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Executive Summary 

Wisteria Boerdery (Pty) Ltd will be using groundwater for the irrigation of citrus orchards and other 

crops on the farms Buffels Hoek 180 (Portion 2) and Loerie River 436 (Portion 46), hereafter also 

referred to as the site. Groundwater will be abstracted from boreholes with volumes exceeding 

General Authorisation (GA) and therefore the water use needs to be licensed. Wisteria Boerdery (Pty) 

Ltd 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 Farm Buffels Hoek 180 and Loerie River 436 

Geology: Enon and Kirkwood Formations of the 

Uitenhage Group. The Enon conglomerates are 

overlain by Kirkwood Formation mudstone and 

sandstone and both overlain by river gravel 

terraces. 

The regional scale Gamtoos fault (trending 

northwest-southeast) is located +- 8.5km to 

the north east of the site 

Aquifer Types: Hard rock/Secondary fractured aquifers. 

Aquifer Classification: Major Aquifer System 

Borehole Yields: 0.91 ς 10.49 L/s  

Depth to Water Table: 4.10 ς 31.44 meters below ground level 

Groundwater Quality: All the major ions and the majority of trace 

elements comply with (SANS 241-1:2015, 

edition 2) drinking water standards. The levels 

of Fe and Mn are notable elevated. 

TDS of 390 - 691 mg/l. 

Regional Groundwater Use: Agriculture (Irrigation & stock watering) 

Mean Annual Rainfall: 587 mm/a 

Recharge: 25 - 37 mm/a (4.3% - 6.3% of MAP) 

Groundwater available for abstraction from 

GRU: 

0.961 Mm3/a 



 
 

Geohydrological Characteristics Farm Buffels Hoek 180 and Loerie River 436 

Water Demand: 0.799 Mm3/a 

Cumulative Sustainable Yield from tested 

borehole(s): 

0.887 Mm3/a 

Volume to be applied for: 0.799 Mm3/a 

 

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

ƎǊƻǳƴŘǿŀǘŜǊ ŦǊƻƳ ǘƘŜ ǎƛǘŜ ǿƛƭƭ ƘŀǾŜ ŀƴ ƻǾŜǊŀƭƭ άƴŜƎƭƛƎƛōƭŜ ς ƴŜƎŀǘƛǾŜέ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƛƴǾŜǎǘƛƎŀǘŜŘ 

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, the applied allocation of 0.799 Mm3/annum places the application 

in a Category B abstraction (medium scale abstractions 60-100% 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, elevated Iron and Manganese exceeding SANS241-1:2015 drinking 

water limits were reported in the boreholes located within the site as well as two other boreholes 

located outside the site sampled during the hydrocensus. Although the major elements are within the 

recommended drinking water limits, the elevated Iron and Manganese levels deem the groundwater 

unfit for human consumption. 

Lǘ ƛǎ ǘƘŜ ŀǎǎŜǎǎƻǊΩǎ ǇǊƻŦŜǎǎƛƻƴŀƭ ƻǇƛƴƛƻƴ ǘƘŀǘ ŀŘŜǉǳŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ŀǾŀƛƭŀōƭŜ ǘƻ ŀǇǇǊƻǇǊƛŀǘŜƭȅ 

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 ά9ƴǾƛǊƻƴƳŜƴǘŀƭ aŀƴŀƎŜƳŜƴǘ ϧ DǊƻǳƴŘǿŀǘŜǊ 

Monitoring ProgramέΦ tǊƻŘǳŎǘƛƻƴ ōƻǊŜƘƻƭŜǎ ǎƘƻǳƭŘ ōŜ ŜǉǳƛǇǇŜŘ ŀǎ ŦƻƭƭƻǿΥ 

¶ Installation of a 32 mm LDPE observation pipe from the pump depth to the surface, open at 

ǘƘŜ ōƻǘǘƻƳΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ŦƻǊ ŀ ΨǿƛƴŘƻǿΩ ƻŦ ŀŎŎŜǎǎ Řƻǿƴ ǘƘŜ ōƻǊŜƘƻƭŜ ǿƘƛŎƘ ŜƴŀōƭŜǎ Ƴŀƴǳŀƭ 

water level monitoring and can house an electronic water level logger if required. 

¶ 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 
Wisteria Boerdery (Pty) Ltd will be using groundwater for the irrigation of citrus orchards and other 

crops on the farms Buffels Hoek 180 (Portion 2) and Loerie River 436 (Portion 46), hereafter also 

referred to as the site. Groundwater will be abstracted from boreholes with volumes exceeding 

General Authorisation (GA) and therefore the water use needs to be licensed. Wisteria Boerdery (Pty) 

Ltd 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 on the Buffels Hoek 180 and Loerie River 436, located approximately 4km south-

west of the town of Loerie, within the Eastern Cape Province. It covers an area of approximately 130 

ha (Map 1, Appendix A). 

2.2 Topography and Drainage 

The site is located in quaternary catchment L90C within the Mzimvubu to Tsitsikamma Water 

Management Area (WMA). The site is drained by the Gamtoos River flowing in a south easterly 

direction. The topography on site can be described as follow: 

¶ The northern portion of the site drains in a southern direction towards the Gamtoos River. 

The highest point of the water divide being ~160 mamsl. 

¶ The southern portion of the site drains in a northernly direction towards the Gamtoos River. 

The highest point of the water divide being ~170 mamsl. 

¶ Once the drainage has reached the lowest point within the central portion of the site (~4 

mamsl), the site drains in a south easterly direction towards the sea in the Gamtoos River. 

2.3 Climate 

The weather is mild without extreme conditions with an average summer temperature of 21.59°C and 

a winter temperature of 14.39°C. The autumn months of March, April and May receive the lowest 

average windspeed of 11.03 km/h while the spring months of September, October and November 

receive the highest average windspeed of 14.08 km/h.  

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

587 mm for the mean annual precipitation (MAP) and 1531 mm for the mean annual evaporation 

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

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. 

 

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

Database v2 
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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 within 

the Groundwater Resource Unit as a minimum, 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 
It must be stated that no intrusive groundwater investigations (other than test pumping, groundwater 

level recording and sampling in existing borehole(s)) were done and reporting is thus based on and 

limited to observations made during the site visit, 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 as a minimum, up to a maximum distance of a 

1km radius 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 

Seventy-two-hour constant discharge tests followed by recovery monitoring was conducted on the 

proposed production boreholes. Test pumping was conducted as per SANS 10299-4:2003 standards4. 

