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DEDICATION

Andre van Niekerk
1960 - 1996

This research report is dedicated to the memory of our colleague and co-author. Andre van
Niekerk. Andre died tragically in a motor vehicle accident en route from the Kruger National
Park in May 1996. Andre contributed significantly to the concepts and research upon which
this work is founded, and indeed was the principal author of the original research proposal-
Quantification of geomorphological change in complex bedrock influenced systems such as the
Sabie River is a perplexing task, and this study was made that much more difficult without the
contribution of the key proponent. Andre's absence has been sorely felt by we his colleagues
and the wider research community in South Africa. He contributed greatly to state of the art
rivers research in South Africa, publishing significant work in the fields of fluvial hydraulics.
sedimentology and geomorphology. We extend our sincere sympathies to Andre's wife.
Simone, and children Benjamin and Michael.



EXECUTIVE SUMMARY

1 Background and Motivation

The Kruger National Park Rivers Research Programme (KNPRRP) was established to develop
understanding of the functioning of the natural environments of the rivers and the
methodologies required to define their water quantity and quality requirements under constantly
changing climatic conditions and land-use practices in the catchment.

It was recognised early in the programme that ecological functioning of the rivers depends
strongly on their physical forms, which are determined by the distribution of sediment
accumulations in association with bedrock structures and vegetation. Previous studies earned
out by the Centre for Water in the Environment (CWE) were therefore planned and earned out
to improve understanding of the nature of this physical template and its dynamic response to
changes in the hydrological regime, such as could result from water resources development
upstream.

The study of Heritage ei al (1997a) described the contemporary morphology of the Sabie and
Letaba Rivers, the establishment of the temporal pattern of change in the channel morphology,
the construction of a conceptual model of channel change, the quantification of catchment
processes and their effects at appropriate spatial scales, and the development of rudimentary
predictive models for fluvial geomorphological change.

The Sabie and Letaba Rivers were classified according to a hierarchical system (Fig. a). The
classification uses the principle of agglomerative association with increasing spatial scale, from
groups of morphological units progressing through channel types, reaches, macro-reaches and
zones, through to the whole river system. This has enabled the descriptive mapping of the
geomorphological structure of the Sabie River, and forms the basis for structuring both
conceptual and quantitative models of geomorphological change.

A semi-quantitative sediment transport and storage model was developed by Heritage et al
(1997a) for predicting change at the channel type scale on an annual basis. The Sabie River
in the KNP was divided into "sections" (referred to in this study as cells), based on the five
principal channel type categories (single thread, braided, mixed anastomosing, bedrock
anastomosing and pool-rapid). Topographical information (surveyed cross-sections),
characteristic flow resistance coefficients and rating data were used to determine annual
sediment transport capacities based on daily flows. Annual sediment loads were assigned to
cells (based on channel type) where these data were not available. The change in storage for
the channel type cells was modelled for the period 1959 to 1993, and the results were
compared to the change in area of exposed sediment from aerial photographs at fixed points
along the Sabie River from 1986 through to 1989. The results showed a complex spatial
pattern of change with zones of increased sedimentation immediately downstream of the
Saringwa, Nwaswitshaka and Sand River tributaries.

in



The study carried out by Heritage et al. (1997a) laid a solid foundation for understanding the
morphological dynamics of the Sabie and similar rivers, but did not produce the predictive
methodologies required for the Decision Support System (DSS) being developed within the
KNPRRP. Accordingly, their report recommended the following further research (the chapter
numbers indicate where the topics are addressed in this report):

• Refinement and verification of the suite of geomorphological change and hydrodynamic
models through model application (chapters 2. 3 and 5).

• Integration of geomorphological and ecological studies at the spatial and temporal scales
at which geomorphoiogical change can be realistically predicted (chapter 7).

• Development of models (and understanding) for prediction of ecological change in
response to geomorphological change (chapters 1. 2. 5 and 7).

• Modelling of geomorphological change along the Sabie River under scenarios specified
through the KNP DSS (chapter 6).

The project described in this report was intended to continue the previous work carried out on
the Sabie River, and to pursue these recommendations.
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tv



2. Project objectives

The main objective specified for this project was the development of geomorphological change
models for integration with a Decision Support System for water resource management. This
was to be achieved through pursuit of the following aims:

• Refinement, verification and testing of a suiie of hydraulic and geomorphological
change models developed by the Centre for Waierin the Environment (CWE)for use
in the Kruger National Park (KNP) Decision Support System (DSS).

