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EXECUTIVE SUMMARY 
This report comes out of a joint initiative supported by WWF, Woolworths, fruit 

farmers along the Titus River  represented by the Titus River Irrigation Board, the 

Breede-Gouritz Catchment Management Agency (BGCMA), and  Land Care  at the 

Western Cape Government (WCG) Department of Agriculture. 

The Titus River is located within the Ceres valley and forms one of the most 

upstream tributaries of the Breede River in the Western Cape. It falls into the 

quaternary catchment H10B (see Figure 2-14), which was chosen as the geographical 

outline for this study. 

The study area lies in the winter rainfall area and all crops, produced over the 

summer season, require irrigation. The farms in this quaternary catchment depend 

on groundwater for part of the irrigation process. During the recent drought, farmers 

voiced concern that they have no clarity on whether their groundwater use is 

sustainable. This groundwater report originated as a result of this concern. Along the 

Titus River there are 30 farms that grow mostly pears, apples, peaches, plums and 

nectarines. Out of the 30 farms, which cover an area of about 4 100 hectares, 24 

participated in this groundwater study.  

The purpose of this study is to gather existing baseline information primarily on the 

geohydrology and groundwater use within quaternary catchment H10B in the Upper 

Breede catchment. The study is meant to form the foundation to a larger long-term 

groundwater monitoring and management initiative in the long run. A hydrocensus 

was carried out in 2014 for the BGCMA, which included two farms within H10B 

(GeowaterIQ, 2014). With the recent drought, water usage will have changed and 

there is a need to be more informed about groundwater usage and to complete a 

more comprehensive data-gathering exercise.  

Baseline information for quaternary catchment H10B is presented, including 

climate, hydrology, geology, hydro-stratigraphy, groundwater recharge and use, 

groundwater levels, groundwater quality, and information on groundwater 

availability and stress. This baseline information largely draws on regional and 

national datasets. A hydrocensus was carried out in the catchment during late 

August and September 2018, during which 260 groundwater locations were 

identified on 24 farms. Of these, 215 were physically inspected and groundwater level 

measurements taken where possible. The hydrocensus gathered significant 

qualitative and anecdotal information on groundwater use and condition, which 

supplements the regional datasets.  

Groundwater is the primary source for the irrigation needs in the quaternary 

catchment. While there is a perception that irrigated agriculture has expanded in the 

catchment, the Department of Agriculture flyover data shows a decline in irrigated 

areas between 2013 and 2017/18, of 193 ha, resulting in an associated change in 

estimated water requirements. Actual estimates of groundwater use (or even total 

water use) are fraught with inaccuracy, and groundwater use may range from 

~9 million m3/a to ~14 million m3/a. 

Groundwater use is considered to be relatively high and the catchment scale data 

suggests that groundwater in H10B is ‘stressed’, with current use around 75% of 

recharge. Groundwater level data is required in combination with groundwater 

availability estimations, to understand the response to abstraction and recharge. The 

limited groundwater level data and anecdotal information that are available suggest 

that: 

x Groundwater levels appear to recover annually – in some cases fully 

(anecdotal information), and in some cases incomplete recovery is likely 
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related to lower recharge (measured but historical groundwater level). 

There is no evidence that groundwater levels are showing a continual or 

background declining trend and the current abstraction is maintainable. 

x If this observation is correct (to be verified by monitoring – see 

recommendations), the summer abstraction is likely to be intercepting (and 

balanced by) water recharged the previous year, and thus reducing natural 

discharge from the aquifers. This is likely reducing baseflow in the Titus 

River which is supported by groundwater contribution to baseflow (GWBF) 

data. There does not appear to be a sustained impact on groundwater 

storage (groundwater levels) and the subsequent year’s rainfall/recharge is 
able to replace whatever abstraction was derived from groundwater storage.  

However, the extent of summer drawdown is increasing. The fact that the summer 

low groundwater levels are lower following dry years is most likely caused by 

increased use of groundwater following drought years (to fill dams), and/or by the 

lack of complete recovery of groundwater levels at least upstream of the abstraction 

boreholes, i.e. in the mountainous areas, such that the end-winter/pre-summer 

groundwater gradient and hence flow of stored water towards pumped wells is 

diminished and drawdown increased.  

The collated data shows that while groundwater abstraction is maintainable,1 even 

after low rains such as winter 2017–2018, the extent of drawdown is much increased 

following dry years. If climate change causes recharge to reduce in the future and 

groundwater use continues at current levels, based on the observations made here 

we can expect incomplete recovery of groundwater levels and increased drawdown in 

summer. This poses a threat to groundwater users as it may become uneconomical to 

drill deeper and deeper boreholes and pump against an increased hydraulic head. 

In terms of groundwater availability, there is an urgent need to initiate monitoring of 

rainfall and groundwater levels in the catchment to understand the current 

behaviour and then pre-empt impacts of reduced recharge, and take pre-emptive 

decisions about allocations. If drier futures and less recharge is considered most 

likely for the catchment (this requires further investigation, see recommendations), 

then it may be necessary to limit groundwater abstraction to 2017/18 levels, subject 

to further liaison with the Titus Irrigation Board regarding what is considered the 

maximum depth of boreholes and pumping for economical abstraction.  

In terms of groundwater quality, the available data suggests that groundwater quality 

needs attention in H10B: there may be an increasing trend in electrical conductivity 

(EC), which may relate to irrigation return flow, and nitrate concentrations require 

monitoring.  

Groundwater in the various aquifers is certainly hydraulically connected in the 

valley, with lateral recharge from the Nardouw aquifer to the alluvium, and to the 

Ceres Subgroup aquifers. In addition, groundwater and surface water are in 

hydraulic connection, with groundwater use likely to have reduced baseflow in the 

catchment. The extent of induced indirect recharge (recharge of surface water to 

groundwater owing to pumping close to rivers) is unknown as there is no data to 

quantify this interaction. The interconnectedness of the various aquifers and surface 

water means that monitoring and management should target all resources 

conjunctively.  

Recommendations are provided for the establishment of groundwater monitoring 

and for various analyses that would support the interpretation of groundwater-

monitoring results. Both would form the foundation for enhanced groundwater 

management in the catchment, and form the basis for numerical groundwater 

modelling; this is also recommended as a tool to support groundwater resources 

management.  

                                                           
1 It can be supported by stored groundwater, reduced discharge and/or enhanced recharge.  
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1. INTRODUCTION 
1.1  Background 
This report comes out of a joint initiative supported by WWF, Woolworths, farmers 

of H10B represented by the Titus River Irrigation Board, the Breede-Gouritz 

Catchment Management Agency (BGCMA), and the Land Care group at the Western 

Cape Government (WCG) Department of Agriculture.  

The Titus River is located within the Ceres valley and forms one of the most upstream 

tributaries of the Breede River in the Western Cape. It falls into the quaternary 

catchment H10B, which was chosen as the geographical outline for this study. 

The study area lies in the winter rainfall area and all crops, produced over the 

summer season, require irrigation. The farms in this quaternary catchment depend 

on groundwater for part of the irrigation process. During the recent drought, farmers 

voiced concern that they have no clarity on whether their groundwater use is 

sustainable. This groundwater report originated as a result of this concern.  

Along the Titus River there are 30 farms that grow mostly pears, apples, peaches, 

plums and nectarines. Out of the 30 farms, which cover an area of  about 

4 100 hectares, 24 participated in this groundwater study.  

The purpose of this study is to gather existing baseline information primarily on the 

geohydrology and groundwater use within quaternary catchment H10B in the Upper 

Breede catchment. The study forms the foundation to a larger long-term 

groundwater-monitoring and management initiative that is currently starting. A 

hydrocensus was carried out in 2014 for the BGCMA, which included two farms 

within H10B (GeowaterIQ, 2014). With the recent drought, water use will have 

changed. There is a need to be more informed about groundwater use and to 

complete a more comprehensive data-gathering exercise.  

1.2 Available information 
The following information was made available to Delta-h for this study: 

x The latest (2017 summer / 2018 winter) Land Care survey of irrigated 

hectares (from WCG Department of Agriculture), in the raw data format of 

a field scale shape file showing irrigated area, crop type and irrigation 

method.  

x A summary of the 2017 summer Land Care survey of irrigated hectares 

(from WCG Department of Agriculture), as a spreadsheet showing the sum 

of irrigated area per crop type for the whole H10B. This also included 

typical water demand per crop type.  

x The previous (2013) Land Care survey of irrigated hectares (from WCG 

Department of Agriculture), in the raw data format of a field scale shape file 

showing irrigated area, crop type and irrigation method.  

x A spreadsheet from the Titus Irrigation Board reportedly containing results 

of the validation and verification (V&V) process, including total agricultural 

area per property (Surveyor General Codes), for 2000 and 2010. While the 

data contains crop type codes, no key was available for these codes, and as 

such the area only reflects total area, not irrigated area.  

x A spreadsheet from BGCMA showing an extract of the current WARMS 

database for H10B, showing co-ordinates of surface and groundwater 

registrations, without property or crop details.  
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Furthermore, the following datasets were extracted for H10B from Delta-h’s existing 
in-house databases: 

x the Water Authorisation Registration Management System (WARMS) 

x the National Groundwater Archive including geology data (replacing the 

national groundwater database), which generally contains information up 

to around 2004 

x HYDSTRA (a database that contains monitoring data for all boreholes 

actively monitored by the Department of Water and Sanitation (DWS))  

x the Water Management System (WMS) datasets (national water-quality 

monitoring points) 

x DWS streamflow gauging stations, and their data 

x location and geological maps 

x GIS maps of aquifer type, groundwater chemistry (EC), recharge, discharge 

(groundwater contribution to baseflow) and groundwater stress, from the 

Groundwater Resources Assessment Study Phase II (GRAII), (DWAF 2006; 

DWS 2017b).  

1.3 Scope of work 
The requested scope of work includes the development of a report to contain at least: 

x A review of existing geohydrological information for the Ceres valley (DWS 

National Groundwater Database & BGCMA) 

o Existing boreholes with related data such as chemistry and geology  

o GIS data such as geohydrological maps and aerial photo maps, 

including plotting of existing monitoring or abstraction points 

o Site assessment with hydrocensus survey, which should include: 

� elevation (metres above mean sea level (mamsl)) 

� various types of water usage (agriculture, drinking, etc.) 

� owner’s details (the user) 

� amount used (either per month or per year) 

� permit or licence where relevant for users above schedule 1 (i.e. 

more than just domestic usage) 

� co-ordinates2 of the existing boreholes 

� groundwater levels where accessible 

x The latest Land Care survey of irrigated hectares (Elsenburg) 

x The latest V&V information (BGCMA) 

x An overview of surface run-off information 

x Climatic and meteorological data  

x Evaluating existing reports/documents for the study area 

x Technical reporting for the above, including recommendations towards 

long-term monitoring and sustainable use 

The requirements with respect to analysis of the latest Land Care (flyover) survey 

data and V&V data were confirmed during project initiation. The ultimate aim, 

                                                           
2 While co-ordinates were taken, following agreement with members of the Titus Irrigation 

Board and WWF, this information is not reported on.  
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particularly of the Titus Irrigation Board, is to determine whether current water use 

is in excess of that agreed to through the V&V process, such that farms where this is a 

concern could be highlighted for follow-up as part of the collective action intended in 

the catchment. However, for direct comparison of V&V and flyover data, the latest 

flyover data of irrigated areas would have to be translated to water demand. This is a 

significant undertaking if it is to be done accurately (requiring assumptions about 

crop factors, local climatic factors, irrigation methods, etc.) and not explicit in the 

scope of work. It was therefore agreed that the team would:  

x review what was possible once the format of available data was known  

x apply a simplified method to assess water demand if possible (using simple 

translation from crop type and area to water demand, without climatic and 

irrigation method data). 

If reporting on changes in total water demand between V&V and flyover data was not 

possible, the analysis should ideally be able to at least show changes in irrigated 
areas.  

However, no V&V data was received from BGCMA, only an extract of WARMS data 

without property or crop data (section 1.2). The co-ordinates of the received 

registrations contain significant inaccuracies (34 of the registrations have the same 

co-ordinate). Without property owner, name and ERF data, it is not possible to 

further process this data to derive registered water use per property within this 

project (see recommendations). Fortuitously, a copy of the V&V data was received 

from the Titus Irrigation Board, containing area per crop (as a numbered code 

without a key) per property (section 1.2).The analysis between these two datasets 

could include only a comparison of total agricultural area per property from V&V 

data (from Titus Irrigation Board) and the 2017/2018 flyover data. As an alternative, 

the 2013 flyover data was sourced and the changes in irrigated areas and water 

demand over the five years estimated. While this does not provide a comparison to 

registered water use, it provides an assessment of actual changes. This is presented 

in section 4.2.2. 
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2. CATCHMENT SETTING 
2.1 Topography, drainage, land use 
The H10B catchment is situated in the Breede-Gouritz Water Management area in 

the Western Cape (Figure 2-1), in the south-east of the Ceres basin: a flat-bottomed 

valley surrounded by mountains that form a ‘U’ shape. The southern boundary of the 

catchment is formed by the ridge line of the Hex River Mountains and the 

Matroosberg. The catchment is drained by the Titus River, which originates in the 

high ground to the south-east of the catchment, is fed by several non-perennial 

streams, and flows west/north-west to its confluence with the Dwars River beyond 

the catchment boundary (Figure 2-2). After the two rivers meet, they form the 

Breede (or Breë) River, and flow south-west through Mitchell’s Pass into the Breede 
Valley.  

The land use of the catchment is dictated by the topography and, in turn, the geology. 

The southern portion of the catchment comprises steep mountain slopes, much of 

which is incorporated in various nature reserves (Ben-Etive Nature Reserve, 

Matroosberg Mountain Catchment Area). North of the break in slope, the valley 

bottom is dominated by agricultural land use. 