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

sample were 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 

ά!ǉǳƛŦŜǊ ±ǳƭƴŜǊŀōƛƭƛǘȅέΦ !ǉǳƛŦŜǊ ±ǳƭƴŜǊŀōƛƭƛǘȅ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ƭƛƪŜƭƛƘƻƻŘ ŦƻǊ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ǘƻ 

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

ǳǇǇŜǊƳƻǎǘ ŀǉǳƛŦŜǊέΦ 

4.5 Water Balance & Reserve Determination 

¢ƘŜ άwŜǎŜǊǾŜέ ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀōǎǘǊŀŎǘƛƻƴ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ǘƘǊƻǳƎƘ ŀ άwŀǇƛŘ wŜǎŜǊǾŜ 

5ŜǘŜǊƳƛƴŀǘƛƻƴέ ǳǎƛƴƎ ǘƘŜ άDǊƻǳƴŘǿŀǘŜǊ wŜǎƻǳǊŎŜǎ 5ƛǊŜŎǘŜŘ aŜŀǎǳǊŜǎέ ǎƻŦǘǿŀǊŜ6 developed by the 

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

4.6 Aquifer Characterisation 

¢ƘŜ ŀǉǳƛŦŜǊόǎύ ǳƴŘŜǊƭȅƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘ ŀǊŜŀ ǿŀǎ ŎƭŀǎǎƛŦƛŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ά! {ƻǳǘƘ !ŦǊƛŎŀƴ !ǉǳƛŦŜǊ 

System Management /ƭŀǎǎƛŦƛŎŀǘƛƻƴέ7 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 òGroundwater Resources Directed Measuresó 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) (òNEMAó) 
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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. 

¢ƘŜ άLƳǇŀŎǘ !ǎǎŜǎǎƳŜƴǘ aŜǘƘƻŘƻƭƻƎȅέ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ !ǇǇŜƴŘƛȄ /Φ 

4.8 Reporting 

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

geohydrology template presented in the άwŜƎǳƭŀǘƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ tǊƻŎŜŘǳǊŀƭ wŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ 

Water Use Licence Applications and Appeals.10έΦ 

5 Regional and Local Geology 
Based on the 1:250 000 Geological Series (3324 Port Elizabeth11) the site is underlain by the Enon and 

Kirkwood Formations of the Uitenhage Group (Map 2, Appendix A). The Enon conglomerates are 

overlain by Kirkwood formation mudstone and sandstone and both overlain by river gravel terraces. 

The lithostratigraphy is shown in Table 1.  

Table 1. Lithostratigraphy of underlying geology 

Group Formation Lithology 

Uitenhage 
Kirkwood (J-Kk) Reddish & Greenish Mudstone, Sandstone. 

Enon (Je) Conglomerate, subordinate Sandstone, Mudstone. 

Quaternary Alluvial & Fluvial sheet gravel and sand. 

 

  

 
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 (3324 Port Elizabeth). Geological Survey, 1986. 
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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 

The study area is underlain by both a shallow primary alluvial aquifer along the floodplain of the 

Gamtoos River and a deeper secondary fractured rock aquifer occurring within the conglomerates and 

sandstone of the Enon- and Kirkwood Formations. 

The Uitenhage beds are described as a dense mass of rock with low permeability and limited 

groundwater potential. A borehole yield analysis indicates that close to 40% of successful boreholes 

yield less than 0.5 l/s. This does not account for unsuccessful boreholes which were destroyed or 

backfilled, which makes the success rate even worse. 

 

Figure 2. Yield Frequencies of borehole in the Uitenhage Group 

Higher borehole yields are not uncommon, with yields of 2-5 l/s and >5 l/s (14% and 9% of borehole 

yields on record respectively) being reported, but this is not the norm. 

 
12 1:500 000 General Hydrogeological Map, Port Elizabeth 3324 (1998) 

13 MEYER, P S (1998). An explanation of the 1:500 000 General Hydrogeological Map Port  Elizabeth 

3324. Department of Water Affairs and Forestry, Pretoria.  
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Based on the 1:500 000 Hydrogeological Map, the primary alluvial aquifers within the buried gravel 

terraces of the Gamtoos River have a yield potential of 0.5-2.0 l/s, while the yield potential of the 

fractured rock aquifer within the Enon conglomerates and Kirkwood sandstone is reported to be as 

low as 0 ς 0.1 l/s. 

6.2 Depth to Groundwater 

The static groundwater level generally occurs between 21 and 30m below surface14. 

6.3 Groundwater Recharge and Baseflow 

The study area falls within quaternary catchment L90C. The mean annual precipitation and annual 

recharge figures for the study area is presented in Table 2. ±ŜƎǘŜǊΩǎ όмффрύ15 recharge and baseflow 

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

and streams (baseflow). 

Table 2. Regional Rainfall, Recharge and Baseflow 

Mean Annual Precipitation (mm): 587 

Annual Recharge (mm): 25 ς 37 

Percentage Recharge of MAP: 4.3% - 6.3% 

Annual Baseflow (mm): 10 ς 25 

Percentage Baseflow of MAP: 1.7% - 4.3% 

 

6.4 Groundwater Quality 

Groundwater with Electrical Conductivity (EC) readings in the range of 150-370 mS/m is common. 

Sodium, calcium, magnesium, chloride and, occasionally sulphate often exceed maximum permissible 

drinking water limits (SANS 241-1:2015). 

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 

ǎƛǘŜ ƛƴ ǘŜǊƳǎ ƻŦ ά!ǉǳƛŦŜǊ ±ǳƭƴŜǊŀōƛƭƛǘȅέΦ !ǉǳƛŦŜǊ ±ǳƭƴŜǊŀōƛƭƛǘȅ Ŏŀn be defined as άǘƘŜ ƭƛƪŜƭƛƘƻƻŘ ŦƻǊ 

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

ƭƻŎŀǘƛƻƴ ŀōƻǾŜ ǘƘŜ ǳǇǇŜǊƳƻǎǘ ŀǉǳƛŦŜǊέ. 

The DRASTIC method takes into account the following factors: 

¶ D = depth to groundwater (5) 

¶ R = recharge (4) 

¶ A = aquifer media (3) 

 
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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¶ 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. 

