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ABBREVIATIONS AND ACRONYMS 

Abbreviation / Acronym Explanation 

DBSA Development Bank of Southern Africa 

EA Environmental Authorisation 

EAP Environmental Assessment Practitioner 

EC Electrical Conductivity 

EDTEA Economic Development, Tourism and Environmental Affairs 

EIA Environmental Impact Assessment 

EPH Extractable Petroleum Hydrocarbon 

IFC International Finance Corporation 

IMO International Maritime Organisation 

ITT Inter-Tank Transfer 

JET A1 Jet Aviation Grade Kerosene 

LNG Liquified Natural Gas 

Mbg Metres below ground level 

MFO Marine fuel oil 

MGO IMO 2020 Compliant Marine Gas Oil 

MPP Multi Product Pipeline 

NaCl Sodium chloride 

NEMA National Environmental Management Act, 1998 (Act No. 107 of 1998) 

Ppm Parts per million 

PAH Polycyclic Aromatic Hydrocarbons 

SANS South African National Standard 

SHEQ Safety, Health Environment, and Quality Assurance 

TDS Total Dissolved Solid 

ULP 95 Unleaded Petrol 95RON 

ULSD Ultra-Low Sulphur Diesel 

 



July 2019 1791874-324054-5

 

 
 iii

 

Table of Contents 
 

1.0  PROJECT INTRODUCTION ...................................................................................................................... 1 

2.0  PROJECT DEVELOPMENT ....................................................................................................................... 1 

3.0  PROJECT DESCRIPTION ......................................................................................................................... 1 

3.1  Location .......................................................................................................................................... 1 

3.2  Facility Details ................................................................................................................................ 4 

4.0  POLICY LEGAL AND ADMINISTRATIVE FRAMEWORK ......................................................................... 5 

5.0  GROUNDWATER SPECIALIST STUDY .................................................................................................... 5 

5.1  Introduction ..................................................................................................................................... 5 

5.2  Methodology ................................................................................................................................... 5 

5.3  Climate ......................................................................................................................................... 10 

5.3.1  Temperature ............................................................................................................................. 10 

5.3.2  Rainfall and Evaporation ........................................................................................................... 10 

5.4  Topography .................................................................................................................................. 12 

5.5  Geology ........................................................................................................................................ 12 

5.6  Hydrogeology ............................................................................................................................... 12 

6.0  BASELINE DATA ..................................................................................................................................... 12 

6.1  Aquifer Types ............................................................................................................................... 13 

6.2  Hydrochemistry ............................................................................................................................. 13 

6.3  Groundwater Flow Direction ......................................................................................................... 15 

7.0  ENVIRONMENTAL IMPACT ASSESSMENT .......................................................................................... 19 

7.1  Methodology for Assessing Impact Significance ........................................................................... 19 

7.2  Project Phases ............................................................................................................................. 21 

7.3  Detailed Description of Potential Impacts during all Phases of the Proposed Project ................... 21 

7.3.1  Contamination on Proposed area ............................................................................................. 21 

7.4  Impact Assessment Summary ...................................................................................................... 22 

7.5  Potential Cumulative Impacts Identified ........................................................................................ 25 

8.0  ENVIRONMENTAL MANAGEMENT PROGRAMME ............................................................................... 25 

8.1  Objectives ..................................................................................................................................... 25 

8.2  Environmental Management and Mitigation Measures Identified .................................................. 25 



July 2019 1791874-324054-5

 

 
 iv

 

8.3  Potential Impacts to be mitigated in their respective phases ......................................................... 25 

8.4  Proposed Impact Management Actions ........................................................................................ 26 

8.5  Recommended Monitoring Actions ............................................................................................... 30 

9.0  CONCLUSION .......................................................................................................................................... 31 

10.0 REFERENCES ......................................................................................................................................... 32 

 

TABLES 

Table 1: Newly installed groundwater monitoring boreholes construction .......................................................... 7 

Table 2: Records of field physio-chemical measurements ................................................................................. 7 

Table 3: Summary of rainfall and evaporation data from Meteorological Station U3E001 ................................ 10 

Table 4: Average monthly rainfall and evaporation for the U3E001 meteorological station .............................. 11 

Table 5: Aquifer type and properties ................................................................................................................ 13 

Table 6: Analysis results for samples collected ................................................................................................ 17 

Table 7: Chemical constituents in the groundwater sampled ........................................................................... 18 

Table 29: Impact assessment factors .............................................................................................................. 19 

Table 30: Impact assessment scoring methodology ........................................................................................ 19 

Table 31: Significance of impact based on point allocation .............................................................................. 20 

Table 11: Rating of impacts before and after mitigation ................................................................................... 23 

A summary of proposed impact management actions for the mitigation of potential groundwater impacts and 
risks is presented in Table 12.. ........................................................................................................................ 26 

Table 12: Proposed impact management actions ............................................................................................ 27 

Table 13: Recommended monitoring actions ................................................................................................... 30 

 

FIGURES 

Figure 1: Regional locality map .......................................................................................................................... 2 

Figure 2: Layout of the proposed Lanele Oil Terminal 1 (lot 1) project ............................................................... 3 

Figure 3: Monitoring borehole locations ............................................................................................................. 9 

Figure 4: Average annual maximum, minimum and average temperatures ..................................................... 10 

Figure 5: Average monthly rainfall and evaporation (mm) at Station U3E001 .................................................. 11 

Figure 6: Piper plot for groundwater ................................................................................................................. 14 

Figure 7: Groundwater flow direction ............................................................................................................... 16 

  



July 2019 1791874-324054-5

 

 
 v

 

APPENDICES 

APPENDIX A 
Borehole Logs 

APPENDIX B 
Laboratory Certificates 

APPENDIX C 
Aquifer Analysis 

APPENDIX D 
Specialist CVs 

APPENDIX E 
Document Limitations 

 

 

 



July 2019 1791874-324054-5

 

 
 1

 

1.0 PROJECT INTRODUCTION 
Lanele Group (Pty) Ltd (Lanele) is a privately-owned South African company with a track record in the 

downstream oil, gas and energy sector. Lanele forms part of the Lanele Group of entities, which was founded 
in 2005 to focus on the energy and commodities sector. Using in-house expertise honed within the oil refining, 
gas, and coal to the petrochemical industry, the company has made in-roads into the downstream segment of 

the energy production value chain. Ventures have been within the biofuels sector, with a bio-refinery that will 
produce bio-ethanol and power. The company aims to become a fully integrated energy and commodities 

trading company. This includes interests throughout the energy value chain, comprised of crude oil, fuels, 

lubricants and power and extending to industry-related commodities such as steel, copper, and aluminium. 

Lanele is proposing to develop and operate a liquid fuel blending and storage terminal at Ambrose Park, in 

Bayhead, Durban to be known as the “Lanele Oil Terminal 1 (Lot 1)” project. The portion of land is approximately 

7 hectares (ha) and has been leased from Transnet Properties for 30 years. The first phase of the proposed 

Lanele Oil Terminal 1 (Lot 1) project is funded by the Development Bank of Southern Africa (DBSA).  

The facility is intended for the receipt, storage, blending and issuing of refined products. It will import petrol, 
diesel and blending components via the port of Durban. The distribution of product will take place via the multi 

products pipeline (MPP), previously known as the new multi products pipeline to Gauteng and via road and/or 

rail, by Lanele and storage tenants at the facility. Lanele also has the intention of importing low sulphur fuel oil 

and supplying it to the port via the facility. 

2.0 PROJECT DEVELOPMENT 
Lanele commissioned engineering company, Thyssenkrupp Industrial Solutions South Africa (Pty) Ltd 

(Thyssenkrupp) to complete the pre-feasibility study and bankable feasibility study. Lanele now requires the 

necessary Environmental Authorisation (EA) undertaken though an Environmental Impact Assessment (EIA) 
before construction and operations may commence. Golder Associates Africa (Pty) Ltd (Golder), as 
Environmental Assessment Practitioner (EAP), has been commissioned to undertake the EIA process. The 

scope of the EIA only relates to the inside battery limits portion of the proposed Lanele Oil Terminal 1 (Lot 1) 
project. While some aspects of the outside battery limits portion of the project will be discussed, the outside 

areas of the proposed project do not form part of the scope of this EIA. 

The proposed Project will be developed in phases over the first few years to reach a total liquid fuels storage 

capacity of 225 000 m3. 

3.0 PROJECT DESCRIPTION 

3.1 Location 
The Lanele Oil Terminal 1 (Lot 1) project is located in Ambrose Park, in Bayhead, Durban (Figure 1). The parcel 
of land is approximately 7 ha in extent, on a portion of the Kings Royal Flats No. 16576 and the remainder of 

ERF 10019. Ambrose Park is currently being proposed for tank farm development projects. The Lanele Oil 
Terminal 1 (Lot 1) project is located immediately north of the proposed NOOA Fuel Storage and Handling 

Terminal. 
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Figure 1: Regional locality map 
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Figure 2: Layout of the proposed Lanele Oil Terminal 1 (lot 1) project 
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3.2 Facility Details 
The operation of the proposed Lanele Oil Terminal 1 (Lot 1) project is primarily pipeline driven with limited 

gantry loading and, therefore, will be operated as follows: 

 Single shift operation 

 8-hour working day 

 5-day working week 

 21 working days per month 

 Ship receipts or pipeline injections after hours can be managed on an overtime basis with minimal staff 

The proposed facility will store mostly diesel 50 parts per million (ppm) as ultra-low sulphur diesel (ULSD), 

special diesel products and blends, unleaded petrol (ULP) 95 octane (ULP 95), high octane blend stock, low 
octane ULP, aviation grade turbine kerosene (JET A1), in addition to blending components such as reformate, 

naphtha, biofuels, marine gas oil (MGO) and marine fuel oil (MFO) 500 ppm according to the International 

Marine Organisation (IMO) 2020 specification (Figure 2). 

ULSD, ULP 95 and JET A1 will be received from Berths 6 and 9 (and also possibly Berth 2) in the Cutler 
Complex via common user infrastructure. The details of the receipt of low octane petrol, high octane blend 

stock and special diesel blend stock is based on the following assumptions: 

 Low octane product is received from a destination approximately 5000 m away via pipeline at a rate of 600 

m3/hr. Properties for calculation purposes have been assumed to be the same as ULP 95. 

 High octane blend stock is assumed to be reformate. It is assumed to be received from Berth 2 at a rate 

of 800 m3/hr at maximum parcel size of 10 000 m3. 

 Low octane product is blended with high octane blend stock in a ratio of 4:1. 

 Diesel blend stock is received from a destination approximately 5000 m away via pipeline at a rate of 600 

m3/hr. Properties for calculation purposes have been assumed to be the same as ULSD. 

ULSD, ULP 95 and JET A1 will be dispatched to Gauteng via the MPP. ULSD, ULP 95 and JET A1 will also 
be dispatched via road tankers. MGO will be received from Berth 2. MGO will be dispatched via pipeline to the 

storage within the port – located along side Berth 10. 

 The facility will have the ability to: 

 Blend (in-line) low octane unleaded petrol with high octane blend stock (e.g. toluene or reformate) to create 

ULP 95; 

 Blend (in-tank) ULSD with blend stock to create special diesel products; 

 Add colorant (in-line) to imported ULP 95; and 

 Add conductivity additive (in-line) to imported ULSD product. 
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4.0 POLICY LEGAL AND ADMINISTRATIVE FRAMEWORK 
The specialist study is undertaken in accordance with the following legal and administrative framework 

documents: 

 Environmental Impact Assessment Regulations of 2014 (published under Government Notice R982 of 

Government Gazette 38282 of 4 December 2014, as amended) 

 IFC World Bank Group documents: 

 Performance Standards on Environmental and Social Sustainability (2012) 

 General Environment Health and Safety Guidelines (2007) 

 EHS Guidelines for Ports, Harbours and Terminals (2007) 

 EHS Guidelines for Crude Oil and Petroleum Product Terminals (2007) 

 DBSA Environmental and Social Safeguards Standards (2018) 

 National Water Act (Act No. 36 of 1998), as amended 

5.0 GROUNDWATER SPECIALIST STUDY  

5.1 Introduction 
As part of the for the EIA for the proposed Lanele Oil Terminal 1 (Lot 1) project, a baseline groundwater 
characterisation and impact assessment are required. This Groundwater Impact Assessment was conducted 
by Golder in November 2018, and 31st December 2018 comprising a desktop study, drilling of three monitoring 

boreholes and groundwater quality analysis. 

