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EXECUTIVE SUMMARY

Preamble

Recently, South Africa has been responding to increasing demands on the region's limited water
resources and is moving towards greater recognition of the rights of demand sectors which have
not been catered for adequately; in particular, rural communities and the natural environment
(DWAF 1993). There is, therefore, a need to determine the requirements of competing users
(agriculture, forestry, industry, domestic, rural people and the natural environment).

Increasingly, it is being recognised that the natural river environment needs to be regarded as a
national resource and as such should be maintained and guaranteed rights as a user. This shift
towards regarding the natural environment as a legitimate demand sector in the competition for
South Africa's water resources has required a change in emphasis of studies of water provision.

Riparian ecosystems have been shown to respond to both the flow regime (Bowman and
McDonough 1991} and to physical characteristics of the river (Hupp 1986). Physical
characteristics of river systems are also known to alter in response to changes in flow regime
(Schumm 1969). Assessment of environmental water requirements, therefore, requires an
understanding of the existing physical characteristics, the controlling processes and the vectors
of change (magnitude and direction) in response to catchment control changes.

From a scientific perspective, this report contributes to the development of a rational approach
to the study of South African rivers, within the context of rapidly changing perspectives on
water resource management, through:

1. The development of an integrative methodology for assessment of the physical changes to
river systems in response to changing water supply, using physical characteristics and
processes as a basis (Fig. i).

. Application and assessment of this methodology to studies on the Sabie and Letaba rivers in
the Kruger National Park.

3. Development of descriptive and predictive tools for use by water resource managers to
predict potential physical changes to the Sabie and Letaba rivers in response to management
decisions.

4. Recommendations as to how the methodology may be utilised for other southern African
rivers.

5. Recommendations as to how such studies may be integrated with studies of riparian
ecosystem functioning and biodiversity.
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In so doing, the project contributes to the objectives of the second phase of the Kruger National
Park Rivers Research Programme (Breen et al. 1995) through:

1. Providing a means for assessing potential physical changes in response to changing flow
regime and thereby, through ecological links, providing a means for assessing the ecological
implications of different management actions.

Development and testing of methods for predicting physical responses of rivers flowing
through the Kruger National Park, to changing patterns of water supply.
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Figure i. Structured research rationale for the Sabie River in the Kruger National Park.

The executive summary comprises background and motives for the study, discussion of
achievements of the stated aims, an outline of products and useability of the research findings
and recommendations for further research. The body of the report focuses on the philosophy and
development of the research methodology, data acquisition and model development and
application.

In Part One, catchment characteristics and control variables (topography, geology, regional
geomorphology, sediment production and hydrology) are described. The physical nature of the
Sabie River is then detailed through the development of an agglomerative geomorphological
hierarchical classification system and a description of the characteristics of units on the Sabie
River at different levels.in. the hierarchy (chapter 3). The most attention is given to the
morphological unit and channel type scales, since these are the smallest scales at which
prediction of geomorphological change is cumently possible and at which integration with
ecological studies is most likely to be possible.

In Part Two, studies of recent control variables and geomorphological change on the Sabie
River are discussed. Studies of the catchment contro! variables and their changes, the physical
nature of the Sabie River and geomorphology led to the development of a conceptual mode! for
change for the Sabie River and a consideration of appropriate temporal and spatial scales for
predictive modelling (chapter 4).
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Quantification of the driving variables and processes for the Sabie River are considered in Part
Three. The concepiual model was used to direct data collection and analysis on the catchment
control variables (hydrological regime and sediment production: chapters 5 and 6) and channel
dynamics (hydraulics and in-channel sediment dynamics: chapter 7) at appropriate scales,

Model development and application on the Sabie River is described in Part Four. Data
collection and analysis led to a description of recent channel change and the development of
qualitative models for change on the Sabie River (chapter 8). The studies were finally translated
into quantitative models (statistical and deterministic) of channel change {chapter 9). The
deterrninistic model was designed for use in predicting channel change in response to different
flow scenarios through the utilisation of daily flow time series. Use of the model is
demonstrated using average daily discharge data from weirs to predict directions of change in
response to recent climatic cycles.

In Part Five, the transference of the research methodology and theory to other systems is
examined. The methodology which was developed on the Sabie River is summarised (chapter
10} and demonstrated in a less rigorous study of the Letaba River, to provide an assessment of
the potential for transferability to other South African river systems (chapter 11). The
methodology and models can be applied using data from standard Department of Water Affairs
and Forestry flow archives, coupled with map, ground and aerial photograph interpretation and
limited field measurement.

Background and motivation

Given the current premise that the riverine environment is considered a resource in South
Africa, it has a legitimate demand in the competition for the nation’s limited water resources
(African National Congress 1994, DWAF 1995). It is thus essential to quantify reliably the
water requirements of the environment if the country's water resources are to be optimised for
all demand sectors, while successfully managing the environment. This issue is of particular
concem in conservation areas such as the Kruger National Park, where there is an imperative to
maintain biodiversity in a functional ecosystem. Water managers require predictions of the
physical and environmental consequences of altering the flow regime of a river. Thoms et al.
(1990) recognised that fluvial geomorphology was the logical integrating discipline to link river
response to ecological functioning, as it is the geomorphology that forms the physical template
for habitat development. Also, river response may be predicted at a geomorphological scale that
can be directly related to habitat units (Fig. ii).

The form of river channels is primarily determined by the influence of water and sediment and
any alteration to this balance will result in geomorphological change. Conventional static
ecological assessment techniques, such as PHABSIM (Bovee 1982), link ecological response to
hydraulic change (Fig. ii) and are inappropriate on dynamic river sysiems, since
geomorphological change overrides local hydraulics as the principal factor determnining biotic
preferences (Russell and Rogers 1989). In a dynarnic system, if the geomorphological template
is altered this directly affects the habitat availability. Also, geomorphological change is likely to
be longer term and less reversible than changing hydraulic conditions (for example, flow depth
or wetted perimeter) in response to a modified flow regime. There is thus a need to integrate
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geomorphic studies in assessing the ecological implications of flow regime modification, as
such studies generate a more holistic picture of the functioning of the system (Russell and
Rogers 1989) (Fig. ii).
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Figure ii. Geomorphological approach to a holistic study of river system functioning.

The requirement for a detailed understanding of the geomorphological dynamics of South
African river systems was first recognised by Thoms er al. (1990) and Rogers et al. (1992). It
was viewed as part of an integrative, holistic research programme into water requirements for
the Kruger National Park rivers that aimed to address the question-of quantifying the water
demand of the environment The form of river channels, - which - defines the physical
environment for biota, is determined by the landscape through which the river flows and the
water and sediment supply. Specification of water allocations for conservation, therefore,
requires understanding of the river response to changes in flow and sediment regime in a
quantitative and predictive sense. The overall aim of this project was to develop the capability
to predict the geomorphological response to changing flow regimes in the Sabie and Letaba
river systems with a view to providing information and protocols for environmentally sound
management of the water resources of these catchments. This has been achieved through the
following objectives which were as originally stated in the initial proposal:
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1. Description of the contemporary morphology of the rivers.

2. Establishment of the temporal pattern of change in the channel morphology.

3. Construction of a conceptual model of channel change and on the basis of this model,
identification of ecological and management requirements, and processes and scales for

further research.

4. Quantification of catchment processes and their effects at the appropriate spatial
scales,

Ln

. Development of predictive models for fluvial geomorphological change.

Use of existing geomorphological understanding for prediction of potential channel change as a
basis for management often succeeds after reference to established fluvial geomorphological
theory. Many southern African rivers, being bedrock controfled and hydrologically variable, do
not conform to classic temperate alluvial models (van Niekerk ef al. 1995). It was, therefore,
imperative to develop a new and flexible research strategy with the capability to investigate and
understand the dynamics of bedrock influenced river systems (Fig. i). Such a strategy forms the
basis of this' document and its rationale may be easily and quickly transferred to other river
systems. This has been demonstrated with reference to the Letaba River study, where
geomorphological classification and conceptual models of change were rapidly constructed and
monitoring networks installed.

