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Executive Summary 

Redhaus is in the process of developing almond orchards and cover crops on a section of Portion 1 

and Portions 4 and 9 of the Farm Redford 232, hereafter also referred to as the site. Water for the 

project will be sourced from groundwater through abstraction from boreholes and as part of the 

environmental authorisations, the water use needs to be licenced. Redhaus therefore appointed DHS 

Groundwater to conduct a geohydrological assessment as part of the Water Use License Application 

(WULA). 

The most important findings of the assessment are summarised in the following table: 

Geohydrological Characteristics Redhaus 

Geology: Goudini Formation (sandstone & quartzitic 

sandstone) of the Table Mountain Group 

(TMG) which forms part of the Cape 

Supergroup. 

No major fault lines or lineaments is shown on 

a local scale. 

Aquifer Types: Hard rock/Secondary fractured aquifers. 

Aquifer Classification: Minor Aquifer System 

Borehole Yields: 4 L/s  

Depth to Water Table: < 5 meters below ground level 

Groundwater Quality: EC, TDS, Chloride, Sodium, Manganese and 

Iron exceeds the SANS241 drinking water 

limits. 

TDS of 1350 mg/l. 

Regional Groundwater Use: Domestic & Agriculture (Irrigation) 

Mean Annual Rainfall: 778 mm/a 

Recharge: 37 - 50 mm/a (4.8% - 6.4% of MAP) 

Groundwater available for abstraction from 

GRU: 

0.127 Mm3/a 

Water Demand: 0.025 Mm3/a 

Cumulative Sustainable Yield from tested 

borehole(s): 

0.066 Mm3/a 



 
 

Geohydrological Characteristics Redhaus 

Volume to be applied for: 0.025 Mm3/a 

Based on the field work, interpretation of available and newly acquired data, the abstraction of 

groundwater from the site will have an overall “negligible – negative” impact on the investigated 

geohydrological environment after implementation of appropriate mitigation measures. During the 

rating and ranking procedure of impacts, all identified impacts could be countered by appropriate 

mitigation. 

Based on the water balance results, it is recommended to apply for an allocation of 0.025 Mm3/annum 

which places the application in Category A (small scale abstractions: < 60% recharge to the GRU). The 

tested boreholes will be able to supply in 100% of the demand, as well as the applied volume. 

From a water quality point of view EC, TDS, Chloride, Sodium, Manganese and Iron exceeds the 

SANS241 drinking water limits making the water unfit for human consumption without prior 

treatment. The main application of the water will however be irrigation and it is proposed that the 

applicant consult an applicable agricultural specialist to assess water quality criteria to make 

judgements on the fitness of water to be used for irrigation of the intended crop(s), its effects on soil 

properties, soil salinity tolerance of the intended crops and how these effects may be mitigated and 

possible treatment options. 

All of the parameters analysed for in the neighbouring borehole sampled during the hydrocensus 

(BHC3) (except for slightly elevated Iron concentrations) comply with the SANS241 drinking water 

limits. 

It is the assessor’s professional opinion that adequate information was available to appropriately 

assess the impact of groundwater abstraction from the production boreholes on the geohydrological 

environment. Based on the results, it is recommended that the application be approved. It is however 

imperative that the applicant implements the proposed “Environmental Management & Groundwater 

Monitoring Program”. Production boreholes should be equipped as follow: 

• Installation of a sampling tap (to monitor water quality). 

• Installation of a flow volume meter (to monitor abstraction rates and volumes). 

• The appropriate borehole pump must be installed, i.e. not an over-sized pump that is choked 

with a gate valve. If the monitoring shows that more water can be abstracted, then duty cycles 

(i.e. the duration of pumping time) may be increased, and not the flow rate. 
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1 Introduction 
Redhaus is in the process of developing almond orchards and cover crops on a section of Portion 1 

and Portions 4 and 9 of the Farm Redford 232, hereafter also referred to as the site. Water for the 

project will be sourced from groundwater through abstraction from boreholes and as part of the 

environmental authorisations, the water use needs to be licenced. Redhaus therefore appointed DHS 

Groundwater to conduct a geohydrological assessment as part of the Water Use License Application 

(WULA). 

2 Geographical Setting 

2.1 Site Location 

The site is located approximately 14km north-east of the town of Plettenberg Bay, within the Western 

Cape Province. It covers an area of approximately 29 ha (Map 1, Appendix A). 

2.2 Topography and Drainage 

The site is located in quaternary catchment K60E within the Gouritz Water Management Area (WMA) 

at an elevation of ~240 mamsl (with a variation of not more than 10% across the site). 

The site is characterized by gently sloping topography and the majority of local drainage from the site 

is generally in a southern direction towards a southwest flowing tributary of the Whiskey Creek 

flowing south and then west towards the Keurboomsriver. The most southern portion of the site 

slopes to the north towards the same tributary of the Whiskey Creek. A very small portion of the far 

northern end of the site is drained by another southwest flowing tributary of the Whiskey Creek. 

2.3 Climate 

The area experiences a warm temperate climate, with year-round rainfall. The average daily 

minimums are 18°C for February and 10°C for July, whilst the average daily maximums are 24°C for 

February and 19°C for August. The highest temperatures reach above 30°C, generally associated with 

northerly Berg Winds typically occurring in autumn, whilst temperatures can get close to 0°C on still, 

clear nights in winter, typically after the passage of a cold front. However, on average, temperatures 

are mild due to the proximity of the Indian Ocean and moderately humid conditions.  

Winds are generally light to moderate, with the most common direction being from the west. 

Winter rain can come from large cold front systems that sweep across the Cape, particularly in late 

winter/spring, whilst summer rain comes largely from moisture advected off the Indian Ocean, 

associated with the South Indian Ocean High Pressure cell, feeding moist air inland to power the low 

pressure thunderstorm systems over the interior of the country. 

Meteriological data obtained from SamSam Water Climate Tool1 is presented in Figure 1. Figures of 

778 mm for the mean annual precipitation (MAP) and 1471 mm for the mean annual evaporation 

(MAE) is reported. The MAE exceeds the MAP by an order of magnitude, resulting in a negative 

 
1 https://www.worldclim.org/ & Global Aridity Index and Potential Evapotranspiration Climate 

Database v2 
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moisture index. Rainfall within the study area is bimodal where both summer and winter rainfall 

occurs, a feature typical of the south-east coastal region of the country. 