5.2 Methodology  
The methodologies used during the groundwater characterisation and impact assessment are outlined in the 

following sub-sections 

 Desktop study: which included a review of relevant background information; in particular the PFS 

Geotechnical Investigation for Ambrose Park Fuel Storage and Blending Terminal, which was used to 
confirm the lithology and extent of the intergranular aquifer shallow aquifer on the proposed Lanele Oil 

Terminal 1 (Lot 1) area 

 Field studies for the baseline were conducted at the Project site from the 21st to the 23rd of November 

2018. Three (3) shallow (12-16.5 m) monitoring borehole were drilled at the Project site. Borehole 

construction details are shown in Table 1 and the borehole positions in Figure 3 

 Monitoring boreholes were drilling using the Mud Rotary drilling technique and cased with plain and 

perforated 63 mm PVC at different depths. The formation stabiliser/filter sand were installed within the 
annular space between the casing and the borehole wall and capped with bentonite for sanitary 

purpose. Collar concrete plinths with surface stand pipes (0.5 m above ground level) were installed in 

all monitoring boreholes and all caps, lockable with screw driver in all installed groundwater monitoring 
wells. Aquifer parameter data were collected during borehole development and borehole purging for 

sampling collection 

 Single well response tests were done on the each of the newly drilled monitoring wells, to determine 
the hydraulic conductivity. The single well response tests consisted of measuring the rate of water 

recovery in the monitoring subsequent to purging and falling head injection. Groundwater levels were 

measured with standard a standard electrical dip meter 
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 Hydraulic conductivity was determined with Cooper-Jacob solution 

 Groundwater samples were collected from the three (3) newly installed wells. The samples were collected 
in two sampling runs, first set of samples were collected after well installation on the 23rd of November 

2018 and second sampling run was completed on the 13th of December 2018. All monitoring wells were 
purged to remove the drilling fluids and stagnant water before sampling, using the bailer and portable 12-
volt battery operated pump. Sampling was conducted guided by Golder standard groundwater sampling 

protocols as follows: 

 Latex gloves were worn at each site as a safety requirement and to prevent sample contamination 

 The field physiochemical properties were recorded using the pH/EC combo meter calibrated on site 
before use 

 Samples for dissolved metals were filtered onsite and all samples were kept cool below 4 degree 
Celsius before submission 

  All groundwater samples were submitted to Exova Jones Environmental- South Africa for the following 

analysis: 

 South Africa Fuel Suite Petroleum Hydrocarbons 

 Fluoride, Chloride, Sulphate, Total Alkalinity, Electrical Conductivity (EC), Total Dissolved Solids 

(TDS), Nitrate, Polycyclic Aromatic Hydrocarbons (PAH), pH 

 Metals Dissolved Earth, Metals Dissolved (Exotics) and Metals Dissolved 

 Dissolved Silver 

 Impact Assessment; an impact is essentially any change (positive or negative) to a resource or receptor 
brought about by the presence of the project component or by the execution of a project related activity. 

The purpose of impact assessment is to identify and evaluate the likely significance of the potential impacts 

on identified receptors and natural resources according to defined assessment criteria, to develop and 
describe measures that will be taken to avoid, minimise, reduce or compensate for any potential adverse 

environmental effects and to report the significance of the residual impacts that remain following mitigation 

The evaluation of baseline data gathered during desktop and field studies provides information for the 
process of evaluating and describing how the project could affect the groundwater environment. 

Assessment of impacts is undertaken using an Impact Assessment Matrix in terms of the requirements, 
which provides a quantitative indication of the severity of an impact prior to and following mitigation. The 
approach adopted to assess the significance and rating impacts identified for the proposed Lanele Oil 

Terminal 1 (Lot 1) project are detailed in Section 7.0 

Mitigation measures and monitoring requirements are based on consideration from the impact assessment 

finding, with regards to the potential of future groundwater impacts, mitigation actions and monitoring are 

proposed 
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Table 1: Newly installed groundwater monitoring boreholes construction  

Hole ID Lat Long Elevations 
(mamsl1) 

Drilling 
Diameter 

(mm) 

PVC Casing (63 
mm) 

Location 

MBH 1 -29.896370 30.998833 3 130 
0-2 m: Solid 

2-15 m: Slotted 
South West 

MBH 2 -29.891767 30.994980 2 130 
0-2.9 m: Solid 

2.9-15 m: Slotted 
North West 

MBH 3 -29.892932 30.998299 2.5 130 
0-1.5 m: Solid 

1.5-10 m: Slotted 
East on site 

 

Table 2: Records of field physio-chemical measurements 

Hole ID Elevations 
(mamsl) 

Water level 
(mbgl) 

Water level 
(mamsl) 

pH EC 
(mS/m) 

TDS (ppt) Temperat
ure (◦c) 

MBH 1 3 3.37 -0.37 7.44 OR OR 23.2 

MBH 2 2 1.91 +0.09 7.72 OR OR 22.8 

MBH 3 2.5 2.25 -0.25 7.55 OR OR 23.6 

MBH 4 2.5 Duplicate for MBH 3 

CH1  Surface Water 7.45 OR OR 21.6 

Above sampling run for 23rd of November and below sampling run for 13th of December 2018 

MBH 1A 3 3.33 0.33m 6.84 OR OR 23.2 

MBH 2 2 1.90 +0.10 7.12 OR OR 22.8 

MBH 3* 2.5 2.22 0.33 6.89 3.35 1.69 23.6 

MBH 1B 2.5 Duplicate for MBH 1A 

MSW01  Surface Water 7.45 OR OR 21.6 

OR- Parameters out of range of EC meter indicating saline conditions 

MBH3*- This borehole contains highly polluted black fluid during the second sampling run. 

                                                     
1 Mamsl – metres above mean sea level 
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MSW01-Surface water from concrete manhole over channel 
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Figure 3: Monitoring borehole locations
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5.3 Climate 
5.3.1 Temperature 

On average, the warmest month(s) are January and February and the coolest month is July. The average annual 

maximum temperature is 25.4°C, and the average annual minimum temperature is 16.5°C. Figure 4 illustrates 

the average annual maximum, minimum and average temperatures for the period 1985 to 2015 at Durban 

Airport (https://www.timeanddate.com/weather/south-africa/durban/climate).  

 

Figure 4: Average annual maximum, minimum and average temperatures 

 

5.3.2 Rainfall and Evaporation 

Rainfall and evaporation data from Meteorological Station U3E001 were extracted from the Department of Water 

and Sanitation’s website Daily Rainfall Extraction Utility. The station is approximately 10 km south of the project 
site at coordinates:  29°58'01"S 30°56'59"E, at a similar elevation. Metadata for this weather station is presented 

in Table 3. 

Table 3: Summary of rainfall and evaporation data from Meteorological Station U3E001 

Station Name Distance 
from Site 

(km) 

Rainfall Record Period No. of 
Years 

Missing 
Data (%) 

MAP 
(mm) 

From To 

U3E001 Durban Wo 10 01/09/1957 30/07/2010 53 0* 988 

*Note: for the period 29/05/1957 to 29/12/1967 the daily rainfall was not adequate 
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Table 4 and Figure 5 shows the monthly rainfall and evaporation. for the U3E001 Durban Wo station.  

Table 4: Average monthly rainfall and evaporation for the U3E001 meteorological station 

Month Monthly rainfall (mm) Monthly S-pan evaporation (mm) 

Oct 99 122.2 

Nov 110.9 133 

Dec 112.7  154.6 

Jan 130.2  160 

Feb 109.8 141 

Mar 111.9 139.3 

Apr 80.2 106.7 

May 49.8 83.6 

Jun 29.2 68.2 

Jul 39.4 73.7 

Aug 46.9 91.1 

Sep 69.1 102.2 

Annual rainfall/ evaporation (mm) 988.4 1 356.4 

 

 

Figure 5: Average monthly rainfall and evaporation (mm) at Station U3E001 
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5.4 Topography 
The site is a narrow site approximately 680 m long and 160 m wide. The topography of the length of the site 

varies from 7 mamsl on the northern side, to 3 mamsl at the stormwater channel, approximately 110m into the 
site, and then remaining between 5 and 8 mamsl, with the most southern boundary being at 4 mamsl. The 
western side of the site is slightly higher than the eastern side, with a drop of about 0.7m across the site, so that 

current surface water flow would be from west to east. 

5.5 Geology 
The local geology of the site is predominantly characterised by quaternary deposits in the form of beach sand 

and dune deposits, underlain by estuarine deposits (DWA, undated). Drilling conducted by Golder’s 
geotechnical team (Golder, 2018) on the site in 2018 showed Carboniferous Karoo Supergroup lithology: dark 
grey, fine to coarse grained, Diamictite rock at an average depth of about 29m. The Dwyka Group rocks also 

comprises of shales and mudstones, but these were not intersected from the drilled holes (Golder, 2018). 

According to the published geological sheet (2930 DURBAN), the regional-scale geology is characterised by 

Quaternary Berea and Bluff Sands deposits to the north-west and south-east of the site respectively (including 
red, yellow, brown and purple) and estuarine/alluvial deposits (known locally as Harbour beds), as well as 
Dwyka Diamictite (polymictic clasts, set in a poorly sorted fine grained matrix), with varved shale, mudstone 

with dropstones and fluvioglacial gravel. Thick beds of dark grey, soft, silty clay (known locally as Hippo Mud) 

are intercalated with the estuarine/alluvial sands. 

5.6 Hydrogeology  
The hydrogeological regime is directly determined and controlled by the lithological distribution as well as 
structural geology. According to The Durban Brochure (DWA, undated) the regional aquifers are subdivided into 

four systems, groundwater occurrences namely in: 

 The intergranular aquifer, which is unconsolidated coastal deposits in the form of beach sand and dune 
deposits, underlain by estuarine deposits. Boreholes with yields in excess of 50 ℓ/s and hydraulic 

conductivity of 5 m2/day have been encountered in this intergranular aquifer (DWA, undated) 

 Fractured aquifers, which are associated with fractures and fissures and joints in hard rock 

 Karstic aquifers, which occur in carbonate rocks of the Natal Metaphoric Province 

 Intergranular and fractured aquifers from the Karoo Supergroup rocks 

6.0 BASELINE DATA  
The current hydrogeological conditions for the project site also referred to as the “baseline” are described in this 
section. It is important to describe and understand the baseline before making an evaluation of the potential 

impacts of the proposed project on the groundwater environment. 

The groundwater baseline was established based on information collected during field studies done by Golder. 

The data was used to establish the groundwater users, lithological sequence, aquifer parameters, water quality, 
groundwater levels and flow directions, and define the aquifer system for the proposed Lanele Oil Terminal 1 

(Lot 1) Project. 

The available information reviewed is concentrated around the geotechnical drilling done by Golder (2018), this 

information provides a good insight for the hydrogeological regime underlying the Project site. 
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6.1 Aquifer Types 
Groundwater is directly determined and controlled by lithology within the study area, which is characterised by 

the intergranular aquifer system, namely the shallow aquifer. Drilling during the geotechnical investigation and 
hydrogeological studies revealed that the aquifer is unconfined. The aquifer is approximately thirty (30) meters 
in thickness with the base of the aquifer comprising of diamictite rock which is bluish grey, fine and coarse 

grained, part of the Dwyka Group diamictite. The weathering grade and hardness of the rock increases with 
depth; from highly weathered and very soft rock to slightly weathered and hard between 28 to 38 metres below 

ground level (mbgl). Only the intergranular aquifer was intercepted during the hydrogeological drilling as the 

monitoring boreholes were drilled shallow (12 to 16.5 mbgl). 

Table 5 below provides a summary of the aquifer properties associated with the groundwater occurrence within 

the shallow intergranular aquifer in the study area: 

Table 5: Aquifer type and properties 

Depth (mbgl) Water level (mbgl) Aquifer parameters 

(T) 

Water quality 

(Electrical 

conductivity mS/m) 

MBH Name 

Unconfined shallow (Sandy) intergranular aquifer 

1 – 14.6 3.37 1.6 m2/day 1457.6-2305.9 MBH1 

1-15.5 1.91 4.6 m2/day 332.7-777.5 MBH2 

 

6.2 Hydrochemistry 
Groundwater samples were collected from the newly drilled monitoring boreholes during 2 sampling campaigns 

(November and December 2018). The groundwater collected at the Project site is generally of poor quality with 
the dominant water type being sodium chloride (NaCl). With elevated concentrations of Total Dissolved Solids 

that are above the (DWAF, 1996) Water Quality Guidelines for domestic and livestock use – see Table 6. 

The groundwater sampled immediately after well development (November 2018) had elevated sulphate which 
was above the target water quality range (DWAF, 1996) with the exception of MBH2 which had acceptable 

concentrations for both sampling runs. Major ions concentrations were mostly above the target water quality 
range for domestic water (calcium) use and concentrations for chloride, sodium and magnesium, sulphate were 
also above the target water quality range for livestock. EC concentration values were above acceptable 

concentration for irrigation use and TDS concentration are also above the target water quality range for domestic 

and livestock use. 