Both the Sabie and Letaba rivers are mixed bedrock-alluvial systems and existing alluvial
channel theory was of limited use. The approach adopted in this study (Fig. i) involved firstly,
the detailed description of the physical characteristics of the river, in order to unravel the
complexities of the systemn and generate a firm foundation for structured research. Similarly, an
investigation of short-term geomorphological changes was necessary to begin 1o qualify the
dynamic nature of the river system and determine how it responds to changes occurming in the
catchment. This information was also used in validating quantitative channel change models.
These steps facilitated the classification of the system into ecologically-relevant sections.

Secondly, the dominant catchment control factors were isolated. Combining the knowledge
gained from these two components of the approach allowed the development of conceptual
.models of change. These models focused the field study which refined the level of system
understanding. This information was then incorporated into a series of models for predicting
changes in river morphoelogy and habitat, induced by changing flow regimes.

Semi-quantitative models of channel change were developed to predict timescales (retum
period), and degrees of channel change in response to altered sediment and flow regimes,
Acmal evidence of geomorphological change was used to verify the performance of these
models on the Sabie River (Fig. i).



Achievemnent of the stated aims

In order to integrate fully with the Krmiger National Park Rivers Research Programme, the major
part of this study was devoted to developing an understanding of the geomorphological
dynamics of the Sabie River system. The research rationale that emerged was then transferred to
the Letaba River. All of the original aims were achieved nsing this approach and are expanded
on below.

1) Description of the contemporary morphology of the rivers

It was recognised that both rivers exhibited a composite-channel structure, with low flow
channels contained within a large macro-channel which has been incised into the bedrock over
geological time (during the late Miocene and early Pliocene). This macro-channel is large
enough to contain even extreme flood events (of the order of 2000 m’s"). Within its confines,
another system of channels exists that convey the lower flows and these form the active
(perennial) and seasonal channels defined by the classification system.

Both the Sabie and Letaba rivers have been classified according to the hierarchical system of
van Niekerk et al. {1995). The proposed approach uses the principle of agglomerative
association to generate successive levels in-the geomorphological hierarchy, beginning with
groups of morphological units and progressing through channel types, reaches, macro-reaches
and zones, through to the whole river system (Fig. iii).
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Figure ifi. Agglomerative geomorphological hierarchy of the Sabie River in the Kmger
National Park,
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Such a classification has allowed the descriptive mapping of the geomorphological structure of
both rivers along their full length in the Kmuger National Park and has formed the
geomorphological basis for structuring all subsequent smdies on these rivers.

A continnum of channel types from bedrock to alluvial exists on the Sabie River depending on
the degree of sedimentation. In the hierarchy (Fig. iii) channels may be classified as bedrock,
mixed, or alluvial, leading to a total of ten possibilities (bedrock single thread, mixed single
thread, alluvial single thread, bedrock pool-rapid, mixed pool-rapid, bedrock anastomosing,
mixed anastomosing, alluvial anastomosing, mixed braided and alluvial braided). On the Sabie
River, five principal channel types are common and readily recognisable (the other five being
rare and localised):

e Alluvial single thread
Fully alluvial, regular single channel river. May have a straight or sinuous planform.

o Allavial braided
Alluvial multi-channel network of distributaries. Channel convergence and divergence
is at the scale of the active channel width.

o' Mixed anastomosing
Multi-channel network of distributaries in both bedrock and alluvium.

¢ Bedrock anastomosing
Multi-channel network of stable bedrock distributaries.

* Mixed pool-rapid
Systemn of alternating steep bedrock rapids and associated upstream pools.

2) Establishment of the temporal pattern of change in the channel morphology

Vogt (1992) and Carter and Rogers (1995) have shown, through studies of aerial photographs
from 1940, 1544, 1965, 1974, 1977 and 1984/85, that the Sabie and Letaba rivers are changing
form through progressive sedimentation over ecologically relevant timescales. The primary
causes of such changes appear to be the increase in sediment production in the catchment (van
Niekerk and Heritage 1994) and a reduction in flow volume and frequency. It is these factors
which require detailed investigation, in order to begin to understand the channel dynamics of the
Sabie River. '

Channel change on both rivers has been investigated on two temporal scales. The first involves
short term (annual) channel change, as evidenced by aerial photographs of certain sections of
the rivers from 1986 to 1993. Change on this timescale appears to be largely restricted to
erosion and deposition in the active channels within the incised macro-channel. During average
flow periods (x 20% from the mean annual flow volume 1959-1993) there appears to be little
observable change in the various channel types. Bedrock and mixed pool-rapid areas exhibit
moderate sedimentation, mixed anastomosing sections display minor sediment accumulations
and braided channel types and bedrock ahastomosing sections show no significant change at the
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morphological unit scale. Periods of reduced annual rnoff (< 80% of the mean annual runoff
volume 1959-1993) result in more significant build up of sediments in mixed anastomosing and
mixed pool-rapid, bedrock pool-rapid and braided areas. Accurnulation in the bedrock pool-
rapid and braided areas is less marked than in the mixed anastomosing and mixed pool-rapid
areas. Bedrock anastomosing channel types show a limited increase in bar deposits. This study
enabled a direct association to be drawn between change at the channel type scale and measured
flows.

Long term (> 50 years) direction of channel change has been inferred from a single set of aerial
photographs, utilising space-for-time substitution. This concept is based on the recognition that
there is a continuum of channel types ranging from fully bedrock through to fully alluvial and
different channel type sections are at different stages of the continuum down the length of the
river. It was thus possible to identify potential directions of change by looking at two different
areas of the river in different stages of evolution in relation to the influence of the catchment
control variables. Pathways of geomorphological evolution in response to increasing
sedimentation have been proposed based on the work of Vogt (1992), Carter and Rogers (1995)
and the short and long term aerial photograph studies.

k) Construction of a conceptual model of channel change and on the basis of this
model, identification of -ecological and management requirements, and processes and
scales for further research

The hierarchical classification (Fig. iii) lead to the identification of ten potential channel types in
the continuum from bedrock to alluvial rivers (given that pool-rapids can only be bedrock or
mixed and braided channels can only be mixed or alluvial). Utilising the results of the aerial
photograph interpretations (in which directions of change were identified and related to flow
regime), the sediment yield studies (which show an increase in sediment yield over the period of
photographic record) and the descriptive studies (which isolated the influence of geology) a
conceptual model was constructed. The model defines the probable change in channel type as a
function of the catchment factors that control their form.

Of these factors some were identified as static, and as such could not change to influence the
river geomorphology over ecologically relevant timescales, and others were found to be
dynamic requiring further detailed investigation for incorporation in quantitative models:

Static; Geology
Dynamic: Shortterm:  Flow dynamics
Sediment dynamics

Longterm:  Hydrology
Sediment production

Flow variability, flow magnitude, sediment inputs and local channel sediment transport
potential were identified as the principal controls on channel form and the model represents the
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probable directions of channel type change, as a result of altering one or more of the control
variables (Fig. iv).