• Modelling of geomorphological change on the Sabie River since the early 1900s in
order to isolate the effects of past climatic change and anthropogenic influences.

• Integration of the results with other research conducted within the KNP Rivers
Research Programme.

3 Major results and conclusions

3.1 Overview of contributions to the understanding and prediction of
geomorphological change along the Sabie River

An investigation of the influence of flow regime on the direction and magnitude of
geomorphologicaJ change along the Sabie River is described in chapter 2. It is demonstrated
that, in this semi-arid system, the dominant discharge occurs towards the high magnitude end
of the statistical distribution of flood events; the implications of this are discussed with
reference to the management of flows to maintain the ecological integrity of the Sabie River.

Previous geomorphological studies (van Niekerk and Heritage. 1993; van Niekerkct al., 1995;
Moon et al., 1997; Heritage et al., 1997a) have considered the movement of non-cohesive.
medium grained sand within the Sabie River system, since this is the fraction primarily
responsible for morphological activity within the active channel. Cohesive fine-grained
sediments also occur, however, as large scale consolidated deposits within the incised macro-
channel, usually deposited as clay drapes following large flood events. A study of the potential
for erosion of consolidated sediments by the infrequent large-magnitude flow events
characteristic of semi-arid flow regimes is described in chapter 3, where the results are
discussed with relevance to the proposed management of the Sabie River flow regime.

Fluvial geomorphological change is driven by channel hydraulics, whose understanding is a
prerequisite for the development of predictive models. The most recent and extensive study
concerning channel flow resistance along the Sabie River was undertaken by Broadhurst et a!.
(1997). The hydraulic information generated by this project was limited by hydrological
conditions at the time to low and intermediate discharges (up to 80mVs). A large flood in the
Sabie River in February 1996 (approximately 2000 rrr/s) provided an opportunity to collect
additional high flow hydraulics data, and an extended hydraulics data set is presented in chapter
4. These data are integral to every aspect of this project, and indeed are essential to any study
along the Sabie River requiring a translation of discharge into locaJ hydraulic conditions.



Chapter 5 describes the development, calibration and verification of a SEDiment FLux and
stOragc model (SEDFLO) for the Sabie River in the KNP. This is an extensive refinement of
the channel type based sediment transport model developed by Heritage ei al. (1997a).
Historical data derived from aerial photographic records covering 56 years (1940 to 1996) were
used to calibrate and test SEDFLO. Chapter 6 describes the modelling of dynamic sediment
storage response to changes in the flow and sediment regimes for different scenarios. The
scenarios were based on the instream flow requirement (IFR) recommendations for the Marite,
Sand and Sabie Rivers (DWAF, 1997). These represent the most recent flow modification
recommendations, from an ecological perspective.

SEDFLO predicts temporal changes in sediment storage (as reflected by bar growth and
erosion) for 40 linked channel type cells along the Sabie River. The biota, however, respond
to changes at substantially smaller spatial scales, and it has therefore been necessary to develop
a model that predicts change at the morphological unit scale. Chapter 7 describes the
application and testing of a such a model, which was first developed for predicting change at
the unit morphological scale along the Sabie River (KNP) under the auspices of the Biological-
abiological LINKS (BLINKS) programme (Heritage et al.. 1997b). The conceptual framework
of the model is presented, together with a description and justification of the spatial and
temporal scales at which it operates and the structure of its input data in relation to SEDFLO
predictions. The model is applied to illustrate the nature of changes over the period 1940 to
1996.

3.2 Influence of flow regime on sediment transport characteristics

The transport of sediment through a river reach depends on discharge, and will therefore vary
considerably through natural hydrological variations. Simulating sediment movement along
the Sabie River required establishing the influence of flow regime (the characteristic pattern
of temporal discharge variation) on sediment movement through each of the morphologically
distinct channel types used as model cells. This was done by considering the frequency and
effectiveness of sediment transport across the flow regime, using measurements of channel
geometry, sedimentology. flow resistance and water surface slopes. It was found that, for all
the channel types, most sediment transport occurs during large floods. Considering flows over
a duration of 5 days, the major flood events account for between 23% and 43% of the potential
annual sediment movement, depending on channel type (Table a).

