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1.1 BACKGROUND
The overall objectives of the Berg River Baseline Monitoring Programme (BRBMP) are presented 
in Volume 1 of this report series.  Briefly, the aims of the programme were to describe the natural 
and present state, including the natural variability, of those chemical, physical and biological 
characteristics of the river and its hydraulically linked systems (i.e. estuary, floodplains and 
groundwater) that are most likely to be affected by changes imposed after the construction of the 
Berg River Dam.  

The overall approach to the baseline monitoring programme, for river, estuary, groundwater, and 
socio-economic components was the initial sourcing and collation of a considerable volume of 
data and information already existing for the Berg River System, previously collected as part of 
other programmes and/or projects.  Each specialist involved on the project was required to 
collate all available data within his/her field of expertise.  The data were then used by the 
specialists to provide a series of situation assessments, each dealing with a different component 
of the Berg River or estuary.  These assessments included an outline of the present ecological 
condition of the Berg River, as well as a description based on present knowledge of the structure 
and functioning of the ecosystem, both historically and in the present day.  This was augmented 
by a field study component.

The final report for this study comprises five volumes.  Volume 1 provides an introduction to the 
Berg River catchment and the groundwater environment, and an analysis of the natural and 
present-day flow regime.  Volume 2 focuses on the riverine environment, Volume 3 on the Berg 
River estuary and floodplain and Volume 4 on social and cultural dependence on the Berg River 
and estuary.  This, the fifth volume in the series, provides a synthesis of findings and 
recommendations for ongoing monitoring.  Further details on where additional information on 
each of the four major components of the monitoring programme can be located is provided in 
the next four sections (sections 1.2-1.5).

1.2 OVERVIEW OF THE BERG RIVER CATCHMENT, HYDROLOGY AND GROUNDWATER 
ASSESSMENT
Results from the river monitoring studies are included in Volumes 1 and 2.  Volume 1 provides a 
general introduction to the monitoring programme as a whole (Chapter 1), as well as detailed 
information on the Berg River catchment (Chapter 2), and management of water resources in the 
catchment (Chapter 3).  Results of the geohydrological and hydrological studies are also included 
in this volume (Chapters 4 and 5, respectively).  

1.3 DESCRIPTION OF THE ABIOTIC AND BIOTIC CHARACTERISTICS OF THE BERG RIVER 
Volume 2 provides detailed information collected as part of each of the riverine monitoring 
studies including hydraulics and fluvial morphology (Chapter 2), sediment transport (Chapter 3), 
water chemistry (Chapter 4), riparian vegetation (Chapter 5), periphyton (Chapter 6), 
invertebrates (Chapter 7a), invertebrate responses to floods (Chapter 7b), and fish (Chapter 8). 

Each chapter provides a detailed description of the current state of the system as revealed by 
survey activities conducted as part of the programme as well as a summary of any historical 
information available on the system.  Each chapter also includes conclusions and statements 
from the various experts (authors) regarding the natural variability observed in the system during 
the baseline monitoring period and from historical data, its relevance to ecological sustainability, 
key processes that affect the physical or biotic component(s) in question, as well as key 
parameters that could be used as indicators to measure future changes in the system. 

1.4 ESTUARINE ASSESSMENT
Results of the biophysical estuary monitoring studies are all contained in Volume 3 of this series.  

This volume provides detailed descriptions of each of the physicochemical and biological 
components of the Berg River Estuary studied as part of the Berg River Baseline Monitoring 
Programme.  
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This includes the following components: Hydrodynamics and Sediment Transport (Chapter 2), 
Water Chemistry - Salinity, Temperature, Oxygen and Turbidity (Chapter 3), Nutrients (Chapter 
4), Micro Algae (Chapter 5), Estuary and Floodplain Vegetation (Chapter 6), Submerged 
Macrophytes and Macroalgae (Chapter 7), Invertebrates (Chapter 8), Fish (Chapter 9) and Birds 
(Chapter 10).

1.5 SOCIAL AND RECREATIONAL ACTIVITIES ASSESSMENT
Results of the social and recreational assessments are all contained in Volume 4 of this series.  
The social and cultural aspects most likely to be affected by the Berg River Dam, in addition to 
those indirect effects felt through changes in ecosystem functions, are livelihoods, safety, and 
recreation.  Two dedicated studies were designed and implemented to address these issues.  
The first focussed broadly on safety and recreation (Chapter 2), while the second focussed in 
more detail on livelihoods and recreation associated with the Berg Estuary, specifically 
recreational and subsistence fishing activities (Chapter 3).