 

Figure 1. Precipitation and Evapotranspiration within the project area 
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3 Scope of Work 
The objective of this assessment is to: 

• Complete a geohydrological characterization of the groundwater in the vicinity of the site; 

• Evaluate the proposed production boreholes in terms of yield and quality; 

• Complete an assessment of the groundwater use in the area by means of a hydrocensus up to 

a maximum distance of a 1km radius; 

• Perform a Rapid Reserve Determination in support of a Water Use License Application (WULA) 

in terms of Section 21 of the National Water Act (NWA), 1998 (Act 36 of 1998)2. 

• Evaluate predicted impacts of groundwater abstraction on the receiving geohydrological 

environment; 

• Propose measures to mitigate identified negative impacts; 

• Develop a monitoring program as part of an environmental management plan; 

• Document the above findings in a format fully compatible with the requirements for a WULA 

(Appendix 2) which is to be submitted to the Department of Water and Sanitation (DWS). 

This report is not intended to be an exhaustive description of the assessment, but rather serves as a 

specialist geohydrological assessment to evaluate the overall geohydrological character of the site, to 

inform the impact assessment, and propose mitigation measures where applicable. 

4 Methodology 
Reporting is based on and limited to results and observations made during geophysical surveys, 

drilling, test pumping, hydrocensus and the collation of available information. The work completed 

for the purposes of compiling a geohydrological report comprised the following: 

4.1 Desk Study 

Undertake a desk study of existing information available from relevant literature, the National 

Groundwater Archive (NGA)3, the Water Use Authorization & Registration Management System 

(WARMS) and published geological and geohydrological maps and reports. 

4.2 Site Visit & Hydrocensus 

A site visit was conducted to evaluate the geology, geohydrology and potential receptors of possible 

groundwater impacts (quality and quantity) emanating from groundwater abstraction. A hydrocensus 

was carried out within the Groundwater Resource Unit, up to a maximum distance of a 1km radius 

from the site to identify legitimate groundwater users, the groundwater potential and quality. Where 

possible, groundwater levels were also measured to assist in the understanding of groundwater flow 

within the project area. Water samples were collected from selected boreholes and submitted for 

analysis of the major ions and trace elements. 

 
2 South African National Water Act (Act 36 of 1998) 

3 http://www3.dwa.gov.za/NGANet/Security/WebLoginForm.aspx 
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4.3 Test Pumping 

A seventy-two-hour constant discharge test followed by recovery monitoring was conducted on the 

newly drilled production borehole. Test pumping was conducted as per SANS 10299-4:2003 

standards4. The data was scientifically analysed to calculate the sustainable yield of the tested 

borehole. A water sample was collected and submitted to an SANAS accredited laboratory for the 

analysis of the major ions and trace elements. 

4.4 Aquifer Vulnerability Assessment 

The national scale groundwater vulnerability map, which was developed according to the DRASTIC 

methodology (DWAF, 2005)5 and recompiled in 2013 was used to assess the project area in terms of 

“Aquifer Vulnerability”. Aquifer Vulnerability can be defined as “the likelihood for contamination to 

reach a specified position in the groundwater system after introduction at some location above the 

uppermost aquifer”. 

4.5 Water Balance & Reserve Determination 

The “Reserve” and groundwater available for abstraction was calculated through a “Rapid Reserve 

Determination” using the “Groundwater Resources Directed Measures” software6 developed by the 

former Department of Water Affairs and Forestry (DWAF) as basis. 

4.6 Aquifer Characterisation 

The aquifer(s) underlying the project area was classified in accordance with “A South African Aquifer 

System Management Classification”7 developed by the Water Research Commission and DWAF. 

4.7 Impact Assessment 

The methodology to determine the significance of the potential impacts of groundwater abstraction 

was developed in 1995 and has been continually refined to date through the application of it to over 

400 Environmental Impact Assessment (EIA) processes. The methodology is broadly consistent to that 

described in the Environmental Impact Assessment Regulations8 in terms of the NEMA9. 

 
4 South African National Standard. Development, maintenance and management of groundwater 

resources. Part 4: Test-pumping of water boreholes (SANS 10299-4:2003, edition 1.1). ISBN 978-0-

626-32920-4 

5 DWAF, 2005. Groundwater Resources Assessment Project, Phase II (GRAII). Department of Water 

Affairs and Forestry, Pretoria. 

6 “Groundwater Resources Directed Measures” Software (Version 4.0.0.0). Department of Water 

Affairs & Water Research Commission. 

7 Department of Water Affairs and Forestry & Water Research Commission (1995). A South African 

Aquifer System Management Classification.  WRC Report No. KV77/95. 

8 Environmental Impact Assessment Regulations, 2014 published under Government Notice No. 982 in 

Government Gazette No. 38282 of 4 December 2014 

9 National Environmental Management Act, 1998 (Act No. 107 of 1998) (“NEMA”) 
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The risk associated with the groundwater abstraction for the property pertains to the operational 

phase only. Each impact was assessed individually and graded using a numerical system on the 

following factors: 

• Duration 

• Extent 

• Intensity 

• Probability. 

The values assigned to each factor were used to calculate the significance of each impact. Each 

individual impact was assessed and re-assessed after the appropriate mitigation was applied. 

The “Impact Assessment Methodology” is presented in Appendix C. 

4.8 Reporting 

A technical report was compiled broadly consistent with applicable sections of the proposed 

geohydrology template presented in the “Regulations regarding the Procedural Requirements for 

Water Use Licence Applications and Appeals.10”. 

5 Regional and Local Geology 
The project area is located within the Cape Fold Belt (CFB). The CFB, is a 1300 km mountainous fold-

thrust belt along the southern and western margins of South Africa. These folds and thrusts of 

sedimentary sequences, regarding the genesis of the CFB, was caused by 4 major phases of 

deformation. These folds predominantly verge to the north due to pressure from the south during 

continental collision and break-up of Gondwana. Moreover, the Cape Fold Belt consists largely of 

Paleozoic aged sedimentary and meta-sedimentary rocks of the Cape Supergroup. In turn, the Cape 

Supergroup is subdivided into 3 major Groups: Table Mountain, Bokkeveld and Witteberg. 

Based on the 1:250 000 Geological Series (3322 Oudshoorn11) the site is underlain by the Goudini 

Formation of the Table Mountain Group (TMG) which forms part of the Cape Supergroup (Map 2, 

Appendix A). In addition, the Goudini Formation is underlain by the Cederberg (black shale), Peninsula 

(cross-bedded quartzites, subordinate shale) and Sardinia Bay (cross-bedded quartzites, grey to black 

pelites, laminated grey-brown psammites, subordinate conglomerate) Formations. 