4) Quantification of catchment processes and their effects at spatial scales rejevant to
the processes influencing channel change

Field monitoring of the catchment control factors was necessary to quantify the processes
operating in both catchments. Sediment production within the catchments was evatuated using
GIS techniques and sub-catchment production figures were estimated. The principal production
areas coincide with the former homeland areas to the west of the Kruger National Park, where
poor land management coincides with highly erodible soils. However, overgrazing by large
populations of game inside the conservation area was also in evidence during drought periods.
The technique employed was of insufficient resolution to detect increased inputs in the upper
catchment from forestry roads. The studies concluded that sediment production in the
catchments was likely to increase.
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Figure iv. A conceptual model of channel type change for the Sabie River in the Kruger
National Park.
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A detailed hydrological study of recorded daily average flows within the Sabie River catchment
was conducted using data from Perry's Farm Weir, Kruger Weir and Lower Sabie Weir. This
revealed considerable fluctuation in the flow regime on a daily, seasonal, annual and decade
scale (analysis of the average flow record for the gauging station at Perry’s Farm, 60km
upstream of the Kruger National Park, revealed a mean wet season flow of 12.4m’s”, with a
range between 0.5m’s” and 258m’s”; the mean dry season flow was 8.6m’s", ranging between
0.4m’s’ to 197.2m’s"). Wet, dry and average flow regimes were constructed based on the
recommendations of Tyson (1987). Differences between these regimes were most evident at
lower flows, whereas larger flood events appear to occur under any climatic condition in
response to high magnrimde rainfall events, which are relatively consistent regardless of climatic
variability. However, this may be a function of the short period of record. Flow variability and
magnitude were difficult to evaluate for the Letaba River due to its ephemeral nature, hence,
only river response to individual flood events was investigated.

Investigations of the flow and sediment dynamics were instigated in order to determine the
geomorphological behaviour at the regional ‘whole river’ and local ‘channel type' scale. The first
involved a regional investigation of the dynamics of the entire length of the Sabie and Letaba
rivers within the Kruger National Park, in order to 1) investigate the dynamics of the whole
river system so as to identify areas of potential sediment accumulation or erosion and 2) select
reaches for more detailed investigation. The regional study was based on 24 cross-sections on
the Sabie River and 21 on the Letaba River. The results of the regional study revealed zones of
higher or lower stream energy along the rivers and these corresponded closely to long term large
scale sedimentary deposits in the macro-channel.

The second scale involved detailed studies of representative examples of the principal channel
types identified by the hierarchical classification, in order to provide information for modelling
at the channel type and morphological unit scale. These are the smallest scales for which
predictions of morphological change can be modelled at present and information at these scales
is potentially of most use to river ecologists. This was possible for the Sabie River only, as there
were insufficient flow events on the Letaba River during the period of research. A detailed flow
monitoring network was established at hydraulic controls for each of the channel types and data
were collected on cross-sectional hydraulics for investigation of channel flow resistance and
sediment dynamics. Each channel type was found to have distinet hydraulic and channel flow
resistance parameters which were used in the semi-quantitative modelling procedure.

5) Development of predictive models for fluvial geomorphological change

Conventional quantitative modelling techniques assume a large degree of geomorphological
homogeneity. Since the Sabie and letaba rivers are extremely variable, with multiple
distributaries and large numbers of hydraulic controls, particularly in the bedrock controlled
reaches, the large amount of field data required to run such models for these rivers are
prohibitive. A new approach, which linked the quantitative research findings and a qualitative
spatial mode) of the river, was developed in order to predict change at the scale of channel type
ont an annual basis. Such a detailed analysis was not possible on the Letaba River due to the lack
of hydraulic information.



Details of the hydraulic and sediment dynamics of the Sabie River channel types were used. in
conjunction with the map of their distribution, to construct a model of sediment movement
through the system. The ability of the river to transport sediment was evaluated for each
consecutive channel type along the river, based on sediment inputs from the channel type
immediately upstream and lateral sediment inputs from the catchment. Excess inputs that
exceeded the local competence were deposited and where the channel sediment transport
capacity exceeded the combined upstream and lateral sediment inputs, erosion of deposited
material was possible (Fig. v). The model routes daily flows through the series of channel types
and generates annual bulk sediment volume change at the scale of channel type for any daily
time series. Any period of a day or greater may be considered and the consequences of
sedimentation downstream through each channel type evaluaied.
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Figure v. Diagrammatic representation of the semi-quantitative model developed to predict
channel change on the Sabie River in the Kruger National Park.
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Validation of the model against observed channel change indicated that it predicted the erosion
and sedimentation observed for each of the channel types along the Sabie River, as evidenced
from aerial photographs. The observed combination of channel type units was linked in the
model and the gauged daily flow time series was routed through the system. Predicted changes
for the years 198% and 1992 were then compared against channel change for several points
along the river where aerial photographs exist. For example, the model predicted well the
temporal pattern of sand and fine gravel sedimentation in a mixed anastomosing channel type
downstream of a pool-rapid, as a result of flows between 1989 and 1992 (Fig. vi). The model
was also run for silt sized material and this revealed that all sections of the Sabie are generally
competent to move this fraction downstream. Extensive sedimentation was predicted for the
mixed anastomosing channel type downstream of Lower Sabie Weir. This is supported by field
and aerial photographic evidence of active channel bar deposition in the area. The bedrock
anastomnosing section close to the Mozambique border remained unchanged from the period
1989-1992; the model also predicted no erosion or deposition in this area,

Products and usability of the research findings

The Sabie and Letaba rivers behave differently from temperate alluvial river systems and hence
must be investigated outside the framework that exists for these river types. A number of useful
concepts and methods have emerged from this study which will prove invaluable in managing
rivers in southern Africa:

1. A research philosophy that relates the geomorphological structure of a river to the principal
carchment control varjables, in order to conceptualise pathways of possible channel change.

2. A research approach for investigating bedrock influenced semi-arid river systems in a
manner which will provide structured information for the prediction of their response to
management actions.

3. A method for the classification of fluvial systems based on their geomorphological
components. This classification is an agglomerative one and as such, is more suited to the
discrimination of finer spatial groupings than a divisive approach. The classification
encompasses the morphological units that allow for the detailed spatial categorisation of
rivers influenced by both bedrock and alluvium. The classification has been designed to
provide easy application to any river system, allowing direct standardised comparison
between different rivers.

4. An integrative framework for field research that quantifies the importance of the catchment
control factors and provides information on channel structure and dynamics on regional
(whole river) and local (representative channel type) scales.
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Figure vi. Example results from the semi-quantitative channel change model developed in this
study.

The research philosophy, new method and field research programme have resulted in the
generation of information on the physical nature of the rivers (structure), catchment controlling
factors and channel dynamics which can be used by biologists and catchment managers (Fig,
vii). The studies have led to the development of models for geomorphological change (Fig. vii)
which provide the potential to predict ecological change in response to habitat change. These
models fall into two categories:

1. Qualitative models of short (annual) and long term (> 50 years) channel change for mixed
alluvial/bedrock rivers.

2. A semi-quantitative model of channel response that routes sediment through a series of
channel types as defined by the hierarchical classification and river structuring. The model
operates using daily average flow time series and generates changes in the sediment balance
at the scale of channel type over the period being investigated. The mode! can be used to
investigate the potential effects of different management strategies through the analysis of
simulated daily flows for different river basin development and dam construction scenarios.
Similarly, the resuits of the modelling can be used as a basis for the construction of a series
of biotic response models.
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Figure vii. Products and users of the geomorphological change project findings.

Further research

This report details the research findings of a four-year study into the structure and functioning
of two bedrock influenced rivers subject to highly variable flow regimes. New methods and
models have been developed and the focus of future research should be to improve integration
of the models into the Kruger National Park Rivers Research Programme (KNPRRP) Decision
Support System (DSS) and transferring the methods to other systems. These research needs can

be met through:

1. Refinement and verification of the suite of geomorphological change and hydrodynamic
meodels through model application.
2. Integration of geomorphological and ecological studies at the spatial and temporal scales at
which geomorphological change can realistically be predicted.
3. Development of models for prediction of ecological change in response to geomorphological

change.

4. Modelling of geomorphological change to the Sabie River under scenarios specified through

the DSS.