  

 

 

Figure 2-1: Location map showing H10B in the context of the 
Breede River and wider region (DWAF, 2004) 
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Figure 2-2: Topography and drainage of H10B 

 

2.2 Climate 
2.2.1  Rainfall 
The Lynch (2004) mean annual precipitation (MAP) dataset indicates that MAP over 

the quaternary is higher to the west (>600 mm), becoming lower to the east 

(<400 mm). Various weather stations managed by both the South African Weather 

Services (SAWS) and the Department of Water and Sanitation (DWS) are shown in 

Figure 2-3, with no weather stations located within the quaternary.3 DWS data is 

freely available compared to SAWS data, which has an associated cost. DWS weather 

stations were consequently prioritised as a source of rainfall data. Three DWS 

weather stations are located to the west and east of the quaternary and fall within 

higher (>800 mm) and lower (<500 mm) rainfall regions when considering        

Lynch (2004).   

A rainfall dataset for the town of Ceres, coinciding with the location of SAWS 

weather station 42532 W/AW, was obtained from the Ceres Tourism website.4 The 

website provides a record of rainfall for the town of Ceres (no source is cited for the 

origin of this rainfall data) and annual rainfall is shown in Figure 2-4. In addition, 

the average monthly rainfall for the quaternary was extracted from the Water 

Resources of South Africa 2012 Study (WR2012) model. This model utilises a MAP of 

                                                           
3 Weather stations owned by Hortec are reportedly available on two farms within H10B. This 

data could not be sourced from Hortec in time for the final report and it is recommended that 

the data be used in future phases of the project.  

4 ceres.org.za/about-ceres/climate.html 
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743 mm for the quaternary with monthly rainfall provided according to a percentage 

of MAP (owing to SAWS copyright concerns).  

The average monthly rainfall and record length of the three closest DWS weather 

stations to the Ceres rainfall data and WR2012 model data are presented in       

Figure 2-5. Figure 2-5 shows WR2012 results in full (90 years) and in part (30 years) 

since 30 years is considered a climate normal as defined by the World Meteorological 

Organization.5 It has been included as it presents a more recent climate             

(1980–2009).   

The choice of the most appropriate rainfall dataset to describe the rainfall of the 

quaternary is influenced by both the spatial variation in rainfall across the 

quaternary and the potential for error within the datasets considered. WR2012 was a 

national study that included the compilation of monthly rainfall for each quaternary 

catchment in South Africa (and included quality control). The WR2012 dataset 

consequently provides a quaternary scale estimate of rainfall and may consequently 

be the most suitable dataset when describing the average monthly rainfall of the 

quaternary.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-3: Mean annual precipitation and weather stations  
 

 

 

 

                                                           
5 wmo.int/pages/themes/climate/climate_data_and_products.php 
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Figure 2-4: Annual precipitation at Ceres from 1961–2008 
(hydrological years) from the Ceres Tourism website6 

 

 

Figure 2-5: Average monthly rainfall at each rainfall station  

 

                                                           
6 wmo.int/pages/themes/climate/climate_data_and_products.php 
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2.2.2  Evaporation 
Evaporation data (in the form of S-Pan records) was sourced from the three 

DWS weather stations identified in section 2.2.1. WR2012 S-Pan data was also 

extracted; however, unlike rainfall data, WR2012 evaporation is consistent on an 

annual basis. S-Pan data was preferred as it more closely represents lake or dam 

equivalent evaporation than A-Pan data. The spatial variation in evaporation is less 

significant than that of rainfall, as indicated in Table 2-1. For the purposes of this 

study, the WR2012 evaporation estimates are recommended as they apply to the 

whole quaternary.  

Table 2-1: Average monthly S-Pan evaporation distribution (mm) 

Month H1E008 H2E002 H2E003 WR2012 

Source DWS DWS DWS WR2012 
 1999–2018 1976–2018 1979–2018 1920–2009 
Jan 259 251 260 281 
Feb 216 213 221 239 
Mar 191 185 193 201 
Apr 112 119 115 125 
May 71 83 79 82 
Jun 52 60 57 60 
Jul 56 63 62 60 
Aug 69 75 77 78 
Sep 98 104 103 106 
Oct 154 153 163 171 
Nov 192 201 204 225 
Dec 246 232 246 269 
Total 1 716 1 739 1 780 1 897 

 
2.2.3  Average climate 
The average climate for the site is presented in Figure 2-6. While evaporation is 

showing as greatly exceeding rainfall, this is representative of the maximum S-Pan 

equivalent evaporation that could occur, assuming no limitations were placed on 

evaporative demand. The combination of rainfall, evaporation and temperature 

results in a warm, temperate, dry and warm summer climate for most of the 

quaternary, according to the Köppen-Geiger climate classification.7 

 

                                                           
7 stepsa.org/climate_koppen_geiger.html 
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Figure 2-6: Average monthly climate for H10B8 

 

2.3 Hydrology 
2.3.1  Streamflow gauges (measured data) 
Data for the five streamflow gauges presented in Figure 2-2 was sourced from the 

DWS Hydrological Services website.9 The metadata for these streamflow gauges are 

presented in Table 2-2. Three of the DWS gauges are present within H10B; however, 

these gauges have outdated records (ending by 1991) and a significant percentage of 

missing data. Two of the DWS gauges (H1H003 and H1H013) have significantly 

longer and recent records, with a lower percentage of missing data. Average monthly 

streamflow for the DWS gauges is presented in Figure 2-7.  

The streamflow records within quaternary H10B are dated (with a higher percentage 

of missing records) and positioned away from the primary Titus River. As such, 

streamflow records for gauges within quaternary H10B are limited with regard to 

their potential to describe flows within the quaternary (as a whole). By comparison, 

the more recent streamflow records from DWS gauges H1H003 and H1H013 are 

located outside of the quaternary. DWS gauge H1H003 is positioned on the Breede 

River and provides a long-term record of streamflow for the combined quaternaries 

H10A, H10B and H10C. DWS H1H013 is positioned on the Koekedou River, which 

drains a portion of quaternary H10C. Despite the availability of data, both DWS 

gauges H1H003 and H1H013 offer limited potential to derive flows for quaternary 

H10B, primarily owing to the position of DWS gauge H1H013 (which unfortunately 

does not capture streamflow of the Dwars River). An alternative source of streamflow 

for H10B was consequently required. Nevertheless, for regional context, the monthly 

flow in March of each year is shown in Figure 2-8, which suggests a declining trend 

in the summer low-flows.  

  

                                                           
8 South African Atlas of Climatology and Agrohydrology used for temperature estimates from 

the centre of the quaternary; WR2012 used for rainfall and evaporation estimates 
9 dwa.gov.za/Hydrology 
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Table 2-2: DWS streamflow gauges 

Gauge Period of 
record 

Record length 
(years) 

Months with missing 
data  

Monitored river 

H1H003 1923–2018 95.4 5% Breede 
H1H013 1965–2018 53.4 5% Koekedou 
H1H014 1965–1982 16.8 14% Unnamed 

tributary 
H1H016 1966–1991 24.8 34% Unnamed 

tributary 
H1H025 1965–1984 18.7 29% Unnamed 

tributary 
*Months where streamflow exceed rating of the gauge were retained, while all other months with any missing data 
were excluded.  

 

 

Figure 2-7: Average monthly streamflow for the DWS gauges 
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Figure 2-8: March streamflow for DWS Gauge H1H003 (Breede 
River) 

 

2.3.2  WR2012 run-off (modelled data) 
The mean annual run-off (MAR) and mean monthly run-off for the quaternary was 

estimated using the WR2012 (Bailey & Pitman, 2015) results. The WR2012 report 

and associated datasets include a simulation of water resources for each of the 

country’s quaternary catchments. WR2012 includes an assessment of historical 

streamflow (including the progressive development within the quaternary), present-

day streamflow (including the influence of afforestation, mining, alien vegetation, 

paved areas, abstractions, return flows, dams and transfers as it was in 2009) and 

naturalised streamflow (in which the man-made features are removed). Historical, 

naturalised and present-day streamflow for the quaternary were consequently 

extracted for use in this study, including both the full 90-year and latest 30-year 

results. Plots of streamflow are illustrated in Figure 2-9 and Figure 2-10 while 

Table 2-3 presents the average monthly results.  
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Figure 2-9: Average monthly streamflow (1920–2009) for H10B 
(WR2012) 

 

 

Figure 2-10: Average monthly streamflow (1980–2009) for H10B 
(WR2012) 
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Table 2-3: Average monthly streamflow from WR2012 (million m3) 

Month Historic total 
average 

(1920–2009) 

Historic 30-
year average 
(1980–2009) 

Naturalised 
total average 
(1920–2009) 

Naturalised 30-
year average 
(1980–2009) 

Present-day 
total average 
(1920–2009) 

Present-day 30-
year average 
(1980–2009) 

Jan 0.19 0.07 0.33 0.37 0.07 0.07 
Feb 0.18 0.05 0.28 0.25 0.05 0.05 
Mar 0.14 0.06 0.26 0.35 0.05 0.05 
Apr 0.49 0.47 0.51 0.52 0.45 0.47 
May 2.64 3.05 2.67 3.13 2.61 3.05 
Jun 4.95 4.24 4.97 4.31 4.89 4.24 
Jul 4.55 5.89 4.39 5.45 4.71 5.90 
Aug 4.98 4.67 4.83 4.30 5.11 4.67 
Sep 3.56 4.06 3.57 4.04 3.53 4.07 
Oct 1.93 1.49 2.35 2.41 1.54 1.48 
Nov 0.84 0.28 1.38 1.41 0.27 0.28 
Dec 0.34 0.10 0.61 0.64 0.10 0.10 
Total 24.78 24.43 26.15 27.18 23.38 24.43 

 

The results of the streamflow plots illustrate the expected decrease in streamflow for 

the present day compared to a simulated naturalised scenario, owing to the removal 

of irrigation and dams within the quaternary that are included in the present-day 

scenarios. An exception to this is for the months of July and August, where the 

naturalised flows are lower than the present-day and historical flows. It is likely that 

this is owing to releases from the dams in the quaternary that exceed the naturalised 

flows during this dry period.  

In considering Figure 2-10, the 30-year results (1980–2009) for the historical and 

present-day scenarios are very nearly the same (there are no discernible differences 

in the graphs). This is owing to the WR2012 model for the quaternary being similar 

for the years after 1980 for both the present-day and historical scenarios (i.e. the 

present-day scenario represents the state of the quaternary in 2009, while the 

historical scenario for 1980–2009 already includes most of the development in the 

quaternary). Present-day results consequently provide the best indicator of likely 

streamflow originating from the quaternary while still including the influence of 

climate variability (i.e. variation in rainfall). Figure 2-11 illustrates the 30-year record 

(1980–2009) for the present-day scenario. These datasets are used in estimating 

water use (section 4).  
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Figure 2-11: 30-year streamflow record for H10B from WR2012 
for the present-day scenario (1980-2009) 
 

2.4  Regional geology 
The geology of the region ‘exerts a dominating control on the topography, provides 

an orographic control over precipitation, influences the drainage, and even 

influences the agricultural crops and land-use potential, through the widely variable 

geochemical composition of the different formations’ (DWS, 2017a).  

The oldest rocks in the area are the meta-sediments of the Malmesbury Group, 

intruded in places by the Cape Granite Suite. These ‘basement’ rocks do not outcrop 

in H10B, but underlie the geology at (significant) depth. The basement is 

unconformably overlain by the Cape Supergroup, which dominates the geology of 

H10B. The Cape Supergroup incorporates the Table Mountain Group at its base, 

overlain by the Bokkeveld Group, in turn overlain by the Witteberg Group. The Table 

Mountain Group (TMG) rocks are largely arenaceous (sandy) and the Bokkeveld 

Group is predominantly argillaceous (clay rich). The Peninsula and Skurweberg 

Formation of the TMG are almost purely quartzite sandstones, thus resistant to 

weathering, and form the majority of the mountainous outcrops in the Western 

Cape.  

The highly fractured quartzite sandstones of the TMG form significant aquifers that 

are capable of transporting groundwater in significant quantities over great distances 

and to significant depths. The Ceres Subgroup of the Bokkeveld Group is shaley and 

because of the increased clay content, any boreholes within this substrate have lower 

yields and higher electrical conductivity (EC). 

There are a number of Tertiary and Quaternary sedimentary deposits within the 

region (those within the catchment are unclassified). They consist mostly of 

unconsolidated to semi-consolidated shelly, calcareous sands. In this area these 

deposits are associated with river courses, and are likely composed of alluvium 

consisting of clay, sand, pebbles and boulders (DEA&DP, 2011). The geological 

sequences are shown in Table 2-4. The superficial geology is mapped in Figure 2-12. 

Rocks of the Cape and overlying Karoo Supergroup were deformed by the Cape 

Orogeny event, which formed the Cape Fold Belt Mountains. The Cape Fold Belt is 

characterised by mega-anticlinal mountain ranges with ridges formed by the 

Peninsula and Skurweberg Formations, separated by synclinal intermontane valleys, 
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infilled with Bokkeveld Group sediments. The Ceres basin lies within the northern 

branch of the Cape Fold Belt, running from Vanrhynsdorp to Ceres (Mielke & De 

Wit, 2009). 