No major fault lines or lineaments is shown on a local scale. 

The lithostratigraphy of the regional geology is shown in Table 1.  

 

 

 

 

 
10 Regulations regarding the Procedural Requirements for Water Use Licence Applications and 

Appeals. (Gazette No. 40713, GoR. 267, 24 March 2017) 

11 1:250 000 Geological Map (3322 Oudshoorn). Geological Survey, 1979. 
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Table 1. Lithostratigraphy of regional geology 

Supergroup Group Formation Lithology 

Cape 
Supergroup 

Table 
Mountain 

Skurweberg (Sk) 
Medium to Coarse Grained Quartzitic Sandstone, 
Subordinate Shale. 

Goudini (St) 
Sandstones and Quartzitic Sandstones with 
subordinate Siltstone and Shale. 

Peninsula (Op) Medium to Coarse Grained Quartzitic Sandstone. 

 

6 Regional Geohydrology 
Both the lithology and structural geology have a major bearing on the groundwater potential of the 

area. In their pristine state, the consolidated geological units have negligible groundwater potential. 

It is the secondary structural features that give the units groundwater potential. These secondary 

structures are usually associated with faults, fractures and weathering which gives rise to discrete 

zones of secondary permeability. 

Unless otherwise stated, the published 1:500 000 General Hydrogeological Map12 and associated 

explanatory booklet13 was used as basis to describe the regional geohydrological conditions.  

6.1 Aquifer Types and Borehole Yields 

Groundwater within the project area occur predominantly within fractured rock aquifers with 

reported yields of 0.5 - 2 L/s. 

6.2 Depth to Groundwater 

The modelled 1km x 1km “Raster Waterlevel Grid” reports a static water level of 49.24 mbgl14 for the 

area. It must be stated that large scale raster water level grids are not intended to define water level 

depths on small scale and therefore a hydrocensus was conducted to get an idea of the regional static 

groundwater level. 

6.3 Groundwater Recharge and Baseflow 

The study area falls within quaternary catchment K60E. The mean annual precipitation and annual 

recharge figures for the study area is presented in Table 2. Vegter’s (1995)15 recharge and baseflow 

maps were used to obtain a first estimate of regional recharge and groundwater contribution to rivers 

and streams (baseflow). 

 

 
12 1:500 000 General Hydrogeological Map, Oudshoorn 3321 (1999) 

13 Meyer, P.S. (1999). An explanation of the 1:500 000 General Hydrogeological Map, Oudshoorn 3320. 

Department of Water Affairs and Forestry, Pretoria. 

14 DWA (Department of Water Affairs). (2005.). Groundwater Resource Assessment II 

15 Vegter, J.R. (1995). An explanation of a set of national groundwater maps; WRC Report No. TT 

74/95. Water Research Commission, Pretoria. 
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Table 2. Regional Rainfall, Recharge and Baseflow 

Mean Annual Precipitation (mm): 778 

Annual Recharge (mm): 37 – 50 

Percentage Recharge of MAP: 4.8% - 6.4% 

Annual Baseflow (mm): 10 – 25 

Percentage Baseflow of MAP: 1.2% - 3.2% 

 

Due to the fractured nature of the sandstones in generally high rainfall regions, recharge is favorable, 

and infiltration rates of up to 15% of the mean annual precipitation in certain areas are not unrealistic 

(Meyer, 1999). 

6.4 Groundwater Quality 

Electrical Conductivity (EC) of groundwater in the TMG is generally between 10 and 100 mS/m and 

displays a sodium-chloride-magnesium nature. Less potable groundwater is however occasionally 

drawn from boreholes drilled into interbedded shaly layers. 

6.5 Aquifer Vulnerability 

The national scale Groundwater Vulnerability Map, which was developed according to the DRASTIC 

methodology (DWAF, 2005) and recompiled in 2013 was used to assess the aquifers underlying the 

site in terms of “Aquifer Vulnerability”. Aquifer Vulnerability can be defined as “the likelihood for 

contamination to reach a specified position in the groundwater system after introduction at some 

location above the uppermost aquifer”. 

The DRASTIC method takes into account the following factors: 

• D = depth to groundwater (5) 

• R = recharge (4) 

• A = aquifer media (3) 

• S = soil type (2) 

• T = topography (1) 

• I = impact of the vadose zone (5) 

• C = conductivity (hydraulic) (3) 

The number indicated in parenthesis at the end of each factor description is the weighting or relative 

importance of that factor. 

Aquifer Vulnerability is rated as follows: 

Green represents the least vulnerable region that is only vulnerable to conservative pollutants in the 
long term when continuously discharged or leached 

Yellow represents the moderately vulnerable region, which is vulnerable to some pollutants, but only 
when continuously discharged or leached. 

Red represents the most vulnerable aquifer region, which is vulnerable to many pollutants except those 
strongly absorbed or readily transformed in many pollution scenarios. 
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Figure 2. Regional groundwater vulnerability for the study area (DWAF, 2013). 

The vulnerability of the aquifers within the project area is rated as “moderately vulnerable to 

pollutants”. 

7 Delineation of the Groundwater Resource Unit 
A “Geohydrological Response Unit” (GRU), also referred to as a “Groundwater Resource Unit”, is 

defined as a groundwater system that has been delineated or grouped into a single significant water 

resource based on one or more characteristics that are similar across that unit. Criteria to map a GRU 

would include: 

1. Areas of similar geology; 

2. Groundwater elevations generally mimic surface topography, and groundwater flows from 

higher lying ground towards lower lying springs or valleys (drainage lines), therefore surface 

water catchment boundaries may be used as surrogate for groundwater divides; 

3. Rivers/Streams acting as a constant head boundary; 

4. Impermeable dykes/lineaments acting as no-flow boundaries; and lastly 

5. Expert judgement and interpretation. 

For this study area there are clear drainage features that enable the definition of a more localised 

aquifer (i.e. a GRU). The GRU for the underlying fractured aquifer has been defined using 

topographical highs to the north and east, while the Whiskey Creek forms the majority of the western 
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boundary. Although the GRU stretches over two geological formations, they all form part of the same 

group (Table Mountain), have similar lithology and can thus be regarded as one aquifer or resource 

unit (Map 2 & 3 in Appendix A). 