1.6 CONTENT OF THIS REPORT VOLUME
The final volume of this report series is intended as a synthesis of the information provided in the 
preceding volumes, but focussing on the extent to which flow affects each ecosystem component 
directly, or modifies other biotic and abiotic relationships.  Chapter 2 summarises our 
understanding of the role of flow in the ecological functioning of the Berg River itself, focusing in 
turn on each of the ecosystem components included in this BRBMP study.  The Terms of 
Reference for this study further required that, for the Berg River estuary, a conceptual model be 
built to describe links between flow and fauna and flora of the estuary.  Construction of the model 
required a succinct synthesis of the results of the monitoring programme including links between 
flow and all other physico-chemical parameters, between these physico-chemical parameters 
and the biota, as well as links between different biotic groups and feedback loops from the biota 
to physico-chemical parameters.  This forms the substance of Chapter 3 of this volume.  Finally, 
the detailed monitoring recommendations provided within each of the targeted specialist studies 
of this programme are synthesised into a single set of recommendations for monitoring, included 
here as Chapter 4.

Chapter 1 - Introduction

Chapter 2 - Riverine Ecosystem Functioning

Chapter 3 - Estuary Conceptual Model

Chapter 4 - Recommendations for future study & Monitoring Requirements
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CHAPTER 2 � RIVERINE ECOSYSTEM FUNCTIONING

Geordie Ractliffe
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2.1 INTRODUCTION
Many ecologists regard the hydrological regime of a river, which derives from such primary 
ecosystem characteristics as climate, geology and topography, as the master physical variable 
controlling ecosystem pattern and process.  Hildrew & Giller (1994) assert that the forces of flow 
are �undoubtedly the major architects of physical patchiness in streams�, and physical 
heterogeneity, or patchiness, at a range of scales is part of the reason that rivers are complex 
and diverse ecosystems.  Flows continually modify morphological features such as the channel 
bed and bars, due to processes of scour and deposition, and thus regulate the availability, spatial 
arrangement and condition of instream and floodplain aquatic habitats, and provided for the 
continued integration of different components of the riverine ecosystem.  Poff et al. (1997) list five 
critical components of the flow regime that regulate ecological processes in river ecosystems: the 
magnitude, frequency, duration, timing (or predictability) and rate of change (flashiness) of 
hydrological conditions.  On one hand, flow permanence, or the lack of it (the tendency for a 
system to undergo droughts) and on the other hand the nature of flooding, represent two of the 
major physical drivers defining the sorts and combinations of plant and animal species that 
characterise different river ecosystems.  Similarly, all the flows in between these extremes play 
different roles in maintaining a river.  Changing the nature of these �physical drivers� may have 
profound effects on the biological communities they support.  

2.1.1 Aims of this report
This report provides a synthesis of our understanding of how the Berg River functions 
ecologically, particularly in response to flow as a driving factor.  This understanding has 
been developed on the basis of each specialist�s theoretical knowledge of how flow 
affects river ecosystem functioning in general, but augmented by the relationships 
between flow and various ecosystem components highlighted during execution of the 
Berg River Baseline Monitoring Programme (BRBMP).  What emerges from this synthesis 
is a simplified description of the linkages and interactions between different physical and 
biotic components of the system, with particular emphasis on the flow- and water quality-
related linkages.  Non-flow and anthropogenic influences are described as well, as they 
may at times override those of flow.  

This report thus offers a brief outline of the spatial attributes of the catchment and the 
Berg River, followed by a summary of each component of the ecosystem, with emphasis 
on the factors that influence it.  More detailed descriptions of the components are 
provided in the final baseline study report (Volumes 1 and 2).  Finally, the linkages 
between the different components are discussed, along with the implications of the Berg 
River Dam for ecosystem integrity in the future.  

2.2 CATCHMENT CHARACTERISTICS 
The Berg River Catchment covers an area of almost 9000 km2 in the Western Cape Province, 
and is subdivided into 12 quarternary catchments ranging in size from 125 km2 near the 
headwaters to 2000 km2 in the drier western parts of the catchment (Figure 2.1).  The river runs 
northward for some 285 km, and drains into St. Helena Bay on the west coast of South Africa, 
where it interacts with the Benguela up welling system (Shillington 1998).  Much of the catchment 
is relatively flat.  However, a north-trending ridge of mountains in the centre of the catchment 
(Piketberg, Swartberg, Figure 2.1) divides the catchment in two, with the Berg River flowing 
through a poort between Koringberg and De Hoek.  Mountains that reach in excess of 1 000 m 
elevation flank the north trending valley in the eastern part of the catchment, extending to the 
southern limit of the catchment, where the Berg River has its source (Figure 2.1).