Within the Ceres basin itself, the Peninsula Formation forms the ridge crest of the 

‘U’-shaped mountains bounding the basin, beyond the H10B catchment boundary to 

the south (Figure 2-12). The Peninsula Formation is overlain to the east, north-west 

and north by the Pakhuis and Cedarberg Formations (minor areas of outcrop), and 

subsequently by the Nardouw Subgroup, which dominates the outcrop area of H10B, 

and relates to the steep exposed mountain slopes. The Peninsula Formation exists at 

depth (confined) beneath the overlying units in the Ceres basin. The Bokkeveld 

Group (Ceres Subgroup) overlies the Nardouw Subgroup to the north of the Titus 

River. Overlying both units, along the length of the Titus River, are outcrops of 

alluvial sediments. 
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Table 2-4: Lithology, stratigraphy and hydro-stratigraphy of units 
found in the study area10 

Age 
(million 
years) 

Supergroup Group Subgroup Formation Maximum 
thickness 

(m) 

Lithology Hydro-
stratigraphy 

65–0 Undifferentiated Tertiary to Quaternary deposits; within the region associated with river courses, and are 
likely composed of alluvium consisting of clay, sand, pebbles and boulders 

Major unconformity 
29–354 Cape  

 
Witteberg Various Various 1 465 Various Aquifers and 

aquitards 

354–417 Bokkeveld Traka Various 775 Mudrock, 
siltstones, 
sandstones 
(quartzite) 

Aquifers and 
aquitards 

Ceres Various others 635 Mudrock, 
siltstones, 
sandstones 
(quartzite) 

Aquifers and 
aquitards 

Voorsterhoek 
[Dv]  

Fossiliferous 
shale, 
mudstone, and 
siltstone; thin 
sandstone beds 

Gamka [Dga] Lithic and 
feldspathic 
sandstone and 
siltstone; 
subordinate 
shale and 
conglomerate 

Gydo [Dg] Fossiliferous 
shale, 
mudstone, and 
siltstone 

Table 
Mountain 
 
 
 

Nardouw Rietvlei/ 
Baviaanskloof 
[Dr] 

280 Feldspathic 
quartz arenite 

Nardouw 
aquifer (major 
aquifer) 

417–443 Skurweberg 
[Ss] 

290 Quartz arenites 

Goudini 230 Arenite, minor 
siltstone, shale 

Winterhoek 
mega-aquitard 

(None) Cedarberg 120 Silty shales and 
shaley siltstone 

Pakhuis 40 Tillite, 
diamictite, 
quartz arenites 

Peninsula 1 800 Largely thick-
bedded, coarse- 
grained 
quartzitic 
arenites 

Peninsula 
aquifer (major 
aquifer) 

443–495 Graafwater 420 Thin-bedded 
sandstone, 
siltstone, shale 
and mudstone 

(Not 
characterised) 

Piekenierskloof 900 Quartzitic 
sandstone with 
coarse-grained 
to gritty zones 
and rudites 

(Not 
characterised) 

Major unconformity 
>495 Basement Underlying the TMG are the Malmesbury shales, the Gamtoos and the Kaaimans argillites, 

comprising a suite of moderately to lightly metamorphosed sedimentary rocks; and the Cape 
Granite Suite.  

                                                           
10 Table sources: Xu et al, 2009; Thamm & Johnson, 2009; DWAF, 2008a; Colvin et al, 2009. 

Letters in square brackets relate to formations marked on Figure 2-16. 
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Figure 2-12: Simplified geological map of Ceres basin showing 
H10B 

 

2.5 Hydro-stratigraphy 
The quartzite sandstones of the Peninsula Formation and Nardouw Subgroup are 

intensely fractured across the Cape Fold Belt, and form regionally significant 

‘secondary’ aquifers11 (Table 2-4). These aquifers are capable of transporting 

groundwater in significant quantities over great distances, and to significant depths, 

as evidenced by the hot springs occurring in the Western Cape. The aquifers are 

confined where they are buried; the Peninsula is confined by the Cedarberg Shale; 

the Nardouw by the various overlying aquitards. While the Bokkeveld Group has a 

greater abundance of argillaceous sediments, on a local scale the sandstone units 

form locally important aquifers. The Tertiary and Quaternary sediments also form 

locally important aquifers.  

DWAF (2000) formally classified the various rock types of the country into aquifer 

types, generating the 1:500 000 hydrogeological map series. The TMG deposits in 

the south of H10B are classified as fractured aquifers with borehole yields ranging 

from 2–5 L/s (Figure 2-13). The Ceres valley bottom, underlain by the Ceres 

Subgroup of the Bokkeveld Shale, is characterised as fractured with yields >5 L/s. 

Regional literature generally expects the TMG to be higher yielding than the 

Bokkeveld Group (Ceres Subgroup) rocks, but the map is supported by NGA data 

(section 2.8), and observations from the hydrocensus (section 3). Owing to the scale 

of the mapping, the alluvial deposits are not highlighted as intergranular aquifers.  

                                                           
11 Secondary simply owing to the type of porosity, not related to importance. 
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Figure 2-13: Map of aquifer types for Ceres basin showing H10B 
(DWAF, 2000) 

 

2.6 Conceptual description of regional 
groundwater flow regime 

Groundwater will flow from a high hydraulic head to a low hydraulic head, dictated 

by pressure gradients. In an unconfined aquifer where groundwater is in equilibrium 

with atmospheric pressure (i.e. a sandy aquifer at surface), this generally translates 

to groundwater flowing from high-lying areas to low-lying areas, as groundwater 

levels often mimic topography. Where the fractured Peninsula and Nardouw aquifers 

are unconfined (at surface), groundwater flow is likely to also mimic topography, 

albeit with some irregularity caused by fracturing, discharging to mountain springs 

and streams, or discharging subterraneously to adjacent aquifers at the break in 

slopes (i.e. Nardouw aquifer discharging to the alluvial aquifers around Ceres).      

The flow paths in the confined fractured Peninsula and Nardouw aquifers are      

more complex. 

Shallow groundwater within the Peninsula Formation, where it outcrops, will 

discharge to mountain springs and streams. Groundwater that percolates to the deep 

Peninsula aquifer will flow within the unit under pressure gradients. Shallow 

groundwater in the Peninsula where it outcrops in the Hex River Mountains will flow 

to the south towards the Hex, and deep groundwater will flow from the south to the 

north, at depth under H10B (demonstrated by piezometric analysis in 

DWAF, 2008a). This flow regime (and the transport of recharge from south of H10B 

into H10B) is unlikely to contribute directly to groundwater availability in H10B as it 
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is effectively sealed by the overlying Cedarberg Formation and is deeper than 

economical drilling depths.  

Similarly, shallow groundwater in the Nardouw aquifer will mimic topography and 

can be expected to flow from the topographic high at the catchment divide towards 

the north in the catchment. Groundwater that does not discharge to springs, streams 

or laterally and upwards into overlying units at the base of the valley, will enter the 

confined Nardouw aquifer beneath the basin. It is thought, based on piezometric 

analysis of the region, that deep groundwater in the Nardouw aquifer flows towards 

the piezometric low around Ceres, and discharges to surface water in Mitchell’s pass 

(DWAF 2008a) (Figure 2-14). It is possible that groundwater sourced in H10B from 

the Nardouw aquifer supports groundwater availability not only in other units in the 

valley bottom of H10B but also in neighbouring H10C. 

Direct recharge from rainfall is the main source of groundwater to the aquifers in 

various formations of the Ceres Subgroup, with some lateral recharge and upward 

leakage possible from the adjacent Nardouw aquifer. The aquifers will discharge to 

surface water within H10B. At local scale fractured connections can cause local-scale 

heterogeneities.  

While groundwater certainly discharges to surface water in the catchment and wider 

Ceres basin, in certain settings groundwater availability will be enhanced by surface 

water (indirect recharge). The Nardouw aquifer will discharge to springs and 

streams. Where these streams traverse from flowing over the Nardouw Subgroup to 

flowing over alluvium, the change in slope and higher permeability of the substrate 

will promote the streams to recharge the alluvium (which, in turn, further 

downstream, may again discharge to surface water). This behaviour is well 

documented for alluvial fans in the Breede Valley (DWAF, 2008b) and is likely to 

also be occurring in the catchment. The boreholes located in the primary aquifer very 

close to the rivers take advantage of this relationship: they are able to abstract the 

groundwater prior to its discharge to the river, and when groundwater levels are low 

(naturally or owing to pumping), the boreholes may benefit from indirect recharge 

caused by groundwater pumping. While this in itself is not necessarily a problem, it 

requires surface and groundwater resources to be managed together.  

 

Figure 2-14: Schematic cross-section illustrating conceptual 
groundwater flow regime in the Nardouw aquifer in the broader 
Ceres Basin region (north-west on the left, south-east on the 
right) (adapted from DWAF, 2008a)  
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2.7 Groundwater sources and sinks 
2.7.1  Recharge 
The recharge in mm/year for the region is shown in Figure 2-15, from the GRAII 

project (DWAF, 2006) generated through a GIS-based model and calibrated to 

estimates from the chloride concentration method. This is the latest nationally 

available dataset. While it has some shortcomings (see review by DWA, 2009), it is 

sufficient for an overview in the absence of locally generated estimates. The recharge 

distribution is primarily controlled by precipitation, which in turn is related to the 

topography, with the underlying geology and aquifer type also influencing the 

recharge. 

The recharge rates in H10B are significantly elevated in the Hex River Mountains 

(and Nardouw aquifer) in the south of the catchment, where they reach >150 mm/a, 

compared to the valley bottom (and the Ceres Subgroup aquifers and aquitards) 

where rates are 35–50 mm/a. The elevated recharge is the driving force for 

groundwater flow towards the north from the high-lying areas. When summed 

across the catchment, the total recharge for H10B is 12.2 million m3/a.  

The quaternary catchment lies within a ‘Strategic Water Source Area for 

Groundwater’ (SWSA-gw). These areas are defined as areas that have high 

groundwater recharge and where the groundwater forms a nationally important 

resource (Le Maitre et al, 2018). The incorporation of this area as a SWSA-gw is 

related to the high recharge and the high use supporting agricultural activities.  

 

 

Figure 2-15: Recharge for Ceres basin (and H10B) from GRAII 
(DWAF, 2006)  
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2.7.2 Surface water–groundwater interaction 
Surface and groundwater are hydraulically linked in the catchment, as outlined in 

the conceptual understanding of groundwater flow, but data does not generally exist 

to determine how much of the surface water flow is derived from groundwater nor to 

measure and identify locations of indirect recharge to groundwater from surface 

water. To measure surface water–groundwater interaction ideally requires routine 

measurement at a (rated and surveyed) surface water gauge and at several boreholes 

in the aquifer surrounding the gauge. Two DWS surface water gauges are located in 

H10B, but neither is currently active (H1H014 and H1H016 with measurements 

ceasing in 1982 and 1991 respectively). Although historical flow measurements are 

available, there is no rating section or survey of the gauge plate. Only indirect 

methods of assessing surface water–groundwater interaction are available and the 

following indications are provided in the datasets: 

x Data for GWBF is available from the GRAII database (DWAF, 2006), per 

quaternary catchment, and from the WR2000 Pitman model with Sami GW 

utility (a surface water model the same as WR2012, but with simplified 

representation of groundwater). However, these have high uncertainty 

associated with them, as they are not calibrated to measurements and the 

two datasets show no correlation in their values (DWAF, 2017b). From an 

assessment of GWBF values across the Breede-Gouritz, it appears that   

these models grossly underestimate GWBF (DWAF, 2017b). Values for 

H10B are shown in Figure 2-9. Of these, the GRAII values are considered 

more reliable.  

x The quaternary catchment was not identified as a priority for the     

presence of groundwater-fed wetlands in the recent classification project 

(DWS, 2018). However, groundwater discharge may be important for 

riverine ecology. The environmental water requirement (EWR) for H10B 

has been estimated at 5.8 million m3/a (DWS, 2017b). Taking the GRAII 

measurements for GWBF, it appears that the EWR must be primarily met 

from surface water flow, as GWBF currently provides a small portion 

(according to this data). Nevertheless, owing to the timing of GWBF 

(assumed to be in summer), the GWBF that does exist may be extremely 

important to riverine ecology.  

 
Table 2-5: Estimates for groundwater contribution to baseflow  
in H10B, from GRAII and Pitman models (DWAF, 2006;  
DWS 2017b) 

Source Natural GWBF 
(million m3/a) 

Current GWBF 
(million m3/a) 

WR2000 Pitman model 
with Sami GW utility 
(DWS, 2017b) 

1.3 1.3 

GRAII (DWAF, 2006) 3.35 0.48 
 

2.7.3 Abstraction 
Groundwater is used extensively in the catchment for agricultural irrigation. 

Registered (licensed) groundwater use is available from the Water Authorisation 

Registration and Management System (WARMS) database, held by DWS. The 

database shows the registered users (individual, company), the property details, the 

licensed yield, and lists the source (dam, river, borehole). In some instances only the 

property is listed in the database and the co-ordinates recorded often relate to the 

centre of the property rather than individual boreholes on the property. This is 
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appropriate: a user is registered for abstraction of a yield from a resource (an 

aquifer) and overall resource availability is not directly related to the number of 

boreholes from which the user distributes this abstraction.  

The dataset is known for inaccuracies, particularly in terms of duplicate entries, 

incorrect co-ordinates and inconsistency in whether the co-ordinates reflect the 

address of the licensed user or the location of abstraction, which may not even be the 

same property or even the same catchment. There are also possible uncertainties 

owing to possible over-registration of use (which users might do in order to ‘secure’ 
water for operations) and unlicensed abstractions. Significant manual effort was 

applied to correct erroneous co-ordinates in the WARMS dataset, through 

comparison of the registered address with cadastral data (described in DWS, 2017b). 

This shows a spread of registrations across the various farms in the lower catchment, 

and some registration in the upper (eastern) catchment (Figure 2-16). Note that 

34 of the registrations have the same co-ordinates (in both the DWS (2017b) as they 

couldn’t be corrected, and in the BGCMA dataset), so the map is misleading in terms 

of the number and distribution of points.  

A version of the WARMS dataset was also received from BGCMA for this study, 

reported to incorporate corrections after the V&V process in recent years. This 

data was also summed (without any spatial corrections) and both datasets are shown 

in Table 2-6. The total (licensed) groundwater abstraction for H10B is 

8.86 million m3/a using corrected data from DWAF (2017b), and is significantly 

higher, 13.78 million m3/a, based on the WARMS received from BGCMA. The 

following provides some context on this abstraction yield.   

x The catchments of the Upper Breede Valley, Hex Valley and Ceres basin are 

areas with the highest groundwater abstraction in the Western Cape 

(DWS, 2017b). 

x Out of 210 quaternary catchments in the Breede-Gouritz, H10B ranks 

fourth highest in terms of sum of abstraction. Neighbouring H10C ranks 

highest with a total of 26.3 million m3/a (DWS, 2017b). 

x For comparison, the largest (single) registration for domestic use in the 

Breede-Gouritz is 1.35 million m3/a (DWS, 2017a). 