Sodium and chloride were elevated during both sampling runs which is expected in the coastal aquifers and 
relate to influence of saline water to general groundwater quality in the area. As indicated in the Piper diagram 

in Figure 6 the groundwater is characterised as a sodium chloride type of water. 

Based on the analytical results of constituents analysed (Table 6), the following statements summarises 

organic signature of groundwater at the Project site: 

 The Extractable Petroleum Hydrocarbon (EPH) (EPH: C10-C40) are present in all groundwater samples 
on site 
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 All samples from drilled boreholes tested positive for EPH (C10-C40)i2, 960 µg/ℓ to 14 510 µg/ℓ during the 
first sampling run. The Dutch groundwater Intervention values for Mineral oil is 600 μg/ℓ, thus the results 
are above the intervention value (VROM, 2000) 

 Sampling results from the second run also tested positive for EPH (C10-C40), 190 µg/ℓ to 16 580 µg/ℓ 
which had much lower concentrations due to difference in sampling methods. MBH3 still had high 
concentrations 16 580 µg/ℓ 

It can thus be concluded that the organic contamination is limited to EPH (C10-C40), likely sourced from 
upstream activities. Variable concentrations during the two sampling events can be attributed to heterogeneity 

of the aquifer and flushing of the permeable shallow aquifer, caused by fluctuating water levels after rainfall 
recharge events as well the difference in sampling method. The source of pollutants is currently unknown as 

there is no evidence of an active source onsite. 

This groundwater system cannot be considered to be a source of useable groundwater as result of the saline 
nature. Any contamination detected in the system will be a first order warning against pollution of the 

intergranular aquifer. It is noted that the aquifer may become useable if the water is treated before use. 

 

Figure 6: Piper plot for groundwater 

                                                     
2 TPH as EPH (C10-40) (total or dissolved) by GC-FID including Mineral Oil by calculation if requested 
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6.3 Groundwater Flow Direction  
Depth to static water level were recorded from the newly drilled wells in November and December 2018. Shallow 

groundwater levels ranging from 1.9 to 3.37 mbgl were recorded onsite, with the deepest water level observed 
in borehole MBH1 (3.37 mbgl) and shallowest in borehole MBH2 (1.9 mbgl) situated to the north of the Project 
site. The regional groundwater flow direction is generally from south to northwest, and northeast following 

topography (Figure 7). 
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Figure 7: Groundwater flow direction 
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Table 6: Analysis results for samples collected 

 

 

Constituents Units MBH 1 MBH2 MBH3 MBH4 CH 1 BH-01 A BH-01 B MBH2 MBH3 MWS01 Domestic Use Livestock Irrigation
Dissolved Aluminium # mg/l 0.009 0.0023 0.0072 0.0015 0.0015 0.0015 0.0021 0.0047 0.0195 0.0326 0.15 5 5

Dissolved Arsenic # mg/l 0.0009 0.0009 0.0023 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0017 0.01 1 0.1
Dissolved Barium # mg/l 0.0409 0.0018 0.0406 0.0416 0.0705 0.2022 0.2022 0.0133 0.2224 0.0852 ng ng ng
Dissolved Beryllium mg/l 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 ng 0.1 ng
Dissolved Bismuth mg/l 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 ng ng ng
Dissolved Boron mg/l 0.839 1.383 1.336 1.253 2 2.188 2.136 1.98 1.907 2.073 ng 5 0.5

Dissolved Cadmium # mg/l 0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 0.00003 0.005 0.01 0.01
Dissolved Calcium # mg/l 66.1 120.3 148.7 62.6 329 204.3 198.7 81.2 161 325.1 32 1000 ng

Total Dissolved Chromium # mg/l 0.0007 0.0002 0.0002 0.0002 0.0002 0.0012 0.0007 0.0017 0.0022 0.001 ng ng ng
Dissolved Cobalt # mg/l 0.0017 0.0001 0.0021 0.0018 0.0001 0.0021 0.0022 0.0001 0.0031 0.0005 ng 1 0.05
Dissolved Copper # mg/l 0.003 0.003 0.011 0.004 0.005 0.003 0.003 0.003 0.043 0.003 1 0.5 0.2

Total Dissolved Iron # mg/l 0.4514 0.4976 0.0374 0.0437 0.0068 1.733 1.984 0.2178 2.841 0.5307 0.1 10 5
Dissolved Lead # mg/l 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.01 0.1 0.2
Dissolved Lithium mg/l 0.061 0.037 0.102 0.108 0.104 0.151 0.148 0.027 0.098 0.116 ng ng 2.5

Dissolved Magnesium # mg/l 331.4 242.4 764.6 827.2 702.5 726.3 653.5 99.6 779.6 838.7 30 500 ng
Dissolved Manganese # mg/l 0.2723 0.0508 0.4456 0.4463 0.0536 0.9528 0.9425 0.0884 2.89 0.2014 0.05 10 0.02
Dissolved Molybdenum # mg/l 0.0045 0.0002 0.0039 0.004 0.0025 0.0032 0.0035 0.0002 0.0003 0.0035 ng 0.01 0.01

Dissolved Nickel # mg/l 0.0009 0.0002 0.0016 0.0017 0.001 0.0033 0.0039 0.0003 0.0024 0.0025 ng 1 0.2
Dissolved Potassium # mg/l 48 68.7 228.9 52.4 253.2 185.2 179.1 60.7 86.8 265 50 ng ng

Dissolved Silver mg/l 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 ng ng ng
Dissolved Sodium # mg/l 2613 1438 8022 8143 7162 3922 4071 492.7 6178 6585 100 2000 70
Dissolved Strontium mg/l 2.221 2.616 3.31 3.47 4.703 7.879 7.81 1.468 5.193 4.744 ng ng ng
Dissolved Tellurium mg/l 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 ng ng ng
Dissolved Thallium # mg/l 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0015 ng ng ng

Dissolved Vanadium # mg/l 0.0092 0.0033 0.0006 0.0006 0.0011 0.0164 0.0161 0.0051 0.004 0.0006 0.1 1 0.1
Dissolved Zinc # mg/l 0.0081 0.0021 0.0224 0.0258 0.0208 0.0099 0.0092 0.0047 0.0738 0.0169 3 20 1

Fluoride mg/l 1 1.1 1 1 0.9 1 1 1.1 NDP 0.8 1 2 2
Sulphate as SO4 # mg/l 395.5 189.1 1518.3 1563.4 1235.6 200.1 200.9 18.4 683.2 1580.1 200 1000 ng

Chloride # mg/l 4346.8 1982.2 11628.2 11589.4 9859.5 6864.6 7498.8 494.2 13454.8 11770.7 100 1500 ng
Nitrate as NO3 # mg/l 0.4 0.4 0.2 0.2 2.7 0.2 0.2 0.2 0.2 1 6 ng ng

Total Alkalinity as CaCO3 # mg/l 846 894 266 274 286 1522 1608 1112 1052 220 ng ng ng
Electrical Conductivity @25C # uS/cm 1457.6 777.5 3508.3 3518.1 3044.9 2160.2 2305.9 332.4 3796.4 3493.3 ng ng 4

pH # pH units 7.63 7.92 7.2 7.31 7.86 7.83 7.84 8.04 7.82 7.59 6-9 ng 6.5-8.4
Total Dissolved Solids # mg/l 9031 4681 22294 22474 18795 13568 14943 2130 25085 23150 450 1000 ng

South African DWAF (1996) drinking water 
qualitySampled- 23/11/2018 Sampled- 13/12/2018
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Table 7: Chemical constituents in the groundwater sampled 

Sample ID UNITS 

EPA Risk Based 
SSL (Protection of 
Groundwater) 

Dutch 
Target 
Value 

Dutch 
Intervention 
Value MBH1 MBH1 B MBH2 MBH3 MBH01 MBH02 MBH03 MBH04 

Sample Date        13/12/18 13/12/18 13/12/18 13/12/18 23/11/18 23/11/18 23/11/18 23/11/18 

MTBE ug/l 3 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Benzene ug/l 0.23 0.2 30 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Toluene ug/l  7 1000 <5 <5 <5 <5 <5 <5 <5 <5 

Ethylbenzene ug/l 1.7 4 150 <1 <1 <1 <1 <1 <1 <1 <1 

p/m-Xylene ug/l - -- -- <2 <2 <2 <2 <2 <2 <2 <2 

o-Xylene ug/l - -- -- <1 <1 <1 <1 <1 <1 <1 <1 

Naphthalene ug/l - 0.01 70 <2 <2 <2 <2 <2 <2 <2 <2 

             

EPH >C10-C12 # ug/l - - - 40 40 <10 5310 4980 280 4700 5460 

EPH >C12-C16 # ug/l - - - 80 80 60 10490 9530 680 9090 8030 

EPH >C16-C21 # ug/l - - - <10 <10 <10 <10 <10 <10 <10 <10 

EPH >C21-C35 # ug/l - - - 70 30 180 780 <10 <10 440 <10 

EPH >C35-C40 # ug/l - - - <10 <10 <10 <10 <10 <10 <10 <10 

EPH >C10-C40 
 

ug/l 
- 

- - 190 150 240 16580 14510 960 14230 13490 

GRO (>C4-C8)  ug/l - - - <0.01 <0.01 <0.01 0.03 0.01 <0.01 <0.01 <0.01 

GRO (>C8-C12)  ug/l - - - <0.01 <0.01 <0.01 0.08 0.06 0.01 0.08 0.08 

GRO (>C4-12)  ug/l - - - <0.01 <0.01 <0.01 0.11 0.07 0.01 0.08 0.08 

  - - -         
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7.0 ENVIRONMENTAL IMPACT ASSESSMENT 

7.1 Methodology for Assessing Impact Significance 
The impact assessment was undertaken using a matrix selection process, the most commonly used 

methodology, for determining the significance of potential environmental impacts/risks. This methodology 
incorporates two aspects for assessing the potential significance of impacts, namely occurrence and severity, 

which are further sub-divided as follows (Table 8)  

Table 8: Impact assessment factors  

Occurrence  Severity  

Probability of occurrence Duration of occurrence Scale/extent of impact Magnitude of impact 

 

To assess these factors for each impact, the following four ranking scales are used (Table 9): 

Table 9: Impact assessment scoring methodology 

Value Description 

Magnitude 

10  Very high/unknown 

8 High 

6 Moderate 

4 Low 

2 Minor 

Duration 

5 Permanent (Impact continues post-closure) 

4 Long term (Impact ceases after decommissioning and closure) 

3 Medium-term (Impact ceases after the operational phase) 

2 Short-term (Impact ceases after the construction phase) 

1 Immediate 

Scale 

5 International 

4 National 

3 Regional 

2 Local 
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Value Description 

1 Site Only 

0 None 

Probability  

5 Definite/Unknown (impact will definitely occur) 

4 Highly Probable (most likely, 60% to 90% chance) 

3 Medium Probability (40% to 60% chance) 

2 Low Probability (5% to 40% chance) 

1 Improbable (less than 5% chance) 

0 None 

 

Significance Points= (Magnitude + Duration + Scale) x Probability. 

 

Table 10: Significance of impact based on point allocation 

Points Significance Description 

SP>60 High 
environmental 
significance 

An impact which could influence the decision about whether or not to 
proceed with the project regardless of any possible mitigation. 

SP 30 - 60 Moderate 
environmental 

significance 

An impact or benefit which is sufficiently important to require 
management, and which could have an influence on the decision unless 

it is mitigated. 

SP<30 Low 

environmental 
significance 

Impacts with little real effect and which will not have an influence on or 

require modification of the project design. 

+ Positive impact An impact that is likely to result in positive consequences/effects. 

 

For the methodology outlined above, the following definitions were used: 

 Magnitude is a measure of the degree of change in a measurement or analysis (e.g., the area of 
pasture, or the concentration of a metal in water compared to the water quality guideline value for the 

metal), and is classified as none/negligible, low, moderate or high 

 Scale/Geographic extent refers to the area that could be affected by the impact and is classified as site, 

local, regional, national, or international 
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 Duration refers to the length of time over which an environmental impact may occur: i.e. 

immediate/transient, short-term, medium term, long-term, or permanent 

 Probability of occurrence is a description of the probability of the impact actually occurring as improbable 

(less than 5% chance), low probability (5% to 40% chance), medium probability (40% to 60% chance), 

highly probable (most likely, 60% to 90% chance) or definite (impact will definitely occur) 

7.2 Project Phases 
The environmental impacts of the project were assessed for the: 

 Pre-construction phase 

 Construction phase 

 Operational phase 

 Closure and rehabilitation phase 

7.3 Detailed Description of Potential Impacts during all Phases of the 
Proposed Project 

Due to its proximity, the potential issues arising from the project site on the groundwater systems are: 

 Pre-contruction phase 

 Construction phase 

 Leaks and spills, possible leaks and spills during testing of tanks and pipes 

 Removal of vegetation, vegetation creates preferential pathways for contamination of groundwater 

 Operational phase 

 Overfills and spillages from storage tanks on site 

 Infiltration of hydrocarbon contaminants to the groundwater resource 

 Pipe leaks on site 

 Closure and rehabilitation 

 Pipe leaks on site, during decommissioning 

 Removal of stored hazardous substances and materials 

 Decommissioning of hard surfaces - cleared areas 

7.3.1 Contamination on Proposed area 

Impact Characterisation 

Leaks and spills 

Leaks and spills of fuel (e.g. petrol, diesel) and lubricants from construction vehicles and other machinery 

and equipment. This is expected during construction phase. 