Development of hydrodynamic models and procedures on seasonal alluvial rivers such as the
Letaba (incorporating subsurface flow components) and linking these o the geomorphological

change model.
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The daily time step model for simulating sediment and water runoff in the Sabije River
catchment proposed in this report is currently being tested and refined in the KNPRRP. Output
from this model for namral and historic development scenarios should be used in the
geomorphological change and hydrodynamic models to predict change for these scenarios.
Comparison of model predictions for the natural development scenario with aerial photographs
over the 50 year photographic record will facilitate refinement and verification of the models.
Comparison of model outputs for the historic and natural development scenarios will enable the
isolation of past climatic and anthropogenic effects. Such a comparison will assist in defining
the natural directions of change and thus provide a basis for defining the desired
geomorphological state of the Sabie River.

Studies 2, 3 and 4 above will facilitate the prediction of ecological response to different
management options. As water resources come under pressure, seasonal rivers are being
considered for potential impoundment. Many of these are also alluvial (the Sand River in the
KINP) and the dynamics of such seasonal alluvial systems are poorly understood, since ground
water dynamics are not well defined. Study 5 above should be aimed at generalising the models
sufficiently to ensure transferability of the models to other southem African river systems.

XV



TABLE OF CONTENTS

1.

2.

INTRODUGCTTION.......cconerenserrmsasssssrsrssesesmssesssrssesesssossastneasstassssse seesessasesnsnsnssensassosesssmssece 1
CATCHMENT CONTROL VARIABLES ON THE SABIE RIVER e
2.1  Topography, geology and regional geomorphology ..o 8
2.2 RIVET DISIOTY ... it cecenrrirtronstsssssinsssesnns s sssis s ssas i sosamennassrssmrssssssssssinennsaarsrsassnsass 8
2.3 Sediment production. ... 12
24 Hydrology..orim e iecssessssasessns 12
25 Summary ... 16-
SABIE RIVER GEOMORPHOLOGICAL CLASSIFICATION AND
DESCRIPTION ..o ccvttemrecestiasssnseseemssstsasssssssssaesanssrsmsssssassarstabinsvessesasssssssssast vassasssssossase 17
3.1 Classification systems... e e bt e e ey bR a S bbb aa et bR Y e oR e 00 18
32  An Agglomeraiive chrarchlcal C]assﬂ" cation for the Sable River....covrvmrnananns 20
3.3 Morphological unit Characteristics ........orrrmeusivimsiseninircniencseseressisisenessirsenens 24
34  Channel type characteristics Feneneenssea s erss st sa st e 26
3.5 REACNES .ottt eas b s b ae st s snas s anr e et b e s betaba e 35
3.6 Macro-reaches and ZOMES ....uiissieaseesmisiessssesisn s s ssssssssssns 35
A CONCEPTUAL MODEL OF CHANGE FOR THE SABIE RIVER......cccesevensvinns 38
4.1  Timescales and the importance of change......ovreeeeccrninnnisiiinens, sreeeenns 38
4.2  Observed Channel change on the Sabie RIVEr .......coceevrerconmnnciennniennennceseenns, 40
43 Recent changes in catchment controls... revveisiesesirvertestantesaetnareennnt 42
44 A Conceptual Model for Change on the Sablc RIVBI’ R
4.5 Summary .. tesasiseseiatn e trersnes wndB
HYDROLOGICAL REGIME.....coc..ccocenvrinreneesireseesssnsrsrssesesenas A7
5.1  Temporal aspects of flow in the Sabie River............... 47
5.2  Statistical analysis of temporal patterns in the hydrology....cococeovvvirnrcscrnmenee 49
53  Determination of periods of average wet and dry flov data 30
54  Local stage-discharge relationships.......c.ocmeinemssssiicnmnossassssscseecsseesnas 50
5.5  Flow frequency relationships for the monitoring sites on the Sabie River..........50
5.6 SUIMIMAIY ..coitiiieirrinririmesststecsenssssssstssssesetsrsasasesmeseas s rasbossesesssonsrassssssonasessssons 33
SEDIMENT PRODUCTION 55
6.1  The use of GIS techmques to deternunc potcntlal catchrnent sediment ......ccencn..
yields ... w35
6.2 Summary ................................. 62
HYDRAULICS AND IN-CHANNEL SEDIMENT DYNAMICS.......ccoconiveeeermienenenes 63
7.1  Sabie River regional monitoring e e 63
7.1.1  MODIOFING NEIWOTK wvieiirrrererrieserrisissnaeseesesseseessesssstssssaeseressessasssasssserens 63
7.1.2 Data rationalisation 65
7.2 Sabie River local monitoring.......ccececeeevvenerserrvennnas . 66
7.2.1  MODItODNE TEIWOIK...ccceiiiceeeiisssis e crmeenseerevereassssstnrssresesesstsasessssnssevassessese 66
7.2.2. Frictional characteriStiCs.....mmeceerernnroensrmassesminssnissieenmisresesssrssasssasees 71
7.2.3  Local channel hydraulicS ..o vveccrcreencicenvsseceerseseesssectervsstrssesesssnes 80
7.3 Summary OO VU VTN 85

xvi



8. CHANNEL CHANGE AND QUALITATIVE MODELLING IN THE

8.1 Observed change.......ocovveevninssececccnviniennns SRR . ¥
8.2  Inferred change and qualitative change models STV } |
8.3  SUMMAIY ..ocvviiicriiiirscsersraacanasssronnesinnens S— 0
9. QUANTITATIVE MODELLING. .......cccociumimmurrrmsnimsinsesmssrsssermsssseesssatessssssssssassssssasess 102
9.1  Return period and frequency of flow influence for individual
morphological units .....ccvvceseiverinirisienns O ~.103
9.2  Longstream channel sedimentation parterns 110
9.3  Semi-quantitative MOGEINNG.....ccocvceeereecmrceeeeiiieereeeeece e erasssassesenns 112
9.3.1 Linking of channel type secuans w113
0.3.2 Assessment of lateral sediment inputs - w113
9.3.3 The Sabie River bulk sediment change model ........ 116
0.3.4 Model INPIOVEIMIENLS ..uvvivicssesereemnerieenisssisisssineseneresesssssnsnessseseserrererenses 125
93.5 Model transferability ....ccouvennee verereereeserene 1 23
94  Summary rreeeseteseesessesers st as eSS e TR A eSS4 USSR e e e et RSP Y S e a s b PR R R e as e 127
10. A GEOMORPHOLOGICAL APPROACH TO STUDYING RIVERS
FOR ASSESSMENT OF ECOLOGICAL PLOW R.EQUIREMENTS ....................... 128
10,1 The ucomorphologwal approach crvreesessasisennnnen 129
11.  LETABA RIVER RESULTS .......cccoomvmrrmrernrnrarns vossenenenne 1 33
11.1  Letaba catchment characteristics OOV URT O PUET VRO 133
11.2  Physical nature of the SMAY HVEL ..cceeeecinnirceeremresrnnmcsesscesrmreresssnesessosssses 37
11.3  Conceptual model of change ............... OO L 3
11.4  Hydraulics and in-channel scd'rnenl dynanucs reresssassstnnnsenssnnsensansnnensaseraes 3
11.5 Observed change and MOEIS .....usvcciiiiiirvssrrerererrnre e esare s esessesenes 145
11.5.1 Observed and inferred channel Change .........cocooccevveeeccecore e 145
11.5.2 Inferred channel change and qualitative change pathways..........ccccevnns 146
116 Quantitative MOMelS ...crievericiirererereeresssessssseesresesresesssseseseenns 153
12. CONCLUSIONS AND RECOMMENDATIONS .......cccemmmmrreneannrecsenens 154
12.1 Principal conclusions ... rereeeteseteEere s bttt bt o aS e e e e s s e s bt se s s e s b bt sasnsaren 154
12.2  Further RESEARCH ......ccoiviiireeecrttreceerrrccsaeees v evevsreresarsresensssssessssssesssrsssssosns 155
ReferenCes. ....ccccmmmmrvomeerirvrmsnensersssrenens vors ..156

APPENDIX A: FIELD TECHNIQUES

APPENDIX B: SABIE RIVER REGIONAL CROSS-SECTIONS

APPENDIX C: SABIE RIVER RATING CURVES

APPENDIX D: SABIE RIVER SIMULATED LOCAL CHANNEL HYDRAULICS

APPENDIX E: QUANTITATIVE MEASUREMENT OF SHORT TERM CHANGE
ON THE SABIE RIVER

APPENDIX F: LETABA RIVER CROSS-SECTIONS

xvit



LIST OF FIGURES
Figure i. Structured research rationale the Sabie River in the Kruger National Park.
Figure ii. Geomorphological approach to a holistic study of river system functioning.