The majority of the boreholes in the lower Titus catchment penetrate the Rietvlei 

Formation (of the TMG) and some boreholes in the south are perhaps deep enough 

to penetrate the Skurweberg, both of which are part of the Nardouw aquifer 

(Figure 2-16). Some boreholes along the river penetrate alluvial deposits and/or the 

Rietvlei Formation. Some boreholes in the northern middle-lower catchment 

penetrate the formations of the Ceres Subgroup. None of the boreholes are deep 

enough to target the Peninsula Formation. Groundwater use is assessed further in 

section 4.  
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Figure 2-16: Location of groundwater registrations in the 
WARMS database in red (DWS, 2017b)12 and NGA boreholes in 
white, with satellite imagery (top) and geological map (bottom) 

 

                                                           
12 The location of registrations may refer to individual boreholes, or properties on which there 

are boreholes licensed. Note that 34 registrations incorrectly share the same co-ordinates and 

are therefore not shown.  
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Table 2-6: Summary of registered groundwater abstraction data 
in H10B  

 WARMS data from DWS (2017b) WARMS data from BGCMA for this study 

Sum for H10B 8.86 million m3/a 13.78 million m3/a 
Number of 
registrations 

88  132 

Number of 
properties listed 
with (at least) 
one registration 

Approximately 16 Not available13  

Average 
individual 
registration 

0.1 million m3/a  
 
Equivalent to 6.4 L/s if relating to 
1 borehole pumped continually for 
October–March 

0.1 million m3/a  
 

Maximum 
individual 
registration 

0.5 million m3/a 0.6 million m3/a 

Minimum 
individual 
registration 

1 576 m3/a 
(0.002 million m3/a) 

100 m3/a 
(0.0001 million m3/a) 

 

2.8 Hydraulic properties 
The National Groundwater Database (NGDB) was generated by the DWS. It contains 

borehole data that includes groundwater levels, yields, groundwater quality and 

geology. It was populated by the DWS over the course of decades, based on data 

sourced by the DWS through their own drillers and data from private users. But the 

population of the NGDB with new data could not keep pace with the generation of 

that data; neither could the software housing the database keep up. Population of the 

database with new information ceased around 2004 and shortly after, the database 

was relaunched as a National Groundwater Archive (NGA), now accessible online. 

The DWS has its own dedicated monitoring boreholes, which it monitors for 

groundwater level on a routine basis. The DWS used to import this data to the 

NGDB, therefore any readings taken before 2004 can be found in the NGA. The DWS 

monitoring data taken since 2004 is contained in the HYDSTRA database, extracts of 

which are available on request via email. However, the DWS does not have any 

HYDSTRA boreholes in H10B (it has a handful in H10C). Because there is no 

mandate to share drilling data with the DWS, and no simple mechanism for users to 

upload data to the NGA, a wealth of groundwater data has been lost over the years.  

The NGA database contains several entries for H10B (Figure 2-16, Table 2-7). Again, 

there are inaccuracies in the database, specifically with regard to co-ordinates 

(the most westerly NGA borehole, located on sheer slopes, is certainly incorrect). 

Table 2-7 shows that, excluding two potential outliers (or typographic errors – the 

yields are so low they would be immeasurable in a borehole with the depth listed), 

the recorded borehole yields are high, ranging from 1.2–20 L/s, with a geomean of 

6.97 L/s. Again, these are often inaccurate (and may include a range of blow yield, 

operational yield and actual borehole yields) but they certainly indicate that this is a 

high-yielding area.  

  

                                                           
13 Property and ownership data not supplied with the BGCMA WARMS data. This can be 

determined through GIS analysis not completed for this preliminary data collation report.  
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Table 2-7: Extract from National Groundwater Archive for 
H10B,14 with database blanks left empty 

NGBD 
Identifier 

Borehole 
construction 
date 

Groundwater 
level date 

Groundwater 
level (mbgl) 

Borehole 
depth (m) 

Borehole yield 
(L/s) 

3319AD00031 11/09/1935 11/09/1935  35.96 60.65 5.05 
3319AD00032 09/09/1938 09/09/1938  42.67 74.07 0.06 
3319AD00033 10/01/1941 10/01/1941  27.43 39.32 0.05 
3319AD00034 13/05/1941 13/05/1941  3.35 89.30 6.31 
3319AD00035 04/06/1938 04/06/1938  7.92 45.72 6.94 
3319AD00036 26/07/1938 26/07/1938  22.55 60.53 1.26 
3319AD00038 09/02/1938 09/02/1938  10.97 48.16 8.20 
3319AD00039  16/09/1988  6.70 77.42  
3319AD00043  05/07/1995  10.08   
3319AD00046 09/01/1990 09/02/1990  1.62   
3319AD00072  13/01/1992  9.20 67.00 17.50 
3319AD00082  12/04/2006  20.27   
3319BC00022  17/01/1992  3.00 61.00 20.00 
BH10  08/08/2014  31.54   
BH12  08/08/2014  39.03   
BH14  08/08/2014  14.66   
BH5  08/08/2014  6.72   
BH6  08/08/2014  6.80   
BH9  08/08/2014  4.33   

 

2.9 Groundwater properties 
The NGA provides historical water levels that can be a useful benchmark for 

comparison to current levels. A handful of groundwater level results (7) are also 

available for two farms for August 2014 (GeowaterIQ, 2014). Groundwater levels 

based on the hydrocensus data are described in section 3. 

The groundwater levels (in mbgl) from the NGA range from 1.62 mbgl to almost 

43 mbgl (Table 2-7). The deeper levels may be related to the measurement being 

taken when an adjacent borehole is pumping – a level of detail not included in the 

database. Two of the points in the NGA database have multiple records, i.e. more 

than one groundwater level. These points are shown in bold in Table 2-7 and mapped 

in Figure 2-19, and the water levels are presented in Figure 2-17 and Figure 2-18. 

Unfortunately, the two boreholes could not be located in the field and they do not 

coincide with any current borehole. It is therefore not possible to directly correlate 

historical to present groundwater levels at the same location. It is also not possible to 

know whether the boreholes were used as abstraction boreholes at the time of 

measurement and, if not, what their distance to surrounding abstraction boreholes 

would be. It is also likely that their co-ordinates are inaccurate as their position is 

within the centre of fields. Shortcomings aside, the data illustrates some useful 

observations: 

x The influence of seasonal abstraction on groundwater levels is evident. 

Groundwater levels decline from around October, reaching a minimum 

between March and May, and increase between March/May to September, 

reaching a maximum around September to October. The hydrocensus 

confirmed that groundwater abstraction commences annually in October 

(section 3.2). 

                                                           
14 Where more than one record is available per point (i.e. multiple water level records), the 

latest data is shown. 
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x The annual range in groundwater levels at 3319AD0043 is 12–13 metres 

(unknown as to whether this reflects a maximum pumped range or a 

background range from a non-pumped borehole). 

x Between 1991 and 1995, the summer minimum groundwater level 

decreased at 3319AD00043.While the data record is much sparser for 

3319AD0082, three of the points relate to end-summer data (April and 

May). Over the record presented from 2002 to 2006, the summer minimum 

groundwater level also decreased at 3319AD0082 (from 15.7, 20.2 to 

25.7 mbgl). In both cases the winter maximum groundwater levels are 

insufficiently monitored to determine whether groundwater levels recover 

annually.  

To provide a comparison with a longer record from a similar climatic area, 

groundwater levels from three NGA boreholes from neighbouring H10C are shown in 

Figure 2-20. The three boreholes are from the agricultural area of the Agter-

Witzenberg, north-west of Ceres, and west and north-west of Prince Alfred Hamlet. 

Figure 2-20 shows a similar declining trend in the minimum summer groundwater 

level, from 1999 until 2006, with a less marked decline in the winter maximum level. 

The declining trend is halted in 2006, and groundwater levels are then stable 

between 2007 and 2014, with full winter recovery from the summer abstraction. 

From October 2014 onwards (coinciding with the recent drought), the summer 

groundwater level has reduced to the minimum recorded to date and the winter 

recovery level is also the lowest on record. The pattern mimics the changes in mean 

annual precipitation (general reduction in MAP from 1992 to 2004, with the 

exclusion of 1996, Figure 2-4), and is caused by a combination of increased 

groundwater use following low-rainfall years owing to low dam levels and reduced 

groundwater recharge (in line with reduced rainfall). These trends represent the use 

of stored groundwater over periods greater than a year and as such are not a cause 

for concern: groundwater has a larger storage capacity to surface water and it is good 

water management to exploit this storage when surface water resources are strained, 

i.e. what is shown from 1999 up until 2006. The groundwater storage then gets 

replenished during a season of heavier rains (2006). 

 

Figure 2-17: Groundwater level with time for NGA borehole 
3319AD00043 (Nardouw Subgroup) 
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Figure 2-18: Groundwater level with time for NGA borehole 
3319AD00082 (Ceres Subgroup) 

 

Figure 2-19: Location of NGA boreholes with time-series water 
level data 
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Figure 2-20: Long-term groundwater levels from boreholes in 
neighbouring H10C catchment as a comparison (DWS, 2017a) 

 

2.10 Groundwater quality 
Figure 2-21 shows the available electrical conductivity (EC) map for the region, 

which is a parameter reflecting the overall concentration of dissolved ions and 

cations in the water, and is often used as a general indicator of groundwater quality. 

Related to the high rainfall and high recharge of the region, and the predominance of 

arenaceous lithology, the groundwater quality is excellent (0–70 mS/m) in the south 

of the catchment and good (70–300 mS/m) in an area to the north. Five of the 

boreholes in the NGA data contained groundwater chemistry data, each with more 

than one record. This data is summarised in Table 2-8 (compared with the whole 

Breede-Gouritz area). The longest available trend is shown in Figure 2-22 (from the 

WMS database). In summary: 

� The pH is lower (more acidic) in boreholes in the Nardouw sediments 

compared to the Ceres Subgroup; it is known that TMG-derived 

groundwater is relatively more acidic.  

� The EC is higher (more salty) in the boreholes in the Ceres Subgroup 

compared to the Nardouw sediments; it is known that the Bokkeveld 

Group-derived groundwater has a higher ionic content. This pattern was 

also observed in the hydrocensus (section 3).  

� The groundwater quality in the Ceres Subgroup is poorer than the regional 

average, with most major ions having a higher concentration than the 

median of all samples across the Breede-Gouritz (i.e. Na, Ca, Mg, Cl, NO2, 

and SO4). However, as the data for the Ceres Subgroup relates to only two 

NGA boreholes, not too much significance can be placed on these results.  

� The groundwater quality in the Nardouw Subgroup is similar to the regional 

average, except for nitrate (NO3) which is elevated above the regional 

average. This is likely to be related to agricultural fertilisers entering 

groundwater. 



 

36 
 

Figure 2-21 suggests that, although absolute levels remain low, groundwater quality is 

worsening (increase in EC) over time. 

 

Figure 2-21: Groundwater EC for the Ceres basin (DWAF, 2006) 
 

Table 2.8: Median concentration for chemical parameters for 
H10B and the whole Breede-Gouritz, from the National 
Groundwater Archive (DWS, 2017a) 

Area Breede-Gouritz H10B 

Geological 
Subgroup 

Ceres 
Subgroup 

Nardouw 
Subgroup 

Ceres 
Subgroup 

Nardouw 
Subgroup 

All 

pH 7.30 6.71 7.67 6.83 7.25 
EC (mS/m) 80.10 16.85 147.50 11.35 16.40 
Na (mg/L) 85.82 19.63 125.90 10.00 13.40 
K (mg/L) 3.38 1.48 3.34 0.82 1.39 
Ca (mg/L) 41.30 3.00 86.40 5.55 14.95 
Mg (mg/L) 17.15 2.90 63.45 2.45 5.95 
F (mg/L) 0.31 0.12 0.32 0.05 0.12 
Cl (mg/L) 146.50 28.50 304.45 14.70 18.15 
NO3 (mg/L) 0.06 0.10 1.32 3.19 2.36 
SO4 (mg/L) 61.40 6.40 188.80 4.95 11.35 

Total 
alkalinity 

108.35 9.20 143.10 10.00 23.55 

PO4 (mg/L) 0.02 0.01 0.04 0.01 0.02 
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Figure 2-22: Groundwater quality (EC) over time for NGA 
borehole 3319AD00082 (Ceres Subgroup) (DWS, 2017a) 

 

2.11 Groundwater vulnerability to 
contamination and drought 

The DRASTIC approach (Aller et al, 1985, p. iv) was used to determine and depict the 

vulnerability of groundwater to contamination from the surface in Figure 2-23 (from 

DWAF, 2006). It takes into account depth to water, net recharge, aquifer media, soil 

media, topography, impact of vadose zone media and hydraulic conductivity of the 

aquifer. The mapping is at a very coarse scale and some correlation with the major 

geological subdivisions is evident.  

The centre of the Ceres basin H10A is predominantly underlain by the more 

argillaceous Ceres Subgroup with lower recharge, permeability and hydraulic 

conductivity. The quaternary H10A has lower vulnerability than the predominantly 

arenaceous TMG around the Ceres basin and H10B and H10C. There are, however, 

several anomalies: the reason for the very low vulnerability south of the catchment 

(on Nardouw sediments) compared to low vulnerability in the north of the 

catchment (on Ceres Subgroup sediments) is not clear. Also, the Hex valley is 

mapped as having very low vulnerability, whereas the Hex alluvium would be 

considered as having high(er) vulnerability. The groundwater quality data also 

suggests some impact of agricultural fertiliser on groundwater.  
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Figure 2-23: Groundwater vulnerability to contamination 
(DWAF, 2006) 

 

The risk of groundwater drought was assessed for the Southern African Development 

Community (SADC) region, and is presented for H10B based on Villholth et al 

(2013).  At the international scale, the groundwater drought risk increases away from 

the coastline and towards the interior of South Africa, and is more pronounced in the 

north-west, followed by north and north-east of  South Africa (Le Maitre et al, 2018). 