A striking characteristic of the catchment is the low density of drainage channels in the western 
parts of the catchment underlain by unconsolidated sandy recent deposits (Figure 2.1).  
Significantly higher drainage densities are observed in the central and eastern parts underlain by 
weathered and fractured rocks, mostly of the Malmesbury and TMG.
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The geology of the mountains and upland areas of the Berg River Basin comprise Table 
Mountain Sandstone (TMS) (in Day 2007).  These rocks are old and well-weathered, and 
typically leach very few ions.  As a result, the waters of the upper Berg River and its tributaries 
are naturally �pure� � that is, they are characterised by low concentrations of total dissolved 
solids, including nutrients.  They are also acidic, largely as a result of humic acids leached from 
the surrounding fynbos vegetation, which occurs in the mountains of the south-western Cape.  
Downstream of Paarl, the remainder of the basin is dominated by Malmesbury Shale, with a 
number of granite hills surrounded by the clay soils typically derived from weathered granite.  The 
overlying TMS has been increasingly eroded from these areas, with the exposed bedrock being 
mainly Malmesbury Shale, as far as the river mouth.  Although shales, like TMS, are usually low 
in nutrients (Day and Dallas 1996), the rock formation is nevertheless almost always associated 
with mineralization of surface waters (Fourie and G�rgens 1977).  Thus the mineral content of the 
Berg River and its tributaries increases progressively with distance downstream.  In the 
tributaries, this is exacerbated by the gentle gradients of the lower sections of the rivers, which 
cause pooling of water at the end of winter, as surface flows dry up.  This promotes additional 
leaching from the rocks into the pools over the summer months.

Figure 2.1 The Berg River catchment, showing major topographic features and drainage network 
feeding the main river.  Surface Water monitoring points are also indicated.

2.3 GROUNDWATER
Five distinct aquifer types occur in the Berg River Catchment � the Table Mountain Group Aquifer 
(TMGA), the Cape Granite Suite Aquifer (CGSA), the Malmesbury Group Aquifer (MGA), the 
Klipheuwel Group Aquifer (KGA) and Primary Aquifers (PA) comprising unconsolidated alluvial 
deposits and reworked marine deposits.  The MGA is the dominant secondary aquifer system 
and underlies most of the area in the central and lower catchment.  The TMGA predominantly 
occurs in the upper catchment and along the eastern and northern fringes of the catchment.  
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Most of the Berg River Dam site is underlain by the TMGA.  The CGSA and KGA form a relatively 
small component of the total groundwater system in the catchment.

Secondary aquifers such as those found in the catchment owe their water-bearing properties to 
weathering, fracturing and faulting processes.  However, the argillaceous nature of most of the 
rock and poor groundwater quality limit the exploitation potential of these aquifers.

Groundwater quality in the Berg River Catchment is generally quite poor, particularly in those 
areas underlain by rocks of the Malmesbury Group.  Groundwater quality is controlled by, 
amongst other factors, lithology, residence time and rainfall.  Good quality groundwater is found 
in the upper (southern and eastern) parts of the catchment that receive higher rainfall and are 
underlain by resistant and chemically inert quartzitic rocks. As one moves northwards, 
groundwater has been in contact with the aquifer material for longer, resulting in higher degrees 
of mineralization.  Simultaneously, softer, argillaceous rocks of the Malmesbury Group are 
encountered in the vicinity of Paarl and northwards.  Aquifers comprising rocks of the 
Malmesbury Group generally yield poor quality groundwater with a Na Cl character and an EC 
ranging between 100 and 1 000 mS/m.  Very poor quality groundwater is encountered in the drier 
western extremities of the Malmesbury Group Aquifer.

Surface-groundwater interaction in the Berg River Catchment has not previously been quantified.  
Using information gathered at the catchment scale it appears that groundwater contributes to 
base flow in the headwaters of the catchment and along its lower reaches.  If it is assumed 
groundwater discharges into rivers in areas where the groundwater level is within 2.5 m of the 
surface, then it is deduced that the Berg River is generally effluent in character (i.e. receives 
groundwater inflow).  It is only in some parts of the catchment that the river appears to be influent 
(i.e. contributes surface flow to groundwater), namely:  

� a ca 14km length of river upstream of Paarl

� a ca 7km length of river downstream of the confluence with the Doring River, and 

� a ca 20km length of river in the northern portion of the catchment, including the section of 
river where the Matjies River confluences with the Berg.  

By contrast, many of the tributaries of the Berg River are believed to be largely influent in 
character- that is, they discharge into the subsurface. 

In terms of volume, the largest quantity of groundwater flows into the Berg River in the upper 
mountainous reaches near Franschhoek and, to a lesser degree, in the lower reaches of G10M, 
including the Vredenburg area.  The shallow depth to groundwater and capillary action result in 
groundwater providing a source of water to river ecosystems in low-lying areas.  Prevalence of 
groundwater-dependent ecosystems in low-lying areas adjacent to the river and its tributaries 
could hence be expected.