 

 

Figure 3.  Regional groundwater vulnerability for the study area (DWAF, 2013). 

¢ƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŀǉǳƛŦŜǊǎ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘ ŀǊŜŀ ƛǎ ǊŀǘŜŘ ŀǎ άƳƻŘŜǊŀǘŜƭȅ to most vulnerable to 

ǇƻƭƭǳǘŀƴǘǎέΦ 
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7 Delineation of the Groundwater Resource Unit 
! άDŜƻƘȅŘǊƻƭƻƎƛŎŀƭ wŜǎǇƻƴǎŜ ¦ƴƛǘέ όDw¦ύΣ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ άDǊƻǳƴŘǿŀǘŜǊ wŜǎƻǳǊŎŜ ¦ƴƛǘέΣ ƛǎ 

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). It is important to note that the Gamtoos River was not used as a boundary. The 

Gamtoos River can be considered as a gaining river being partially fed from the alluvial aquifer within 

the floodplain through which it flows. There is also a distinct difference in water quality from the 

alluvial aquifer (very high salinity) and the deeper fractured aquifer (low salinity) from which the 

production boreholes at the site draw water which strongly suggests that these two systems are not 

hydraulically linked. Boreholes on site were specifically constructed to seal of the alluvial aquifer 

containing inferior water quality. 

 

Figure 4. Conceptual model indicating the alluvial aquifer and deeper fractured aquifer 

The GRU has been defined as follows: 

¶ The northern, southern and western boundaries were defined by the topographic highs; and 

¶ The eastern boundary was defined by topographic highs relating to the northern, southern 

and western boundaries. 

The mapped GRU covers a total area of 2793 ha and is indicated on Maps 2 & 3, Appendix 1. 
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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. 

A search of the NGA produced three boreholes within a 1km radius from the site. The search radius 

was extended to a 5km radius and a further seven boreholes were identified. A summary of the data 

contained in the data base is presented in  

Table 3. The regional locations of the boreholes were not plotted due to inaccurate and multiple 

duplicated coordinates. 

Borehole yields extracted from the NGA data is slightly lower than the expected yields as given in the 

Port Elizabeth Hydrogeological Map (section 6.1). This can probably be attributed to the fact that 

boreholes were not necessarily drilled into the same geological formations and not scientifically sited. 

The median static water levels are in accordance with published regional data. 

Table 3. Summary of data contained in the NGA 

BH Id Latitude Longitude Water Use BH Depth 
(m) 

SWL 
(mbgl) 

Yield 
(L/s) 

3324DD00012 -33.93212 24.97312  9.00 7.93 4.0700 

3324DD00013 -33.93211 24.97312 Stock Watering 31.70 7.93 2.7100 

3324DD00024 -33.92796 24.95924  82.30   

3324DD00090 -33.87101 24.99173  125.00 66.00 0.5400 

3324DD00091 -33.87101 24.99174  90.00   

3324DD00092 -33.88767 24.99173  144.80 111.00  

3324DD00093 -33.88768 24.99175  155.00 91.00 0.3600 

3324DD00143 -33.88545 24.97368  49.00 20.00  

3325CC00002 -33.87767 25.01621 Stock Watering 72.85 3.04 4.0700 

3325CC00049 -33.85767 25.00482 Agriculture 60.61 24.24 2.3600    
n 10 8 7    

Min 9 3.04 0.06    
Max 155 111 4.07    

Median 77.575 22.12 2.36 
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8.1.2 Water Use Authorization & Registration Management System (WARMS) 
WARMS data (updated 20 September 2022) 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 

9.6km from the site. 

8.2 Hydrocensus 

A hydrocensus was conducted from 26 July 2022 to 27 July 2022 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 five existing boreholes located within the site boundaries, an additional 12 boreholes 

were identified on neighbouring properties. 

A summary of the most important data pertaining to the boreholes are summarised in Table 4. The 

borehole locations are presented in Map 4 in Appendix 1. 

From the hydrocensus data it can be concluded that there is an increasing number of groundwater 

users within the GRU and where groundwater is abstracted, it is mainly used for agricultural purposes 

(irrigation watering). 

The reported yields obtained from the hydrocensus are not in accordance with the Port Elizabeth 

Hydrogeological Map. As mentioned above, this could be due to boreholes drilled into different 

geological formations and/or not scientifically sited. 

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. 
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Table 4. Details of boreholes located on neighbouring properties 

BH nr 

Coordinates 

Decimal 

Degrees 

(WGS84) 

Depth 

(m) 

Estimated 

Yield (l/s) 

EC 

(mS/m) 

Static 

water 

level 

(mbgl) 

Equipment Water Use 

Property 

Owner 

(Cell nr.) 

JFBH1 
S -33.910634 

E 024.943598 
250 12.64 99 0 Submersible Irrigation 

Julian 

Ferreira 

(082 498 

0166) 

Josef 6 
S -33.902730 

E 024.947390 
147.9 5 272 27.55 Unequipped ~ 

Lomon 

Ferreira 

(071 175 

3715) 

Josef 5 
S -33.903060 

E 024.947140 
149.1 1.94 146 26.35 Unequipped ~ 

Lomon 

Ferreira 

(071 175 

3715) 

Josef 4 
S 33.745838 

E 024.759844 
148.9 ~ 203 25.59 Unequipped ~ 

Lomon 

Ferreira 

(071 175 

3715) 

PMBH1 
S -33.869629 

E 025.002186 
303 2.08 105 0.93 Unequipped ~ 

Pierrie 

Moolman 

(072 047 

5971) 

ALBH1 
S -33.876278 

E 025.002399 
300 11.11 75 1.94 Submersible Irrigation 

Ashley 

Ludwig 

(082 324 

9316) 

PMBH2 
S -33.874544 

E 024.995506 
133.3 ~ 1830 4.03 Unequipped ~ 

Pierrie 

Moolman 

(072 047 

5971) 

JMBH1 
S -33.887496 

E 024.993290 
303 1.94 73 ~ Submersible Irrigation 

Jaco 

Muller 

(082 371 

2735) 
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BH nr 

Coordinates 

Decimal 

Degrees 

(WGS84) 

Depth 

(m) 

Estimated 

Yield (l/s) 

EC 

(mS/m) 

Static 

water 

level 

(mbgl) 

Equipment Water Use 

Property 

Owner 

(Cell nr.) 

