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Figure 8-12 Irrigated land and groundwater abstraction locations 
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8.14.3. Results (Simulation 2) 

To show the potential impact of irrigation return flows on the modelled aquifer flows, the recharge rate over the 
46.3 km2 irrigated land area (refer to Figure 8-12) was increased by 10% of their respective mean annual irrigation (Table 
8-11). The modelled flows, compared to the base case flows, are shown in Table 8-11 and Figure 8-16. Due to recharge 
from irrigation return flows, the decline of the Maloney’s Eye flow is significantly less compared to the same scenarios 
under simulation 1.  
 
Table 8-11 Model flow results for simulation 2 (in million m3) 

Flow Base case S1_Sc1 S1_Sc2 S1_Sc3 S1_Sc4 S1_Sc5 

Recharge 23.49 23.53 23.53 23.52 23.51 23.48 

Irrigation return flow - 0.15 0.18 0.22 0.24 0.25 

Recharge total 23.49 25.33 25.68 26.10 26.35 26.49 

Upper Rietspruit 4.56 4.50 4.60 4.72 4.80 4.86 

Brandvlei 0.28 0.28 0.28 0.28 0.28 0.28 

Abstraction -14.96 -17.95 -21.54 -25.84 -28.43 -30.13 

Maloney's -13.44 -12.22 -9.10 -5.36 -3.11 -1.61 

 
 

 
Figure 8-16 Simulated changes in model flows with increasing abstraction (Simulation 2) 

 

8.14.4. Case Study Summary 

Estimated groundwater abstractions from the Steenkoppies Compartment amount to between 20 million m3 and 
30 million m3 per annum, with a likely current abstraction rate of 28.5 million m3/a.  
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The discharge of Maloney’s Eye is sensitive to below average rainfall events, which lead to below average recharge rates 
and lower groundwater yields available for abstraction. During drought events (and neglecting groundwater in storage 
for the time-being), groundwater abstraction rates need to be adapted to prevent complete reduction of the Maloney’s 
Eye flow. The Maloney’s Eye has discharged at below 100 ℓ/s (3.1 million m3/a) continuously for the past 7 months 
(since December 2015), which is the longest on record since 1908. Based on the long-term rainfall/spring hydrograph 
(Figure 8-17) and water level/spring hydrographs (appendix, section 13), not only above average rainfall is required, but 
significant (above 125 mm/month) and frequent rainfall events are required for the flow of the Eye to recover. 
 
With an abstraction rate of 28.5 million m3/a, model simulation 1, that does not take into account irrigation return flows, 
calculates flow at Maloney’s Eye to be significantly less than observed. Model simulation 2, with irrigation return flows 
incorporated, generates discharge at Maloney’s Eye that is closer to the currently observed discharge. The model flow 
results illustrate that the Steenkoppies Compartment is benefitting from enhanced recharge from Upper Rietspruit, 
Brandvlei and irrigation return flows, which assist in maintaining flow at Maloney’s Eye. Based on the modelled flows 
under average groundwater recharge conditions and assumed (10%) irrigation return flows, it appears that 
25 million m3/a is an optimal abstraction rate while maintaining a flow of around 5 to 6 million m3/a from the Maloney’s 
Eye.  
 
The case study has achieved a quantification of the relationship between abstraction and discharge to Maloney’s Eye. 
The model flow results also suggest that enhanced recharge is likely to be occurring, and contributing to maintaining 
some spring flow.  
 

 
Figure 8-17 Monthly rainfall vs. monthly spring flow at Maloney’s Eye  
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Part 3: Integration, Conclusions, Recommendations 
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This project has a relatively narrow focus on groundwater assessment and sustainability from a capture principle and 
theoretical approach. Other aspects of groundwater sustainability have not been taken into account, such as 
consideration of sinkhole formation, subsidence, or potentially unacceptable water quality changes induced by 
pumping.  
 
Only two case studies were incorporated in this project to illustrate the capture principle and test the decision 
framework. Several of the recommended approaches in Part 1 of this report remain theoretical, particularly the 
operating rule grades and associated sustainability indicators, and it was not possible to source case studies that would 
be suitable to test either of these. As these tools both relate to supporting adaptive management approaches for 
groundwater abstraction management, full illustration of these tools would require a long-term project (5–10 years) in 
association with a groundwater user (i.e. a municipal wellfield) to fully demonstrate the approach. Some case studies 
that already demonstrate the capture principle may exist across South Africa, and ideally a wider search for relevant 
case studies should be carried out. It is recommended that existing case studies (ideally including monitoring data 
showing reduction of discharge/enhancement of recharge) be collated into a compendium of capture principle 
assessments to further demonstrate and promote the capture principle approach to sustainable groundwater use. 
 