The rugged topography, steep hydraulic gradients and fractured nature of the rocks suggest 
springs and seeps in the mountainous areas result in groundwater continually feeding the river.  

This source of good quality base flow could play a crucial role in sustaining riverine ecosystems 
during dry summer months.  In general, the contribution of groundwater to base flow is most 
significant during periods of low flow i.e. during summer.  

However, the summer flow characteristics of the Berg River have been significantly altered by 
releases for irrigation from the Voëlvlei, Wemmershoek and Theewaterskloof Dams and by 
irrigation return flows.  This has altered the ecological dependence on groundwater in the riverine 
areas and it is concluded that these anthropogenic influences override the role of groundwater in 
the hydrological functioning of the Berg River, except at a very localised scale.  

Groundwater level response to individual rainfall events indicates that water in the river may 
discharge into the subsurface during individual rainfall events, but the duration of this exchange is 
limited - the direction of flow reverses as soon as the water level of the river recedes back to 
base flow conditions.  
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The extent of this exchange also appears to be very localised, and is restricted to the area 
directly adjacent to the river.  Recharge of the groundwater system by the river is thus expected 
to be of limited importance.

While the groundwater contribution to base flow is small, groundwater quality can be a controlling 
factor of the quality of water in the river during periods of low flow.  Groundwater quality is 
strongly influenced by geology, and the quality of groundwater discharging into the upper reaches 
of the Berg River is characteristically low in dissolved salts, as indicated by Electrical Conductivity 
(EC) values well below 70 mS/m.  By contrast, concentrations of dissolved salts in groundwater 
increase substantially in the middle and lower reaches of the Berg River.  However, surface water 
in these reaches does not appear to respond proportionally to increases in groundwater EC, 
suggesting other controls on surface water, in addition to lithology, and in particular, controls 
exerted by low EC groundwater discharging into the upper reaches from the Table Mountain 
Group aquifer.  Groundwater quality (as measured by EC) increases in the lower reaches of the 
river, within the Langebaan Road aquifer system, where groundwater shows mean EC values of 
100 mS/m, as compared to EC values of 700 mS/m some 75km upstream, near Piketberg.  The 
saline character of tributaries such as the Moorreesburg Spruit is directly attributable to the 
quality of groundwater found in that part of the catchment.

2.4 HYDROLOGY

Total natural runoff from the Berg River Catchment amounts to 931 MCM/a, 45% of which is 
generated in quaternary catchments G10A, G10B and G10C.  These three catchments make up 
only 7% of the total area of the Berg River catchment.  The Berg River has nineteen major 
tributaries (Figure 2.2).  Those tributaries rising on the eastern side of the river tend to be 
perennial, deriving their source waters from the Cape Fold Mountains that run along the eastern 
side of the catchment while tributaries draining from the western side are semi-perennial or 
seasonal.  Thus the Franschhoek, Wemmershoek, Dwars, Klein Berg, Kuilders and Twenty Four 
Rivers are perennial systems, although they all experience drastic reductions in summer flows 
(Dallas 1992).  The remaining rivers naturally run dry in summer (Fourie and Görgens 1977).  
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Figure 2.2 Map of the Berg River catchment, showing the locations of DWAF gauging weirs (red text) 
on the mainstream Berg River and tributaries and additional sampling points (green text) 
used for water chemistry determinations.

Two major dams have been built in the catchment.  The Wemmershoek Dam south east of Paarl 
has a surface area of 3 km2 and a storage capacity of 66 MCM/a.  The Voëlvlei Dam west of 
Tulbagh covers an area of 15 km2 and has a storage capacity of 170 MCM/a.  Numerous smaller 
farm dams are found throughout the east part of the catchment.  DWAF (1993) estimated 
present-day annual runoff of the Berg River amounted to 682 MCM/a, with the modified flow 
attributed to direct abstraction from the river for irrigation, storage and abstraction for urban water 
supply; development of forestry within the basin; irrigation return flows; and releases from the 
Voëlvlei, Wemmershoek and Theewaterskloof Dams (the latter via the Berg River IBT).  The 
natural and present day MAR for each quaternary catchment is provided in Figure 2.3.

The hydrological analysis identified two major features of the Berg River: the variability of flow, 
and the disproportional importance of the upper river in relation to small floods and winter base 
flows in the downstream reaches.

2.4.1 Flow variability
The Berg River displays considerable natural variability in all aspects of flow, including 
base flows and the range of different magnitudes (size classes) of floods. 
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This variability operates on a longitudinal and seasonal basis as well as inter-annually.  
This is highlighted by comparison of the long-term average low flows and floods, with 
those recorded over the three-year BRBMP period.  The data are provided for the Berg 
River Dam site (DWAF gauge G1H004) and the lowest part of the river for which reliable 
data are available (Drieheuwels, DWAF gauge G1H013) in Tables 2.1 and 2.2 (low flows) 
and Tables 2.3 and 2.4 (floods).