Figure iii. Agglomerative geomorphological hierarchy of the Sabie River in the Kruger
National Park.

Figure iv. A conceptual model of channel type change for the Sabie River in the Kruger
National Park.

Figure v. Diagrammatic representation of the semi-quantitative model developed to
predict channel change on the Sabie River in the Kruger National Park.

Figure vi. Example results from the semi-quantitative channel change model developed in
this study.

Figore vii.  Products and users of the geomorphological change project findings.

Figure 1. The role of geomorphology in the structure and functioning of riparian biotic
systems (after Rogers et al. 1992).

Figure 2. The overall research strategy developed to generate geomorphological change
models for the Sabie and Letaba rivers in the Kruger National Park.

Figure 3. The iterative research process employed for geomorphological modelling
aspects of the Sabie and Letaba rivers in the Kruger National Park.

Figure 4. Generalised catchment factors that influence fluvial geomorphological dynamics
(after Morisawa 1985).

Figure 5. The Sabie River catchment, Mpumalanga Province, South Africa,

Figure 6. Simplified geology of the Sabie River catchment.

Figure 7. Generalised channel slope of the Sabie River.

Figure 8. Geomorphological zones of the Sabie River catchment.

Figure 9. The locations of flow gauging structures in the study section of the Sabie River.
Figure10.  Average annual precipitation for the Sabie River.

Figure11.  Average annual evaporation for the Sabie River catchment.

Figure 12.  The structure of the Sabie River macro-channel.

Xvili



Figure 13.
Figure 14.

Figure 15.

Figure 16,

Figure 17.

Figure 18.

Figure 19.

Figure 20.

Figure 21.

Figure 22

Figure 23.
Figure 24.
Figure 25,
Figure 26.

Figure 27.

Figure 28.

Figure 29.

Figure 30.

Figure 31.

A hierarchical classification of the Sabie River in the Kruger National Park.
Channel types along the Sabie River (a-d).

Characteristic geomorphology, planform and cross-sectional form of a bedrock
anastornosing channel type in the Sabie River.

Characteristic geomorphelogy, planform and cross-sectional form of a bedrock
pool-rapid channel type in the Sabie River.

Characteristic geomorphology, planform and cross-sectional form of an alluvial
single thread channel type in the Sabie River.

Characteristic geomorphology, planform and cross-sectional form of a braided
channel type in the Sabie River.

Characteristic geomorphology, planform and cross-sectional form of a mixed
anastomosing channel type in the Sabie River.

Breakdown of the reaches identified for the Sabie River in the Kruger National
Park. '

Breakdown of the macro-reaches identified for the Sabie River in the Kruger
National Park.

Principal catchment factors controlling channel form and dynamics on the Sabie
River in the Kruger National Park.

A conceptual model of channe! change for the Sabie River.

Daily flow variability on the Sabie River.

Climatic influence on annual flow volumes for the Sabie River in the Lowveld.
Flow similarity between Perry's Farm and Lower Sabie gauging structures.

Model of lag time calculation for flood flows between Perry's Farm and Lower

" Sabie gauging structures.

Statistical link between peak flows at Perry's Farm and Lower Sabie.

Mode] of the links between flow levels, morphological units and frequency of
inundation.

Differences in the recorded flow regime for wet and dry climatic periods.

Land-use map of the Sabie River catchment (after van Niekerk and Heritage
1994).

Xix



Figure 32.

Figure 33.

Figure 34.

Figure 35.
Figure 36.

Figure 37.

Figure 38.

Figure 39.

Figure 40,

Figure 41.

Figure 42.

Figure 43.
Figure 44,

Figure 45.

Figure 46.

Figure 47.

Figure 48.

Slope-soil erodibility map for the Sabie River catchment (after van Niekerk and
Heritage 1994).

Sediment yield map for the Sabie River catchment (after van Niekerk and
Heritage 1994).

Sub-catchment potential sediment yield map for the Sabie River catchment (after
van Niekerk and Heritage 1994).

Definition diagram of channel geometric parameters.
Regional monitoring sites for flow and sediment dynamics on the Sabie River.

Example stage-discharge curve for regional monitorin g site 16 on the Sabie
River near Skukuza Rest Camp.

Representative reach monitoring locations on the Sabie River.

Scales at which the frictional characteristics of the Sabie River were
investigated.

Approaches to modelling channel geometry in alluvial and bedrock sections: the
*horizontal’ and ‘non-horizontal’ models (after Broadhurst er al. 1996).

Diagrammatic example of the ‘Non-Horizontal’ Overspill Model (afier
Broadhurst ez al. 1996)

Rating curve similarity between individual bedrock distributaries in a bedrock
anastomosing channel type.

Components of flow resistance in open channels (after Broadhurst ez al. 1996).
Reach energy slope estimation (modified from Barnes 1967).

Characteristic Manning's n flow resistance values at the channel type scale (after
Broadhurst er al. 1996).

Characteristic Chezy C flow resistance values-at the channel type scale (after
Broadhurst et al. 1996).

Characteristic Darcy-Weisbach f flow resistance values at the channel type scale
(after Broadhurst er al. 1996).

Cumulative bulk potential sediment transport for the different channel types
1959-1993.

XX



Figure 49.

Figure 50.

Figure 51.

Figure 52.

Figure 53.

Figure 54.

Figure 55.

Figure 56.

Figure 57.

Kigure 58.

Figure 59.

Figure 60.

Figure 61.

Figure 62.

Figure 63,

Figure 64.

Qbserved change in a pool-rapid channel type on the Sabie River in the Krger
National Park (1989 - 1992).

Observed change of an alluvial single thread/braided channel type on the Sabie
River in the Kruger National Park (1989- 1992).

*Space for time’ evolution of a bedrock anastomosing channel type on the Sabie
River in the Kruger National Park.

Inferred evolutionary pathway for a bedrock anastomosing channel type on the
Sabie River in the Kruger National Park given increased sedimentation,

*Space for time’ evolution of a pool-rapid channel type on the Sabie River in the
Kruger National Park.

Inferred evolutionary pathway for a pool-rapid channel type on the Sabie River
in the Kruger National Park given increased sedimentation.

"Space for time’ evolution of an alluvial single thread and braided channel type
on the Sabie River in the Kruger National Park.

Inferred evolutionary pathway for alluvial single thread and braided channel
types on the Sabie River in the Kruger National Park given increased
sedimentation.

Example cross-section displaying morphelogical unit distribution and frequency
of inundation figures.

Frequency of channel activation based on the annual maximum flow series
return period (after Heritage et al. 1995).

Frequency of channel activation based on the daily average flow series return
period (after Heritage et al. 1995).

Frequency of channel overtopping based on the annual maximum flow series
return period (after Heritage er al. 1995).

Frequency of channel overtopping based on the daily average flow series retum
period (after Heritage et al. 1995).

Frequency of bar inundation based on the annual maximum flow series return
period (after Heritage et al. 1995).

Frequency of bar inundation based on the daily average flow series return period
(after Heritage er al. 1995).

Regional in-channel sediment accumulation areas in the Sabie River in the
Kruger National Park.

xxi



Figure 65.

Figure 66.

Figure 67.

Figure 68.

Figure 69.

Figure 70.

Figure 71.

Figure 72.

Figure 73.

Figure 74.

Figure 75.

Figure 76.

Figure 77.

Figure 78.

Diagrammatic representation of sediment movement into and through a series of
spatially linked channel types.