The mapped GRU covers a total area of 490 ha. 

8 Site Specific Assessment 

8.1 Existing Groundwater Information 

8.1.1 National Groundwater Archive 
A desktop hydrocensus was carried out within the GMU as a minimum, but it extended to at least a 

one-kilometre search radius around the site boundaries. This was done to determine groundwater use 

in the area. A search of the National Groundwater Archive (NGA), which provides data on borehole 

positions, groundwater chemistry and yield, when available, was carried out to identify proximal 

boreholes. These sites are then typically verified in the field and provide background information on 

the area, should they exist. 

Under circumstances where the coordinate accuracy of most of the boreholes enumerated in the NGA 

is not better than 10 000 m, their positions are at least constrained to the boundaries of the 

topocadastral farms on which they are located. The associated geohydrological data and information 

therefore provides only a broad overview of groundwater conditions rather than site-specific 

information. 

Limited borehole data is available for the area and a search to the NGA produced no boreholes listed 

within a 5km radius from the site. 

8.1.2 Water Use Authorization & Registration Management System (WARMS) 
WARMS data (updated 15 June 2021) was acquired for the study area to establish the volume of lawful 

groundwater use within the GRU. No registered groundwater users were listed within the delineated 

GRU. The closest registered groundwater users are located at a distance of more than 4km from the 

site. 

8.2 Hydrocensus 

A hydrocensus was conducted on 21 September 2021 to establish groundwater use within the larger 

project area. The hydrocensus extended to a maximum distance of ~1km from the site boundaries, 

except where a river or a surface water body exist. The hydrocensus did not extend past such a feature 

as surface water bodies are usually hydraulically connected to an aquifer, act as a constant-head 

boundary and a groundwater pollution plume or cone of depression would theoretically not extend 

past a constant head boundary. Any information pertaining to the abstraction, yield and quality of 

groundwater was sought. 

Apart from the two existing boreholes located within the site boundaries, an additional two boreholes 

were identified on neighbouring properties, of which only one is located within the delineated GRU. 

No further boreholes could be found on neighbouring properties located within the GRU 

A summary of the most important data pertaining to the boreholes are summarised in Table 3. The 

borehole locations are presented in Map 4 in Appendix 1. 

From the hydrocensus data it can be concluded that there is limited groundwater use within the GRU 

and where groundwater is abstracted, it is mainly used for domestic and agricultural purposes 
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(irrigation). High EC values often exceeding the SANS drinking water standards limits the water use for 

domestic purposes without prior treatment. 

Reported yields are generally in accordance with published data. 

Apart from limited seasonal fluctuations in groundwater levels (<10%, based on previous experience 

in similar geology and rainfall), groundwater yields will remain consistent, irrespective of the season. 

The groundwater information can therefore be gathered indeterminate of the season. 

Table 3. Details of boreholes identified during hydrocensus 

BH nr 

Coordinates 

Decimal 

Degrees 

(WGS84) 

Depth 

(m) 

Yield 

(l/s) 

EC 

(mS/

m) 

Static 

water 

level 

(mbc) 

Equipment 
Water 

Use 

Property Owner 

(Cell nr) 

BH1 
S 33.94355 

E 23.45718 
163 4.2  211 2.93 

Subm. 

Pump 
Irrigation 

Johan & Brenda 

Niehaus 

(082 880 7235) 

BHC1 
S 33.94677 

E 23.46241 
228 1.5  160 36 None Domestic 

Trevor Daws 

(082 852 8192) 

BHC2 
S 33.947195 

E 23.460486 
167 0.5 36  nm 

Subm. 

Pump 
Domestic 

Johan & Brenda 

Niehaus 

(082 880 7235) 

BHC3  
S 33.95100 

E 23.44480 
252 2.2 22 87.96 None Irrigation 

Denina Bernard 

(082 781 3155) 
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BH1 

 
BHC1 

 

 
BHC2 
 

 
BHC3 

Figure 3. Borehole Photos 

8.3 Groundwater Flow Direction 

Generally, groundwater elevations mimic surface topography, and groundwater flows from higher 

lying ground towards lower lying springs or valleys (drainage lines). The general groundwater flow 

direction will thus be in a southern direction. 
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8.4 Pumptesting 

The newly drilled borehole (construction details summarized in Figure 4 below) was pumptested from 

5 to 10 March 2021. The pump test was conducted by Welltek Services and the pumptesting data is 

attached in Appendix 4. 

 

Figure 4. Borehole Construction details 

8.4.1 Description of a Pumptest 
The efficient operation and utilization of a borehole require insight into and an awareness of its 

productivity and that of the groundwater resource from which it draws water. This activity, which is 

also known as pumptesting, provides a means of identifying potential constraints on the performance 

of a borehole and on the exploitation of the groundwater resource. 

The following tests were performed on the boreholes: (1) Step-Drawdown Test and (2) Constant 

Discharge Test. 

8.4.1.1 Stepped Discharge Test 

The purpose of the step drawdown test is to establish the efficiency of a single borehole and to provide 

preliminary information on the yield of the borehole (both from a quantitative and qualitative 

perspective). Often the insights gained from the step-test are used in the design and pumping rate of 

the constant discharge test. 

8.4.1.2 Constant Discharge Test 

A constant discharge test is performed to assess the productivity of the aquifer according to its 

response to the abstraction of water. This test entails pumping the borehole at a single pumping rate 

which is kept constant for an extended period. The test duration in this instance was 72 hours. 

8.4.1.3 Recovery Monitoring 

This test provides an indication of the ability of a borehole and groundwater system to recover from 

the stress of abstraction. This ability can again be analysed to provide information about the hydraulic 

properties of the groundwater system and arrive at an optimum yield for the medium to long term 

utilizations of the borehole. 
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8.4.2 Results & Data Interpretation 

8.4.2.1 Stepped Discharge Test 

A total of four steps of 60 minutes duration were conducted on the borehole.  Associated pumping 

rates of the steps varied from 1.39 l/s to 7.80 l/s. A total drawdown of 27,54 m was observed and 

recovered to 95,65 % within 120 minutes. 

 

 

Figure 5. Stepped Discharge Test Results 

8.4.2.2 Constant Discharge Test 

Based on the outcome of the step drawdown tests, it was decided that the borehole should be 

pumped at a rate of 7.10 l/s over a 72-hour period. The resultant drawdown was 45.89 m. The 

borehole recovered to within 4.37 m of static water level in 2400 minutes, a 92.17% recovery. 