Based on this international scale, H10B has a low to moderate groundwater drought 

risk. 
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Figure 2-24: Groundwater vulnerability to drought (Villholth et 
al, 2013) 

 

2.12 Groundwater availability, stress, and 
status 

Pumped groundwater is derived from a combination of the following: a reduction in 

stored groundwater, a reduction in natural groundwater discharge and, in some 

cases, an increase in groundwater recharge (Theis, 1957). For a borehole or aquifer 

abstraction rate to be maintained in the long term, it must be balanced by these 

sources. If, for example, the abstraction rate exceeds natural discharge and cannot be 

met by enhanced recharge, then stored groundwater will continue to be harvested, 

causing a continuous decline in groundwater levels (Devlin & Sophocleous, 2005).  

The relative contribution of these sources to groundwater abstraction depends on 

aquifer properties and the location of abstraction compared to recharge and 

discharge sources. Time also has an influence: as abstraction commences, all water is 

derived from storage (groundwater levels decline). However, over time the source is 

replaced by a reduction in natural groundwater discharge and, in some cases, an 

increase in groundwater recharge (the decline in groundwater level stabilises) 

(Bredehoeft & Durbin, 2009; Sophocleous, 2000). If an abstraction rate can be 

maintained by these sources, the subsequent step is to determine whether those 

impacts (reduced discharge, enhanced recharge, change in storage) are socially, 

economically and environmentally acceptable, and can therefore be considered 

sustainable (Alley & Leake, 2004; Seward et al, 2006).  
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Groundwater availability does not, therefore, depend directly or only on recharge 

rates; it depends on whether and how these factors balance in response to pumping, 

and the acceptability of the related impacts.  

To quantify the changes related to various abstraction rates, or to determine an 

abstraction yield that does not cause impacts beyond a predefined acceptable level, 

generally requires a numerical groundwater model of the region. The use of 

numerical groundwater models for estimating groundwater availability is often not 

feasible in regional and national-scale projects, and (over-)simplified ‘groundwater 

balance’ methods for groundwater availability are applied. Results from the latest 

‘groundwater balance’ study are shown in Table 2-9 for the area, as a starting point 

for groundwater availability. Neighbouring catchments are shown for context. The 

reported ‘remaining groundwater availability’ is calculated as the sum of recharge 

minus groundwater contribution to baseflow (as a measure of natural discharge), 

minus current use (taken from WARMS according to DWS, 2017b, only owing to 

uncertainties in the BGCMA data listed in section 4.3.1). The remaining groundwater 

availability in H10B is calculated at 2.86 million m3/a, reducing to minus 

7.03 million m3/a in neighbouring H10C. The ratio of use to recharge is often taken 

as a highly simplified indicator of groundwater stress, with H10B having a ratio of 

73% (and neighbouring H10C having 124%). Based on these stress levels, 

groundwater in the H10B catchment is characterised as heavily used (DWS, 2017b).  

However, these ‘groundwater balance’ methods are carried out at catchment scale 

and do not distinguish between the various aquifers. Given the simple fact that 

geological units and therefore aquifers extend beyond quaternary catchment 

boundaries, and given the flow regimes discussed (section 2.6) it is clear that any 

assessment of groundwater availability made on the catchment scale with this 

method is going to be potentially misleading. In addition to inaccuracies in the 

method of groundwater balance approaches, there are also inaccuracies in the 

datasets used within the method. Recharge is a highly uncertain parameter, with no 

local studies known, and the GRAII recharge only attempts to incorporate direct 

recharge. Actual use (compared to registered use) is unknown and GWBF datasets 

are highly uncertain (section 2.7.2). Specifically, the groundwater availability derived 

from the groundwater balance approach do not account for the following: 

x The potential for recharge to the Skurweberg Formation south of H10B to 

enter the deep aquifer system and flow north into H10B, contributing to 

groundwater availability in the Nardouw aquifer in H10B 

x The potential for indirect recharge of groundwater from surface water 

x The potential for lateral recharge across catchment boundaries within 

aquifers, relevant for the Nardouw aquifer from H10B to H10C 

x The potential for groundwater abstraction to penetrate deep formations 

recharged beyond the catchment (relevant for H10C) 

In an attempt to address some of the shortcomings that come from applying the 

‘groundwater balance’ approaches at catchment scale, the DWS (2017a) identified 

Groundwater Resource Units (GRU) across the region as areas considered to more 

closely represent aquifer boundaries. The Ceres basin was grouped as a GRU (named 

BB-1). The groundwater balance over this area is shown in Table 2-9. 

Owing to these uncertainties, the groundwater availability results fall significantly 

short of what is needed to manage groundwater resources in H10B. More 

importantly, the groundwater availability results only consider average conditions 

and do not take into account that recharge is extremely variable depending on 

changes in rainfall. The values shown in Table 2-9 must therefore be considered in 

combination with groundwater-level monitoring data indicating the response to 

abstraction and recharge. While no long-term data exists for the catchment, some 

anecdotal information is described in section 3.3, leading to conclusions about the 

condition of groundwater in section 5.1. 
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Table 2-9: The results of a groundwater balance model for Ceres 
Basin catchments and the Ceres Basin Groundwater Resource 
Unit (BB-1), showing recharge, discharge, use, remaining 
groundwater availability, groundwater stress (use/recharge) and 
groundwater status (DWS, 2017b) 

Quaternary 
or area 

Recharge 
(million 
m3/a) 

Use 
(million 
m3/a) 

GWBF 
(million 
m3/a) 

Balance 
(million 
m3/a) 

Use/ 
Recharge 
(‘Stress’) 

Present 
status (in 

relation to 
use) 

H10A  13.15 3.58 0.76 8.82 27% Moderately 
used 

H10B  12.20 8.86 0.48 2.86 73% Heavily used 
H10C  21.28 26.30 2.00 -7.03 124% Heavily used 
BB-1 51.60 38.79 4.03 8.78 75% Heavily used 
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3. HYDROCENSUS  
The aim of the hydrocensus was to underpin the assessment of groundwater in the 

catchment (its use and condition in response to use). It was therefore a priority to 

determine the locations of current use (number of boreholes) and attempt to 

determine groundwater use volumes. However, prior to the hydrocensus it was made 

clear that exact measurements or even estimates of groundwater use would not be 

possible owing to a general lack of metering of use and the automation of irrigation 

systems. It was also agreed that in order to cover as much of the catchment as 

possible with the limited time available in this preliminary project, that a formal 

hydrocensus (as per the NGA standard forms for hydrocensus (DWAF, 2008c)) 

would not be necessary as much of that information was superfluous, and that a 

reduced dataset could be generated.  

3.1 Description of field work 
During late August of 2018, the chairman of the Titus River Irrigation Board, Steven 

Versveld, arranged a series of meetings to meet with landowners and initiate the field 

investigation for completion of a high-level hydrocensus of boreholes within the 

Titus River Catchment, H10B. To increase the efficiency of the hydrocensus process, 

each landowner attending these meetings provided the location of known boreholes 

on their respective properties. This process included marking approximate borehole 

positions on Google Earth and also taking note of these boreholes and farm details 

on a modified hydrocensus form. Following the initial meetings, these farms were 

visited individually (during late August and September 2018) to carry out a physical 

survey of the boreholes, take measurements and collect further information. Owing 

to time limitations, only farms that were represented at these meeting were 

scheduled for follow-up site visits (Table 3-1). 

The hydrocensus initiation meetings described above were well attended, with 24 

of the approximately 30 farming entities within the H10B catchment being 

represented. Approximately 260 boreholes were pointed out during these meetings 

(see Figure 3-1). Where possible, each farmer was approached for a follow-up 

interview to determine additional borehole parameters. If this was not possible 

(farmer unavailable), the site survey proceeded to determine at least physically 

measurable parameters. The primary information gathered during this hydrocensus 

from both site surveys and owner interviews included the following: 

x borehole location (farm name, GPS location, photograph) 

x borehole usage/abstraction details (pumping equipment and pumping 

regime)  

x groundwater level and quality parameters (temperature, electrical 

conductivity and pH).  

3.2 Summary of the hydrocensus 
The hydrocensus was conducted over a total of six days (including the initiation 

meetings) during August and September of 2018. At this time no farmers were using 

groundwater for irrigation (irrigation from groundwater commences in October), 

although minor abstraction does occur for residential use throughout the year. 

During this census, a total of 22 farms were visited and of the 260 groundwater sites 

identified, 215 were physically located. The following list provides a summary of the 

hydrocensus: 

x Total farming entities (approximately): 30 

x Total farms identified for hydrocensus: 24 
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x Total farms physically visited: 22 

x Total groundwater locations identified: 260 (over 24 farms) 

x Total groundwater locations physically verified: 215 

x Total boreholes equipped with pumps: 130 (as verified during survey), see 

Figure 3-2. The boreholes without pumps are either ‘dry’ and may have 

once been pumped and since had the pumps removed, or have some 

damage associated with them (kinked or partial collapse post-drilling). 

x The average borehole depth is approximately 85 mbgl. The minimum 

borehole depth recorded was 3.1 mbgl, although this borehole was likely 

drilled to 30 metres. The maximum borehole depth recorded is about 

200 mbgl, as indicated by the farmer. 

The recorded groundwater levels are in line with those recorded in the NGA datasets 

(section 2.9 and Table 2-7).  

x The average water level is approximately 7.5 mbgl, although many 

boreholes are weakly artesian (groundwater level above ground hence 

flowing freely when opened). The lowest recorded water level was 32 mbgl.  

x In the two boreholes where the groundwater level was measured in this 

hydrocensus and the previous 2014 hydrocensus, groundwater levels are 

lower now by 0.3 to 1 metres (Table 3-2).  

x The distribution of groundwater levels certainly shows some irregularity 

and will be affected by much smaller-scale processes than considered here 

(geological formation drilled into, depth of borehole and number of fracture 

intersections, heterogeneity). Nevertheless, a pattern is evident. 

x Groundwater levels north of the approximate position of the geological 

contact between the top of the Nardouw Subgroup and the base of the 

Bokkeveld Group are generally lower (deeper) that those observed to the 

south (Figure 3-3). North of the contact there are a greater number of water 

levels deeper than 15 mbgl (purple points) than south of the contact. On the 

southern side almost all the boreholes have water levels shallower than 

15 mbgl (blue points) with many shallower than 5 mbgl (green points). The 

reason for this distribution is not immediately clear; recharge is certainly 

lower to Ceres Subgroup rocks. Further monitoring is required to determine 

whether this deeper groundwater level in the Ceres Subgroup is ‘natural’ for 

these aquifers, or whether they are being affected by summer abstraction 

and not recovering in winter (see recommendations).  

x The distribution of shallow groundwater levels may show some correlation 

with groundwater flow towards the main river stem and then towards the 

west; however, this requires deeper investigation (see recommendations).  

The recorded groundwater ECs are also in line with those recorded in the NGA 

datasets (section 2.10 and Table 2-8). 

x Electrical conductivity ranges from 5 mS/m to 150 mS/m (with higher 

values typical in boreholes north of the Eselfontein road.  

x Figure 3-4 shows EC values (green, orange and red points). As expected 

from regional datasets, the recorded ECs are significantly elevated in 

boreholes targeting the Ceres Subgroup (Bokkeveld group) rocks in the 

north of the catchment compared to those targeting the Nardouw 

Subgroup. 
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In summary, at least two different hydrogeologic terrains are evident from the 

recorded trends in groundwater levels and EC, as would be expected from the 

geology.  

 

Table 3-1: Farms visited during 2018 hydrocensus (those in 
bold were also visited in a 2014 hydrocensus)  

Farms identified  Farms identified  

Achtertuin Visited Palmyra Visited 

Bloubosgat Prinshof 
Braeside Rietvlei 
Buchuland Sparrenburg 

Dankbaar Uitzigt 
Dwarsrivier Vadersgawe 
Elrio Vergenoeg 
Eselfontein Wilgenhof 
Forelle Edenville Not Visited 
Kleinavontuur Welverdien 
Kweperfontein Lorraine 
Langhoogte De Hoop 
Loxtonia Glen Etive 
Montecarlo ‘Upper Valley’ Farms 

 

 

Figure 3-1: All boreholes identified during hydrocensus 
(initiation meetings and site visits) 
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Figure 3-2: All boreholes identified during hydrocensus that are 
actively used (and have pumps installed) 

 

 

Figure 3-3: Map showing distribution of groundwater levels 
measured during hydrocensus (mbc), with approximate contact 
between the Nardouw aquifer and the Ceres Subgroup (green) 
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Table 3-2: Comparison of groundwater levels between 2014 and 
2018 hydrocensus, for two farms only 

 Current hydrocensus Hydrocensus 
(GeowaterIQ, 2014) 

Groundwater level (mbgl) 

Farm 
name 

Assigned BH No.  Assigned BH No. August 2014 August/September 
2018 

Buchuland 1 -   
2 -   
3 BH10 31.54  
4 BH11   
5 BH12 39.03  
6 BH14 14.66 15.65 
7 BH13   
8 -   

Achtertuin 1 BH1   
2 -   
3 BH2   
4 BH3 0 (weakly artesian) 1.09 
5 BH4  2.66 
6 BH5 6.7  
7 BH6 6.8  
8 -   
9 BH7  9.97 

10 BH8  7.50 
11 BH9 4.33 4.63 
12 -  4.19 
13 -  1.69 

 

 

Figure 3-4: Map showing distribution of groundwater ECs 
measured during hydrocensus (10 μS/cm = 1 mS/m) 
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3.3 Anecdotal information gathered during 
hydrocensus  

Owing to the nature of this hydrocensus and the lack of widespread metering of use, 

much of the gathered information does not constitute formal quantifiable data. 