Removal of vegetation 

Vegetation clearing may lead to erosion of soil which will increase porosity due to the removal of natural 

vegetation cover and increased sediment to Durban Bay Estuary. 

Overfills and Spillages  
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Overfill and spillages of fuel from the storage tanks may impact on soil and shallow groundwater resource. 

This is expected during operational phase. 

Pipe leaks  

The fuel leakage may take place through the pipe connections and joints during operational phase and 

decommissioning phase. 

Infiltration of hydrocarbon contaminants to the groundwater resource 

If fuel spillages occur, the hydrocarbon contamination could infiltrate to the groundwater resources. 

Depending on the permeability of the underlying sand, the contaminants will seep and may discharge into 

the sea. If poorly managed, the fuel spillage could also be washed over by rainfall through runoff into the 

ocean. 

The contamination would directly impact the groundwater quality. It is unlikely that the contamination would 
impact any other water users, due to the proximity to the Port of Durban. The consequences of contamination 

may include contaminate being transferred into the sea water and contamination of the shallow aquifer. 

Impact in Relation to Proposed Project 

Through the correct implementation of on-site operating procedures, including those related to vehicle and 
machinery maintenance, waste disposal and storage, and chemical and fuel storage throughout all phases of 

the proposed project, and ensuring that any contaminants are adequately contained and quantified if possible. 

It is therefore rated with a post mitigation impact significance of Low. 

7.4 Impact Assessment Summary 
All the predicted environmental groundwater impacts resulting from the proposed project activities are described 

in Table 11 along with their significance ratings before and after mitigation.  
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Table 11: Rating of impacts before and after mitigation 

Activity Potential Impact 
Aspects 
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Pre-construction and Construction 

Vegetation clearing, and 
earthworks during site 
preparation. 

Removal of 
vegetation will leave 
the soil top bear 
increasing 
preferential pathways 
for groundwater 
contamination. 

Durban Bay 
Estuary 

4 2 2 4 32 Moderate 2 2 2 3 21 Low 

Use of construction 
vehicles and machinery. 

Chemical leaks/spills 
resulting in 
contamination 
seepage into 
groundwater. 

Durban Bay 
Estuary 

8 2 2 4 48 Moderate 6 3 2 2 22 Low 

Storage of hazardous 
construction substances 
and materials 

Chemical leaks/spills 
resulting in 
contamination 
seepage into 
groundwater 

Durban Bay 
Estuary 

8 2 2 4 48 Moderate 6 3 2 2 22 Low 

Operational Phase 

Use of vehicles and 
machinery. 

Chemical leaks/spills 
resulting in 
contamination 
seepage into 
groundwater 

Durban Bay 
Estuary 

8 3 2 4 52 Moderate 6 3 2 2 22 Low 
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Activity Potential Impact 
Aspects 
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Storage of hazardous 
substances and materials 

Chemical leaks/spills 
resulting in 
contamination 
seepage into 
groundwater 

Durban Bay 
Estuary 

8 3 2 4 52 Moderate 6 3 2 2 22 Low 

Pipe leakages and 
overflow from 
contaminated storage 
facilities 

Chemical leaks/spills 
resulting in 
contamination 
seepage into 
groundwater 

Durban Bay 
Estuary 

8 3 2 4 52 Moderate 6 3 2 2 22 Low 

Decommissioning and Closure Phases 

Use of vehicles and 
machinery for 
decommissioning 

Chemical leaks/spills 
resulting in 
contamination 
seepage into 
groundwater 

Durban Bay 
Estuary 

8 1 2 3 33 Moderate 4 1 2 2 14 Low 

Removal of stored 
hazardous substances and 
materials. Pipe leakages 
during decommissiong 

Chemical leaks/spills 
resulting in 
contamination 
seepage into 
groundwater 

Durban Bay 
Estuary 

8 2 2 4 52 Moderate 4 2 2 2 16 Low 

Decommissioning of hard 
surfaces - cleared areas 

Removal of hard 
surfaces will release 
possible 
contamination in 
concrete cracks  

Durban Bay 
Estuary 

8 2 2 4 52 Moderate 4 3 2 3 27 Low 
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7.5 Potential Cumulative Impacts Identified 
The Lanele Oil Terminal 1 project area is currently showing a presence of baseline groundwater contamination 

which could be attributed to other operations within the upstream vicinity. Several further developments are 
currently planned for undeveloped sites in the harbour precinct, including this project (Lanele Oil Terminal 1 

project), the NOOA Fuel Storage and Handling Terminal and other similar projects. 

The results of the baseline groundwater quality analysis indicate that EHP are already present in the 

groundwater sampled. The groundwater quality has therefore already been negatively impacted upon by the 

largely industrial land uses surrounding the Project site. 

Taking into consideration the present poor groundwater quality and numerous potential sources of 

contamination in the vicinity of the Project site, it is highly unlikely that the development of the Lanele Terminal 
1 (Lot 1) project will adversely impact on groundwater resources provided that the recommended mitigation 

measures are implemented. 

8.0 ENVIRONMENTAL MANAGEMENT PROGRAMME 
This Environmental Management Programme (EMPr) addresses the management of potential environmental 
impacts related to the proposed Lanele Oil Terminal 1 (Lot 1) project. The EMPr is used for managing, mitigating, 

and monitoring of the environmental impacts associated with construction, operational and closure phases for 

the proposed facility. 

8.1 Objectives 
The objectives for the groundwater component include; 

 Managing the cleared areas to prevent and limit any protentional contamination to groundwater;  

 Maintaining vehicles and machinery to limit contamination seepage into groundwater from the site during 

all the phases of the project; and 

 Managing the contaminated storage tanks and bunded areas to limit the volume of contaminated seepage 

in to the groundwater resources. 

8.2 Environmental Management and Mitigation Measures Identified  
A summary of mitigation measures presented:  

 For negative impacts (either / or) 

 Avoid 

 Minimize 

 Rehabilitate/Repair or 

 Compensate 

 For positive impacts 

 Enhance 

8.3 Potential Impacts to be mitigated in their respective phases 
Construction phase 

 Vegetation clearing and earthworks during site preparation: Avoid and/ or minimize erosion, minimize 

creating new seepage pathways and seepages to groundwater 
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 Leakages and spills for construction vehicles: Use of well-maintained construction vehicles and 

machinery to avoid and/or minimize chemical leaks/spills that may cause contamination of groundwater 

resources 

 Storage of hazardous construction substances and materials: the hazardous substances and 
materials should be contained (bunded) in areas or in a manner that will avoid and/or minimise chemical 

leaks/spills causing contamination to groundwater resource 

Operational Phase  

 Leakages and spills for fuel tankers: Use of well-maintained equipment and machinery to avoid and/or 

minimise, chemical leaks/spills causing contamination to groundwater. Inclusion of overfill protection. 

 Storage of hazardous substances and materials: Within contained (bunded) areas or in a manner that 

will avoid and/or minimise chemical leaks/spills causing contamination to groundwater resource. 

The area around the tank infrastructure should be impermeable and bunded to prevent infiltration of 

contaminants and to allow collection and pumping of any spillages. It is expected that the bundwall capacity 

should be able to retain 110% of the largest tank capacity within the main bund area. 

Inclusion of leak detection systems. 

 Pipe leaks: Installation of automated meters to measure the volume of product received and dispatched. 

Reconcile to identify product losses.  

Spill procedure should be prepared, documented and the resources should be readily available to control 
any possible spillages. 

Preventative maintenance of equipment. 

Closure Phase 

 Leakages and spills for construction vehicles: Use of well-maintained construction vehicles and 
machinery to avoid and/ or minimize chemical leaks/ spills that may cause contamination of groundwater 

resource 

 Removal of stored hazardous substances and materials: Develop and implement a standard operating 
procedure for the dismantling of storage tanks and piping to minimise risk of leakages or release of 

hazardous substances and materials. Ensure that demolition staff receive adequate training on procedures 

 Decommissioning of hard surfaces: Cleared areas to avoid and/or minimize erosion and potential 

release of contamination with concrete cracks and other unknow structures. 

The implementation of the mitigation measures listed above will reduce the level and magnitude of the impacts 
identified. 

8.4 Proposed Impact Management Actions 

A summary of proposed impact management actions for the mitigation of potential groundwater impacts and 
risks is presented in Table 12. 
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Table 12: Proposed impact management actions 

Activity Potential Impact Negative impacts Positive 

Avoid Minimize Rehabilitate/Repair Compensate Enhance 

Pre-Construction and Construction Phases 

Vegetation 
clearing, and 
earth works during 
site preparation. 

Erosion and 
increased soil 
pathways to 
contaminate 
groundwater. 

- Limit area cleared 
and limit creating new 
contamination 
pathways to 
groundwater. 
 
Have spill kits on site 
to contain spillages. 

 - - 

Use of 
construction 
vehicles and 
machinery. 
Including the 
storage of 
hazardous 
construction 
substances and 
materials. 

Chemical leaks/spills 
causing 
contamination of soil 
and groundwater. 

Maintaining vehicles 
and equipment. 

Store only necessary 
chemicals on site and 
within well contained 
areas and as per 
supplier 
specifications. 

Ensure spills are 
cleared immediately 
and contaminated 
soils disposed of in 
accordance with the 
Spill Prevention and 
Emergency 
Response Plan. 

- - 

Operational Phase 

Use of vehicles 
and machinery. 

Chemical leaks/spills 
causing 
contamination of soil 
and water resources. 

Maintaining vehicles 
and equipment 
should not be 
maintained onsite. 

Store only necessary 
chemicals on site and 
within well contained 
areas and as per 
supplier 
specifications; ensure 
all storage is within a 
bunded area. 

Ensure spills are 
cleared immediately 
and contaminated 
soils disposed of in 
accordance with the 
Spill Prevention and 
Emergency 
Response Plan. 

- - 
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Activity Potential Impact Negative impacts Positive 

Avoid Minimize Rehabilitate/Repair Compensate Enhance 

Storage of 
hazardous 
substances and 
materials. 

Chemical leaks/spills 
causing 
contamination of soil 
and water resources. 

 Store only necessary 
chemicals on site and 
within well contained 
areas and as per 
supplier 
specifications; ensure 
all storage is within a 
bunded area. 

Ensure spills are 
cleared immediately 
and contaminated 
soils disposed of in 
accordance with the 
Spill Prevention and 
Emergency 
Response Plan. 

- - 

Overflow from 
contaminated 
storage facilities. 

Increased 
contaminated run-off 
and migration to 
groundwater. 

- Installation of overfill 
protection 
instrumentation to 
prevent overfilling of 
tanks and road 
tankers. 

Ensure spills are 
cleared immediately 
and contaminated 
soils disposed of in 
accordance with the 
Spill Prevention and 
Emergency 
Response Plan. 

- - 

Pipe leakages  Chemical leaks/spills 
causing 
contamination of soil 
and groundwater. 

- Installation of 
automated meters to 
measure the volume 
of product received 
and dispatched. 
Reconcile to identify 
product losses. 

- - - 

Decommissioning and Closure Phases 

Use of vehicles 
and machinery for 
decommissioning. 

Chemical leaks/spills 
causing 
contamination of soil 
and water resources. 

Maintain vehicles and 
equipment. 

Store only necessary 
chemicals on site and 
within well contained 
areas and as per 
supplier 
specifications. 

 - - 
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Activity Potential Impact Negative impacts Positive 

Avoid Minimize Rehabilitate/Repair Compensate Enhance 

Pipe leakages 
during 
decommissioning. 

Chemical leaks/spills 
causing 
contamination of soil 
and water resources. 

 Develop and 
implement a standard 
operating procedure 
for the dismantling of 
storage tanks and 
piping to minimise 
risk of pipe leakages 
or explosion. 
 
Ensure that 
demolition staff 
receive adequate 
training on 
procedures. 

   

Removal of stored 
hazardous 
substances and 
materials 

Chemical leaks/spills 
causing 
contamination of soil 
and water resources 

- Ensure hazardous 
substances and 
materials are 
disposed of as per 
relevant legislation. 

Ensure contaminated 
soils and material are 
disposed of as per 
relevant legislation. 