DKBH1 
S -33.897117 

E 024.967512 
180 3.61 330 10.08 Unequipped Irrigation 

Leon De 

Koning 

(082 822 

3622) 

DKBH2 
S -33.896765 

E 024.967242 
180 ~ 1740 17.84 Unequipped Irrigation 

Leon De 

Koning 

(082 822 

3622) 

BJBH1 
S -33.904292 

E 024.957621 
150 4.58 71.5 ~ Solar 

Irrigation/  

Livestock 

Bruce 

Johnson 

(082 653 

4060) 

BJBH2 
S -33.903380 

E 024.955706 
150 1.39 239 14.5 Solar 

Irrigation/ 

Livestock 

Bruce 

Johnson 

(082 653 

4060) 

 

 
JFBH1 
 

 
Josef 6 
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BJBH1 

 
BJBH2 

Figure 5. Borehole Photos on neighbouring properties 

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 initially be in a south-easterly direction along the Gamtoos River. The river changes 

course in the middle of the site and as such continues to flow in a north-easterly direction towards 

the Indian Ocean. 

8.4 Pumptesting 

Production boreholes were pumptested from April to October 2021.  The pump tests were conducted 

by Welltek Services and the pumptesting data is attached in Appendix 4. 

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 pumptest, 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. 
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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 48 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. 

8.4.2 Results & 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). 

The pumptesting data for the tested boreholes and FC-Solutions is presented in Appendix 4. The 

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

borehole is presented in Table 5. 

Table 5. Management Recommendations for the tested boreholes 

S E

MBH1 -33.906470°  24.955290° 108.26 19.04 75 6696 97 160.70

MBH2 -33.903260° 24.952220° 144 31.44 80 20916 120 501.98

SBH1 -33.912250° 24.953550° 248.4 4.1 60 37764 120 906.34

SBH2 -33.907500°  24.955833° 234.7 14.46 75 32580 135 781.92

BH3 -33.880178° 25.001164° 209 4.25 75 3276 160 78.62

2429.57

0.887

Static 

Water 

Level (m)

Coordinates (WGS84)

V
o
lu

m
e

/d
a

y
 (

m
3
)

#
D

y
n
a

m
ic

 W
L

 (
m

)

Total Volume (Mm3/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 24 

hours/day

Proposed 

depth of 

pump 

installation 

(m) 

Total Volume (m3/day)

Borehole nr.
Depth 

(m)

 

The total volume of water which can be abstracted from the tested boreholes (0.887 Mm3/a) should 

never exceed the calculated water available for abstraction from the GRU. If the cumulative calculated 

 
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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sustainable yield of the tested borehole exceeds the water available for abstraction from the GRU, 

borehole yields or duty cycles need to be reduced. 

8.5 Groundwater Quality 

Groundwater samples were collected for analysis of the major ions and trace elements during 

pumptesting of the production boreholes. Four water samples were also collected from boreholes 

visited during the Hydrocensus (JFBH1, JMBH1, ALBH1 & BJBH1). 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 6). 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 6. Water quality results compared to SANS 241-1:2015 (edition 2) drinking water standards 

Sample Nr. MBH1 MBH2 SBH1 SBH2 BH3 JFBH1 JMBH1 ALBH1 BJBH1
Standard 

Limits

pH 7.4 7.3 7.1 6.9 8.2 5.9 6.6 6.3 7.60 5.0 - 9.7

EC 105 85 97 80 99 108 61 83 81 170

TDS 681 550 608 520 644 691 390 530 518 1200

T-Alk 16 90 ~

Cl 218.0 181.0 226.0 191.0 225.0 255.0 100.0 300

SO4 48.0 23.0 31.0 31.0 25.0 40.1 11.5 250

NO3-N 0.00 0.22 0.00 0.00 0.00 0.00 0.00 11

NO2-N 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.9

NH4-N 0.00 0.10 0.00 0.00 0.00 1.5

F 0.20 0.30 0.30 0.30 0.70 0.42 0.24 1.5

Ca 12.90 8.52 ~

Mg 21.00 16.30 ~

Na 145.00 114.00 128.00 106.00 136.00 136.00 59.00 200

K 7.28 18.40 ~

Al 0.00 0.00 0.00 0.00 0.02 0.3

Fe 0.31 0.99 0.69 4.10 0.41 0.07 0.39 0.3

Mn 0.15 0.08 0.41 0.58 0.00 1.42 0.06 0.1

B 0.24 0.20 0.26 0.00 0.14 2.4

Cr 0.00 0.00 0.00 0.00 0.00 0.05

Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.23 2

Ni 0.00 0.00 0.00 0.00 0.00 0.07

Zn 0.00 0.00 0.00 0.00 0.00 5

Cd 0.00 0.00 0.00 0.00 0.00 0.003

Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01

Notes

0 =  below detection limit of analytical technique

 Exceeds standard limits

Yellow = Acceptable

Blank = Not Analysed

 

9/ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ Ƴ{κƳΣ ƻǘƘŜǊ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ƳƎκҚ 

 
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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Within the site boundaries, the concentration of major elements (Cl, SO4, NO2, NO3, F, Ca, Mg and Na) 

at boreholes MBH1, MBH2, SBH1, SBH2 and BH3 fall within the permissible limits for domestic use. 

However, the five boreholes within the site all have elevated Iron levels which exceed the SANS241 

drinking water standard. Boreholes MBH1, SBH1 and SBH2 also have elevated levels of Manganese 

which renders this water unsafe for human consumption without prior treatment. 

Boreholes JFBH1, JMBH1, ALBH1 and BJBH1 were sampled outside the site boundaries as part of the 

hydrocensus. Similarly, to the borehole water analysed within the site, the concentration of the major 

elements within boreholes JFBH1 and JMBH1 fall within the permissible limits for domestic use. The 

water in borehole JFBH1 has elevated Iron and borehole JMBH1 has elevated Manganese, emulating 

the elevated Iron and Manganese observed within the boreholes in the site. 

The elevated levels of the constituents are likely contributed to the geological formation present and 

its chemical composition. 

Of the nine sampled boreholes, none comply with the SANS241 Drinking Water Standards. 

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

was determined using data from the GRAII and WARMS datasets14, 18. Associated information was 

collated from governmental and open-source datasets19, 20. The reserve is taken into account when 

calculating the volume of water available for abstraction. 