However, it still adds value as anecdotal information on groundwater use and the 

condition of groundwater resources. This informal information is detailed below.  

3.3.1 Observation of the Titus River 
In normal years the Titus River has extremely low flow during the late summer 

months but water is still observable between boulders and in pools at the low water 

crossings. In drought years the river completely stops flowing. During this study 

water was flowing moderately. River water quality data was recorded at three points 

along the river (Table 3-3).  

 

Table 3-3: EC measurements taken from the Titus River  

Place Latitude Longitude Electrical conductivity Temperature 

Eselfontein Bridge -33.405113° 19.433841° 4.6 mS/m 18.6 °C 
Loxtonia Bridge -33.393389° 19.372344° 6.3 mS/m 18.2 °C 
Montecarlo Bridge -33.386183° 19.335698° 8.6 mS/m 18.5 °C 

 

Although EC is very low for the river water, a minor increase was observed 

progressively downstream with Eselfontein being higher up in the valley and 

Montecarlo lower downstream. This may be related to the relative increase in 

contribution of run-off from the Bokkeveld terrain in the downstream direction.  

3.3.2 Estimating groundwater abstraction 
Farmers generally do not keep records of the volumes abstracted; there are few flow 

meters on abstraction boreholes. What is certain across all farms is that they start 

pumping in late October to early November and continue through to March. The 

majority of farms pump from boreholes into small holding dams that feed into the 

irrigation system. Given the lack of major dams and the fact that there is no 

irrigation during winter months, it appears that the full (annual summer) irrigation 

demand is met from groundwater. However, three farms have large dams that store 

winter rainfall and only require groundwater to augment their supply late in the 

summer (Eselfontein, Kweperfontein and Vadersgawe). 

In addition to groundwater supplying the irrigation demand, at least one borehole on 

each farm is used throughout the year to provide potable/domestic supply of water to 

the farm residents. This domestic usage is assumed to be fairly consistent through 

the year and is insignificant relative to the irrigation demand. Total domestic 

demand may be around 43 800 m3/a (assuming ~50 people per farm including the 

main farm and family, and employees and their family, and assuming 80 litres per 

person per day). Using a maximum of 300 employees per 100 ha farm during peak 

season (a value from grape farms hence certainly an overestimate for H10B), the 

domestic water demand may increase to 140 160 m3/a (still an order of magnitude 

less than the irrigation demand, section 4).  

In the absence of recorded abstraction rates, the borehole yield and abstraction 

regime was recorded. In general, the pumping rates range between 5 and 15 L/s, with 

flow rates over 8 L/s considered good. However, the estimates provided of borehole 

yield mostly relate to the wattage of the installed pump. The values are therefore 

approximate owing to uncertain conversion factors from pump kilowattage, or from 

kilogallons per hour (kG/h) to kilolitres per hour (kL/h). 
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Most farmers pump to keep (groundwater-fed storage) dams full and alternate 

pumping between various operational boreholes. From the pumping schedules 

provided, it is evident that there is no consistency in irrigation scheduling. Some 

farms pump at lower rates and more continually, while others pump at far higher 

rates for shorter periods allowing some ‘rest days for borehole recharge’, and many 
are in between these around 8 or 12 hours per day. Some boreholes are pumped ‘dry’ 
toward the end of summer.  

3.3.3 Groundwater levels 
Most boreholes across the entire catchment area have pre-summer water levels 

within 10 metres of ground level, with many of them being weakly artesian. Despite 

this, some boreholes have been called ‘dry’ by the farmers, relating to excessive 
drawdown when pumped such that it is not worth abstracting from them (i.e. many 

of the boreholes without pumps). These boreholes are likely to be the shallower ones, 

and ones that did not intersect significant fractures and water strikes on drilling 

(possibly owing to the heterogeneity of fractured aquifers). 

It was also made clear that most of the older 30 to 50 metre boreholes (older than 

~15 years) run ‘dry’ in summer, i.e. the pumped levels reach below the base of the 

borehole. During the 2016–2018 drought period many new holes were drilled to a 

depth of 90 to 120 metres; however, some of these holes had also run ‘dry’ by the end 
of the 2017 and 2018 summer. Observations from Achtertuin are that groundwater 

levels always return to their usual height during winter months even if the winter has 

limited rainfall (~6 mbgl at Achtertuin), but that during the summer abstraction 

season following lower rainfall, the drawdown per well is higher and, corresponding 

with this, the flow rate achievable is less.  

While there is little data to draw conclusive arguments, the measured winter 2018 

groundwater levels are similar to historical ones and to the 2014 hydrocensus, and 

annual recovery has been noticed by users. If annual recovery of groundwater levels 

is occurring, the low summer groundwater levels are unlikely to be caused by 

cumulative depletion of stored groundwater on a multi-annual basis. The fact that 

the summer low groundwater levels are lower following dry years could therefore be 

caused by: 

x incomplete recovery of groundwater levels the previous year (not supported 

by anecdotal information)  

x increases in groundwater abstraction; while increases over the long term 

are not supported by the assessment of irrigated areas (section 4.2), during 

drought years several dams are filled from groundwater and as such 

abstraction increased  

x incomplete recovery of groundwater levels upstream of the abstraction 

boreholes i.e. in the mountainous areas, such that the end-winter/pre-

summer groundwater gradient and hence flow of stored water towards 

pumped wells is diminished and drawdown increased.  

3.3.4 Borehole registration  
Based on the farmer interviews, all farmers have a DWS licence for groundwater 

abstraction. In most cases the licence relates to older boreholes and many of the new 

(within last three years) boreholes are in the process of being registered. At least 

among some farmers there is reluctance to register new boreholes as there is no 

process to deregister old, abandoned, collapsed or unused boreholes. There is 

anyway an inconsistency in WARMS as to whether an individual borehole or an 

individual user is registered. In some cases a user is registered to a volume, 

regardless of the exact borehole co-ordinates. 
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3.3.5 Artificial recharge 
Many of the farmers on the southern side of the Titus River divert mountain streams 

into old, dry boreholes as a means of artificial recharge of groundwater resources. 

The actual benefits to groundwater resources of his practice, versus allowing the 

water to reach surface-water systems further downstream (and perhaps recharge 

groundwater downstream naturally via indirect recharge) should be investigated in 

more detail (see recommendations). The practice would also require specific 

licensing from DWS for the capture/diversion of a water course (run-off) and the 

artificial recharge of a borehole. 
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4. (GROUND)WATER USE IN H10B  
4.1 Overview 
As there is little metering of groundwater use, the best estimate of groundwater use 

is derived from the assessment of irrigated areas, for total water requirements. Some 

irrigation from surface water does occur and hence estimations of surface-water use 

are also required to arrive at an estimation of groundwater yield.  

4.2 Water requirements based on irrigated 
area  

4.2.1 Modelled irrigation demand for WR2012 
The WR2012 model was used to determine typical flow in the catchment 

(section 2.3), and the model also provides estimates of irrigation water demand. 

This is an extremely ‘high level’ estimate as the model operates as a ‘lumped 

parameter’ model, assuming the following for the quaternary for the present-day 

scenario (2009): 

x Area of irrigation from dams = 3.3 km2 (‘lumped’ dam abstractions as 
modelled)  

x Area of irrigation from rivers = 22.91 km2 (‘lumped’ river abstractions as 
modelled)  

x Total area of irrigation = 26.21 km2  

The model essentially assumes that the full irrigation demand is taken from surface 

water as groundwater is not represented in the model; nevertheless the demand 

would be the same, regardless of source. A composite crop is incorporated in the 

model (so not specific to apples, for instance) with a monthly variation in crop-water 

demand of between 20 and 55% (based on potential evaporation). Irrigation 

efficiency is set as 85% while return flows (the percentage of the soil moisture 

returned each month) are set as 2%. Associated rainfall and evaporation are used to 

model crop-water demand. A rainfall factor is used to reduce the effect that rainfall 

has on the water demand that is generated by the crops under irrigation (this ranges 

between 20% in the wet season and 70% in the dry season). The model then 

generates monthly abstraction for irrigation, return flows and net abstraction for 

1920–2009 (Figure 4-5). While this approach is less detailed than considering 

individual crops (section 4.2.2) it does incorporate the impact that actual climate has 

on irrigation and will therefore derive lower abstraction rates in wet years. The 

modelled irrigation demand ranges from 2.4 to 8.8 million m3/a, with an average 

of 4.9 million m3/a.  
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Figure 4-1: Modelled monthly abstraction, return flow and net 
abstraction for the ‘present-day scenario’ 

 

4.2.2 Calculated irrigation demand from flyover data 
The 2017/18 flyover data was compared to the 2000 and 2010 V&V data, for total 

farming areas (see section 1.3). This analysis is summarised in Table 4-1 and showed 

a decrease in total agricultural areas, which was inconsistent with the observations of 

farmers in the valley. No further comparison of these datasets could be carried out 

owing to lack of V&V data from BGCMA, and a lack of crop types in the spreadsheet 

from the Titus Irrigation Board (required to determine irrigated areas).  

The WCG Department of Agriculture (DoA) highlighted that while the V&V 

agricultural areas survey has dictated registered water uses, the survey was not based 

on a flyover, as the first flyover was completed in 2013. The methods are therefore 

not comparable and may be the cause of reduced agricultural areas (as this doesn’t 
match observations). The WCG DoA consider the flyover data to be the most 

accurate data for irrigated areas available. The 2013 and 2017/18 flyover data for 

H10B was therefore compared to determine as close to actual changes in the last five 

years as possible. While this does not provide a comparison between legal and actual 

water use, it does provide reliable estimates of changes in actual farming areas and 

water use in the catchment. Additional data and liaison with BGCMA would be 

required to compare actual and legal water use.  

The flyover datasets also show a reduction in total agricultural area (Table 4-1) and 

irrigated area (Table 4-2) over the last five years, while the field count has increased 

(perhaps owing to subdivision). The translation of irrigated area to water use 

considered only crop types, using factors supplied by the WCG DoA (Table 4-3), and 

did not consider local climate variation, soil type or irrigation method.  
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The modelled water requirements are 14.0 million m3/a in 2013, reducing to 

12.1 million m3/a in 2017/18. The farm-scale data was summed to property level 

and shows the following: 

x There is a variability between individual farms as to whether they increase 

or decrease in total and irrigated areas, and therefore water requirements. 

x Most farms that reduced their total area (red in Figure 4-2) also reduced 

their irrigated area (Figure 4-3), suggesting an overall reduction in 

agricultural activities.  

x However, some farms that reduced their total area (red in Figure 4-2) 

increased their irrigated area (Figure 4-3) related to a change in crop type.  

x Farms that increased in overall land area (red in Figure 4-2) either 

maintained or increased their irrigated areas (green or purple in           

Figure 4-3), excluding a large property in the centre of the catchment. 

x The resulting changes in water demand, caused by the changes in crop type 

and irrigated area, are in Figure 4-4. This shows an increase in water 

requirements at only a handful of farms.  

 

Table 4-1: Comparison of total agricultural area (ha) between 
V&V data (2000 and 2010) and flyover data (2013 and 2018) 

Source Year Field count Total area 
(ha) 

V&V data from Titus Irrigation Board 2000 1 149 5 896.24 
2010 1 287 5 583.30 

Flyover data from WCG 2013 1 113 4 149.68 
2017 1 615 4 096.61 

 

Table 4-2: Comparison of irrigated area and calculated water 
demand for 2013 and 2017/18 flyover data 

Item Date Value 

Total land area  
(ha)  

2013 4 147.75 
2017 4 096.61 

Change -51.14 
Irrigated land area  
(ha) 

2013 1 805.78 
2017 1 613.24 

Change -192.54 
Water requirements  
(million m3/a)  

2013 14.00 

2017 12.41 
Change -1.6 
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Table 4-3: Crop-water demand factors used in analysis (m/a), 
from WCG 

Crop m/a 

Apple 0.7 
Apricot 0.8 
Cherries 0.8 
Nectarine 0.75 
Olives 0.6 
Other 0.78 
Peach 0.8 
Pear 0.8 
Plums 0.8 
Pumpkin 0.6 
Small grain grazing 1.1 
Wine grapes 0.5 

 

 

Figure 4-2: Map of changes in total agricultural land: 2013 to 
2017/18 flyover 
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Figure 4-3: Map of changes in irrigated agricultural land: 2013 to 
2017/18 flyover 

 

 

Figure 4.4: Map of changes in irrigation water demand: 2013 to 
2017/18 flyover 
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4.3 Total surface-water use  
4.3.1 Registered surface-water use (WARMS) 
An extract of the current WARMS database for H10B was received from BGCMA, 

showing co-ordinates of registrations, without property or crop details. The 

52 registrations listed for surface water for H10B were summed (without any spatial 

corrections), and results in a total registered surface-water abstraction in H10B of 

35 million m3/a. 

The inaccuracies with WARMS data were discussed in section 2.7.3. The BGCMA 

dataset was not corrected for this study – it is certain that several points are 

inaccurate (see recommendations). For example, the largest listed registration is for 

10 million m3/a, and while it is recorded as within H10B, the resource name is listed 

as the Koekedouw River (which is in H10C).  

4.3.2 Hydrological analysis of surface-water use 
The WR2012 modelled dataset provides another means of determining surface-water 

use in the catchment. The present-day values of naturalised streamflow can be 

subtracted from the present-day values of streamflow (section 2.3). This gives the 

difference between the streamflow currently (with consideration of the irrigation 

demand) and naturally (with no irrigated areas). The result of this analysis is 

presented in Figure 4-5, where negative values indicate the abstraction of water from 

the system (in million m3). As previously indicated, there is an addition (increase) to 

streamflow in the months of July and August, likely owing to discharges from the 

dams within the quaternary that exceed natural streamflow. This analysis shows an 

annual surface-water use of 2.75 million m3/a. Although the result attributes all 

reductions in streamflow to surface-water abstraction, the use of groundwater would 

reduce the discharge to surface water.  