Diagrammatic representation of the semi-quantitative model developed to
predict channel change on the Sabie River in the Kruger National Park.

Results of modelling channel change for a pool-rapid mixed anastomosing
combination of channel types for the flow pericd 1986-1989 and 1989-1992.

Sub-catchment sediment input contributing areas for the Sabie River.

Predicted total sediment accumulation in each channel type along the Sabie
River in the Kruger National Park between 1959 and 1993 using the Sabie
Sediment Flux Model.

Predicted total sediment accumulation in each channel type along the Sabie
River in the Kruger National Park between 1959 and 1992 using the Sabie
Sediment Flux Model.

Predicted total sediment accumulation in each channel type along the Sabie
River in the Kruger National Park between 1959 and 1971 using the Sabie
Sediment Flux Model.

Predicted sediment dynamics of a pool-rapid and braided channel type for the
period 1959-1993 using the Sabie River Sediment Flux Model.

Predicted sediment dynamics of a bedrock anastomosing and a mixed
anastomosing channel type for the period 1959-1993 in Kruger Park aerial
photograph area 7 using the Sabie River Sediment Flux Model.

Predicted sediment dynamics of a pool-rapid channel type for the period 1959-
1993 in Kruger Park aerial photograph area 6 using the Sabie River Sediment
Flux Model.

Predicted sediment dynamics of a mixed anastomosing channel type for the
period 1959-1993 in Kruger Park aerial photograph area 5 using the Sabie River
Sediment Flux Model.

Predicted sediment dynamics of a pool-rapid for the period 1959-1993 in Kruger
Park aenal photograph area 4 using the Sabie River Sediment Flux Model.

Predicted sediment dynamics of a bedrock anastomosing channe! type for the
period 1959-1993 in Kruger Park aerial photograph area 2 using the Sabie River
Sediment Flux Model.

Geomorphological approach to a holistic study of river system functioning.

XXil



Figure 79.
Figure 80.
Figure 81.
Figure 82.
Figure 83.

Figure 84.

Figure 85.

Figure 86.

Figure 87.

Figure 88.

Figure 89.

Figure 90.

Figure 91.

Figure 92.

Fignre 93.

Figure 94.

Figure 95.

Figure 96.

The Letaba River catchment, Northern Province, South Africa.
Average annual precipitation for the Letaba River catchment.
Average anmual evaporation for the Letaba River catchment.
Simplified geology of the Letaba River catchment.

Land-use in the Letaba River catchment.

Maximum potential sediment yield in the Letaba River catchment (after Steffen,
Robertson and Kirsten 1990)

Geomnorphological zones of the Letaba River catchment.

An alluvial anastomosing channel type on the Letaba River in the Kruger
National Park.

A mixed anastomosing channel type on the Letaba River in the Kruger National
Park.

A braided channel type on the Letaba River in the Kruger National Park.

A mixed pool-rapid channel type on the Letaba River in the Kruger National
Park.

An afluvial single thread channel type on the Letaba River in the Kruger
National Park.

The geomorphalogical structure of the Letaba River in the Kruger National Park,

A hierarchical geomorphological classification of the Letaba River in the Kruger
National Park.

The principal catchment control factors influencing the geomorphological
dynamics of the Letaba River in the Kruger National Park.

A conceptual model of channel change for the Letaba River in the Kruger
National Park.

Regional cross-section locations on the Letaba River in the Kruger National
Park

‘Space for time’ evolution of an anastomosing channel type on the Letaba River
in the Kruger National Park.



Figure 97.

Figure 98.

Figure 99.

Figure 100,

Figure 101,

Figure 102.
Figure 103,
Figure 104,
Figure 105,
Figure 106.
Figure 107.
Figure 108.
Figure 109.
Figure 110.
Figure 111.
Figure 112.
Figure 113.
Figure 114,
Figure 115,
Figure 116.
Figure 117,
Figure 118.
Figure 119.
Figure 120,
Figure 121.

A qualitative model of channel evolution for the Letaba River in the Kruger
National Park: bedrock anastomosing - mixed anatomosing - alluvial anastomosing.

‘Space for time’ evolution of a poo! rapid channel type on the Letaba River in the
Kruger National Park.

A qualitative model of channel evolution for the Letaba River in the Kruger
National Park: bedrock pool-rapid - mixed pool-rapid.

‘Space for time’ evolution of an alluvial channel type on the Letaba River in the
Kruger National Park.

A qualitative model of channel evolution for the Letaba River in the Kruger
National Park: alluvial single thread - alluvial anatomosing - alluvial braided:
Letaba cross-section: Upstream 11,
Letaba cross-section: Upstream 10.
Letaba cross-section: Upstream 9.
Letaba cross-section: Upstream 8.
Letaba cross-section: Upstream 7.
Letaba cross-section: Upstream 6.
Letaba cross-section: Upstream 5.
Letaba cross-section: Upstream 4,
Letaba cross-section: Upstream 3.
Letaba cross-section: Upstream 2.
Letaba cross-section; Upstream 1,
Letaba cross-section; Downstream 1.
Letaba cross-section: Dowmstream 2.
Letaba cross-section: Dowmstream 3.
Letaba cross-section: Pump House.
Letaba cross-section: Dowmstream 4.
Letaba cross-section: Downstream 5.
Letaba cross-section: Downstream 6.
Letaba cross-section: Downstream 7.

Letaba cross-section: Downstream 8,

AV



LIST OF TABLES

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.

Table 6.

Table 7.

Table 8.

Table 9.
Table 10.
Table 11,

Table 12,

Table 13.
Table 14.

Table 15.

Summary of the major geomorphological events in the region of the present
Lowveld (modified from Partridge and Maud 1987 and Venter 1991).

Comparison of predicted annual sediment production figures for the Sabie River
catchment.

Summary daily average flow statistics for Perry’s Farm gauge station 1959-
1994,

Present (1985) and projected (2010) land-use and water demands for the Sabie
River catchment (Birkhead and Heritage 1995).

The hierarchical classification of second and third order forested mountain
streams (Frissell ef al. 1986).

Comparison of the hierarchical structure if the classification systems proposed
by Frissell et al. (1986), Wadeson and Rowntree (1995) and van Niekerk ef al.
(1995).

Description of the morphological units found on the Sabie River in the Kruger
National Park.

Channel types observed on the Sabie River in the Lowveld.

Morphological composition of the common channel types found on the Sabie
River in the Kruger National Park.

Change in the status of channel variables with temporal scale (after Schumm and
Lichty 1963).

Transition matrix for the Sabie river in the Kruger National Park based on the
river states of Carter and Rogers (1995),

Daily streamflow discrimination based on annual flow volumes.

Estimated sediment yields for different combinations for slope, soil erodibility
and land-use in the Sabie River catchment.

Estimated sediment yields for the major sub-catchments of the Sabie River
catchment (after van Niekerk and Heritage 1994).

Comparison of river channel flow resistance values reported by various authors
(after Broadhurst et al. 1996).

xxv



Tablie 16.

Table 17.

Table 18.

Table 19,

Table 20.

Table 21.

Change in the morphological unit structure of the channel types recorded on
the Sabie River between 1986-1989 (a wetter period) and 1989-1992 (a drier
period).

Quantitative change in the area of morphological units for the channel! types
recorded on the Sabie River between 1986-1989 (a wetter period) and 1989-
1992 (a drier period).

The influence of the contemporary flow regime on the geomorphological
structure of the Sabie River.

Predicted sediment transport rates at different discharges for different particle
size fractions for the common channel types on the Sabie River.

Recorded erosion and deposition sequences for the Kruger National Park aerial
photograph sites, figures in brackets indicate a recent contribution of sediment
from the Sand tributary.