A moderate amount of drawdown is observed in the borehole, with the drawdown stabilizing at 

approximately 2760 minutes. This is interpreted as water abstraction directly from the combined 

intersected fractures.  Slow and gradual aquifer dewatering is observed after 2880 minutes at a water 

level of 45.54 mbcl. 
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Figure 6. Constant Discharge Test Results 

8.4.2.3 Data Interpretation 

To estimate optimum pumping rates, pumping schedules and aquifer parameters, the pumptesting 

data were analysed by means of an Excel based software package developed by Van Tonder et al., 

(2002)16. In the software package, the Flow Characteristic method (FC-method), Cooper-Jacob-, FC 

Non-Linear- and Barker methods were used to estimate a risk-based sustainable yield for the 

borehole, as well as aquifer parameters such as transmissivity (T) and the storage coefficient (S). 

 
16 FC program for Aquifer Test Analysis (2013 version).  Prof. Gerrit van Tonder, Fanie de Lange and 

Modreck Gomo. Institute for Groundwater Studies, University of the Free State. 
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Figure 7. Summary of sustainable yield calculations 

The calculated sustainable yield for the boreholes together with the necessary information to equip 

the borehole is presented in Table 4. 

Table 4. Management Recommendations for the tested boreholes 

S E

BH1 33.94355 23.45718 163 2.93 50 15120 90 181.44

181.44

0.066

Coordinates (WGS84)

V
o

lu
m

e
/d

ay
 (

m
3 )

# D
yn

am
ic

 W
L 

(m
)

Total Volume (Mm
3
/annum)

# Dynamic water level - Level at which the water level in the borehole stabilises after continuous pumping. To be used to 

calculate hydraulic heads when sizing submersible pumps. 

Sustainable Yield 

(l/h) Pumping 12 

hours/day

Proposed depth 

of pump 

installation (m) 

Total Volume (m3/day)

Borehole nr.
Depth 

(m)

Static 

Water 

Level (m)

 

The total volume of water abstracted from the tested borehole should never exceed the calculated 

water available for abstraction from the GRU. If the sustainable yield of the tested boreholes exceeds 

the water available for abstraction from the GRU, borehole yields or duty cycles need to be reduced. 

In this instance, the water demand of 0.025 Mm3/a is well within the tested borehole’s capacity, and 

well below the volume of water available for abstraction within the GRU (section 9.4). 
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8.5 Groundwater Quality 

A groundwater sample was collected for analysis of the major ions and trace elements during 

pumptesting of the production borehole (BH1). A water sample was also collected from a borehole 

located on one of the neighbouring properties (BHC3). The laboratory reports are presented in 

Appendix E. 

Water quality results were compared with the SABS drinking water standards (SANS 241-1:2015, 

edition 2)17 (Table 5). Water is classified unfit for human consumption if the Standard Limits are 

exceeded. It must be emphasized that although the water use will mainly be used for irrigation 

purposes, it was compared to drinking water standards which is more stringent than irrigation 

standards. 

Table 5. Water quality results compared to SANS 241-1:2015 (edition 2) drinking water standards 

Sample Nr. BH1 BHC3
Standard 

Limits

pH 5.90 6.00 5.0 - 9.7

EC 211 27 170

TDS 1350 172 1200

T-Alk 16 13 ~

Cl 699.4 67.9 300

SO4 26.5 6.0 250

NO3-N 0.00 0.00 11

NH4-N 0.00 0.00 1.5

Ca 34.96 3.55 ~

Mg 47.30 2.85 ~

Na 312.59 39.48 200

K 11.62 0.00 ~

Fe 39.06 0.56 0.3

Mn 1.28 0.01 0.1

Cu 0.00 0.00 2

Zn 0.81 0.34 5

Notes

0 =  below detection limit of analytical technique

 Exceeds standard limits

Yellow = Acceptable

Blank = Not Analysed

EC measurements in mS/m, Turbidity in NTU, other parameters in mg/ℓ 

EC, TDS, Chloride, Sodium, Manganese and Iron exceeds the SANS241 drinking water limits making 

the water unfit for human consumption without prior treatment. The main application of the water 

will however be irrigation and it is proposed that the applicant consult an applicable agricultural 

specialist to assess water quality criteria to make judgements on the fitness of water to be used for 

irrigation of the intended crop(s), its effects on soil properties, soil salinity tolerance of the intended 

crops and how these effects may be mitigated and possible treatment options. 

 
17 SABS drinking water standards (SANS 241-1:2015) Second Edition. SABS Standards Division, March 

2015. ISBN 978-0-626-29841-8 
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All of the parameters analysed for in the neighboring borehole sampled during the hydrocensus 

(BHC3) (except for slightly elevated Iron concentrations) comply with the SANS241 drinking water 

limits. 
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9 Reserve Determination & Water Balance 
The sustainable volume of groundwater that can be abstracted from the aquifer(s) underlying the site 

was determined using the GRDM software (version 4.0.0.0 (2010)) as basis. It takes the reserve into 

account when calculating the volume of water available for abstraction. 

The assessment was done on a “rapid” level. The data used for the calculation was derived from the 

WRC90 dataset contained in the “GRDM” software driven by the Resource Directed Measures from 

the Department of Water and Sanitation. The site falls within quaternary catchment K60E and the 

default values, except where updated information was available, were used in the assessment in order 

to develop some guidance on the potential impact of the abstraction on the overall groundwater use 

in the catchment. It must be stated that the results achieved for the quaternary catchment is not 

necessarily applicable on the delineated Groundwater Resource Unit (GRU) due to 

compartmentalisation. Geological lineaments may act as no-flow boundaries while rivers/streams 

may act as constant head boundaries subdividing the quaternary catchments in smaller GRU’s with 

different exploitation potentials. The results of the GRU should rather be considered when allocating 

a volume of groundwater for abstraction for this specific project. 

9.1 Introduction 

Definition of Reserve: “The quantity and quality of water required to supply basic needs of people to 

be supplied with water from that resource and to protect aquatic ecosystems in order to secure 

ecologically sustainable development and use of water resources”. 