- - 

Decommissioning 
of hard surfaces - 
cleared areas. 

Erosion and 
increased 
sedimentation. 

- Ensure contaminated 
soils and material are 
disposed of as per 
relevant legislation. 

Vegetate areas 
cleared as soon as 
possible and ensure 
drainage is to the 
stormwater channel. 

- Vegetate with 
indigenous plants. 
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8.5 Recommended Monitoring Actions 
Mechanisms for compliance monitoring with and performance assessment against the EMPr and reporting 

thereof, including 

 Monitoring of impact management actions 

 Monitoring and reporting frequency 

 Responsible persons 

 Time period for implementing impact management actions 

 Mechanisms for monitoring compliance 

 

Table 13: Recommended monitoring actions 

Source Activity Impacts requiring 
monitoring 

programmes 

Functional 
requirements for 

monitoring 

Roles and 
responsibilities 

(for the execution 
of the monitoring 
programme) 

Monitoring and 
reporting 

frequency and 
time periods for 
implementing 

impact 
management 
actions 

Earth works and 
vegetation clearing 

during construction 
and 
decommissioning 

Erosion 
(sedimentation) 

and groundwater 
contamination from 
seepages and pipe 

leakages 

Assess area for 
erosion and 

spillages. 

ECO and/or SHEQ 
Manager. 

Weekly or daily 
during high rainfall 

periods until 
construction and 
decommissioning 

are complete. 

Use and storage of 

chemicals 

Contamination 

(leaks/ spills/ 
overflows) from 
storage areas 

Maintain storage 

areas. 
 
Clean and dispose 

in accordance with 
relevant legislation. 

ECO and/or SHEQ 

Manager. 

Daily inspection to 

ensure no leaks 
are visible. 
 

Clean-up in the 
event of spills. 

Operations Contamination of 
groundwater. 

Monitor and  
take samples on a 
quarterly basis and 

analyse for 
hydrocarbons and 

heavy metals to 

assess level of 
contamination. 

ECO and/or SHEQ 
Manager. 

Quarterly. 
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9.0 CONCLUSION 
The aim of Groundwater Impact Assessment is to characterise the groundwater resources at the Project site 

and to assess the potential groundwater impacts as result of the planned site development. As part of the 
groundwater studies, a literature review and field studies were conducted by Golder and the following 

conclusions are made: 

 Within the study area, groundwater occurs in the intergranular aquifer and has influence from sea water 

intrusion. The aquifer thickness is approximately thirty (30) meters of which the base of the aquifer is the 

diamictite rock which is bluish grey, fine and coarse grained. The weathering grade and hardness of the 
rock increases with depth; from highly weathered and very soft rock to slightly weathered and hard 

between 28 to 38 mbgl 

 No major geological structures (e.g. dykes, faults and lineaments) have been identified within the study 

area 

 A total of 3 boreholes were drilled to a depth of between 12 mbgl and 16 mbgl. Shallow groundwater 
levels ranging from 1.9 to 3.37 mbgl were recorded onsite, with the deepest water level observed in 

borehole MBH1 (3.37 mbgl) and shallowest in borehole MBH2 (1.9 mbgl) situated to the north of the site. 

The regional groundwater flow direction is generally from south to northeast, and northeast following 

topography 

 The water quality analysis confirmed that the Project site is situated in an area which is influenced by 
seawater with a sodium chloride character. Hydrocarbon contamination was found in the groundwater as 

part of the baseline assessment, but is limited to EPH (C10-C40), likely sourced from upstream activities 

 The potential groundwater impacts identified include: 

 Contamination due to fuel spills and from the pipe leakages,Infiltration of hydrocarbon contaminants 

to the groundwater resource 

 Removal of vegetation the removal of vegetation creates preferential pathways for contamination of 

groundwater 

 Overfill and spillages of fuel from the storage tanks may impact on soil and shallow groundwater 

resource. This is expected during operational phase. 

 The identified groundwater impacts would pose low to moderate environmental consequence. 
Management mitigation measures such as tank design and control systems, bunding, spill procedures 

and product reconciliation should be implemented to reduce the level of impacts. 

1.0 SPECIALISTS 
This Groundwater Impact Assessment report was prepared by Fundokuhle Mlambo, and the report reviewed 

by Gerhard van der Linde, of Golder. The details of the specialist’ qualifications and experience are provided 

in Table 14 below: 

Table 14: Qualifications and experience of the specialists 

Role Name Qualifications and Experience 

Hydrogeologist Fundokuhle 
Mlambo 

 BSc (Honours) Geohydrology, University of the Free State, 

Bloemfontein, 2013 
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Role Name Qualifications and Experience 

 BSc Geology & Management, University of the Free State, 

Bloemfontein, 2011 BSc Geographical Science, University of 

KwaZulu-Natal, Pietermaritzburg, 2006 

 Fundokuhle has 2 years’ experience in drilling and test 
pumping activities, aquifer assessment for hydraulic 
parameter estimation, groundwater characterisation, 

contaminated sites assessment and water quality 

Senior 
Hydrogeologist 

Gerhard van der 
Linde 

 BSc(Hon) Geohydrology  Institute for Groundwater Studies , 

University of the Free State , South Africa, 1998 

 National Higher Diploma - Geotechnology , Technicon, 

Pretoria - South Africa, 1995 

 National Diploma - Geotechnology , Technicon, Pretoria - 

South Africa, 1993 

 Gerhard has over 20 years’ experience in hydrogeological 

characterisation and impact assessments 

 

Neither Golder nor the specialists that prepared this report has any vested interest in the proposed Lanele Oil 
Terminal 1 (Lot 1) project other than fair remuneration for professional services rendered. The findings 

presented in this specialist report are those of the specialists, without influence from any other parties. 
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DWA. (undated, January 10). Department of water and sanitation: Groundwater. Retrieved from Department 

of water and sanitation: Groundwater: Maps: 

http://www.dwa.gov.za/groundwater/maps/durbanbrochure.pdf 

Golder. (2018). Lanele Group: Ambrose Park PFS Geotechnical Investigation for Ambrose Park Fuel Storage 
and Blending Terminal. Golder Report no. 18104103-321066-1. Johannesburg: Golder Associates 

Africa. 

VROM. (2000). Soil remediation circular 2009 (Circulaire Bodemsanering 2009). The Netherlands: Circular on 

Target values and intervention values for soil remediation. Netherlands. 
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Unit D2/5

9 Quantum Road

Firgrove Business Park

Somerset West

Golder Associates Africa Ltd

Attention :

Date :

Your reference :

Our reference :

Location :

Date samples received :

Status :

Issue :

Compiled By:

Test Report 18/20917 Batch 1

Ilse Snyman

10th January, 2019

1

Paul Boden BSc

1791874

Exova Jones Environmental South Africa

7130

South Africa

Five samples were received for analysis on 24th December, 2018 of which five were scheduled for analysis.  Please find attached our Test Report 

which should be read with notes at the end of the report and should include all sections if reproduced. Interpretations and opinions are outside the 

scope of any accreditation, and all results relate only to samples supplied.  

All analysis is carried out on as received samples and reported on a dry weight basis unless stated otherwise. Results are not surrogate corrected.  

 

Analysis was undertaken at either Exova Jones Environmental (UK), which is ISO 17025 accredited under UKAS (4225) or Exova Jones 

Environmental (SA) which is ISO 17025 accredited under SANAS (T0729) or a subcontract laboratory where specified. 

 

NOTE: Under International Laboratory Accreditation Cooperation (ILAC), ISO 17025 (UKAS) accreditation is recognised as equivalent to SANAS 

(South Africa) accreditation.

Building 1, Golder House 

Magwa Crescent West 

Maxwell Office Park 

Cnr Allandale Road and Maxwell Drive 

Waterfall City, Midrand 

South Africa 

Lanele

24th December, 2018

Final report

Senior Project Manager

QF-PM 3.1.1 v16
Please include all sections of this report if it is reproduced

All solid results are expressed on a dry weight basis unless stated otherwise. 1 of 10



Client Name: Report : Liquid

Reference:

Location:

Contact: Liquids/products:  V=40ml vial, G=glass bottle, P=plastic bottle  

JE Job No.: 18/20917 H=H2SO4, Z=ZnAc, N=NaOH, HN=HN03

J E Sample No. 1-11 12-22 23-33 34-44 45-55

Sample ID MBH01 MBH01D MBH02 MBH03 MSW01

Depth

COC No / misc

Containers V HN P G V HN P G V HN P G V HN P G V HN P G

Sample Date 13/12/2018 13/12/2018 13/12/2018 13/12/2018 13/12/2018

Sample Type Ground Water Ground Water Ground Water Ground Water Ground Water

Batch Number 1 1 1 1 1

Date of Receipt 24/12/2018 24/12/2018 24/12/2018 24/12/2018 24/12/2018

Dissolved Aluminium
 # <1.5 2.1 4.7 19.5 32.6 <1.5 ug/l TM30/PM14

Dissolved Antimony
 # 2 <2 <2 2 <2 <2 ug/l TM30/PM14

Dissolved Arsenic
 # <0.9 <0.9 <0.9 <0.9 1.7 <0.9 ug/l TM30/PM14

Dissolved Barium
 # 202.2 202.2 13.3 222.4 85.2 <1.8 ug/l TM30/PM14

Dissolved Beryllium <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 ug/l TM30/PM14

Dissolved Bismuth <5 <5 <5 <5 <5 <5 ug/l TM30/PM14

Dissolved Boron 2188 2136 1980 1907 2073 <12 ug/l TM30/PM14

Dissolved Cadmium
 # <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 ug/l TM30/PM14

Dissolved Calcium
 # 204.3 198.7 81.2 161.0 325.1AA <0.2 mg/l TM30/PM14

Total Dissolved Chromium
 # 1.2 0.7 1.7 2.2 1.0 <0.2 ug/l TM30/PM14

Dissolved Cobalt
 # 2.1 2.2 0.1 3.1 0.5 <0.1 ug/l TM30/PM14

Dissolved Copper
 # <3 <3 <3 43 3 <3 ug/l TM30/PM14

Total Dissolved Iron
 # 1733.0 1984.0 217.8 2841.0 530.7 <4.7 ug/l TM30/PM14

Dissolved Lead
 # <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 ug/l TM30/PM14

Dissolved Lithium 151 148 27 98 116 <5 ug/l TM30/PM14

Dissolved Magnesium
 # 726.3AB 653.5AB 99.6 779.6AB 838.7AB <0.1 mg/l TM30/PM14

Dissolved Manganese
 # 952.8 942.5 88.4 2890.0 201.4 <1.5 ug/l TM30/PM14

Dissolved Mercury
 # <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 ug/l TM30/PM14

Dissolved Molybdenum
 # 3.2 3.5 <0.2 0.3 3.5 <0.2 ug/l TM30/PM14

Dissolved Nickel
 # 3.3 3.9 0.3 2.4 2.5 <0.2 ug/l TM30/PM14

Dissolved Phosphorus
 # 1056.0 1127.0 669.9 256.2 307.9 <0.7 ug/l TM30/PM14

Dissolved Potassium
 # 185.2AA 179.1AA 60.7 86.8 265.0AA <0.1 mg/l TM30/PM14

Dissolved Selenium
 # <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 ug/l TM30/PM14

Dissolved Silver <5 <5 <5 <5 <5 <5 ug/l TM30/PM14

Dissolved Sodium
 # 3922.0AC 4071.0AC 492.7AA 6178.0AC 6585.0AC <0.1 mg/l TM30/PM14

Dissolved Strontium 7879AB 7810AB 1468AA 5193AB 4744AB <5 ug/l TM30/PM14

Dissolved Tellurium <5 <5 <5 <5 <5 <5 ug/l TM30/PM14

Dissolved Thallium
 # <0.9 <0.9 <0.9 <0.9 1.5 <0.9 ug/l TM30/PM14

Dissolved Tin <5 <5 <5 <5 <5 <5 ug/l TM30/PM14

Dissolved Titanium <5 <5 <5 <5 <5 <5 ug/l TM30/PM14

Dissolved Vanadium
 # 16.4 16.1 5.1 4.0 <0.6 <0.6 ug/l TM30/PM14

Dissolved Zinc
 # 9.9 9.2 4.7 73.8 16.9 <1.5 ug/l TM30/PM14

Dissolved Zirconium 18 18 <5 <5 <5 <5 ug/l TM30/PM14

Lanele

Ilse Snyman

Please see attached notes for all 

abbreviations and acronyms

LOD/LOR Units
Method

No.