The site falls within quaternary catchment L90C 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 

ǉǳŀǘŜǊƴŀǊȅ ŎŀǘŎƘƳŜƴǘǎ ƛƴ ǎƳŀƭƭŜǊ Dw¦Ωǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŜȄǇƭƻƛǘŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭǎΦ ¢ƘŜ ǊŜǎǳƭts of the GRU 

should rather be considered when allocating a volume of groundwater for abstraction for this specific 

project. 

 

 

 

 
18 Department of Water and Sanitation. Section 21(a) of the National Water Act, Taking Water From 

A Water Resource. DW760 Report. Accessed: 20 September 2022. 

19 Department of Water and Sanitation. Notice 538 of 2016. National Water Act, 1998 (Act No. 36 of 

1998). Revision of General Authorisation for the Taking and Storing of Water.  

20 https://wazimap.co.za/  Census Data. 
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9.1 Introduction 

Definition of Reserve: ά¢ƘŜ ǉǳŀƴǘƛǘȅ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ǿŀǘŜǊ ǊŜǉǳƛǊŜŘ ǘƻ ǎǳǇǇƭȅ ōŀǎƛŎ ƴŜŜŘǎ ƻŦ ǇŜƻǇƭŜ ǘƻ 

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

ŜŎƻƭƻƎƛŎŀƭƭȅ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǳǎŜ ƻŦ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎέΦ 

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

be solved: 

GWallocate = (Re + GWin ς GWout ) ς BHN ς 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: 

ü Section 21 (a) ς taking water from a resource. 

9.2 Water Demand and Abstraction Classification 

The calculated water demand for the project is 0.799 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) 

9.3 Assessment on Quaternary Level 

The property falls within quaternary catchment L90C and the most salient parameters relevant to this 

catchment is presented in Table 7. 

Table 7. Most salient parameters relevant to catchment L90C. 

Area 

km² 

Protected 

Area 

(km2)18 

GA 

(m³/ha/a) 19 

Recharge 

(Mm³/a)14 

Population20 Basic Human 

Need (Mm³/a) 

EWR 

Baseflow 

(Mm³/a)
5 

Reserve 

(Mm³/a)5 

Current 

use 

(Mm³/a)18 

318 7.94 275 12.44 5018 0.046 2.51 2.556 0.367 

 

It is assumed that General Authorisation as a possible route can be excluded. 



DHS GCS | WULA 
Geohydrological Assessment 

Wisteria 2  

 

21 | P a g e 
 

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 

 = 0.367/12.44 

 = 0.029 

The quaternary catchment is classified as Category AΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ άunstressedέ ƭŜǾŜƭǎ ƻŦ ǎǘǊŜǎǎ ƛƴ 

terms of abstraction/recharge (Table 8). 

Table 8. Guideline for determining the level of stress21 

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 ς 0.40 

D 0.40 ς 0.65 

E Highly Stressed 0.65 ς 0.95 

F Critically Stressed >0.95 

 

9.3.2 Reserve & Water available for allocation 
The following table summarizes the reserve and water available for abstraction from the quaternary 

catchment. 

 

 

 

 

 

 

 

 

 

 

 
21 Groundwater Resources Directed Measures Manual (WRC Report No TT299/07, April 2007) 
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Table 9. A summary of the Reserve for quaternary the catchment L90C. 

Recharge:

12.444

Human Need:

5018

25

minus 0.046

Baseflow:

2.51

0

minus 2.51

Flow:

minus 0

Reserve:

20.54

equals 9.888

0.078

Baseflow [Mm3/a]

Maint. Low flow [Mm3/a]

Quantification of Reserve L90C

Recharge [Mm3/a]

Population

Basic human need total [Mm3/a]

Basic human need [l/d/p]

EWR [Mm3/a]

Net Flow [Mm3/a]

Reserve as % recharge

Groundwater allocation [Mm3/a]

Current abstraction [Mm3/a]

 

From Table 9 it becomes evident that the allocatable portion of the quaternary catchment far exceeds 

the current abstraction.  
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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 the Groundwater Resources 

Assessment ProjectΩǎ (2005) range of recharge and baseflow figures, the following emerges: 

Table 10. Water Balance within the Groundwater Resource Unit 

12444800  m
3
/a

GRU 2793 391.36  m
3
/a/ha

1093063.505  m
3
/a

2995  m
3
/day

34.7  l/second

Registered Use (WARMS) 0.0  m
3
/a

Basic Human Need 4149.8  m
3
/a

2511180  m
3
/a

79.0  m
3
/a/ha

220564.3492  m
3
/a

868349  m
3
/a

0.868  Mm
3
/a

2379039  l/day

27.5  l/second

0.799 Mm
3
/a

92.01 %

Base Flow (EWR)

Groundwater available for abstraction

WULA as % of Groundwater available in GRU

Surface Area  (ha)

Application (WULA)

Groundwater Recharge 

to GRU using recharge 

figure of

Recharge to GRU

Area

RESERVE

 

Based on the water balance results, the applied allocation of 0.799 Mm3/annum places the application 

in Category B abstraction (medium scale abstractions 60-100% recharge to the GRU) (see section 9.2). 

The tested boreholes will be able to supply 100% of the applied for volume. 
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10 Aquifer Classification 
The aquifer(s) underlying the project area ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ά! {ƻǳǘƘ !ŦǊƛŎŀƴ !ǉǳƛŦŜǊ 

{ȅǎǘŜƳ aŀƴŀƎŜƳŜƴǘ /ƭŀǎǎƛŦƛŎŀǘƛƻƴΣ 5ŜŎŜƳōŜǊ мффрέ ōȅ tŀǊǎƻƴǎΦ /ƭŀǎǎƛŦƛŎŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ŘƻƴŜ ƛƴ 

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 ōŜǘǿŜŜƴ ŀ άaƛƴƻǊ !ǉǳƛŦŜǊ {ȅǎǘŜƳέ ŀƴŘ ŀ άMajor Aquifer SystemέΦ The aquifers are 

productive and even used for Municipal supply. 

In order to achieve an Aquifer System Management Index and a Groundwater Quality Management 

Index a point scoring system, as presented in Table 11 and Table 13 below, an intermediate aquifer 

system was inferred. 