To be able to quantify the groundwater component of the Reserve, the following relationship has to 

be solved: 

GWallocate = (Re + GWin – GWout ) – BHN – GWBf 

where: GWallocate = groundwater allocation 

 Re = recharge 

 GWin  = groundwater inflow 

 GWout  = groundwater outflow 

 BHN = basic human needs 

 GWBf  = groundwater contribution to baseflow 

Under the National Water Act (Act No. 36 of 1998) the water use must be authorised. The water will 

be abstracted from borehole(s), and used for commercial (agriculture/irrigation) purposes. Under 

these circumstances, the following (ground) water use is recognised as being relevant to the licence 

application: 

➢ Section 21 (a) – taking water from a resource. 

9.2 Water Demand and Abstraction Classification 

The calculated water demand for the project is 0.025 Mm3/annum. DWS categorises water use licence 

applications in three categories (presented in Appendix 2) based on the amount of recharge that is 

used by the applicant in relation to the specified property: 

• Category A:  Small scale abstractions (<60% recharge) 

• Category B:  Medium scale abstractions (60-100% recharge) 

• Category C:  Large scale abstractions (>100% recharge) 
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9.3 Assessment on Quaternary Level 

The property falls within quaternary catchment K60E and the most salient parameters relevant to this 

catchment is presented in Table 6. 

Table 6. Most salient parameters relevant to catchment K60E. 

Area 

km² 

Protected 

Area 

(km2) 

GA 

(m³/ha/a) 

Recharge 

(Mm³/a) 

 

Population Basic 

Human 

Need 

(Mm³/a) 

EWR 

Baseflow 

(Mm³/a) 

Reserve 

(Mm³/a) 

Current 

use 

(Mm³/a) 

110.2 49.7 400 5.33 14360 0.01 3.00 3.01 0.48 

 

Keeping the water demand in mind, General Authorisation as a possible route can be excluded. 

The values used in Table 6 originates from data contained in the GRDM software and the “current 

use” represents registered groundwater users as contained in the WARMS data base updated 15 June 

2021. 

9.3.1 Stress Classification 
To provide a quantitative means of defining stress, a groundwater stress index was developed by 

dividing the volume of groundwater abstracted from a groundwater unit by the estimated recharge 

to that unit. 

Stress Index = Abstraction/Recharge 

 = 0.48/5.33 

 = 0.09 

The quaternary catchment is classified as Category B, which indicates “slight” levels of stress in terms 

of abstraction/recharge (Table 7). 

Table 7. Guideline for determining the level of stress18 

Present Status 

Category 
Description 

Stress Index 

(abstraction/recharge) 

A 
Unstressed or slightly stressed 

<0.05 

B 0.05 - 0.20 

C 
Moderately Stressed 

0.20 – 0.40 

D 0.40 – 0.65 

E Highly Stressed 0.65 – 0.95 

F Critically Stressed >0.95 

 

 
18 Groundwater Resources Directed Measures Manual (WRC Report No TT299/07, April 2007) 
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9.3.2 Reserve & Water available for allocation 
The following table summarizes the reserve and water available for abstraction from the quaternary 

catchment. 

Table 8. A summary of the Reserve for quaternary the catchment K60E. 

 

From Table 8 it becomes evident that 56.5% of the recharge, with the greatest contribution coming 

from baseflow, is allocated to the Reserve and that 2.32 Mm3/a is available for allocation. The current 

authorised abstraction from the catchment is 0.48 Mm3/a which leaves a volume of 2.32 Mm3/a 

available for allocation. This “current abstraction” represents registered groundwater users as 

contained in the WARMS data base up to 15 June 2021. 
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9.4 Assessment on Groundwater Resource Unit level 

If the calculation is based on the GRU delineated for the project using Vegter’s (1995) range of 

recharge and baseflow figures, the following emerges: 

Table 9. Water Balance within the Groundwater Resource Unit 

43 mm/a

GRU 490 210700  m
3
/a

0.211  Mm
3
/a

577  m
3
/day

6.7  l/second

Registered Use (WARMS) 0.0  m
3
/a

Basic Human Need 365.0  m
3
/a

17.0 mm/a

83300  m
3
/a

127035  m
3
/a

0.127  Mm
3
/a

348041  l/day

4.0  l/second

0.025 Mm
3
/a

19.68 %

Surface Area  (ha)

Base Flow (EWR)
RESERVE

Application (WULA)

WULA as % of Groundwater available in GRU

Groundwater 

Recharge to GRU 

using recharge figure 

of

Recharge to GRU

Groundwater available for abstraction

Area

 

Based on the water balance results, it is recommended to apply for an allocation of 0.025 Mm3/annum 

which places the application in Category A (small scale abstractions: < 60% recharge to the GRU) see 

section 9.2. The tested boreholes will be able to supply in 100% of the demand, as well as the applied 

volume. 
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10 Aquifer Classification 
The aquifer(s) underlying the project area were classified in accordance with “A South African Aquifer 

System Management Classification, December 1995” by Parsons. Classification has been done in 

accordance with the following definitions for Aquifer System Management Classes: 

• Sole Aquifer System: An aquifer which is used to supply 50% or more of domestic water for a 

given area, and for which there is no reasonably available alternative sources should the 

aquifer be impacted upon or depleted. Aquifer yields and natural water quality are 

immaterial. 

• Major Aquifer System: Highly permeable formations, usually with a known or probable 

presence of significant fracturing. They may be highly productive and able to support large 

abstractions for public supply and other purposes. Water quality is generally very good 

(Electrical Conductivity of less than 150 mS/m). 

• Minor Aquifer System: These can be fractured or potentially fractured rocks which do not have 

a high primary permeability, or other formations of variable permeability. Aquifer extent may 

be limited and water quality variable. Although these aquifers seldom produce large 

quantities of water, they are important for local supplies and in supplying base flow for rivers. 

• Non-Aquifer System: These are formations with negligible permeability that are regarded as 

not containing groundwater in exploitable quantities. Water quality may also be such that it 

renders the aquifer unusable. However, groundwater flow through such rocks, although 

imperceptible, does take place, and needs to be considered when assessing the risk associated 

with persistent pollutants. 

Based on the available information it can be concluded that aquifer system in the study area can be 

classified as a “Minor Aquifer System”. The aquifer extent is limited, water quality inferior, but are still 

important for local supplies and in supplying base flow for rivers. 
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In order to achieve the Groundwater Quality Management Index a point scoring system, as presented 

in Table 10and Table 11 below, was used. 