Increasing from the upper to lower reaches, natural low flows in the Berg River have 
varied from 0.2 to 2.0 m3.s-1 in the low flow period (November-April), although not so 
much in recent years with IBT releases, and from 4 to 15 m3.s-1 in winter (May-Aug) 
(Tables 2.1 and 2.2).  During floods, (average daily) flows in the lower river may reach as 
much as 550 m3.s-1 and up to 80 m3.s-1 in the upper reaches.  Floods of the same size 
class may last for anything from 3 to 9 days, in the upper and lower reaches.  On an 
hourly basis, instantaneous flood peaks are approximately 2.5 times the magnitude of the 
average flood discharge for that day in the upper reaches (detailed analysis in Volume 1 
of this report series). 

In relation to interannual variability in base flow, Table 2.1 also shows how variable a 
single year (e.g. any individual year 2002-2005) can be relative to a long term average 
(shaded portions highlight the driest months, compared with long term values).  This 
variability is not demonstrated in the summer months owing to releases from 
Theewaterskloof and Voelvlei Dams which maintain flow in a steady state, except for 
abrupt changes at weekends when releases may be discontinued.

Table 2.1 Comparison of 50th percentiles for low flow data at G1H004 for each month during the 
Baseline Monitoring period, against the longer-term low flow averages for two periods 
from the hydrological record.  Flow values are in m3/s.  Percentiles are based on low 
flows i.e. with floods removed from the flow record.

Year / Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Pre 1970 0.32 0.21 0.20 0.66 1.52 2.75 3.22 4.17 2.64 1.92 1.05 0.49
Post 1980 3.23 2.69 2.25 1.17 1.28 2.68 3.98 2.99 2.91 1.43 1.81 2.75
2002 1.22 2.37 3.72
2003 4.03 4.03 3.59 0.89 0.63 0.63 0.71 2.30 1.67 1.49 2.57 3.19
2004 3.96 3.48 1.19 0.45 1.35 1.20 2.99 0.78 0.81 0.57 3.30 2.37
2005 4.12 3.29 3.17 0.87 0.66 3.52 1.14 3.21 1.35
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Figure 2.3 Present day and naturalised mean annual runoff for sub-catchments in the Berg 
River Basin.  Note only the portion of the total Berg River catchment included in 
the hydrological analysis (i.e. to Misverstand Dam) is presented.
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Table 2.2 Comparison of 50th percentiles for low flow data at G1H013 (Drieheuwels)
for each month during the Baseline Monitoring period, against the longer-term low 
flow averages from the hydrological record.  Flow values are in m3/s.  Percentiles 
are based on low flows i.e. with floods removed from the flow record.

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Long term 1.55 1.60 1.44 2.33 5.44 13.27 22.86 24.64 15.72 8.45 3.41 1.77
2002 9.05 4.34 2.93
2003 1.91 2.65 2.27 1.97 2.14 2.56 2.12 7.52 11.09 6.30 1.93 2.61
2004 2.65 2.34 2.26 2.86 2.02 4.95 5.85 15.23 4.40 6.60 2.04 3.02
2005 2.38 1.64 1.06 1.14 3.01 20.36 9.06 19.72 11.88

The comparison of flood flows in individual years with average data for the long-term 
record (Tables 2.3 and 2.4) further demonstrates this large variability from year to year.  
In terms of total flood volume � that is, combining the volume of all floods in a year, 
compared to the total volume of the average floods in a year (bottom row in Tables 2.3 
and 2.4) - 2003 was the driest of the years in the BRBMP.  At G1H004 this was not as 
pronounced as in the downstream section of the river, where at G1H013 the total flood 
volume in 2003 was 123 Mm3, only some 50% of the average volume in the long term 
record of 248 Mm3.  

The floods that were most affected in the dry years recorded in this �snapshot� 
comparison were the Class 3 and 4 floods, which were either fewer in number, or had 
lower peak flows and volumes, or both, than the long-term average.  Class 1 floods were 
generally more numerous, but mostly smaller than their long term average size.  These 
patterns may be reflecting either or both a decline in the intensity of rain and less 
saturated catchment conditions.  In 2003, the larger floods also only began in August, 
some two months later than usual.  