For all alluvial channel types most sediment transport is associated with relatively frequent (up
to 2-year return period) floods. For example, flows below the 1.1 year return period account
for 39% of potential bulk sediment transport in braided channels. As the influence of bedrock
increases, the larger, less frequent floods become progressively more important for bulk
sediment transport. The floods responsible for 80% of potential sediment transport through
the different channel types are those with return periods up to 2.5 years for braided channels.
3.7 years for single thread channels. 3.8 years for mixed anastomosing channels, 7.0 years for
pool-rapid channels, and 7.8 years for bedrock anastomosing channels.
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Table a Discharge rales and return periods on the annual maximum time series
corresponding to the maximum annual potential sediment transport

Channel Type

Braided
Pool-Rapid
Single-Thread
Mixed Anastomosing
Bedrock Anastomosing

Peak
annual

flow (m3/s)

720
721
561

1129
622

Return
period
(vears)

12.6
12.6
10.5
9.0

12.6

Contribution to annual sediment
transport of peak flows over a 5

day duration (%)

23
35
32
26
43

The implications of these findings for the management of flows to maintain the ecological
integrity of the Sabie River are clear: changes to the present magnitude-frequency regime of
flood flows will disrupt the prevailing balance in sediment transport processes and could induce
rapid morphological change in the system. The importance of high magnitude, infrequent
flows for the maintenance of macro-channel alluvial features has also been emphasised in the
inundation frequency study of Heritage er a!. (1995).

3.3 Influence of flooding on the erodability of cohesive sediments

As well as for sediment transport, large floods are also important geomorphologically because
of their ability to erode the cohesive sediment deposited as large scale consolidated bar forms
within the incised macro-channel. A measure of the potential for this erosion is provided by
a statistical analysis of the frequency distributions of resisting and applied shear stresses, and
is discussed with reference to field observations following a large flood in February 1996. The
critical resistance to erosion of the cohesive sediments was determined from in siru shear vane
strength measurements, combined with laboratory testing of disturbed samples. The spatial
distribution of maximum shear stresses applied during the flood was determined using
measurements of channel geometry, flow resistance, flood stages and water surface slopes.

The analysis shows that 68% of the cohesive sediments along the Sabie River may potentially
be entrained by a discharge of approximately 2000 m'/s. This value is similar (63 £ to 75%)
for all the channel types with the exception of bedrock anastomosing channels, where the
deposits have a 91 % chance of being eroded at this discharge. The higher probability in the
bedrock anastomosing channel types results from the significantly higher applied shear stresses
(Table b).

During the flood of February 1996 (the peak was gauged at 1705 m3/sand 2259 nr/s, upstream
and downstream of the Sand River tributary, respectively) removal of cohesive material was
spatially isolated for the sites investigated along the length of the river, with vegetational cover
providing increased protection from erosive forces. The proportion of the cohesive bed
matenaJ eroded during this flood was less than the 68% predicted, although it was difficult to
assess accurately because of spatial variability and the presence of more recent overlying
deposits.
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Although the actual erosion of cohesive material from the Sabie River bed during the flood was
less than had been estimated, it is clear that large scale stopping of the macro-channel deposits
can occur. The observed erosion was less than estimated because local boundary shear stresses
were reduced by in-channel vegetation and also because the flow would have been transporting
some catchment-derived sediment and not have entrained its full load from the channel bed.
Furthermore, no account was taken of flood duration; longer or multiple floods would have
greater potential for eroding cohesive sediments, resulting in stripping levels nearer to the
predicted maximum potential. This emphasises the need to manage the riparian vegetation 10
enable it to continue affording protection to the cohesive bed dunng extreme flood events, and
also to take account of the sediment loads derived from the catchment dunng floods.

Table b Probability of eroding cohesive sediments (discharge between 1705 m3/s
and 2259 nr/s)

Channel type

Braided
Pool-Rapid
Single-Thread
Mixed Anastomosing
Bedrock Anastomosing

Sabie River

Spatial
composition

( S )

14
28

3
35
20

100

Probability of
erosion

(9c)

63
66
75
63
91

68

Average applied
shear stress

(Pa)

70
63
80
59

145

70

3.4 Extended flow resistance data set

Hydraulic and geomorphological conditions are the primary1 determinants of physical habitat
in rivers, and it is therefore necessary to understand the mechanisms controlling local hydraulic
parameters when predicting the impacts of changes in the flow and sediment regimes. Local
hydraulic conditions such as flow depth, velocity and bed shear are determined by the total
flow resistance of the channel, which represents the aggregate of skin friction, channel form
and vegetational resistance components. Broadhurst ei al. (1997) earned out an extensive
study of flow resistance in the Sabie River. The study quantified the total How resistance ai
both the morphological unit and channel type (association of morphological units) scales. The
flow resistance information was. however, limited to discharges below 40 m3/s. except for the
mixed anastomosing channel type where hydrological conditions during the study permitted
measurements up to 80 nv/s and for one isolated event of 1000 m3/s.