 

 

 

Figure 4-5: Estimated average monthly use of surface water 
(1980–2009) 
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4.4 Total groundwater use 
The various estimates of total water requirements and surface-water use are 

summarised in Table 4-4, in order to derive groundwater use. Given that most 

farmers shared that irrigation is predominantly from groundwater, with few dams in 

the valley, it is feasible that the actual groundwater use is around 12.2 million m3/a, 

which would be in excess of the registered groundwater use of 8.86 million m3/a 

(considered more reliable than 13.78 million m3/a). That this estimate is derived 

from 2015 data is unlikely to introduce uncertainty as some farmers commented that 

while they are in the process of registering new boreholes (and attempting to 

deregister old boreholes), their total use remains the same.  

 

Table 4.4: Summary of estimates for total water requirements, 
surface-water use and groundwater use  

 Value Source Date Comment on reliability 
and applicability 

Total irrigation 
demand 

2.4 to 8.8 
million m3/a, with an 
average of 4. 
9 million m3/a 

Irrigation routing 
in WR2012 model 

Model settings 
for 2009, using 
climate from 
1920–2009 

Low: Lumped parameter 
model with only regional 
scale data for irrigated 
areas, and a single crop 
type. 

12.1 million m3/a Calculation based 
on flyover data 

2017/2018 Medium: Best available 
data on field size and crop 
type, uncertainty 
introduced with 
conversion of irrigated 
area to water 
requirements.  

Surface-water 
use 

35 million m3/a WARMS (BGCMA) 2018 Very low: Not processed 
to correct for co-
ordinates. Discarded from 
consideration.  

Up to 
2.75 million m3/a 

Present minus 
naturalised run-
off using WR2012 
data 

1980–2009 
annual 
average 

Low: Model attributes all 
reductions in streamflow 
to use of surface-water 
abstraction. 

Actual 
groundwater 
use (resulting 
from total 
minus surface 
water) 

9.35 to 12.1 million 
m3/a 

From above Up to 
2017/2018 

Low to medium 

Registered 
groundwater 
use 

8.86 million m3/a to 
13.78 million m3/a 
(section 2.7.3) 

WARMS (DWS, 
2017b) 

WARMS data 
sourced in 
2015 

Low to medium 
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5. CONCLUSION AND 
RECOMMENDATIONS 

5.1 Groundwater condition  
Groundwater is the primary source for the irrigation demand in the catchment. 

While there is a perception that irrigated agriculture has expanded in the catchment, 

the Department of Agriculture flyover data shows a decline in irrigated areas 

between 2013 and 2017/18, of 193 ha, resulting in an associated change in estimated 

water requirements. Licensed and actual estimates of groundwater use (or even total 

water use) are fraught with inaccuracy, and groundwater use may range from 

~9 million m3/a to ~14 million m3/a. 

Groundwater use is considered relatively high and the catchment-scale data suggests 

that groundwater in H10B is ‘stressed’, with current use around 75% of recharge. 

There are significant uncertainties with these estimates and with the use of over-

simplified groundwater balance estimates of groundwater availability. Specifically, 

recharge to the aquifers in the catchment is extremely uncertain and no local studies 

are known of. There are also no reliable datasets for groundwater discharge to 

surface water, i.e. the major elements of the groundwater balance are not known 

with confidence. More importantly, the groundwater availability results only 

consider average conditions and do not take into account that recharge is extremely 

variable, related to changes in rainfall. Groundwater-level data is required in 

combination with groundwater availability estimations, to understand the response 

to abstraction and recharge.  

The limited groundwater-level data and anecdotal information that is available 

suggests the following: 

x Groundwater levels appear to recover annually – in some cases fully 

(anecdotal information) and in some cases incompletely, which is likely 

related to lower recharge (measured but historical groundwater level). 

There is no evidence that groundwater levels are showing a continual or 

background declining trend and the current abstraction is maintainable. 

x If this observation is correct (to be verified by monitoring – see 

recommendations), the summer abstraction is likely to be intercepting (and 

balanced by) water recharged the previous year, thus reducing natural 

discharge from the aquifers. This is likely reducing baseflow in the Titus 

River. This is supported by GWBF data (Table 2-5). There does not appear 

to be a significant impact on groundwater storage (groundwater levels) on a 

multi-year basis and the subsequent year’s rainfall/recharge is able to 

replace much of the loss from groundwater storage.  

x However, the extent of summer drawdown is increasing. The fact that the 

summer low groundwater levels are lower following dry years is most likely 

caused by increased use of groundwater following drought years (to fill 

dams) and/or by the lack of complete recovery of groundwater levels, at 

least upstream of the abstraction boreholes in the mountainous areas. This 

means that the end-winter/pre-summer groundwater gradient and hence 

the flow of stored water towards pumped wells are diminished and 

drawdown is increased.  
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While the groundwater abstraction is maintainable15 even after low rains such as 

during the 2017–2018 winter, the extent of drawdown is much increased following 

dry years. It is widely accepted that the winter 2017–2018 rainfall was exceptionally 

low and there is uncertainty in the water sector of the potential impact of climate 

change on groundwater resources. Less total rainfall, but with more intense storms, 

is likely for the Western Cape, which may lead to increased recharge. But if recharge 

reduces in the future and groundwater use continues at current levels, based on the 

observations made here, incomplete recovery of groundwater levels and increased 

drawdown in summer can be expected. This poses a threat to groundwater users as it 

may become uneconomical to drill deeper and deeper boreholes, and pump against 

the increased hydraulic head. There is also a limit on the maximum drawdown 

related to the depth to the Cedarberg Shale in the region (which can be determined 

in future studies). 

If recharge reduces in the future and groundwater use continues at current levels, 
based on the observations made here, incomplete recovery of groundwater levels 
and increased drawdown in summer can be expected.  

Whether the impact on reduced groundwater contribution to baseflow in the Titus 

River (although not quantifiable owing to the lack of flow gauges) is ecologically 

acceptable also dictates whether the abstraction is sustainable rather than only 

maintainable. As an indication, the present ecological category for rivers in H10B is 

‘C’, reflecting that the ecology is ‘moderately modified from the Reference Condition, 

loss and change of natural habitat and biota has occurred, but the basic ecosystem 

functions are still predominantly unchanged’ (DWS, 2017b, p. 19). This suggests that 

the ecological impact of the reduction in groundwater contribution to baseflow is (so 

far) insignificant for ecosystem functions.  

In terms of groundwater availability, there is an urgent need to initiate monitoring of 

rainfall and groundwater levels and use in the catchment, to understand the current 

behaviour and then pre-empt impacts of reduced recharge and take pre-emptive 

decisions about allocations. Related to this, while there is a net reduction in the 

irrigated areas (and assumed groundwater use), it is presumed that most farmers 

would not have given up their water rights in recent years and may have simply 

adjusted crop types. If drier conditions prevail in future and these areas are to re-

expand to previous irrigated areas, and associated groundwater use increases above 

that in the 2017/18 summer, the catchment would experience conditions worse than 

(drawdown higher than) 2017/18. If drier futures and less recharge is considered as 

the most likely scenarios for the catchment (this requires further investigation, see 

recommendations), then it may be necessary to limit groundwater abstraction to 

2017/18 levels, subject to further liaison with the Titus Irrigation Board regarding 

what is considered the maximum depth of boreholes and pumping for economical 

abstraction.  

In terms of groundwater quality, the available data suggests that groundwater quality 

needs attention in H10B: there may be a trend of increasing EC, which may relate to 

irrigation return flow. Nitrate concentrations (likely from fertiliser run-off) also 

require monitoring.  

Groundwater in the various aquifers is in hydraulic connection in the valley, with 

lateral recharge from the Nardouw aquifer to the alluvium, and to the Ceres 

Subgroup aquifers. In addition, groundwater and surface water are in hydraulic 

connection, with groundwater use certainly having reduced baseflow in the 

catchment.  

  

                                                           
15 It can be supported by stored groundwater, reduced discharge and/or enhanced recharge. 
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The extent of induced indirect recharge (recharge of surface water to groundwater 

owing to pumping close to rivers) is unknown as there is no data to quantify this 

interaction. The interconnectedness of the various aquifers and surface water means 

that monitoring and management should target all resources conjunctively (see 

recommendations). 

5.2 Monitoring recommendations 
5.2.1 Groundwater level 
Given the capital expense of drilling, the dedicated monitoring boreholes and the 

number of open boreholes, 22 of the existing boreholes have been selected as 

proposed monitoring boreholes. This selection has been made taking into account 

the following points: 

x ease of access  

x existing boreholes without a pump (for access to take groundwater level 

measurements) 

x representative spread across the southern catchment area and across 

hydrogeologic terrains.  

The 22 boreholes that are proposed for groundwater-level monitoring are shown in 

Figure 5-1 as blue points, in addition to the existing BGCMA monitoring boreholes, 

which are shown as green points. Table 5-1 presents the names and co-ordinates of 

the proposed monitoring boreholes in addition to the existing BGCMA boreholes. It 

is recommended that at least five of these be equipped with water-level loggers (i.e. 

at two boreholes in addition to the planned BGCMA loggers). The remainder can be 

monitored manually on a quarterly basis. The monitoring network of this design is of 

sufficient size to be representative of the catchment area while still being small 

enough to be serviced in a (maximum) two-day monitoring round of field work every 

three months. During this monitoring round all groundwater level loggers should be 

downloaded and unequipped boreholes (the remaining 20 boreholes) visited for 

manual measurement of groundwater parameters (groundwater level, EC and pH 

where possible).  

The boreholes listed are not used for a reason (too shallow for summer drawdown, or 

not well connected to the fracture network, rendering them low yielding, see 

section 3). Their resulting groundwater levels will at best reflect the regional aquifer 

condition and overall trends, and at worst be an underestimation of these trends. 

Monitoring of the 22 boreholes that are listed for possible monitoring will not, 

however, capture maximum summer drawdown (minimum groundwater levels). One 

of the three boreholes that BGCMA plans to monitor is a pumped borehole (at 

Achtertuin). Ideally, several pumped boreholes should be selected for the monitoring 

of pumped groundwater levels. This will require an upfront investment in 

infrastructure: the borehole pump and rising main would need to be removed from 

the borehole, an open HDPE pipe attached to the rising main (‘dip tube’) for use in 

monitoring and the pump replaced. Suitable boreholes would have to be selected in 

collaboration with willing farmers.  

5.2.2 Groundwater quality 
NGA borehole 3319AD00082 appears to have recent monitoring data (at least for 

groundwater quality; no longer groundwater level). The status of this borehole 

requires investigation with DWS: its co-ordinates put it in a field and it could not be 

physically located. If the NGA-registered co-ordinates are inaccurate, yet the 

borehole exists and is being monitored (i.e. the data is related to another borehole in 

the valley), efforts should be made to reinitiate groundwater-level monitoring at this 

point and to continue chemical monitoring. 
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In addition, related to the potentially rising trend in EC and the potentially elevated 

nitrates (section 2.10), it is recommended that two boreholes be selected for biannual 

chemical analysis (laboratory analysis for major ions), one from each 

hydrogeological terrain. 

5.2.3 Goundwater use 
The various estimates of groundwater use vary widely and it is recommended that 

water meters be installed for measuring actual use. Ideally, a cumulative-flow meter 

should be installed at the headworks of every borehole with a pump installed, and 

water use recorded manually on a weekly basis in summer. As a minimum, at least 

one cumulative-flow meter should be purchased and installed per farm. This could 

record all groundwater abstraction if all boreholes feed one holding dam, for 

example, via one inlet pipe. It is noted that metering of use per borehole is typically a 

licence condition imposed by the DWS.  

5.2.4 The upper catchment  
This project has focused attention on the lower catchment, largely related to the 

limited scope. There is a certain degree of disconnection of groundwater resources 

between the upper valley farmers and those in the lower valley: each group 

predominantly abstracts from the superficial Nardouw or alluvial aquifer (and the 

Ceres Subgroup in the lower catchment), which is recharged locally. Abstraction 

from the Nardouw aquifer in the upper catchment, north of the main surface water 

drainage lines, is unlikely to have any notable influence on groundwater availability 

in the Nardouw aquifer in the lower catchment, where abstraction is predominantly 

south of the major drainage. However, the two areas are hydraulically linked via 

surface water: groundwater (and surface water) use in the upper catchment reduces 

discharge in the tributaries and upper reaches of the Titus River. It is likely that 

summer groundwater abstraction in the lower catchment is to some degree 

supported by indirect recharge (flow into groundwater from surface water, related to 

the proximity of boreholes to the river). If increases in abstraction in the upper 

catchment were to significantly limit surface flow, this may have some impact on  

groundwater availability in boreholes close to surface water in the lower catchment. 

A gauge is therefore recommended (below).  

5.2.5 Surface-water monitoring 
Springs and seeps that are observed to run dry by the end of summer may have been 

supported by groundwater discharge prior to significant abstraction. Others may be 

fed predominantly by rainfall run-off and may naturally run dry in summer. To fully 

understand water resources in the catchment, the interaction between surface and 

groundwater needs to be quantified, requiring the monitoring of surface flows in 

addition to groundwater levels. It is recommended that, in liaison with the DWS, 

suitable locations for the installation of (rated and surveyed) gauges be investigated. 

At a minimum, one should be installed at the downstream north-west end of the 

catchment, on the Titus River prior to confluence with the Dwars River (Figure 2-2). 

A new gauge is recommended at the end of the upper catchment, at the break in 

slope where the Titus River crosses from Nardouw to the Ceres Subgroup. In 

addition, the current status of gauges that have historical data (Figure 2-2) should be 

assessed to determine whether these can be reinstated.  