Thus, a given total flood volume may be split quite differently between various intra-
annual flood classes from one year to the next, and in �dry� years there may be a 
considerably greater proportion of flows occurring as Class 1 and 2 floods.  This is 
another form of intra-annual variability that maintains the stochastic nature of flow in the 
Berg River.
Table 2.3 Floods recorded at G1H004 in 2003-2005, compared with the longer term flood 

statistics (short record, 1980 � 1999, from Table 5.11).  The number per annum 
(underlined), average peak daily flow (m3 /s) and average volume per flood (Mm3) 
is provided in each case.  The total number of floods per annum is also indicated, 
with, in brackets the total volume of flood flows per annum.

DRIFT 
Category

Flood size 
interval (based 
on peak average 
daily discharge)

Average 
number per 
annum / peak / 
volume in 
record

Number / 
peak / 
volume in 
2003

Number / 
peak / volume 
in 2004

Number / 
peak / volume 
in 2005

1:2-year Exceeding 70 m3

/s 
0.5 by definition 0 0 0

Class 4 
floods

35 � 70 m3 /s 3.2 / 46.4 / 10.7 2 / 41.7 / 6.9 2 / 53.4 / 11.6 3 / 53.7 / 12.1

Class 3 
floods

17.5 � 35 m3 /s 3.1 / 25.8 / 5.7 3 / 23.7 / 5.2 2 / 26.1 / 6.3 6 / 25.4 / 4.3

Class 2 
floods

8.7 - 17.5 m3 /s 2.7 / 13.8 / 3.0 2 / 11.4 / 1.5 4 / 11.6 / 2.0 5 / 11.4 / 1.9

Class 1 
floods

< 8.5 m3/s 1.3 / 6.7 / 1.4 18 / 5.2 / 0.9 9 / 5.5 / 0.9 9 / 5.7 / 1.0

Total floods (total flood volume) 
for all intra-annual classes 

10.8 (57.5) 25 (49.8) 17 (52.1) 23 (80.1)
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Table 2.4 Floods recorded at G1H013 (Drieheuwels) in 2003-2005, compared with the 
longer term flood statistics.  The number per annum (underlined), average peak 
daily flow (m3/s) and average volume per flood (Mm3) is provided in each case.  
The total number of floods per annum is also indicated, with, in brackets the total 
volume of flood flows per annum.

DRIFT 
Category

Flood size interval 
(based on peak 
average daily 
discharge)

Average 
number per 
annum in 
record

Number in 
2003

Number in 
2004

Number in 
2005

1:2-year Exceeding 281 m3/s 0.5 by definition 0 0 0
Class 4 
floods

140.5 � 281 m3/s 1.4 / 187.6 / 68.6 0 1 / 140.6 / 74.9 2 / 172.0 / 64.7

Class 3 
floods

70.3 - 140.5 m3/s 1.9 / 100.8 / 34.6 2 / 85.9 / 24.2 1 / 75.2 / 31.7 3 / 97.7 / 33.9

Class 2 
floods

35.1 - 70.3 m3/s 3.3 / 51.1 / 18.7 2 / 50.6 / 12.0 3 / 45.0 / 10.9 3 / 47.6 / 12.5

Class 1 
floods

< 35.1 m3/s 3.4 / 21.4 / 7.2 20 / 10.1 / 2.5 8 / 14.5 / 3.7 10 / 13.6 / 3.1

Total floods (total flood volume) for 
all intra-annual classes 

10.5 (248.3) 24 (123.0) 13 (169.0) 18 (299.3)

2.4.2 The importance of the upper river to flows in the downstream reaches 
The second feature of the hydrological regime is the high relative importance of the upper 
river - the Berg River Dam sub catchment - to winter low flows and small floods in the 
lower river during the autumn � spring period.  (Summer flows in the river are highly 
altered from the natural state, due to irrigation releases from Theewaterskloof and 
Voelvlei Dams.)

Base flow

In addition to the two major dams in the Berg River catchment, the impact of water 
abstraction and farm dams on river flow in many sub catchments is severe (Figure 2.3).  
For example summer run-of-river abstraction from the Franschhoek River has reduced 
the naturally perennial river to one that has zero flow for 50% of the time during the 
months of February and March.  The extreme impact of the flow diversion and farming on 
the Twenty-four Rivers (G1H028) in all months is also clearly evident from the 
hydrological analysis, where more than 70% of the MAR has been abstracted for human 
use.  In this context, the contribution to winter low flow from G1H004 to the lower river at 
Drieheuwels, G1H013, is significant and greater on a percentage basis than it was under 
natural conditions � this portion of the catchment presently contributes some 20% to the 
non-flood flows in the lower river during at least the early winter months.  This is despite 
the fact that the present day winter low flows at G1H004 are themselves affected by 
abstractions at Wolwekloof.    

Flood flows

In terms of flood flows, the analysis of hydrological data examined the contribution (as a 
percentage of peak flow or total volume) of each sub-catchment to base flow and to 
individual flood events, measured in the lower river (and passing into the estuary).  The 
usefulness of this exercise was in establishing what might be some consequences for 
flows in the lower river, of the Berg River Dam and resulting altered flow regime.  