Although this project contributes to overcoming the technical challenges associated with the gap between theory and 
current practice, other significantly wide-ranging issues contribute to this gap. The mainstreaming assessment highlights 
that the groundwater use authorisation and licensing process, which takes into account the reserve, is to some degree 
misaligned with the capture principle. As an illustration, the current guidelines for implementation of the Water 
Resource Classification System recommend, for example, the use of a stress index (Dennis et al, 2013). This 
misalignment is also compounded by the prevalent application of water balance approaches in any regional to national 
scale groundwater assessment in which it is often deemed impractical to assess groundwater resources at the aquifer 
scale, although this is necessary for a capture principle-based assessment (primarily due to project budget and 
timescale). The project did not aim to address these gaps, yet without change in these spheres, the gap between theory 
and implemented methodologies will remain.  
 
By way of comparison, groundwater in the United Kingdom is managed by the Environment Agency, through the use of 
regional numerical groundwater models covering all of the major aquifer systems. A new abstraction licence can be 
assessed in the relevant model to determine its impact on reduced discharge/enhanced recharge and existing 
abstractions, and associated licence conditions derived. Although the Environment Agency subcontracts the routine re-
calibration and update of the models, the models are ‘owned’ by the Agency, enabling the cumulative effect of each 
licence application to be assessed. These models are available under licence for direct or indirect use by consultants 
where required17 (for example, for the creation of sub-regional models to address local/site scale issues) preventing 
wasted effort (and national funds) in multiple models being generated for the same aquifer over time by different 
consultants. It will take time, but a transition to this approach, in which DWS manages numerical models of all the major 
aquifers for abstraction management and resource protection (i.e. GRDM), is the only way to change the status quo, 
fully implement the capture principle approach to sustainable groundwater use, and avoid the prevalence of water 
balance approaches in regional studies.   
 

                                                                 
17 http://esi-consulting.co.uk/our-expertise/hydrogeology-and-water-resource-management/groundwater-modelling/ accessed 20 
September 2016 
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12. APPENDIX 1: GLOSSARY 

Box 12-1  Capture principle-based yield and sustainability terms to be used in this study  

 
 

Maintainable Aquifer Yield (Delvin & Sophocleous, 2005)  
• The rate that can be maintained without mining an aquifer. 
• It is a rate that can be maintained by reduced discharge and/or induced recharge in a new 

equilibrium, such that the aquifer storage doesn’t deplete. 
• It does not directly depend on the pre-abstraction recharge rates. 
• Long-term application of the maintainable aquifer yield does not necessarily equate to sustainable 

groundwater use  
• It is determined through pumping, and aquifer assessment, and is influenced by landuse, climate 

and a variety of time-varying factors, hence cannot be considered fixed.  

Sustainable Groundwater Use 
• Long-term abstraction of the maintainable aquifer yield can be considered sustainable groundwater 

use if its impact in terms of reduced discharge or enhanced recharge is considered socio-
economically-environmentally acceptable.  

• This requires that the future equilibrium conditions under pumping have been assessed, and a 
socio-environmental-economic decision taken as to whether this is acceptable.  

• This decision over acceptability will change as the maintainable aquifer yield changes, and as the 
socio-economic-environmental conditions against which the abstraction is being compared change, 
due to external factors. Hence, sustainable groundwater use is also a transient concept. 

Sustainable Aquifer Yield 
• The yield that can be supplied from the aquifer targeted under conditions of sustainable 

groundwater use. 
• It is equivalent to the Maintainable Aquifer Yield IF long-term groundwater use at this rate is 

considered sustainable groundwater use. 
• It cannot be considered a fixed number, but one that must be updated through adaptive 

management and will change over time, due to the transient nature of the maintainable aquifer 
yield and the sustainability decision. 

Borehole Yield 
• The yield that can be maintained from a borehole without borehole failure (i.e. inability to continue 

to pump). 
• It is influenced by time-varying factors and cannot be considered a fixed number, requiring update 

through adaptive management. 

Wellfield Yield 
• The yield that the combined wellfield infrastructure can supply, incorporating hydraulic interference 

between boreholes and constraints from other infrastructure. 
• It is influenced by time-varying factors and cannot be considered a fixed number, requiring update 

through adaptive management. 

A scheme is considered to have robust operating rules if: The scheme operator operates the scheme based 
on a living document, updated through adaptive management cycles, containing a set of rules describing the 
required operation of the wellfield and any associated infrastructure that makes up the complete scheme. 
These operating rules are based on, or take into account: 

• The sustainable aquifer yield, incorporating natural constraints 
• The infrastructure capacity and infrastructure constraints 
• The demand on the system and any constraints this may introduce, and optimisation approaches. 
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13. APPENDIX 2: CASE STUDY 2: WATER LEVEL/SPRING HYDROGRAPHS 
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