Table 11. 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 ς 6 

 

3 

 

 

 

Second Variable Classification 

(Weathering/Fracturing) 

Class Points Study area 

High: 

Medium: 

Low: 

3 

2 

1 

 

2 
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The values in Table 11 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. 

The level of protection required of a groundwater system depend, amongst other, on the aquifer 

system classification class and the fractured extent and connectivity of the aquifers.  The assumption 

is that a higher fracture presence results in a higher aquifer connectivity. An aquifer system 

management index can be derived with the following equation: 

Aquifer System Management Index = Aquifer System Management Class x Fracturing 

     = 3 x 2 = 6 

Table 12. Ratings for the Aquifer System Management Index 

 

The ratings for the Aquifer System Management Classification and Second Variable Classification 

(Fracturing) yield an Aquifer System Management Index of 6 ŦƻǊ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ŀ άhighέ 

level of groundwater protection is required in terms of prevailing groundwater flow regime 

management. 

Table 13. 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 

 

3 

 

 

 

Aquifer Vulnerability Classification 

Class Points Study area 

High: 

Medium: 

Low: 

3 

2 

1 

 

3 

 

 

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 

 = 3 x 3 = 9 

Aquifer System 

Management Index 

Level of Protection Study Area 

<1 

1 - 3 

3 - 6 

6 - 10 

>10 

Limited 

Low Level 

Medium Level 

High Level 

Strictly Non-Degradation 

 

 

 

6 
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Table 14. 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 

 

 

 

9 

 

 

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

yield a Groundwater Quality Management Index of 9 ŦƻǊ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ŀ άIƛƎƘέ ƭŜǾŜƭ 

of groundwater protection is required in terms of groundwater quality management. 

Lƴ ǘŜǊƳǎ ƻŦ 5²{Ωǎ ƻǾŜǊŀǊŎƘƛƴƎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƳŀƴŀƎŜƳŜƴǘ ƻōƧŜŎǘƛǾŜǎ ǿƘƛŎƘ ƛǎ όмύ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ƘǳƳŀƴ 

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 

ƛƴǎǘŀƴŎŜ ƛǘ ǿƻǳƭŘ ōŜ ǘƘŜ όмύ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ǘƘŜ άMajor !ǉǳƛŦŜǊέΣ όнύ ǘƘŜ ŜȄǘŜǊƴŀƭ ƎǊƻǳƴŘǿŀǘŜǊ ǳǎŜǊǎ ƛƴ 

the area, and (3) maintain baseflow to the Gamtoos River 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

όмύ ¸ƛŜƭŘ ǘŜǎǘƛƴƎ ƻŦ ōƻǊŜƘƻƭŜǎ ŀǎ ǇŜǊ ά{!b{ млнффπпΥнллоϦ ǎǘŀƴŘŀǊŘǎΦ 5ƻ ƴƻǘ ŜȄŎŜŜŘ ŎŀƭŎǳƭŀǘŜŘ ǎǳǎǘŀƛƴŀōƭŜ 

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 

possibil ity 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 quality. 

Mitigation exists and will considerably reduce the significance of impacts

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 15 below. 

Table 15. Boreholes to be included in Monitoring Network 

Borehole(s) Objective 

MBH1, MBH2, SBH1, SBH2 & BH3 Impact Monitoring 

 

Table 16 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 a bi-annual basis to ensure the source is utilised in a sustainable manner. 

Table 16. 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 and microbial 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 

ƎǊƻǳƴŘǿŀǘŜǊ ŦǊƻƳ ǘƘŜ ǎƛǘŜ ǿƛƭƭ ƘŀǾŜ ŀƴ ƻǾŜǊŀƭƭ άƴŜƎƭƛƎƛōƭŜ ς ƴŜƎŀǘƛǾŜέ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƛƴǾŜǎǘƛƎŀǘŜŘ 

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, the applied allocation of 0.799 Mm3/annum places the application 

in a Category B abstraction (medium scale abstractions 60-100% 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, elevated Iron and Manganese exceeding SANS241-1:2015 drinking 

water limits were reported in the boreholes located within the site as well as two other boreholes 

located outside the site sampled during the hydrocensus. Although the major elements are within the 

recommended drinking water limits, the elevated Iron and Manganese levels deem the groundwater 

unfit for human consumption. 

Lǘ ƛǎ ǘƘŜ ŀǎǎŜǎǎƻǊΩǎ ǇǊƻŦŜǎǎƛƻƴŀƭ ƻǇƛƴƛƻƴ ǘƘŀǘ ŀŘŜǉǳŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ŀǾŀƛƭŀōƭŜ ǘƻ ŀǇǇǊƻǇǊƛŀǘŜƭȅ 

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 ά9ƴǾƛǊƻƴƳŜƴǘŀƭ aŀƴŀƎŜƳŜƴǘ ϧ DǊƻǳƴŘǿŀǘŜǊ 

Monitoring ProgramέΦ tǊƻŘǳŎǘƛƻƴ ōƻǊŜƘƻles should be equipped as follow: 

¶ Installation of a 32 mm LDPE observation pipe from the pump depth to the surface, open at 

ǘƘŜ ōƻǘǘƻƳΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ŦƻǊ ŀ ΨǿƛƴŘƻǿΩ ƻŦ ŀŎŎŜǎǎ Řƻǿƴ ǘƘŜ ōƻǊŜƘƻƭŜ ǿƘƛŎƘ ŜƴŀōƭŜǎ Ƴŀƴǳŀƭ 

water level monitoring and can house an electronic water level logger if required. 

¶ 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 
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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: FC Solutions & Pumptesting Data Sheets 
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Borehole Number: Province:

Alternative Number: District:

Coordinates: Latitude [ хS] Town/Village/Farm:

                    Longitude [ хE] Rig Type & number:

Date & Time Test Started: Operator: ELISHA

Date & Time Test Ended: Supervisor:

Consultant: DHS

Borehole depth [mbgl]: Diesel/Electric/Wind/Hand

Blow Yield [l/s]: Pump Make & Serial no:

Water Strike Depth(s) [mbgl]: Intallation Depth (m)

Installation depth [mbgl]: Type & Condition - Pump:

Estimated Steps [l/s] - Step 1: - Column:

Step 2: - Pump House

Step 3:

Step 4: Depth Before Test [mbcl]:

Step 5: Depth after Test [mbcl]:

Step 6: Water Level before Test [mbcl]:

Step Duration [min]: Water Level after Test [mbcl]:

Step Recovery Duration [Hrs]: Casing Depth [mbcl]:

Constant Yield [l/s]: Casing Height [magl]:

Constant Duration [Hrs]: Casing Diameter [mm]:

Recovery Duration [Hrs] / Drawdown %:

Lenghth of Layflat Required [m]: Pump Used:

Frequency of pH and EC Measurements: Depth Installed [mbcl]:

Datum Level above Casing [m]:

Length of Layflat [m]:

NO Slug Test [Yes/No]:

NO YES   LEFT IT WORKING

NO If not, where was it stored?