This analysis showed that flood events originating in one sub-catchment can vary 
considerably in terms of size relative to the same event further downstream, as indicated 
by the scatter in Figure 2.4 for G1H004.  
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Colloquially, if one sub-catchment is "firing", other sub-catchments may or may not be 
"firing" simultaneously, or to the same extent.  These same event comparisons also quite 
clearly indicate the important contribution to flood flow in the lower reaches emanating 
from G1H004 (the Berg River Dam sub-catchment), especially for the smaller floods 
(<100 m3/s) (Table 2.5). 

Figure 2.4 Peak average daily flood flow at G1H004, as a percentage of the same flood peak 
at G1H013, regressed against flood size G1H013.  Note that smaller floods at 
G1H013 have a substantially larger proportion of their flow contributed by G1H004 
than do larger floods. 

Table 2.5 Summary of the percentage contribution of flood flows at G1H004 to the total flood 
passing through G1H013, averaged for various flood size classes.  All inter-annual 
floods are included in the Band5 category.

G1H004

Volume Peak

Band
Numbers

Flood
Category
Interval

Median
Volume
(M.m3)

Average 
percent
Volume

Median
percent
Volume

Volume
Range
(M.m3)

Median
peak
(m3/s)

Average
percent
Peak

Median
percent
Peak

Peak
Range
(m3/s)

Band 5 200 + 14.55 14% 15% 2.8-33.8 55.34 19% 19% 10.1-79.2

Band 4 100-200 8.24 20% 18% 3.7-25.8 37.00 29% 28% 12.5-85.6

Band 3 50-100 5.21 27% 24% 1.1-16.2 24.91 41% 35% 4.9-58.2

Band 2 21-50 3.24 35% 32% 1.1-10.0 16.48 53% 48% 3.7-41.7

Band 1 0-20 1.42 44% 39% 0.9-3.4 7.97 72% 65% 4.5-20.4

The percentage contribution to small floods at G1H013 from the most upstream sub-
catchments (e.g. the Franschhoek River and especially the upper Berg River) is much 
higher than their contribution to larger events.  Table 2.5 shows that for the smallest flood 
categories (Bands 1 and 2 floods), G1H004 account for an average 72-53% of the peak 
flow at G1H013, and drops to 19% for floods above 200 m3/s.  In contrast, the eastern 
and northern sub-catchments have a declining percentage contribution to smaller floods 
at G1H013.  
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For example, G1H028 (Twenty-four Rivers) accounts for only 1 % of Band 1 floods at 
G1H013, increasing to 16 % of Band 5 floods.  This is to a degree a consequence of the 
diversion on the Twenty-four Rivers that targets low flows and small floods, but could also 
be a consequence of lower rainfall in these areas compared with the upper Berg.  Indeed, 
in the more arid parts of the catchment, flooding may not always occur, as a result of a 
different rainfall distribution.  A similar trend is evident for all the central sub-catchments 
and those in the arid parts of the catchment (e.g. Matjies).  These effects (i.e. low rainfall 
and irregular flooding, as well as reduced small floods as a result of water resource 
development) cannot readily be distinguished in sub-catchments that are characterised by 
both.  

It is noteworthy that �small events� (Band 1 and 2) at G1H013 are up to 50 m3/s.  In 
winter, the long term median low flow (i.e. excluding flood flows, Table 2.2) is between 15 
and 20 m3/s.  Thus many of the small floods in the upper catchment, at G1H004 for 
example, probably simply translate into winter base flow in the lower river.  Base flow has 
been shown to be one of the critical factors determining the extent of lateral flooding of 
the floodplain (see Chapter 3 of this report).  The removal of minor floods at G1H004 will 
therefore have implications for the maintenance of winter base flow levels in the lower 
river and estuary.

Annual flood volumes

An examination of the long term average annual flood volumes (i.e. total flood volume for 
each year) shows that the flood volume at G1H004 is some 23% of the flood volume at 
G1H013 (58 Mm3 out of 248Mm3: Tables 2.3 and 2.4).  However, in the dry years of 2003 
and 2004 this upstream portion of the river contributed 40 and 30% respectively of the 
flood volume at G1H013 � probably because of the extensive development and the 
greater proportional use of the water resource in the other sub-catchments.  The 
implication of this, especially in an already over-exploited catchment, is that the Berg 
River Dam will quite probably remove this �buffer� provided by the upper river during dry 
or drought years.