Exova Jones Environmental

Golder Associates Africa Ltd

1791874

QF-PM 3.1.2 v11
Please include all sections of this report if it is reproduced

All solid results are expressed on a dry weight basis unless stated otherwise. 2 of 10



Client Name: Report : Liquid

Reference:

Location:

Contact: Liquids/products:  V=40ml vial, G=glass bottle, P=plastic bottle  

JE Job No.: 18/20917 H=H2SO4, Z=ZnAc, N=NaOH, HN=HN03

J E Sample No. 1-11 12-22 23-33 34-44 45-55

Sample ID MBH01 MBH01D MBH02 MBH03 MSW01

Depth

COC No / misc

Containers V HN P G V HN P G V HN P G V HN P G V HN P G

Sample Date 13/12/2018 13/12/2018 13/12/2018 13/12/2018 13/12/2018

Sample Type Ground Water Ground Water Ground Water Ground Water Ground Water

Batch Number 1 1 1 1 1

Date of Receipt 24/12/2018 24/12/2018 24/12/2018 24/12/2018 24/12/2018

PAH MS

Naphthalene
 # <0.1 <0.1 - - - <0.1 ug/l TM4/PM30

Acenaphthylene
 # <0.013 <0.013 - - - <0.013 ug/l TM4/PM30

Acenaphthene
 # <0.013 <0.013 - - - <0.013 ug/l TM4/PM30

Fluorene
 # <0.014 <0.014 - - - <0.014 ug/l TM4/PM30

Phenanthrene
 # <0.011 <0.011 - - - <0.011 ug/l TM4/PM30

Anthracene
 # <0.013 <0.013 - - - <0.013 ug/l TM4/PM30

Fluoranthene
 # <0.012 <0.012 - - - <0.012 ug/l TM4/PM30

Pyrene
 # <0.013 <0.013 - - - <0.013 ug/l TM4/PM30

Benzo(a)anthracene
 # <0.015 <0.015 - - - <0.015 ug/l TM4/PM30

Chrysene
 # <0.011 <0.011 - - - <0.011 ug/l TM4/PM30

Benzo(bk)fluoranthene
 # <0.018 <0.018 - - - <0.018 ug/l TM4/PM30

Benzo(a)pyrene
 # <0.016 <0.016 - - - <0.016 ug/l TM4/PM30

Indeno(123cd)pyrene
 # <0.011 <0.011 - - - <0.011 ug/l TM4/PM30

Dibenzo(ah)anthracene
 # <0.01 <0.01 - - - <0.01 ug/l TM4/PM30

Benzo(ghi)perylene
 # <0.011 <0.011 - - - <0.011 ug/l TM4/PM30

PAH 16 Total
 # <0.195 <0.195 - - - <0.195 ug/l TM4/PM30

Benzo(b)fluoranthene <0.01 <0.01 - - - <0.01 ug/l TM4/PM30

Benzo(k)fluoranthene <0.01 <0.01 - - - <0.01 ug/l TM4/PM30

PAH Surrogate % Recovery 75 77 - - - <0 % TM4/PM30

Methyl Tertiary Butyl Ether
 # <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 ug/l TM15/PM10

Benzene
 # <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 ug/l TM15/PM10

Toluene
 # <5 <5 <5 <5 <5 <5 ug/l TM15/PM10

Ethylbenzene
 # <1 <1 <1 <1 <1 <1 ug/l TM15/PM10

p/m-Xylene
 # <2 <2 <2 <2 <2 <2 ug/l TM15/PM10

o-Xylene
 # <1 <1 <1 <1 <1 <1 ug/l TM15/PM10

Naphthalene <2 <2 <2 <2 <2 <2 ug/l TM15/PM10

Surrogate Recovery Toluene D8 94 97 94 96 97 <0 % TM15/PM10

Surrogate Recovery 4-Bromofluorobenzene 99 92 93 92 97 <0 % TM15/PM10

TAME <100 <100 <100 <100 <100 <100 ug/l TM15/PM10

EPH >C10-C12
 # 40 40 <10 5310 <10 <10 ug/l TM5/PM30

EPH >C12-C16
 # 80 80 60 10490 <10 <10 ug/l TM5/PM30

EPH >C16-C21
 # <10 <10 <10 <10 <10 <10 ug/l TM5/PM30

EPH >C21-C35
 # 70 30 180 780 <10 <10 ug/l TM5/PM30

EPH >C35-C40
 # <10 <10 <10 <10 <10 <10 ug/l TM5/PM30

EPH >C10-C40 190 150 240 16580 <10 <10 ug/l TM5/PM30

GRO (>C6-C8) <0.01 <0.01 <0.01 0.03 <0.01 <0.01 mg/l TM36/PM12

GRO (>C8-C10) <0.01 <0.01 <0.01 0.08 <0.01 <0.01 mg/l TM36/PM12

GRO (>C6-C10) <0.01 <0.01 <0.01 0.11 <0.01 <0.01 mg/l TM36/PM12

Fluoride 1.0 1.0 1.1 NDP 0.8 <0.3 mg/l TM173/PM0

LOD/LOR Units
Method

No.

Exova Jones Environmental

Golder Associates Africa Ltd

1791874

Lanele

Ilse Snyman

Please see attached notes for all 

abbreviations and acronyms

QF-PM 3.1.2 v11
Please include all sections of this report if it is reproduced

All solid results are expressed on a dry weight basis unless stated otherwise. 3 of 10



Client Name: Report : Liquid

Reference:

Location:

Contact: Liquids/products:  V=40ml vial, G=glass bottle, P=plastic bottle  

JE Job No.: 18/20917 H=H2SO4, Z=ZnAc, N=NaOH, HN=HN03

J E Sample No. 1-11 12-22 23-33 34-44 45-55

Sample ID MBH01 MBH01D MBH02 MBH03 MSW01

Depth

COC No / misc

Containers V HN P G V HN P G V HN P G V HN P G V HN P G

Sample Date 13/12/2018 13/12/2018 13/12/2018 13/12/2018 13/12/2018

Sample Type Ground Water Ground Water Ground Water Ground Water Ground Water

Batch Number 1 1 1 1 1

Date of Receipt 24/12/2018 24/12/2018 24/12/2018 24/12/2018 24/12/2018

Sulphate as SO4
 # 200.1 200.9 18.4 683.2 1580.1 <0.5 mg/l TM38/PM0

Chloride
 # 6864.6 7498.8 494.2 13454.8 11770.7 <0.3 mg/l TM38/PM0

Nitrate as NO3
 # <0.2 <0.2 <0.2 <0.2 1.0 <0.2 mg/l TM38/PM0

Total Alkalinity as CaCO3
 # 1522 1608 1112 1052 220 <1 mg/l TM75/PM0

Electrical Conductivity @25C
 # 21602 23059 3324 37964 34933 <2 uS/cm TM76/PM0

pH
 # 7.83 7.84 8.04 7.82 7.59 <0.01 pH units TM73/PM0

Total Dissolved Solids
 # 13568 14943 2130 25085 23150 <35 mg/l TM20/PM0

Lanele

Ilse Snyman

Please see attached notes for all 

abbreviations and acronyms

LOD/LOR Units
Method

No.

Exova Jones Environmental

Golder Associates Africa Ltd

1791874

QF-PM 3.1.2 v11
Please include all sections of this report if it is reproduced

All solid results are expressed on a dry weight basis unless stated otherwise. 4 of 10



NDP Reason Report

Matrix : Liquid

J E

 Job

 No.

Batch Depth
 J E Sample 

No.
Method No. NDP Reason

18/20917 1 34-44 TM173/PM0 Sample unsuitable for this test

Location: Lanele

Contact: Ilse Snyman

Sample ID

MBH03

Exova Jones Environmental

Client Name: Golder Associates Africa Ltd

Reference: 1791874

QF-PM 3.1.7 v10 Please include all sections of this report if it is reproduced 5 of 10



Notification of Deviating Samples

Matrix : Liquid

J E

 Job

 No.

Batch Depth
 J E Sample 

No.
Analysis Reason

Please note that only samples that are deviating are mentioned in this report.  If no samples are listed it is because none were deviating.

Only analyses which are accredited are recorded as deviating if set criteria are not met.

Location: Lanele

Contact: Ilse Snyman

Sample ID

Exova Jones Environmental

Client Name: Golder Associates Africa Ltd

Reference: 1791874

QF-PM 3.1.11 v3 Please include all sections of this report if it is reproduced 6 of 10



JE Job No.:

SOILS

DEVIATING SAMPLES

SURROGATES

DILUTIONS

BLANKS

NOTE

Where an MCERTS report has been requested, you will be notified within 48 hours of any samples that have been identified as being outside our

MCERTS scope. As validation has been performed on clay, sand and loam, only samples that are predominantly these matrices, or combinations

of them will be within our MCERTS scope. If samples are not one of a combination of the above matrices they will not be marked as MCERTS

accredited.

Negative Neutralization Potential (NP) values are obtained when the volume of NaOH (0.1N) titrated (pH 8.3) is greater than the volume of HCl (1N) 

to reduce the pH of the sample to 2.0 - 2.5.  Any negative NP values are corrected to 0.

Where a CEN 10:1 ZERO Headspace VOC test has been carried out, a 10:1 ratio of water to wet (as received) soil has been used.

All samples will be discarded one month after the date of reporting, unless we are instructed to the contrary.

% Asbestos in Asbestos Containing Materials (ACMs) is determined by reference to HSG 264 The Survey Guide - Appendix 2 : ACMs in buildings 

listed in order of ease of fibre release.

Data is only reported if the laboratory is confident that the data is a true reflection of the samples analysed. Data is only reported as accredited when

all the requirements of our Quality System have been met. In certain circumstances where all the requirements of the Quality System have not been

met, for instance if the associated AQC has failed, the reason is fully investigated and documented. The sample data is then evaluated alongside

the other quality control checks performed during analysis to determine its suitability. Following this evaluation, provided the sample results have not 

been effected, the data is reported but accreditation is removed. It is a UKAS requirement for data not reported as accredited to be considered

indicative only, but this does not mean the data is not valid. 

Where possible, and if requested, samples will be re-extracted and a revised report issued with accredited results. Please do not hesitate to contact

the laboratory if further details are required of the circumstances which have led to the removal of accreditation.    

Where Mineral Oil or Fats, Oils and Grease is quoted, this refers to Total Aliphatics C10-C40.

Please note we are not a UK Drinking Water Inspectorate (DWI)  Approved Laboratory .

REPORTS FROM THE SOUTH AFRICA LABORATORY

Any method number not prefixed with SA has been undertaken in our UK laboratory unless reported as subcontracted.

If you have not already done so, please send us a purchase order if this is required by your company.

The calculation of Pyrite content assumes that all oxidisable sulphides present in the sample are pyrite.  This may not be the case.  The calculation 

may be an overesitimate when other sulphides such as Barite (Barium Sulphate) are present.

Where analytes have been found in the blank, the sample will be treated in accordance with our laboratory procedure for dealing with contaminated

blanks.

ISO17025 accreditation applies to surface water and groundwater and usually one other matrix which is analysis specific, any other liquids are

outside our scope of accreditation.

As surface waters require different sample preparation to groundwaters the laboratory must be informed of the water type when submitting samples.

Where appropriate please make sure that our detection limits are suitable for your needs, if they are not, please notify us immediately. 

Samples must be received in a condition appropriate to the requested analyses. All samples should be submitted to the laboratory in suitable

containers with sufficient ice packs to sustain an appropriate temperature for the requested analysis. If this is not the case you will be informed and

any test results that may be compromised highlighted on your deviating samples report. 

NOTES TO ACCOMPANY ALL SCHEDULES AND REPORTS

Please note we are only MCERTS accredited (UK soils only) for sand, loam and clay and any other matrix is outside our scope of accreditation.

Where Mineral Oil or Fats, Oils and Grease is quoted, this refers to Total Aliphatics C10-C40.

18/20917

WATERS

It is assumed that you have taken representative samples on site and require analysis on a representative subsample. Stones will generally be

included unless we are requested to remove them. 

All analysis is reported on a dry weight basis unless stated otherwise. Results are not surrogate corrected. Samples are dried at 35°C ±5°C unless

otherwise stated.  Moisture content for CEN Leachate tests are dried at 105°C ±5°C.

Surrogate compounds are added during the preparation process to monitor recovery of analytes. However low recovery in soils is often due to peat,

clay or other organic rich matrices. For waters this can be due to oxidants, surfactants, organic rich sediments or remediation fluids. Acceptable

limits for most organic methods are 70 - 130% and for VOCs are 50 - 150%. When surrogate recoveries are outside the performance criteria but

the associated AQC passes this is assumed to be due to matrix effect.  Results are not surrogate corrected.

A dilution suffix indicates a dilution has been performed and the reported result takes this into account.  No further calculation is required.

QF-PM 3.1.9 v34
Please include all sections of this report if it is reproduced

All solid results are expressed on a dry weight basis unless stated otherwise. 7 of 10



JE Job No.:

# 

SA

B

DR

M

NA

NAD

ND

NDP

SS

SV

W

+

++

*

AD

CO

LOD/LOR

ME

NFD

BS

LB

N

TB

OC

AA

AB

AC

x5 Dilution

x10 Dilution

x50 Dilution

Outside Calibration Range

No Fibres Detected

Result outside calibration range, results should be considered as indicative only and are not accredited.