Table 10. Ratings for the Aquifer System Management and Second Variable Classifications: 

Aquifer System Management Classification 

Class Points Study area 

Sole Source Aquifer System: 

Major Aquifer System: 

Minor Aquifer System: 

Non-Aquifer System: 

Special Aquifer System: 

6 

4 

2 

0 

0 – 6 

 

 

2 

 

 

Second Variable Classification 

(Weathering/Fracturing) 

Class Points Study area 

High: 

Medium: 

Low: 

3 

2 

1 

 

2 

 

 

Table 11. Ratings for the Groundwater Quality Management (GQM) Classification System: 

Aquifer System Management Classification 

Class Points Study area 

Sole Source Aquifer System: 

Major Aquifer System: 

Minor Aquifer System: 

Non-Aquifer System: 

Special Aquifer System: 

6 

4 

2 

0 

0 - 6 

 

 

2 

 

 

Aquifer Vulnerability Classification 

Class Points Study area 

High: 

Medium: 

Low: 

3 

2 

1 

 

2 

 

 

The vulnerability, or the tendency or likelihood for contamination to reach a specified position in the 

groundwater system after introduction at some location above the uppermost aquifer, in terms of the 

above, is classified as medium (section 6.5). The level of groundwater protection based on the 

Groundwater Quality Management Classification: 

GQM Index  =  Aquifer System Management x Aquifer Vulnerability 

 = 2 X 2 = 4 

Table 12. GQM index for the study area 

GQM Index Level of Protection Study Area 

<1 

1 - 3 

3 - 6 

6 - 10 

>10 

Limited 

Low Level 

Medium Level 

High Level 

Strictly Non-Degradation 

 

 

4 
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The ratings for the Aquifer System Management Classification and Aquifer Vulnerability Classification 

yield a Groundwater Quality Management Index of 4 for the study area, indicating that a “Medium” 

level of groundwater protection is required. 

The values in Table 10 are naturally subjective, but is based on the aquifer descriptions given 

previously. The importance of each aquifer should provide guidance on the protection to be assigned 

to each area. 

In terms of DWS’s overarching water quality management objectives which is (1) protection of human 

health and (2) the protection of the environment, the significance of this aquifer classification is that 

if any potential risk exists, measures must be triggered to limit the risk to the environment. In this 

instance it would be the (1) protection of the “Minor Aquifer”, (2) the Schedule 1 groundwater users 

in the area, and (3) maintain baseflow to the streams which drains the subject area. 
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11 Impact Assessment 
The risk associated with groundwater abstraction at the site pertains to the operational phase only. 

The most significant impacts considered as part of the impact assessment is listed below. Each impact 

was assessed individually and graded using a numerical system to calculate the significance of each 

impact. Each individual impact was assessed and re-assessed after the appropriate mitigation was 

applied. A compressive summary of the assessed impacts, mitigation and significance of each impact 

is listed in the tables below. 

11.1.1 Depletion of the groundwater resource due to over-abstraction 
 

 

 

  

Ref: 1

Project phase

Impact

Description of impact

Mitigatability High

Potential mitigation

Assessment

Nature

Duration Medium term Impact will  last between 5 and 10 

years

Brief Impact will  not last longer than 1 

year

Extent Local Extending across the site and to 

nearby settlements

Very limited Limited to specific isolated parts of 

the site

Intensity Moderate Natural and/ or social functions 

and/ or processes are moderately 

altered

Very low Natural and/ or social functions 

and/ or processes are slightly 

altered

Probability Probable The impact has occurred here or 

elsewhere and could therefore 

occur

Probable The impact has occurred here or 

elsewhere and could therefore 

occur

Confidence High Substantive supportive data exists 

to verify the assessment

High Substantive supportive data exists 

to verify the assessment

Reversibility Medium The affected environment will  only 

recover from the impact with 

significant intervention

High The affected environmental will  be 

able to recover from the impact

Resource 

irreplaceability

Low The resource is not damaged 

irreparably or is not scarce

Low The resource is not damaged 

irreparably or is not scarce

Significance

Comment on 

significance

Cumulative impacts

Without mitigation With mitigation

Operation

(1) Yield testing of boreholes as per “SANS 10299-4:2003" standards. Do not exceed calculated sustainable 

yield of boreholes. (2) Groundwater level monitoring - reduce abstraction in the event of anomolous 

lowering of groundwater levels. (3) Take "Ecological Water Reserve" into account during waterbalance.

Mitigation exists and will  considerably reduce the significance of impacts

Depletion of the groundwater resource due to over-abstraction

Over-abstraction of groundwater from boreholes is l ikely to lead to depletion of the water levels in the area 

over time. This can cause damage to the aquifer and might impact on neighbouring and registered 

groundwater users that are reliant on the same source of water. Reduced baseflow to streams/rivers and 

groundwater dependent eco systems (wetlands).

After the implementation of mitigation measures, the significance of the impact becomes neglegible. 

Since the impact is negligible negative with mitigation, cumulative impacts to groundwater with other 

projects are not anticipated.

Minor - negative Negligible - negative

Negative Negative
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11.1.2 Groundwater quality deterioration as a result of over-abstraction 
 

 

 

  

Ref: 2

Project phase

Impact

Description of impact

Mitigatability High

Potential mitigation

Assessment

Nature

Duration Short term impact will  last between 1 and 5 

years

Brief Impact will  not last longer than 1 

year

Extent Limited Limited to the site and its 

immediate surroundings

Limited Limited to the site and its 

immediate surroundings

Intensity Moderate Natural and/ or social functions 

and/ or processes are moderately 

altered

Negligible Natural and/ or social functions 

and/ or processes are negligibly 

altered

Probability Probable The impact has occurred here or 

elsewhere and could therefore 

occur

Unlikely Has not happened yet but could 

happen once in the lifetime of the 

project, therefore there is a 

possibility that the impact will  

occur

Confidence High Substantive supportive data exists 

to verify the assessment

High Substantive supportive data exists 

to verify the assessment

Reversibility Medium The affected environment will  only 

recover from the impact with 

significant intervention

Medium The affected environment will  only 

recover from the impact with 

significant intervention

Resource 

irreplaceability

Low The resource is not damaged 

irreparably or is not scarce

Low The resource is not damaged 

irreparably or is not scarce

Significance

Comment on 

significance

Cumulative impacts

Without mitigation With mitigation

Negative Negative

Minor - negative Negligible - negative

Operation

Groundwater quality deterioration as a result of over-abstraction

Over-abstraction of groundwater from a borehole can potentially draw poorer water quality from the 

adjacent geohydrological environment into the borehole. This is l ikely to affect the groundwater quality in 

the area in general and might affect the supply in other boreholes within the fractured aquifer. Based on 

data acquired during the desk study and water quality results from boreholes sampled during the 

hydrocensus, it can be safely assumed that the water quality in the adjacent aquifers are of similar or 

better  water quality.