YES Maintenance work [Hrs]:

YES Maintenance Travel [km]:

NO List of parts replaced/repaired:

Date &Time Sampled:

NAME:

DESIGNATION:

SIGNATURE:

DATE:

FIELD MEASUREMENTS:

SAMPLE INSTRUCTIONS:

GENERAL ACTIONS:

Digital Photo Taken? [Yes/No]

RETREAT FROM SITE

N/A

N/A

N/A

Re-install existing pump [Yes/No]:

Supplied new steel cover [Yes/No]:

Welded existing steel cover back on [Y/N]:

N/A

N/A

NO SAMPLE TAKEN

COMMENTS BY ONSITE CREWIt is hereby acknowledged that upon leaving the site, all 

existing equipment is in an acceptable condition.

Borehole Marking [Yes/No]:

Site Cleaning and Finishing [Yes/No]:

Data Reporting and Recording [Yes/No]:

0,25

100,00

33,906470

CONSULTANT - DATA PROVIDED / INSTRUCTIONS: EXISTING INSTALLATION:

HERMAN

24,955290

2021/10/10 00:00

97,94 M

SUBMERSIBLE   WORKING

HDPE PIPE

25,98

98,00

BP 30 M

BOREHOLE TEST RECORD

ISUZU

ONDER HUIS

2021/10/20 00:00

EASTERN CAPE

LOERIE

BH 4 ONDER HUIS LOERIE

ELECTRIC

0,38

140,00

TEST PUMP INSTALLATION DETAILS:

PVC

CRI

108,26

N/A

108,26

19,04

Scenic route 565 t/a Welltek 

Services
Vat nr: 45902 54720

Email: welltekservices@gmail.com

CC  Registration nr: 2005/137492/23

18 Highfield Road, EAST LONDON, 5205
Cell: +27 (0)71 031 5086 

Fax: +27 (0)86 517 9242
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WATER LEVEL [mbdl]: WATER DEPTH [mbgl]: AVAILABLE DRAWDOWN [m]:

41,63

36,20

31,02

26,19

19,82

14,53

9,29

7,03

5,84

5,42

5,10

4,73

4,52

4,37

4,26

3,95

3,74

3,56

3,38

3,17

2,88

2,66

2,29

2,18

DATUM LEVEL ABOVE GROUND [m]: WAS SAND PUMPED ?

STATIC WATER LEVEL AFTER STEPPED DISCHARGE TEST [mbdl]: WAS THE WATER CLEAN?

 [m]

60 1,68 0,00

60 3,36 0,00

60 5,21

60 8,03

TOTAL: 48,06

COMMENTS:

120

80

100

110

90

60

70

7

15

40

50

78,96

RECOVERY

(m)

STEPPED DISCHARGE TEST & RECOVERY

BOREHOLE NO:BH 4 ONDER HUIS LOERIE 19,29 18,66

RPM

DATE & TIME

TIME

DATE & TIME

TIME

RPM

TIME DRAWDOWN

RPMDISCHARGE RATE 2

DRAWDOWN

2021/10/10 14:56

DISCHARGE RATE 3

5

2021/10/10 16:56

YIELD

DISCHARGE RATE 1

2021/10/10 15:56

YIELD TIMEYIELD TIMERECOVERYTIME

DATE & TIME

(l/s) (min) (m)(m)(m)(min) (m) (l/s) (min)

DRAWDOWN

15 20,95

305,20

2020 21,49

16,51 5,21

10

3

17,62

3

10 19,84 5,23

18,40

RECOVERY

2 2,87 2 22 15,3822

(min)

13,141 8,73 1

(min)(l/s)(m)(min)

9,21

11 2,04 1 1

7 5,39 1,68 710,30

5

3 3,62

5510,015 4,51

7 7

9,65

10

20 10,86

3 3

5

7

20

10 10,54 3,38 10

3 3,36

24,51 5,22

40

5050

40

10 6,10

15 6,58

20 6,97

15 10,71 1515

1,67 20

3011,09

3,37

22,6230

3,35

30

23,8511,33 401,68 4040 7,90

3030 7,56

60 8,40 60 60

5050 8,14 50 11,54

70

11,70

80

70

90

100

80

60

110

90

100

25,0060

150

110

120 120

2021/10/10 17:56

210

 

Drawdown (%): Drawdown (%): 31,66

150

5,21 180

DISCHARGE RATE 6 RPMDISCHARGE RATE 5

7

2021/10/10

0,00

15

2020

392,00

DRAWDOWN

0,63

[%]

  

10

15

8,05 5

7

5 30,69

[%]

 

15 35,63

5

NO

YES

RECOVERY 

STEPPED DRAWDOWN SUMMARY

[m]

 

STEP

2

AVERAGE 

YIELD [l/s] [min]
STEP

DURATION 

[min]

DRAWDOWN

 [m]

3 25,00 31,66

2

3 29,48 3

15

40 43,63

39,44

20 37,1 8,03 20

3

RECOVERY

(m)

TIME RECOVERY

(l/s) (min)(m)

YIELD TIME

1

2

3 3

22

1

(min)

TIME DRAWDOWN

1

(m) (l/s)

RECOVERY

1

(l/s) (min) (m)

YIELD TIME

(min)

TIME DRAWDOWN

(min)

TIME DRAWDOWN

1 26,73

(m)(min)

3

227,87 2

(m)

1

YIELD

20

5 5 5

15

10

20

30

15

7 31,80 7

1010 33,30 8,04 10 10

77

40

30

8,02 40

50

30

50

60

50

60

30 30

4040

70

50 45,82 50

60

70

30

50

40

60 48,06 60 60

70

80 8080

100

90

100 100

90

180

150

120 120

110110

150

180

Average Yield (l/s): Average Yield (l/s):300

360 360 

240

300

240

0,00

210

Drawdown (%):  360

210

Average Yield (l/s): Average Yield (l/s):