Results expressed on as received basis.

Surrogate recovery outside performance criteria. This may be due to a matrix effect.

AQC Sample

Suspected carry over

Trip Blank Sample

Blank Sample

Client Sample

AQC failure, accreditation has been removed from this result, if appropriate, see 'Note' on previous page.

Calibrated against a single substance

Indicates analyte found in associated method blank.

ABBREVIATIONS and ACRONYMS USED

Matrix Effect

No Asbestos Detected.

Limit of Detection (Limit of Reporting) in line with ISO 17025 and MCERTS

No Determination Possible

None Detected (usually refers to VOC and/SVOC TICs).

Samples are dried at 35°C ±5°C

Analysis subcontracted to an Exova Jones Environmental approved laboratory.

Not applicable

ISO17025 (UKAS Ref No. 4225) accredited - UK.

Dilution required.

ISO17025 (SANAS Ref No.T0729) accredited - South Africa.

MCERTS accredited.

18/20917

QF-PM 3.1.9 v34
Please include all sections of this report if it is reproduced
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JE Job No: 18/20917

Test Method No. Description

Prep Method 

No. (if 

appropriate)

Description

ISO

17025

(UKAS/S

ANAS)

MCERTS 

(UK soils 

only)

Analysis done 

on As Received 

(AR) or Dried 

(AD)

Reported on 

dry weight 

basis

TM4
Modified USEPA 8270 method for the solvent extraction and determination of 16 PAHs 

by GC-MS. 
PM30 Water samples are extracted with solvent using a magnetic stirrer to create a vortex.

TM4
Modified USEPA 8270 method for the solvent extraction and determination of 16 PAHs 

by GC-MS. 
PM30 Water samples are extracted with solvent using a magnetic stirrer to create a vortex. Yes

TM5
Modified USEPA 8015B method for the determination of solvent Extractable Petroleum 

Hydrocarbons (EPH) with carbon banding within the range C8-C40 GC-FID. 
PM30 Water samples are extracted with solvent using a magnetic stirrer to create a vortex.

TM5
Modified USEPA 8015B method for the determination of solvent Extractable Petroleum 

Hydrocarbons (EPH) with carbon banding within the range C8-C40 GC-FID. 
PM30 Water samples are extracted with solvent using a magnetic stirrer to create a vortex. Yes

TM15
Modified USEPA 8260. Quantitative Determination of Volatile Organic Compounds 

(VOCs) by Headspace GC-MS.
PM10

Modified US EPA method 5021. Preparation of solid and liquid samples for GC 

headspace analysis.  

TM15
Modified USEPA 8260. Quantitative Determination of Volatile Organic Compounds 

(VOCs) by Headspace GC-MS.
PM10

Modified US EPA method 5021. Preparation of solid and liquid samples for GC 

headspace analysis.  
Yes

TM20
Modified BS 1377-3: 1990/USEPA 160.3 Gravimetric determination of Total Dissolved 

Solids/Total Solids
PM0 No preparation is required. Yes

TM30

Determination of Trace Metal elements by ICP-OES (Inductively Coupled Plasma - 

Optical Emission Spectrometry). Modified US EPA Method 200.7, 6010B and BS EN ISO 

11885 2009

PM14
Analysis of waters and leachates for metals by ICP OES/ICP MS. Samples are filtered for 

dissolved metals and acidified if required.

TM30

Determination of Trace Metal elements by ICP-OES (Inductively Coupled Plasma - 

Optical Emission Spectrometry). Modified US EPA Method 200.7, 6010B and BS EN ISO 

11885 2009

PM14
Analysis of waters and leachates for metals by ICP OES/ICP MS. Samples are filtered for 

dissolved metals and acidified if required.
Yes

TM36

Modified US EPA method 8015B. Determination of Gasoline Range Organics (GRO) in 

the carbon  chain range of C4-12 by headspace GC-FID. MTBE by GCFID co-elutes with 

3-methylpentane if present and therefore can give a false positive. Positive MTBE results 

can be confirmed using GCMS.  

PM12
Modified US EPA method 5021. Preparation of solid and liquid samples for GC 

headspace analysis.

Exova Jones Environmental Method Code Appendix
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Test Method No. Description

Prep Method 

No. (if 

appropriate)

Description

ISO

17025

(UKAS/S

ANAS)

MCERTS 

(UK soils 

only)

Analysis done 

on As Received 

(AR) or Dried 

(AD)

Reported on 

dry weight 

basis

TM38

Soluble Ion analysis using Discrete Analyser. Modified US EPA methods 325.2 

(Chloride), 375.4 (Sulphate), 365.2 (o-Phosphate), 353.1 (TON), 354.1 (Nitrite), 350.1 

(NH4+) comparable to BS ISO 15923-1, 7196A (Hex Cr)

PM0 No preparation is required. Yes

TM73
Modified US EPA methods 150.1 and 9045D and BS1377:1990. Determination of pH by 

Metrohm automated probe analyser.
PM0 No preparation is required. Yes

TM75
Modified US EPA method 310.1. Determination of Alkalinity by Metrohm automated 

titration analyser.
PM0 No preparation is required. Yes

TM76
Modified US EPA method 120.1. Determination of Specific Conductance by Metrohm 

automated probe analyser.
PM0 No preparation is required. Yes

TM173 Analysis of fluoride by ISE (Ion Selective Electrode) using modified ISE method 340.2 PM0 No preparation is required.

Exova Jones Environmental Method Code Appendix
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Education 

Certificate in Strata Control 

–Metalliferous 

Mining(Theory), South 

Africa Chamber of Mines, 

2016 

BSc (Honours) 

Geohydrology, University of 

the Free State, 

Bloemfontein, 2013 

BSc Geology & 

Management, University of 

the Free State, 

Bloemfontein, 2011 

 

Fundokuhle Mlambo 

PROFESSIONAL SUMMARY 

Mr. Mlambo is a hydrogeologist, his technical skills include project involvements 

project management, running fieldwork programmes involving the supervision of 

drilling and test pumping activities, aquifer assessment for hydraulic parameter 

estimation, groundwater characterisation, contaminated sites assessment and 

water quality.  

EMPLOYMENT HISTORY 

Golder Associates Africa (PTY.) Ltd.- Midrand 

Hydrogeologist (February 2018- Current)  

Duties include: Hydrogeological field assessment, Interpretation and 

conceptualisation of hydrogeological data. Hydraulic Testing, design and 

interpretation. Report writing. 

Itasca Africa 

Junior Site Hydrogeologist (March 2016-January 2018) 

Projects activities include conducting: Hydro-census, supervise and monitor 

diamond drilling rigs and Reverse Circulation drill rigs. Daily duties included 

borehole layout, ensuring SHEQ standards, core logging, structural 

interpretation and geological interpretation. Ensuring compliance with QA-QC 

protocols in core sampling and sample dispatch, analysis. Corehole Airlift 

testing and packer testing supervision. Carry out general geological functions, 

which include field mapping, quarry mapping, data interpretation. Sample 

preparation for lab analysis, data capturing and data validation. Surface water 

and groundwater sampling. Geochemical analysis of groundwater and surface 

water hydrochemistry. Report writing. 

Zenzele TDC  

Trainee Exploration Geologist and Mineral Turner (August 2014-May 2015) 

Projects activities include: Carry out general geological functions, which include 

field mapping, quarry mapping, data interpretation. Core Sample preparation for 

lab analysis, data capturing and data validation. Soil sampling, sediment 

sampling, surface water and groundwater sampling. Supervise and monitored 

diamond and Reverse Circulation drill rigs. Borehole layout, ensuring SHEQ 

standards, core logging. Ensuring compliance with QA-QC protocols in core 

sampling and sample dispatch. 

RELEVANT EXPERIENCE 

South32 (South Africa Energy Coal) 

Mpumalanga, South Africa  



Resume Fundokuhle 
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(South32) Khutala Colliery to conduct a follow-up Hydrogeological Study to 

provide for an improved understanding of Block I water decant and decant 

management. Drilling Supervision and Decant mapping. 

Corobrik  

Kwazulu Natal Dundee, South Africa 

Water Use Licence Application for the quarry. 

Khoemacau Copper Mining 

Ghantsi and Ngamiland Districts, Botswana 

Update Standard Operating procedure (SOP) for vibrating Wire Transducer 

(VWTs) installation, update SOP for drilling and pump testing. 

Meiduk Copper Mine 

Kerman province, Iran 

Hydrochemical analysis of mine groundwater and surface water. 

B2Gold Namibia 

Province of Otjozondjupa, Republic of Namibia 

Dewatering Project activities include: drilling supervision, pumping test 

supervision, water supply (Portable and Processing Plant) drilling supervision, 

pumping test supervision and Pit Seepage Mapping. Corehole Airlift testing, 

packer testing supervision and analysis of data. Groundwater monitoring, 

sampling and hydrochemistry reporting. 

B2Gold Namibia 

Province of Otjozondjupa, Republic of Namibia 

Annual Environmental Monitoring Report, project activities include: Hydro-

census for mine boreholes, in-pit water sampling, sampling all water points 

within the mining area and surrounding farms. Hydrochemical analysis and 

interpretation of results. 

Bikita Minerals  

Glencova, Zimbabwe 

Exploration drilling and Mapping: Carry out general geological functions, which 

include field mapping, quarry mapping, data interpretation. Sample preparation 

for lab analysis, data capturing and data validation. Soil sampling, sediment 

sampling, surface water and groundwater sampling. Supervise and monitored 

diamond and Reverse Circulation drill rigs. Borehole layout, ensuring SHEQ 

standards, core logging, structural interpretation and geological interpretation. 

Ensuring compliance with QA-QC protocols in core sampling and sample 

dispatch. 

Asili African Minerals (Pty) Ltd 

Free State, South Africa 
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Application of prospecting right and technical assistance (Diamonds): Alluvial 

sampling for diamonds and reporting on results from Laboratory analysis. 

Drumlink Holdings  

Rickards Bay, South Africa 

Application of Mining Permit: Quarrying Mining permit (Dolerite) 
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Curriculum Vitae GERHARD VAN DER LINDE 

 

Education 

BSc(Hon) Geohydrology  
Institute for Groundwater 
Studies , University of the 
Free State , South Africa, 
1998 

National Higher Diploma - 
Geotechnology , 
Technicon, Pretoria - South 
Africa, 1995 

National Diploma - 
Geotechnology , 
Technicon, Pretoria - South 
Africa, 1993 

Languages 

Afrikaans – Fluent 

English – Fluent 
 

Golder Associates Africa (Pty) Ltd. – Pretoria 

Group Leader Mine Water Africa 
Responsible for leadership, business and financial performance of the Mine 

Water Africa Group. 

 

Senior Hydrogeologist 
Responsible for: Hydrogeological studies including mine dewatering, impact 

assessments, contamination investigations as well as closure assessments. 

Gerhard is also responsible for organic and inorganic contamination studies 

including implementation of remediation technologies. 

 

 

Employment History 

Geomeasure Gauteng (Pty) Ltd – Pretoria, South Africa 
Director (2005 to 2007) 

Responsible for: Hydrogeological characterisation and impact assessments. 

Hydrocarbon pollution studies including implementation of remediation 

technologies. Bioremediation of petroleum polluted soil and groundwater.  

Natural attenuation evaluation and modeling. Database development and 

management. Geographical Information Systems. Numerical modeling of aquifer 

systems. 

 

Geo Pollution Technologies (Pty) Ltd – Pretoria, South Africa 
Senior Geohydrologist (1995  to 2005) 

Responsible for: Hydrocarbon pollution studies including implementation of 

remediation technologies. Bioremediation of petroleum polluted soil and 

groundwater. Natural attenuation evaluation and modeling. Database 

development and management. Geographical Information Systems.  Numerical 

modeling of aquifer systems. 

 

Anglo American Prospecting Services – Midrand, South Africa 
Contract Geologist (1993 to 1995) 

Responsible for numerous gold and base metal exploration projects in South 

Africa and East Africa. 



 
 2 

Curriculum Vitae GERHARD VAN DER LINDE 

 

PROJECT EXPERIENCE – OIL & GAS 

Various in South Africa  
Various, South Africa 

Soil and groundwater remediation at 8 service stations in South Africa.  The 

project entailed the design and implementation of active remediation systems at 

6 sites that varied from multiphase extraction, soil vapour extraction and air 

sparging technologies. The implementation of Bos200 at one site and passive 

remediation such as monitored natural attenuation at the other sites. 

Scaw Metals 
Gauteng, South Africa 

Groundwater investigation at several Scaw sites to deterimine the groundwater 

contamination status and potential pathways to receptors.  

