step 2 – Assess the probability  of the impact occurring according to the following definitions: 
 
Probability– the likelihood of the impact occurring 
Improbable < 40% chance of occurring  
Possible 40% - 70% chance of occurring  
Probable > 70% - 90% chance of occurring  
Definite > 90% chance of occurring  

 
Example 2: 
 

Extent Intensity Duration Consequence Probability 
Regional Medium Long-term High  

2 2 3 7 Probable 
 
Step 3 – Determine the overall significance of the impact as a combination of the consequence 
and probability  ratings, as set out below: 
 
Significance Rating Consequence   Probability  
Insignificant Very Low & Improbable  
 Very Low & Possible  
Very Low Very Low & Probable  
 Very Low & Definite  
 Low  & Improbable  
 Low  & Possible  
Low Low  & Probable 
 Low  & Definite  
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Significance Rating Consequence   Probability  
 Medium  & Improbable  
 Medium  & Possible  
Medium Medium  & Probable  
 Medium  & Definite 
 High  & Improbable  
 High  & Possible  
High High  & Probable 
 High  & Definite  
 Very High  & Improbable  
 Very High  & Possible  
Very High Very High  & Probable 
 Very High  & Definite  

 
Example 3: 
 

Extent Intensity Duration Consequence Probability Significance 
Regional Medium Long-

term 
High   

2 2 3 7 Probable HIGH 
 
Step 4 – Note the status of the impact (i.e. will the effect of the impact be negative or positive?) 
 
Example 4: 
 

Extent Intensity Duration Consequence Probability Significance Status 
Regiona

l 
Medium Long-

term 
High    

2 2 3 7 Probable HIGH – ve 
 
Step 5 – State your level of confidence in the assessment of the impact (high, medium or low). 
 
Depending on the data available, you may feel more confident in the assessment of some impact 
than others. For example, if you are basing your assessment on extrapolated data, you may reduce 
the confidence level to low, noting that further groundtruthing is required to improve this. 
 
Example 5: 
 

Extent Intensity Duration Consequence Probability Significance Status Confidence 
Regional Medium Long-term High     

2 2 3 7 Probable HIGH – ve High 

 
Step 6 – Identify and describe practical mitigation measures that can be implemented effectively 
to reduce the significance of the impact. The impact should be re-assessed following mitigation, 
by following Steps 1-5 again to demonstrate how the Extent, intensity, duration and/or 
probability change after implementation of the proposed mitigation measures. 



SRK Consulting   Groundwater Resources Impact Assessment 

Environmental Impact Assessment 
Proposed Reverse Osmosis Water Desalination Plant for the Port of Saldanha, 6 May 2008  92 

 
Example 6: A completed impact assessment table 
 

 Extent Intensity Duration Consequence Probability Significance Status Confidence 
Regional Medium Long-term High Without 

mitigation 2 2 3 7 
Probable HIGH  – ve High 

Local Low Long-term Low With 
mitigation 1 1 3 5 

Improbable VERY LOW  – ve High 

 
In the report, mitigation measures must be described as either: 

·  Essential : must be implemented and are non negotiable; and 

·  Optional : must be shown to have been considered and sound reasons provided by 

the MJV if not implemented. 

 
Step 7 – Summarise all impact significance ratings as follows in your executive summary: 
 
Impact Consequence  Probability Significance Status Confidence 
Impact 1: XXXX Medium Improbable LOW  –ve High 
With Mitigation Low Improbable VERY 

LOW  
 High 

Impact 2: XXXX Very Low Definite VERY 
LOW  

–ve Medium 

With Mitigation:  Not applicable 
 

 