Synchronisation of floods within the catchment

Correlations performed on the relationship between flood magnitude at all pairs of sub-
catchments, based on the flood magnitude achieved at each gauge during each isolated 
flood �event� on record, shows that some catchments are more synchronised than others.  
Floods at G1H004 are better correlated with nearby sub-catchments (e.g. G1H003, 
Franschhoek; G1H019, Banhoek) and becomes progressively less correlated toward the 
central and northern parts of the catchment.  

G1H004 is the dominant contributor to small and medium floods in the lower river � i.e. in 
many cases floods at G1H004 are not matched by any flood response in other sub-
catchments, whilst the reverse does not occur.  Figure 2.5 shows that G1H004 is highly 
synchronised with floods in the lower catchment (r = 0.73), but for larger floods, the 
scatter in the plot is high.  
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Figure 2.5 Scatter plot comparing flood peaks (peak average daily flow) at G1H004 with flood 
size in the lower river, represented by G1H013.  The significant correlation 
coefficient (r-value) is indicated.  

For larger floods, therefore, G1H004 is not always a dominant or even substantial 
contributor to floods in the lower river.  For example, whilst, on average, smaller floods at 
G1H004 are double the size of those in the Little Berg catchment (G1H008), there are a 
number of large floods at G1H008 which coincided with flows in the upper Berg River that 
were only or not even half as great.  With regard to the production of larger flood flows in 
the lower Berg River, it is thus important to consider that:

a. Large events do not require synchronised flooding (all sub-catchments flooding to 
the same relative magnitude): Figure 2.5 shows that for large events at G1H013, 
G1H004 can produce significant amounts � or not, which would imply that other 
catchments are producing the bulk of flood volumes at these times.  

b. Other sub-catchments may at times have a larger influence on big (inter-annual) 
floods in the lower river than G1H004.

Notwithstanding, flood routing analysis shows that the attenuation in floods along the 
length of the river is not as pronounced with elevated base flows, as would be the case 
with lower initial base flows.  For example, a flood of 100 m3/s at the Berg River Dam 
would be attenuated to less than 50 m3/s in the midreaches and 20 m3/s at the estuary if 
the �starting condition� in the river at these latter two points was only 2 m3/s, but with an 
initial base flow of 20 m3/s the flood would be just over 70 m3/s in the midreaches and 50 
m3/s at the estuary.  This is because the main channel along the length of the river needs 
to be filled and thus accommodates the flood.  This shows that it is important to ensure 
that the future flood releases from the dam are made in phase with tributary floods, 
otherwise the flood attenuation is too great and the effectiveness of the managed flood 
releases at the dam is reduced significantly.  

Correlation: r = .72558
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2.5 MAJOR ABIOTIC AND BIOTIC PATTERNS IN THE BERG RIVER AND THEIR 
RELATIONSHIP TO FLOW

2.5.1 Longitudinal gradients in the Berg River
The upper reaches of the Berg River are hydraulically very steep with an average bed 
slope of 0.67% down to Paarl.  The river bed of this steep reach consists mainly of 
boulders and cobbles.  From Paarl, the river profile flattens, with an average bed slope to 
the estuary of 0.045%.  The river bed of this part of the river consists mainly of finer 
materials such as sands, silts and clayey materials.  According to Bath (1989) this rapid 
fall in profile from the headwaters, the meandering of the main channel, and the multiple 
channels separated by low lying islands in the lower reaches are indications that the Berg 
River is geologically an old river system.  

Geomorphological features, of which gradient is the most important (Rowntree and 
Wadeson 2000), are used to group rivers into different zones, within each of which a 
series of macro-reaches (a length of channel characterised by a particular channel pattern 
and morphology) may be differentiated.  A geomorphological classification allows for a 
structured description of spatial variation in stream habitat.  Its usefulness for ecological 
studies is based on the idea that these are a major factor in the determination of the 
distribution of biota. 

Rowntree and McGregor (1996) compiled a segment (zone) and reach analysis of the 
Berg River as part of the 1996 IFR study, based on the gradient changes, distribution of 
runoff and sediment yield in the catchment, which divided the main channel of the Berg 
River into four segments (mountain, foothill, lowland and coastal.  The MAR of the 
Franschhoek and Berg River catchments above their confluence is in the order of 600 
million m3 per year, and the annual sediment yields are low due to the resistant nature of 
the Table Mountain Sandstones and thin soils.  Downstream of the confluence the 
incremental MAR decreases rapidly and is only in the order of 100 million m3 per year 
between Paarl and Wellington.  The sediment yields increase in this zone as the river 
flows through a wide alluvial plain of sand sized material, and the tributaries drain the 
Malmesbury series.  Further downstream the incremental MAR decreases to around 30 
million m3 per year.  

A more refined geomorphological classification framework was developed in 2000, 
distinguishing a wider range of geomorphological zones.  These, integrated with the 1996 
reach analysis, are described in Table 2.6.  






































































































































