Mitigation exists and will  considerably reduce the significance of impacts

Do not exceed calculated safe yield of boreholes. Groundwater level & quality monitoring - reduce 

abstraction in the event of anomolous lowering of groundwater levels and/or deteriorating water quality. 

After the implementation of mitigation measures, the significance of the impact becomes neglegible. 

Since the impact is negligible negative with mitigation, cumulative impacts to groundwater with other 

projects are not anticipated.
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12 Environmental Management & Groundwater Monitoring 
Program 

The main objective of the proposed and discussed mitigation measures, pertaining to the identified 

impacts, is to maintain and monitor the regional groundwater table and quality to: 

• Ensure that Schedule 1 water users within the catchment have adequate water supply to 

sustain the basic human need. 

• Ensure that registered groundwater use within the catchment have adequate water supply. 

• Ensure that adequate water is available to maintain groundwater dependent ecosystems 

(baseflow feeding the rivers/streams draining the subject area and wetlands). 

A groundwater monitoring program was developed to reach the resource quality objectives. The on-

site production boreholes need to be included in the network and are summarised in Table 13 below. 

Table 13. Boreholes to be included in Monitoring Network 

Borehole(s) Objective 

BH1, BHC2 Impact Monitoring 

 

Table 14 below presents the parameters and frequency that should form part of the groundwater 

monitoring program. It is proposed that the data should be captured into an appropriate electronic 

database for easy retrieval and submission to the relevant authority as required and reviewed by a 

geohydrologist on an annual basis to ensure the source is utilised in a sustainable manner. 

Table 14. Proposed Monitoring Requirements 

Class Parameter Frequency Motivation 

Physical 

Static 

groundwater 

levels 

Monthly 

Time dependant data is required to understand the regional 

groundwater flow dynamics. 

A lowering in the static water levels may indicate that the aquifer 

is utilised in an unsustainable way and abstraction rates need to 

be decreased. 

Conditions of the Water Use Licence. 

Groundwater 

abstraction 

volumes 

Monthly 

Calculate monthly & annual abstraction volumes. 

Conditions of the Water Use Licence. 

Chemical 

Major ions 

and trace 

elements. 

 

Bi-

annually 

 

Changes in chemical composition may indicate areas of 

groundwater contamination and be used as an early warning 

system to implement management/remedial actions. 

To determine whether the water is fit for the intended use. 

Conditions of the Water Use Licence. 
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13 Conclusion & recommendations 
Based on the field work, interpretation of available and newly acquired data, the abstraction of 

groundwater from the site will have an overall “negligible – negative” impact on the investigated 

geohydrological environment after implementation of appropriate mitigation measures. During the 

rating and ranking procedure of impacts, all identified impacts could be countered by appropriate 

mitigation. 

Based on the water balance results, it is recommended to apply for an allocation of 0.025 Mm3/annum 

which places the application in Category A (small scale abstractions: < 60% recharge to the GRU). The 

tested boreholes will be able to supply in 100% of the demand, as well as the applied volume. 

From a water quality point of view EC, TDS, Chloride, Sodium, Manganese and Iron exceeds the 

SANS241 drinking water limits making the water unfit for human consumption without prior 

treatment. The main application of the water will however be irrigation and it is proposed that the 

applicant consult an applicable agricultural specialist to assess water quality criteria to make 

judgements on the fitness of water to be used for irrigation of the intended crop(s), its effects on soil 

properties, soil salinity tolerance of the intended crops and how these effects may be mitigated and 

possible treatment options. 

All of the parameters analysed for in the neighbouring borehole sampled during the hydrocensus 

(BHC3) (except for slightly elevated Iron concentrations) comply with the SANS241 drinking water 

limits. 

It is the assessor’s professional opinion that adequate information was available to appropriately 

assess the impact of groundwater abstraction from the production boreholes on the geohydrological 

environment. Based on the results, it is recommended that the application be approved. It is however 

imperative that the applicant implements the proposed “Environmental Management & Groundwater 

Monitoring Program”. Production boreholes should be equipped as follow: 

• Installation of a sampling tap (to monitor water quality). 

• Installation of a flow volume meter (to monitor abstraction rates and volumes). 

• The appropriate borehole pump must be installed, i.e. not an over-sized pump that is choked 

with a gate valve. If the monitoring shows that more water can be abstracted, then duty cycles 

(i.e. the duration of pumping time) may be increased, and not the flow rate. 

 

 

Disclaimer: The calculated sustainable yield of the borehole(s) is based on data acquired during a short-term 

constant discharge test. The sustainable yield of a borehole may change for various reasons (lower than average 

rainfall, increased abstraction within the groundwater resource, mine dewatering, unknown geological boundary 

conditions, etc.). Continuous groundwater monitoring is critical to provide essential data needed to evaluate 

changes in the resource over time; as well as the long-term sustainability and status of an aquifer. In the event 

of anomalous groundwater level behaviour, abstraction rates and pumping cycles should be adapted until pre-

operational groundwater levels have been reached. 
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15 Appendices 
15.1 Appendix 1: Maps 

 



DHS GCS | WULA 
Geohydrological Assessment 

Redhaus 

 

31 | P a g e  
 

 



DHS GCS | WULA 
Geohydrological Assessment 

Redhaus 

 

32 | P a g e  
 

 



DHS GCS | WULA 
Geohydrological Assessment 

Redhaus 

 

33 | P a g e  
 



DHS GCS | WULA 
Geohydrological Assessment 

Redhaus 

 

34 | P a g e  
 

15.2 Appendix 2: DWS Guidelines for Water Use Licence Applications 
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15.3 Appendix 3: Impact Assessment Methodology 
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15.4 Appendix 4: Pumptesting Data Sheets 

 



DHS GCS | WULA 
Geohydrological Assessment 

Redhaus 

 

43 | P a g e  
 

 



DHS GCS | WULA 
Geohydrological Assessment 

Redhaus 

 

44 | P a g e  
 



DHS GCS | WULA 
Geohydrological Assessment 

Redhaus 

 

45 | P a g e  
 

15.5 Appendix 5: Laboratory Reports 
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