Observed and predicted cross-sectional changes in sediment volurme in response
to 2 655m’s" flow in the Letaba River in the Kruger National Park.

xXxvi



Acknowledgements

The research in this report emanated from a project funded by the Water Research Commission
entitled:

"The geomorphological response to changing flow regime of the Sabie and Letaba river
systems"

The Steering Committee responsible for this project, consisted of the following persons:

DrP C M Reid Water Research Commission (Chairman 1991-1994)
Dr § Mitchel Water Research Commission (Chairman 1995)
Mr D Hutser Water Research Commission (Secretary)

Mr F van Zyl Water Research Commission

Dr C Bruwer Department of Water Affairs and Forestry

Dr B P Moon University of the Witwatersrand

Prof. K H Rogers University of the Witwatersrand

Dr F Venter National Parks Board

Prof. B R Davies University of Cape Town

Dr M Chutter AFRIDEV

Dr K M Rowntree Rhodes University

Prof. ] H O'Keefe Rhodes University

Prof. D Stephenson University of the Witwatersrand

Mr D S van der Merwe Water Research Commission

The {inancing of the project by the Water Research Commission and the contribution of the
members of the Steering Committee is acknowledged gratefully.

This project was possible only with the co-operation of many individuals and institutions. The
authors therefore wish to record their sincere thanks to the following:

Department of Water Affairs and Forestry for their assistance in cross-sectional surveys on the
Sabie River and Mr Tobie Roux for benchmark co-ordination on the Sabie and Letaba rivers.

The Computing Centre for Water Research, in particular Dr Mark Dent,

The University of the Witwatersrand, Department of Engineering, Johannesburg, for the
provision of computing facilities and field equipment. Also Mr Andrew Birkhead for
intellectual and physical contributions to the project.

The University of the Witwatersrand, Department of Botany, Johannesburg, for the provision of
computing facilities and field equipment. Also Ms M van Teinhoven! for her excellent efforts

during the cross-sectional survey of the Letaba River,

The University of the Witwatersrand, Department of Physics, Johannesburg, in particular Mr
Willem de Beer for field assistance,

xXxvil



The University of the Witwatersrand, Department of Geology, Johannesburg, for the use of field
equipment. Also Mr Peter Cheshire for a sterling job of mapping the local geology of the Sabie
River,

Kings College, University of London, in particular Mr Krishan Kapur, Ms Louise Peel and Mr
Peter Frost for their invaluable contributions in the field.

The CSIR, in particular Mr Paul Donald for collaborative work on sediment production
potential in the Sabie catchment.

The National Parks Board, for field logistical support on this project, in particular Mr George
Moleke, Mr Gerhard Strydom, Dr Freek Venter and Dr Andrew Deacon.

Photographs are reproduced by kind permission of the Department of Water Affairs and

Forestry. We thank the GIS Laboratory at the University of Pretoria for providing ArcInfo
covers ~ which were used for analyses and to  produce  maps.

xxvili



1. INTRODUCTION

The environment is conventionally accepted as a resource to be protected in South Africa and as
such it exercises a legitimate demand in the competition for limited water resources in southern
Africa. It is thus essential to quantify the water requirements of the environment reliably, This
issue is of particular concern in conservation areas such as the Kruger National Park, where
there is an imperative to maintain the biotic system. In particular, the role of rivers has been
highlighted as playing an important part in the functioning of the entire riparian system.
Therefore, changes to this system will impact on the environment. '

The geomorphological state of a river has been recognised as forming an important template for
biotic habitat and change to this template has a direct impact on the ecosystem. The
contemporary form of river channels is primarily a reflection of the influence of water and
sediment and any alteration to either of these two factors resuits in geomorphological change.
Ecological assessment techniques such as PHABSIM (Milhous et al. 1989) assess channel
stability, but do not incorporate channel change into their predictions (King and Tharme 1994),
making them inappropriate on geomorphologically dynamic rivers in which habitat change
overrides local hydraulics as the principal factor determining biotic preferences.

The requirement for a detailed understanding of the geomorphological dynamics of the Sabie
River was recognised by Thoms er al. (1990) and Rogers er al. (1992). It was viewed as part of
an integrative holistic research programrme that aimed to address the question of quantifying the
water demand of the environment by linking with other control factors such as local hydraulics
and water quality (Fig. 1) (Rogers et al. 1992).

The overall atm of this project was to fit into the holistic framework, through development of
the capability to predict the geomorphological response to changing flow regimes in the Sabie
and Letaba river systems, hence providing information and protocols for environmentally sound
management of the water resources of these catchments. This has been achieved through
pursuing the following objectives:

¢ Description of the contemporary morphology of the rivers.
s Establishment of the temporal pattern of change in the channel morphology.

¢ Construction of a conceptual model of channel change and on the basis of this model,
identification of ecological and management requirements, and processes and scales for
further research.

e Quantification of catchment processes and their effects at the appropriate spatial
scales.

s Development of predictive models for fluvial geomorphological change.
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Figure 1. The role of geomorphology in the structure and functioning of riparian biotic systems
(after Rogers et al, 1992),



All scientific investigation rests on a sound conceptual basis which dictates data collection and
information utilisation. In this study a framework was required which could be used to assess
river state and predict changes in that state and had to be transferable from river 1o river.
Established geomorphological theory can form the basis of successful management of many
rivers, but many southemn African rivers, being bedrock controlled and hydrologically variable,
do not conform to classic temperate alluvial models. The research rationale proposed in this
study (Fig. 2) involves firstly, the detailed description of river structure and potential for short
term change, in order to unravel the complexities of the system and generate a firm foundation
for structured research. These steps facilitate the classification of the system into ecologically-
relevant sections. Secondly, the dominant catchment control factors must be isolated from the
many that are operating. Combining the knowledge gained from these two components of the
approach allowed the development of a conceptual model of channel change. This model
focused the study on relevant factors for further investigation in order to refine the level of
system understanding, particularly of sediment and water dynamics, through detailed field
evaluation (Fig. 2). This structured information in turn provided the ability to predict and model
changes in morphology and habitat induced by changing flow regimes (Fig. 2). Such a process
is iterative (Fig. 3) and many of the initial ideas on the functioning of the two rivers involving
hypothesis and mode] development have been refined with time, leading to the ability to predict
changes in river morphology and habitat induced by changing flow regimes.
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Figure 2. The overall research strategy developed to generate geomorphological change models
for the Sabie and Letaba rivers in the Kruger National Park,
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The model predicts channe] change at the scale of channel type that can be used in scenario
modeliing of simulated flow regimes, making it possible to negotiate volume and distribution of
water supply with resource managers. This framework can be used for all rivers, particularly
those whose dynamics are poorly understood and where limited data are available. This report
presents a detailed account of how the research rationale (Fig. 2) was applied to the Sabie River
catchment, where considerable data were available and the Letaba River catchment, where a
limited data set preciuded such a detailed nnderstanding.
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Figure 3. The iterative research process employed for geomorphological modelling aspects of
the Sabie and Letaba rivers in the Kruger National Park.
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From a scientific perspective, this report contributes to the development of a rational approach
to the study of South African rivers, within the context of rapidly changing perspectives on
waler resource management, through:

1. The development of an integrative methodology for assessment of the physical changes to
river systems in response to changing water supply, using physical characteristics and
processes as a basis (Fig. 2).

. Application and assessment of this methodology to studies on the Sabie and Letaba rivers in
the Kruger National Park.

3. Development of descriptive and predictive tools for use by water resource managers to
predict potential physical changes to the Sabie and Letaba rivers in response to management
decisions.

4. Recommendations as to how the methodology may be utilised for other southern African
rivers.

3. Recommendations as to how such studies may be integrated with studies of riparian
ecosystems.

2

In so doing, the project contributes to the objectives of the second phase of the Kmger National
Park Rivers Research Programme (Breen ef al. 1995) through:

1. Providing a means for assessing potential physical changes in response to changing flow
regime and thereby, through ecological links, providing a means for assessing the ecological
implications of differeni management actions.

2. Development and testing of methods for predicting physical responses of rivers flowing
through the Kruger National Park and across South Africa to changing patterns of water

supply.