Hernic Chrome 
Brits, South AFrica 

Development of an initial conceptual contaminant Cr(+6) groundwater model 

indicating GAPS in hydrogeology information. The next phase of this project will 

be to address these gaps and develop an informed groundwater model to 

develop remediation options for Cr(+6) and Nitrate remediation in the soil and 

groundwater  

Tubatse Chrome 
Steelpoort, South Africa 

Groundwater investigation focussing on the updated conceptual understanding of 

Cr(+6)  contamination migration. Updated the numerical model based on the 

updated conceptual understanding as well as review and update the remediation 

plan and remediation activities on site. 

Hillside Aluminium 
Richards Bay, South 

Africa 

Development of a Source - Pathway - Receptor (SPR) model including 

geochemical and groundwater modelling and ecological receptor assessment 

Mutanda Copper Mine 
Kolwesi, Democratic 

Republic of the Congo 
(DRC) 

Groundwater investigation focussing of open pit dewatering as part of the mine 

exspansion. Included project management, additional drilling and testing, 

numerical groundwater modelling and dewatering design. 

Sasol Underground 
Coal Gasification 
Literature Study 

South Africa 

Literature study of the potential impacts from Underground Coal Gasification 

(UCG) on the environment including groundwater. 

Matla Coal Mine 
Mpumalanga, South 

Africa 

Groundwater specialist study as part of the consolidated EIA for Matla mine.  

Included project management, additional drilling and testing, numerical 

groundwater modelling and impact assessment. 

 

Arnot Coal Mine 
Mpumalanga, South 

Africa 

Groundwater specialist study as part of the consolidated EIA for Arnot mine.  

Included project management, additional drilling and testing, numerical 

groundwater modelling and impact assessment. 

Bayside Aluminium 
Richards Bay, South 

Africa 

Development of a Source - Pathway - Receptor (SPR) model including 

geochemical and groundwater modelling and ecological receptor analyses. 

Conceptual remediation options were assessed.  

Steel Mill 
Undisclosed, South 

Africa 

Detailed Site Investigation for delineation of steel industry related DNAPL plume. 

Key activities included passive soil vapour survey, core drilling, visual inspection, 

logging and sampling of contaminated soil and rock core as well as groundwater 

for analyses of DNAPL related organic compounds as well as Volatile and semi 

Volatile Organic Compounds (VOC), LNAPL’s and DNAPL’s including 

chlorinated solvents and analyses of free phase product. Included in the project 

is the development of a groundwater management plan. 
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Curriculum Vitae GERHARD VAN DER LINDE 

Mine North West 
Province 

North West, South Africa 

The objective of this project was to determine the extent and level of Poly 

Chlorinated Biphenyl (PCB) contamination in the soil following a transformer oil 

spill at the mine. The main objective of the study was to assess the distribution 

and level of contamination associated with Poly-Chlorinated Biphenyls (PCBs) in 

the soil and to recommend management options.  

Mine Northern Cape 
Northern Cape, South 

Africa 

Soil and groundwater contamination assessment with the aim of developing a 

remediation strategy.  The project included the implementation of the 

groundwater remediation strategy and long term monitoring natural attenuation 

(MNA) assessment. 

Foskor North 
Pyroxenite Mine 

Phalaborwa, South 
Africa 

Development of a dewatering strategy for the north pyroxenite mine. The project 

includes the development of a conceptual model and numerical flow model to 

determine the optimal pit dewatering strategy for the expansion of the existing 

pit.  

Foskor South 
Pyroxenite Mine 

Phalaborwa, South 
Africa 

Groundwater impact assessment for the proposed new south pyroxenite mine.  

The project includes development of a conceptual model and numerical flow 

model to determine the potential groundwater impacts as result of mining 

activities. 

Orapa Diamond Mine 
Orapa, Botswana 

Development of a conceptual hydrogeological model that was used to construct 

a numerical groundwater model. This was used to develop an optimal pit 

dewatering strategy for the new Cut 3 development. 

Waterberg Coal Bed 
Methane 

Ellisras, South Africa 

Groundwater impact assessment as result of proposed Coal Bed Methane 

(CBM) extraction.  The focus of the project was to determine the impact on the 

shallow groundwater as result of the dewatering of the deep coal seam to extract 

methane. The impact assessment included a numerical flow model. 

Majuba Underground 
Coal Gasification 

Amersfoort, South Africa 

Project focussed on characterizing the hydrogeology and groundwater, including 

pore water pressure monitoring.  The development of a conceptual 

hydrogeological model and numerical model to identify potential impacts on the 

groundwater system as result of UCG operations. 

Bakouma Groundwater 
Assessment 

Bakouma, Central 
African Republic 

A hydrogeological investigation that formed part of an environmental feasibility 

study with the aim of developing pit dewatering strategies as well as groundwater 

impacts. Responsibilities included managing a drilling and test pumping 

programme that included drilling supervision, borehole construction and 

groundwater sampling. 

Johannesburg 
International Airport 
Johannesburg, South 

Africa 

Hydrocarbon contamination investigation at Johannesburg International Airport. 

The aim of the study was to determine the contamination status and 

recommending and implementing remedial actions. Site investigation included 

soil/groundwater sampling, soil vapour surveys, installation of monitoring 

boreholes and interpretation and presentation of results to client. The following 

remedial technologies were implemented during this project: Pump & Treat, Cut-

off Trench, Vacuum Enhanced Recovery and Monitoring Natural Attenuation. 

 

Rileys Garage 
Maun, Botswana 

Site investigation and sampling, including soil vapour survey, installation of 

monitoring boreholes and interpretation and presentation of results to client. A 

soil vapour extraction system was installed and is currently still operational. 
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Curriculum Vitae GERHARD VAN DER LINDE 

Admiral Service 
Station 

Maun, Botswana 

Site investigation and sampling, including soil vapour survey, installation of 

monitoring boreholes and interpretation and presentation of results to client. 

Some contaminated soil was excavated and are being bioremediated. A soil 

vapour extraction system and pump and treat system was installed and is 

currently still operational. 

 

Kaunda Service 
Station 

Gaborone, Botswana 

Site investigation and sampling, including soil vapour survey, installation of 

monitoring boreholes and interpretation and presentation of results to client. A 

soil vapour extraction system was installed and is currently still operational. 

 

Wongar Motors 
Pretoria, South Africa 

Desktop study, sampling interpretation and presentation of results to client. 

Monitoring Natural Attenuation is currently employed as remediation technology. 

 

Mount Fuji Motors 
Pretoria, South Africa 

Site investigation and sampling, including soil vapour survey, installation of 

monitoring boreholes and interpretation and presentation of results to client. A 

pump and treat system was installed and was discontinued. Currently Monitoring 

Natural Attenuation is employed as remediation technology. 

 

Parktown Motors 
Johannesburg, South 

Africa 

Site investigation and sampling, including soil vapour survey, installation of 

monitoring boreholes and interpretation and presentation of results to client. A 

pump and treat system was installed and is currently still operational 

 

Marang Filling Station 
Francistown, Botswana 

Site investigation and sampling, including soil vapour survey, installation of 

monitoring boreholes and interpretation and presentation of results to client.  

Mobile Vacuum Enhanced Recovery events were conducted at this site with aim 

of product recovery. 

 

Orapa Mine 
Orapa, Botswana 

Site investigation and sampling, including installation of monitoring boreholes 

and interpretation and presentation of results to client. Mobile Vacuum Enhanced 

Recovery events were conducted at this site with aim of product recovery. 

 

Omega Farm 
Vryburg, South Africa 

Site investigation and sampling, including installation of monitoring boreholes 

and interpretation and presentation of results to client. A pump and treat system 

was installed and is still operational. 

 

CEU Motors 
Jan Kempdorp, South 

Africa 

Site investigation and sampling, including soil vapour survey, installation of 

monitoring boreholes and interpretation and presentation of results to client. A 

pump and treat system was installed and was discontinued after no 

hydrocarbons were detected in the groundwater.  Groundwater monitoring is 

currently undertaken. 

 

Botswana Railways 
Lobatse, Serule, 

Botswana 

Site investigation and sampling, including soil vapour survey, installation of 

monitoring boreholes and interpretation and presentation of results to client. The 

following remedial technologies are currently being implemented: Soil Excavation 

& Bioremediation, Bioventing/SVE and Possible Pump & Treat. 
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Curriculum Vitae GERHARD VAN DER LINDE 

Groundwater 
Modelling-Mining 

South Africa 

Various groundwater flow and transport models have been developed over the 

past 10 years to evaluate groundwater conditions at both new and existing 

mining operations, to predict the influence of these activities on the groundwater 

quality and quantity, and to propose the best mitigation measures where 

necessary.  Most of these studies formed part of mining applications or the 

upgrade of existing EMPR documents. Geochemical evaluation of groundwater 

conditions formed a part of all of these studies. 

 

Beatrix & Oryx Mines 
Virginia, South Africa 

Groundwater flow and transport models were developed to evaluate these mines’ 

groundwater monitoring networks and the impacts of their operations on the 

groundwater quality of surrounding properties. 

 

 

PROFESSIONAL AFFILIATIONS 

SACNSP (South African Council for Natural Scientific Professions, Pr. Sci. Nat.) 

Registration Number : 400017/05 

 

PUBLICATIONS 

Other Dr Jennifer Pretorius, Gerhard van der Linde and Gabriel Canahai "Groundwater 

Management an Essential Tool for successful Coalbed Methane (CBM) 

production". World Coal CBM - White Paper, CBM Review, 20 February 2015 
 

 GP van der Linde "The importance of understanding the conceptual 

hydrogeology at UCG sites to ensure correct monitoring borehole design for 

impact assessment on aquifer systems", 2011, Underground Coal Gasification 

Going Forward Conference, Johannesburg, South Africa. 

 

 
 

 GP van der Linde, WJ van Biljon “Using Flow and Transport Modelling Efficiently 

for Pump and Treat Systems: Case Study in a Fractured Aquifer.” 2000 

Contaminated Site Remediation Conference., December 2000, Melbourne 

Australia. 

 

 
 

 WJ van Biljon, GP van der Linde”Using Vacuum Enhanced Recovery Efficiency:. 

Two Case Studies in Fractured Aquifers”, 2000 Contaminated Site Remediation 

Conference. December 2000, Melbourne Australia. 
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Document is uncontrolled if downloaded or printed Page 1 of 1

https://golderassociates-my.sharepoint.com/personal/micvanniekerk_golder_com/Documents/Administration/GAIMS/GAA GAIMS Form 10_Rev 4.docx 

 

This document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following 

limitations: 

i) This Document has been prepared for the particular purpose outlined in Golder’s proposal and no 
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any other 
purpose.  

ii) The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to 
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or 
circumstances that may exist at the site referenced in the Document. If a service is not expressly indicated, 
do not assume it has been provided. If a matter is not addressed, do not assume that any determination 
has been made by Golder in regard to it. 

iii) Conditions may exist which were undetectable given the limited nature of the enquiry Golder was retained 
to undertake with respect to the site. Variations in conditions may occur between investigatory locations, 
and there may be special conditions pertaining to the site which have not been revealed by the investigation 
and which have not therefore been taken into account in the Document. Accordingly, additional studies 
and actions may be required.   

iv) In addition, it is recognised that the passage of time affects the information and assessment provided in 
this Document. Golder’s opinions are based upon information that existed at the time of the production of 
the Document. It is understood that the Services provided allowed Golder to form no more than an opinion 
of the actual conditions of the site at the time the site was visited and cannot be used to assess the effect 
of any subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.   

v) Any assessments made in this Document are based on the conditions indicated from published sources 
and the investigation described. No warranty is included, either express or implied, that the actual 
conditions will conform exactly to the assessments contained in this Document. 

vi) Where data supplied by the client or other external sources, including previous site investigation data, have 
been used, it has been assumed that the information is correct unless otherwise stated. No responsibility 
is accepted by Golder for incomplete or inaccurate data supplied by others. 

vii) The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to provide 
Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services and work 
done by all its sub-consultants and subcontractors. The Client agrees that it will only assert claims against 
and seek to recover losses, damages or other liabilities from Golder and not Golder’s affiliated companies. 
To the maximum extent allowed by law, the Client acknowledges and agrees it will not have any legal 
recourse, and waives any expense, loss, claim, demand, or cause of action, against Golder’s affiliated 
companies, and their employees, officers and directors. 

viii) This Document is provided for sole use by the Client and is confidential to it and its professional advisers. 
No responsibility whatsoever for the contents of this Document will be accepted to any person other than 
the Client. Any use which a third party makes of this Document, or any reliance on or decisions to be made 
based on it, is the responsibility of such third parties. Golder accepts no responsibility for damages, if any, 
suffered by any third party because of decisions made or actions based on this Document. 
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