5.2.6 Assessment of monitoring data for groundwater abstraction decisions 
In parallel to establishing the monitoring network, as described, a system must be 

put in place for routine assessment of the results collated. It is recommended that 

this include the appointment of hydrogeological services to carry out the necessary 

quarterly and biannual field activities. Included in this should be a routine 

(quarterly) check to ensure that infrastructure is functioning correctly.  All data 

should be assessed annually in the compilation of a monitoring report. The report 

should contain (at least) a description of recent and long-term trends in groundwater 

levels (compared to use and local rainfall), groundwater quality and groundwater 

use, leading to a conclusion on groundwater condition and the maintainability of 
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abstraction. The findings of the annual reports should be presented to the Titus 

Irrigation Board at workshops, with the report being completed by the end of the 

winter-rain season, and be ready to inform collective decisions on the following 

summer abstraction rates. Local rainfall data must be sought for this purpose 

(from Hortec). To further inform decisions about future groundwater abstraction, it 

is recommended that:  

x the CSAG climate change scenarios for the Western Cape be interrogated in 

detail  

x the maximum acceptable drawdown rates be investigated with farmers, and 

based on geology. 

The recommended monitoring measures are summarised in Table 5-2.  

 

 

Figure 5-1: Proposed and existing monitoring boreholes 
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Table 5-1: List of proposed and existing monitoring boreholes 

Borehole name Latitude Longitude 

BBH001 (Existing) -33.39090401 19.34598698 
BBH002 (Existing) -33.39484703 19.35760899 
BBH003 (Existing) -33.37869703 19.35538804 
Bloubosgat 4 -33.38212397 19.40451203 
Braeside 16 -33.40116899 19.390112 
Braeside 17 -33.40583101 19.38796397 
Buchuland 6 -33.37497496 19.35348501 
Dwarsberg 4 -33.39990802 19.36614999 
Dwarsberg 9 -33.39283696 19.36866498 
Eselfontein 4 -33.396122 19.43478403 
Forelle 10 -33.37383301 19.33291901 
Kweperfontein 7 -33.412819 19.41309703 
Langhoogte 9 -33.39127097 19.36204998 
Loxtonia 2 -33.37634599 19.37662602 
Montecarlo 16 -33.38245003 19.33666304 
Montecarlo 2 -33.39051601 19.33417504 
Palmyra 4 -33.40620702 19.36767901 
Palmyra 7 -33.39477897 19.37404096 
Prinshof P2 -33.39027604 19.40209603 
Rietvlei 14 -33.373645 19.34185797 
Rietvlei 7 -33.36920997 19.33696797 
Sparrenburg 12 -33.38220804 19.34658696 
Uitzicht 2 -33.38743701 19.37620802 
Vergenoeg 6 -33.41093299 19.39787197 
Vergenoeg 9 -33.42501702 19.39555798 
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Table 5-2: Summary of recommended monitoring 

Monitored item Details  Parameter Frequency 

Groundwater level 

22 boreholes (listed in 
Table 5-1) 

Manual measurements of 
groundwater level and EC 

Groundwater level 
EC 
pH where possible 

Quarterly manual 
measurement 

5 boreholes in total 
(select 2 of the 22 in 
addition to BGCMA 
boreholes) 

Automated 
measurements of 
groundwater level with 
pressure transducer 

Groundwater level Continual (4-hourly) data, 
downloaded quarterly 

3319AD00082 Confirm whether DWS is 
monitoring. If not: 
manual measurements of 
groundwater level and EC 

Groundwater level 
EC 
pH where possible 

Quarterly manual 
measurement 

A selection of pumped 
boreholes 

Manual measurements of 
groundwater level and EC. 
However, requires 
installation of dip tubes. 

Groundwater level 
EC 
pH where possible 

Quarterly manual 
measurement 

Groundwater use 

All abstraction 
boreholes 

Ideally: installation of flow 
meter per borehole. 
Minimum: installation of 
one combined flow meter 
per farm.  

Groundwater use Weekly readings in 
summer, submitted to 
Titus Irrigation Board 
quarterly.  

Groundwater quality 

3319AD00082 Confirm whether DWS is 
monitoring. If not: 
biannual lab analyses 

EC, pH, major ions Biannual sampling for lab 
analysis 

2 boreholes  Biannual lab analyses EC, pH, major ions Biannual sampling for lab 
analysis 

Surface-water monitoring 

Surface water gauge(s):  
at least one at end of 
catchment 

Determine suitable site(s) 
and install or re-establish 
gauge  

Height above base 
plate (surface flow 
rate) 

Continual (4-hourly) data, 
downloaded quarterly 

Assessment of groundwater condition 

Carry out the necessary quarterly and biannual field activities. Routine (quarterly) check that infrastructure 
is functioning correctly. Annual assessment of groundwater condition in monitoring reports. 

 

5.3 Further analysis and field work  
This report contains an initial collation of available groundwater data for the 

catchment H10B and was carried out with limited resources. Much of the available 

groundwater data is at quaternary catchment level. While this provides a starting 

point for the management of groundwater in the catchment, a finer scale 

investigation is required to understand the impacts of abstraction and the 

sustainability of the groundwater use. There is additional work that can be 

completed with the existing data, which would then be built upon once the 

recommended monitoring programme is initiated. The following investigations are 

recommended: 

x Aquifer-scale assessment of groundwater use 

This report generally considers groundwater across H10B, without 

subdivision to the relevant aquifers within the catchment. It would be 

possible to apportion the information on groundwater use data (from 

WARMS and from the hydrocensus boreholes) to the relevant aquifers 
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based on the co-ordinates and associated geological map. This is a necessary 

step in understanding the hydraulic interaction between abstraction 

boreholes in the catchment, and is necessary to interpret the (future) 

monitored groundwater level responses.  

x Analysis of groundwater flow directions 

The hydrocensus included records of groundwater levels that have been 

reported on with the hydrocensus (Figure 3-3), and some historical 

groundwater-level data is available from the NGA. It is recommended that 

these datasets be mapped to provide an interpolated groundwater contour 

map, and the resulting groundwater flow direction that should be assessed.  

x Assessment of summer low groundwater levels 

It is recommended that, in addition to the initiation of quarterly 

monitoring, all points at which water levels were recorded during this study 

(83) be visited at the end of summer when water levels are at the lowest 

(~March to May). This would require approximately three days of field work 

and provide a dataset demonstrating the current impact of annual 

abstraction. In addition, a full hydrocensus of farms that were not visited 

during this study should be carried out.  

x An assessment of actual (current) versus registered use  

o A key intention of this study was to compare registered and actual use. 

Owing to the limitations in the data received, this objective could only 

be partly met. The inaccuracies and uncertainties in the current 

WARMS dataset held by BGCMA have been highlighted. An in-depth 

assessment of this data was not possible with the clipped version of the 

dataset received. 

o Using a full version of WARMS data from BGCMA (including ownership 

and property data), the data would need to be cleaned for duplicates, 

closed registrations removed, and co-ordinates corrected based on the 

registered property data (a GIS process). Once complete, the data can be 

used to generate a registered irrigated area (ha), crop and registered 

yield (water use) per property. The registered irrigated area can be 

directly compared with that reflected in the latest flyover data.  

o It is recommended that the current flyover data be used to provide a 

more accurate estimate of water demand, based on crop factors, climate 

parameters and irrigation type (the current estimates are over-

simplified with crop factor only). The generated water demand can be 

directly compared with that in the WARMS data.  

While monitoring of groundwater levels will provide insight into the condition and 

behaviour of resources, it will only ever provides current information. To understand 

whether current (or increased) groundwater abstraction is maintainable in the long 

term (i.e. whether it can be met by reduced discharge and/or enhanced recharge), 

and understand the long-term impacts that can be expected (reduced discharge to 

surface water, minimum groundwater levels), require a numerical groundwater 

model. A numerical model would be capable of estimating groundwater availability 

and the impacts of abstraction. Once calibrated, it can be used to predict responses 

to various adjustments in the system, such as changes in abstraction yield or 

irrigation schedules and changes in recharge caused by climate change, and can be 

used to manage abstraction. It is recommended that the development of a numerical 

model to support groundwater management be a future aim of this groundwater 

initiative. Sufficient data is required to develop a reliable model (groundwater level, 

use, surface flows). Initiation of the above recommended monitoring would be 

necessary to develop a baseline for numerical modelling. 
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APPENDIX 1: FLYOVER DATA SUMMED TO PROPERTY SCALE 
 

 Total land, km2 Irrigated land, km2 Water requirements (million m3/a) 

Property ID 2013 2017 Change 2013 2017 Change 2013 2017 Change 

C01900000000036400001 0.88 0.77 -0.11 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000036400027 0.22 0.22 0.00 0.22 0.22 0.00 0.18 0.18 0.00 
C01900000000036400029 0.28 0.28 0.00 0.28 0.28 0.00 0.22 0.22 0.00 
C01900000000036400030 1.14 0.67 -0.47 0.67 0.60 -0.07 0.54 0.48 -0.06 
C01900000000036400040 0.12 0.11 -0.01 0.12 0.11 -0.01 0.10 0.08 -0.01 
C01900000000036400041 0.00 0.27 0.27 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000036400051 0.23 0.21 -0.02 0.23 0.21 -0.02 0.16 0.15 -0.01 
C01900000000036400058 0.26 0.29 0.03 0.22 0.23 0.01 0.17 0.18 0.00 
C01900000000036400060 0.33 0.30 -0.03 0.33 0.28 -0.05 0.26 0.22 -0.04 
C01900000000036400071 0.44 0.43 -0.01 0.10 0.17 0.06 0.08 0.13 0.05 
C01900000000036400082 0.00 0.39 0.39 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000036400085 1.40 1.09 -0.31 0.35 0.30 -0.05 0.28 0.24 -0.04 
C01900000000036400089 0.28 0.26 -0.02 0.28 0.26 -0.02 0.23 0.21 -0.02 
C01900000000036400101 0.30 0.40 0.10 0.30 0.40 0.10 0.24 0.31 0.07 
C01900000000036400107 0.21 0.18 -0.03 0.17 0.14 -0.03 0.14 0.11 -0.03 
C01900000000036400119 0.08 0.08 0.00 0.08 0.08 0.00 0.07 0.06 0.00 
C01900000000038200000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000038300000 0.44 0.44 0.00 0.44 0.44 0.00 0.35 0.35 0.00 
C01900000000038300001 1.37 1.27 -0.10 1.21 0.88 -0.34 0.97 0.68 -0.29 
C01900000000038300004 1.55 1.58 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000038300006 0.58 0.57 0.00 0.13 0.22 0.09 0.10 0.17 0.07 
C01900000000038300007 0.30 0.30 0.00 0.22 0.24 0.02 0.18 0.19 0.01 
C01900000000038300008 0.48 0.45 -0.03 0.28 0.20 -0.08 0.22 0.16 -0.06 
C01900000000038300009 0.27 0.25 -0.01 0.27 0.18 -0.08 0.21 0.14 -0.07 
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C01900000000038300010 0.33 0.31 -0.03 0.21 0.28 0.07 0.17 0.21 0.04 
C01900000000038300012 0.53 0.51 -0.02 0.48 0.44 -0.04 0.38 0.34 -0.03 
C01900000000038300013 1.72 1.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000038300016 0.52 0.47 -0.05 0.52 0.39 -0.12 0.41 0.32 -0.10 
C01900000000038300025 1.45 1.42 -0.03 1.44 1.31 -0.14 1.13 1.02 -0.10 
C01900000000038300026 0.47 0.48 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000038300027 0.30 0.25 -0.04 0.23 0.20 -0.04 0.18 0.16 -0.03 
C01900000000038300039 0.51 0.45 -0.06 0.48 0.35 -0.14 0.38 0.27 -0.11 
C01900000000038300044 0.20 0.22 0.02 0.20 0.22 0.02 0.16 0.18 0.02 
C01900000000038300046 0.51 0.47 -0.05 0.51 0.47 -0.05 0.41 0.37 -0.04 
C01900000000038300049 0.33 0.38 0.05 0.25 0.30 0.05 0.20 0.23 0.03 
C01900000000038300050 0.95 0.91 -0.04 0.84 0.90 0.06 0.64 0.68 0.04 
C01900000000038300051 0.76 0.67 -0.09 0.47 0.47 0.00 0.37 0.36 0.00 
C01900000000038300052 0.79 0.70 -0.09 0.11 0.22 0.11 0.09 0.17 0.09 
C01900000000038300054 1.76 1.30 -0.46 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000038400002 5.15 5.19 0.05 1.29 1.00 -0.29 1.01 0.79 -0.22 
C01900000000038400004 0.40 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000038400005 2.57 2.44 -0.13 1.18 0.54 -0.65 0.94 0.42 -0.52 
C01900000000038400006 0.35 0.34 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000038700002 0.44 0.50 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000042600001 0.94 0.96 0.03 0.73 0.52 -0.21 0.52 0.37 -0.14 
C01900000000042600002 2.44 2.52 0.08 0.68 0.66 -0.02 0.48 0.47 -0.01 
C01900000000043200000 0.55 0.51 -0.04 0.55 0.51 -0.04 0.44 0.41 -0.03 
C01900000000044300000 0.50 0.81 0.31 0.00 0.00 0.00 0.00 0.00 0.00 
C01900000000044300001 0.51 0.53 0.02 0.03 0.10 0.07 0.02 0.07 0.05 
C01900000000047400000 0.93 0.97 0.04 0.00 0.17 0.17 0.00 0.13 0.13 
C01900000000049300000 2.22 1.99 -0.23 1.93 1.65 -0.28 1.40 1.17 -0.23 
C01900000000049700000 2.19 2.70 0.52 0.00 0.00 0.00 0.00 0.00 0.00 

Total 41.48 40.97 -0.51 18.06 16.13 -1.93 14.00 12.41 -1.60 
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