150

Drawdown (%):

DISCHARGE RATE 4 RPM

1,68 180

210 14,82 21010,64

RPM

Average Yield (l/s): 3,36 180

150

180

DATE & TIMEDATE & TIME 2021/10/10 17:56DATE & TIME 2021/10/10 17:56

90

120

110

11,70 14,82

RECOVERY 

[min][%]

AVERAGE 

YIELD [l/s]

 

Drawdown (%):

 

240

1 8,40 10,64  

19,29

8,03 300Average Yield (l/s):

Drawdown (%): 60,87

210

4 48,06 60,87  

0,00

0,00

DURATION 

[min][m] [%]

 

8

6

 

  7

 

5

 0,00

0,00

ESTABLISHMENT DATE:

2021/10/10 18:56 0

  

 

  

DISTANCE BETWEEN 

BOREHOLES [km]ONDER HUIS

BOREHOLE VILLAGE

BH 4 ONDER HUIS 

DATE & TIME END:

MOVE 

TO:0

BOREHOLE VILLAGE

0

SITE MOVE 

FROM:

60,87240,00

ESTABLISHMENT
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BOREHOLE NO: WATER LEVEL [mbdl]: WATER LEVEL [mbgl]: 18,66

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

TIME DRAWDOWNYIELD TIMERECOVERYTIME: DRAWDOWNRECOVERYTIME: DRAWDOWNRECOVERYTIME: DRAWDOWNRECOVERY

[min] [m] [l/s] [min] [m] [min] [m] [m] [min] [m] [m] [min] [m] [m]

1 8,32 1 58,66 1 1 1

2 12,26 2 54,18 2 2 2

3 14,08 3 49,36 3 3 3

5 17,44 5,53 5 44,52 5 5 5

7 20,02 7 36,76 7 7 7

10 23,52 5,55 10 30,41 10 10 10

15 28,02 15 28,32 15 15 15

20 29,60 20 27,86 20 20 20

30 31,50 5,55 30 27,38 30 30 30

40 32,86 40 26,88 40 40 40

60 34,78 5,54 60 26,02 60 60 60

90 36,70 90 24,30 90 90 90

120 38,35 5,53 120 23,78 120 120 120

150 39,45 150 23,04 150 150 150

180 40,60 5,56 180 22,62 180 180 180

210 41,47 210 21,43 210 210 210

240 42,30 5,54 240 20,74 240 240 240

300 43,45 300 19,06 300 300 300

360 44,77 5,55 360 17,54 360 360 360

420 45,68 420 17,28 420 420 420

480 47,02 5,54 480 16,92 480 480 480

540 47,98 540 16,78 540 540 540

600 48,77 5,52 600 16,64 600 600 600

720 50,21 720 16,11 720 720 720

840 51,80 5,56 840 15,52 840 840 840

960 52,55 960 14,74 960 960 960

1080 53,68 5,53 1080 13,98 1080 1080 1080

1200 54,08 1200 13,49 1200 1200 1200

1320 54,80 5,55 1320 12,96 1320 1320 1320

1440 55,05 1440 12,74 1440 1440 1440

1560 55,22 5,55 1560 12,26 1560 1560 1560

1680 55,34 1680 11,84 1680 1680 1680

1800 55,72 5,55 1800 11,42 1800 1800 1800

1920 56,14 1920 11,21 1920 1920 1920

2040 56,42 5,54 2040 10,80 2040 2040 2040

2160 57,04 2160 10,38 2160 2160 2160

2280 57,52 2280 10,17 2280 2280 2280

2400 58,16 5,52 2400 9,86 2400 2400 2400

2520 58,92 2520 9,68 2520 2520 2520

2640 59,54 2640 9,52 2640 2640 2640

2760 60,02 5,56 2760 9,38 2760 2760 2760

2880 60,28 2880 9,13 2880 2880 2880

3000 60,50 3000 8,89 3000 3000 3000

3120 60,64 5,54 3120 8,74 3120 3120 3120

3240 60,92 3240 8,60 3240 3240 3240

3360 61,26 5,53 3360 8,49 3360 3360 3360

3480 61,48 3480 8,29 3480 3480 3480

3600 61,82 5,55 3600 8,08 3600 3600 3600

3720 62,02 3720 7,86 3720 3720 3720

3840 62,40 5,57 3840 7,70 3840 3840 3840

3960 62,81 3960 7,59 3960 3960 3960

4080 63,04 5,55 4080 7,38 4080 4080 4080

4200 63,38 4200 7,18 4200 4200 4200

4320 63,74 5,53 4320 6,94 4320 4320 4320

CDT: RECOVERY: 4320 OBS 1: 0 OBS 2: 0 OBS 3: 0

CDT: RECOVERY: 6,94 OBS 1: 0,00 OBS 2: 0,00 OBS 3: 0,00

CDT: RECOVERY: 89,11 OBS 1: 0,00 OBS 2: 0,00 OBS 3: 0,00

CDT: COMMENTS:

CASING DIAMETER [m]:

BH 4 ONDER HUIS LOERIE 19,29

WATER LEVEL [mbcl]:

CASING HEIGHT [m]:

WATER LEVEL [mbcl]:

CASING HEIGHT [m]:

CONSTANT DISCHARGE TEST & RECOVERY

DATE & TIME:

WATER LEVEL [mbcl]:

CASING HEIGHT [m]:

TEST STARTED

CASING DIAMETER [m]:

2021/10/28 07:00

OBSERVATION HOLE 3OBSERVATION HOLE 1 OBSERVATION HOLE 2DISCHARGE BOREHOLE

TRANSPORT EXISTING EQUIPMENT [km]:TRAVELING FOR VERIFICATION [km]:

DATE & TIME:

5,54

CASING DIAMETER [m]:

DISTANCE [m]:

DRAWDOWN / RECOVERY [m]

TEST COMPLETED

SAMPLE TRANSPORTATION [km]:

GENERAL ITEMS AND MAINTENANCE

DISTANCE [m]:

4320

63,74

DRAWDOWN / RECOVERY [%]

AVERAGE YIELD [l/s]

80,72

DURATION TOTALS [min]

2021/11/03 07:00 DISTANCE [m]:
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