The body of the report focuses on the philosophy and development of the research methods,
data acquisition, model development and application on the Sabie River, and transferability to
other river systems, using the Letaba River as a case study.

In Part One, catchment characteristics and control variables (topography, geology, regional
geomorphology, sediment production and hydrology) are described. The physical nature of the
Sabie River is then described through the development of an agglomerative hierarchical
classification system and a description of the morphological characteristics of units on the Sabie
River at different levels in the hierarchy (chapter 3). The most attention is given to the
morphological unit and channel type scales, since these are the smailest scales at which
prediction of geomorphological change is currently possible and at which integration with
ecological studies is most likely to be achieved.

In Part Two, studies of the catchment control variables, the physical nature of the Sabie River
and geomorphological dynamics are described. A conceptual mode! for change for the Sabie
River is presented and consideration is given to the appropriate temporal and spatial scales over
which modification is taking place (chapter 4).

Quantification of the driving variables and processes for the Sabie River is considered in Part
Three. The conceptual model was used to direct data collection and analysis of the catchment



contro] variables (hydrological regime and sediment production: chapters 5 and 6) and channel
dynamics (hydraulic and in-channel sediment dynamics: chapter 7).

Model development and application on the Sabie River is described in Part Four. Data
collection and analysis led to a description of recent channel change and the development of
qualitative models for change on the Sabie River (chapter 8). The studies were finally translated
into quantitative models (statistical and deterministic) of channel change (chapter 9). The
deterministic mode] was designed for use in predicting channel change in response to different
flow scenarios through the utilisation of daily flow time series. Application of the model is
demonstrated using average daily discharge data from weirs to predlct directions of change in
response to recent climatic cycles.

In Part Five, the transference of the research approach and theory to other systems is examined.
The approach which was developed on the Sabie River is summarised (chapter 10) and
demonstrated in a less rigorous study of the Letaba River, t0 provide an assessment of the
potential for transferability to other South African river systems (chapter 11). The approach and
models can be applied using data from standard Department of Water Affairs and Forestry flow
archives, coupled with map, ground and aerial photograph interpretation and limited field
measurement.



2. CATCHMENT CONTROL VARIABLES ON THE SABIE RIVER

The geomorphology and nature of changes to the physical state of any river result from complex
interactions of a number of control factors that operate on scales ranging from the whole
catchment, down to the scale of individual boulder outcrops in the river bed. These controls
include climate, geology, water discharge and sediment influx (both in the main channel and
from tributaries), the bed and bank characteristics, the development of vegetation along the
rivers and the effects of human interference (Morisawa 1985) (Fig. 4).
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Figure 4. Generalised catchment factors that influence fluvial geomorphological dynamics
(after Morisawa 1985).

Increased demands on limited water resources and changes in land usage lead to modification in
the flow regime and a shift in the balance of the catchment conirol variables. These factors are
being altered in the Sabie River catchment and are reflected in the changing geomorphological
nature of the river. This has influenced the available habitat for different faunal and floral
species dependent on the river and has resnlted in an associated adjustment in species
distribution. In this chapter, the catchment factors that influence the current physical nature of
the Sabie River are identified and their influence on channel dynamics is reviewed.



21  Topography, geology and regional geomorpholegy

The Sabie River rises on the eastern slopes of the Mauch Berg in the Drakensberg, Mpumalanga
Province, at an altitude of about 2200 m and flows eastward for some 210km to its confluence
with the Incomati River in Mozambique, The catchment area is approximately 7096 km". In the
Lowveld region (downstream of Hazyview), the major tributaries are the Marite and Sand rivers
(Fig. 5). A large proportion of the Sabie River catchment drains the rural former homeland areas
of Gazankulu, Lebowa and Kangwane, now incorporated into Mpumalanga Province. The river
forms the boundary between the Kruger National Park and rural areas in Mpumalanga, before
cutiing east across the Kruger National Park to the Mozambique border (Fig. 5).

The Sabie River is underlain by a wide variety of bedrock, comprising sedimentary, intrusive
and extrusive igneous and metamorphic rocks. The major strata over which the Sabie River
flows are (from most proximal to most distal to the source} (Fig. 6), laminated, well bedded
shale diamictite and occasional quartzite layers of the Pretoria Group, Chuniespoort dolomite
and limestone, Nelspruit Suite biotite granite, potassic gneiss, also of the Nelspruit Suite and in
the west of the Kruger National Park, Karoo sediments, Lebombo basalt and Lebombo rhyolite.
The river is intersected by numerous dolerite and diabase dykes and sills, with a large outcrop of
Timbavati gabbro along the western boundary of the Kruger National Park. Within the Kruger
National Park, the strata have a north-south strike and an easterly dip. A large portion of the
Sand River catchment is underlain by Cunning Moor tonalite and Makhtswi gneiss (Fig. 6).

A longitudinal section of the Sabie River has been drawn from 1:50000 topographic maps (Fig.
7). The Sabie River, between its source and the Mozambique border, has been divided into four
main geomorphological zones (Fig. 8) based on the major breaks in slope.

. Mpumalanga (previously Eastern Transvaal) Highlands.
. Granite Plain.

. Lowveld Zone.

. Lebombo Zone.

a0 K -

These zones are closely related to the underlying geology with the mountainous hinterland
corresponding to the Pretoria Group sediments and the Chuniespoort dolomite and limestone
deposits; the Granite Plain zone corresponding to the biotite granites; the Lowveld zone
corresponding to the potassic gneiss, and Karoo sediments and basalt; and the Lebombo zone to
the rhyolite.

2.2 River history

The Lowveld represents a relatively young erosion surface which resulted from the westerly
retreat of the Great Escarpment after the break-up of Gondwanaland through rift faulting about
100 million years ago (King 1978). Two major cycles of rejuvenation resulted in the
development of the Post-African I and H surfaces (Partridge and Maud 1987) into which the
Sabie River is incised (Table 1). The slow process of planation and lowering of the land surface
enabled the rivers to cut gorges in resistant rock formations without major directional changes,
as is seen at Sabiepoort (Venter 1991). These processes have resulted in incision of the
Mpumalanga Province rivers into the African surface, Thus, the Sabie River is confined to a
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narrow deep valley within the existing host rock and active channel evolution and sedimentation
is restricted within this zone, which is termed the macro-channel (van Niekerk and Heritage
1993). As a result of this incision the morphology of the Sabie River is controlled by the
underlying geological structure and bedrock lithologies, although it does display some alluvial
characteristics within the macro-channel.

Table 1. Summary of major geomorphological events in the region of the present Lowveld
{modified from Partridge and Maud 1987 and Venter 1991).

Event Geormorphic manifestation Age

Climatic oscillations and Slight to moderate incision of river Recent - 0.011
glacio-eustatic sea-level channels resulting in localised Ma
changes. grosion.
Post-African If cycle of Incision of coastal gorges, formation ~2.5-0.011
major valley incision. of Post-African I erosion surface. Ma
Major uplift (up to 900 min | Asymmetrical uplift of the ~2.5Ma
eastern marginal areas). subcontinent and major westward

tilting of surfaces on interior with

monoclinal warping along the

eastern coastal margins.
Post-African I cycle of Development of imperfectly planed ~18-25Ma
erosion. Post-African | erosion surface,
Moderate uplift of 150 - 300 | Slight westward tilting of African ~18 Ma
m surface with limited monoclinal

warping.
African cycle of erosion Advanced planation throughout ~100- 18 Ma
(polycyclic). subcontinent. Development of

African surface with deep-weathered

laterite and silcrete profiles.
Break up of Gondwanaland | Initiation of Great Escarpment owing ~100 Ma
throngh rift faulting. to high absolute elevation of

southern African portion of

Gondwanaland.
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Figure 5. The Sabie River catchment, Mpumalanga Province, South Africa.
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Figure 6. Simplified geology of the Sabie River catchment.
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