The large flood event of 14 February, 1996 provided an opportunity to extend this data set.
The flood peak was gauged from the road bridges at Kruger Gate and immediately downstream
of the Sand River confluence at 1705 mVs and 2259 m3/s, respectively. Peak and receding
limb stage levels were recorded at the monitonng sites selected during previous studies.
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Multiple linked cross-sectional profiles located at the same representative channel types used
by Broadhurst ei ah (1997) were used to compute the reach averaged total flow resistances
according to the Barnes (1967) methodology. Manning's flow resistance coefficient values for
the extended data set are plotted in Fig. b. The extended relationships converge at high flows
due to the reduced influence of channel type specific hydraulic controls (e.g. channel
morphology and vegetation structure).

Channel Type
• Braided
• Pool-Rapid
-^ Single-Thread
• Mixed Anastomosing
A Bedrock Anastomosing

1.676.10-5O+0.0D3

Data ol Broadhurst eta! (1997)

0.01 -
1.0 10.0 100.0 1000.0

Discharge Rate, Q (m3/s)

Figure b Variation of Manning's resistance coefficient for representative examples of the
five principal geomorphologicaJ channel types along the Sabie River (extended
from Broadhurst er a!., 1997).

3.5 Scenario modelling of temporal sediment storage along the Sabie River

The semi-quantitative sediment flux and storage model, developed for predicting change at the
channel type scale on an annual basis by Heritage et al. (1997a) has been refined, calibrated
and verified using historical data derived from aerial photographs covering 56 years.
Modelling is earned out in two phases. The first phase deals with the production of sediment
in the catchments of the Sabie River and its tributaries, and the delivery of this eroded source
material to the study length of the river in the KNP. In the second phase the transport and
storage of the sediment along the river is computed using the Sabie River SEDiment FLux and
storage model (SEDFLO).

The first phase is performed jointly by the CALSITE and ACRU models. CALSITE was
applied to the Sabie River catchment by Donald (1997), and is considered to provide more
accurate long-term sediment yields. CALSITE output is in terms of annual sediment yield.

IX



however, and because SEDFLO operates on a daily basis, these annual values were distributed
in time according to the daily variations predicted by ACRU -

In SEDFLO the sediment transport along the river is calculated by the widely accepted total
load equation of Ackers and White (1973). The model was calibrated for the Sabie River
using historical information describing changes in sedimentation obtained from aerial
photographs. The photographs provided useful assessments of geomorphological change and
changes in coverage by alluvial bars, as illustrated in Fig. c. The 1940 to 1986 and 1944 to
1986 records (Fig. c) were used as a single data set for model calibration by determining the
equivalent change over a 46 year period by linear extrapolation of the 1944 to 1986 data where
necessary. During the period 1940 to 1986. the braided channel types exhibit the highest
individual (cell 2) and average rate of bar growth (5.1 %), followed by the pool-rapid (2.3%)
and mixed anastomosing (1.5%) channel types. The bedrock anastomosing channel types have
remained relatively stable, with an average rate of accumulation of only 03% of the total
change along the river in the KNP. Only two cells (1 and 21) have been classified as single-
thread channel types, and display zero and 2.4% of the total bar growth.

Application of SEDFLO indicates a long-term (1940 to 1986) change in sediment storage for
the Sabie River within the KNP of approximately 3.5xl03 tons/annum (Fig. d). Shorter-term
changes in sediment storage are highly variable, reflecting periods of progressive sediment
accumulation interspersed by significant declines during years experiencing large flow events.
The average increase in sedimenfstorage during periods of progressive accumulation is as high
as 40xl0? tons/annum, while the loss of sediment during years experiencing large floods is
generally greater than 200xl03 tons.

The predicted changes in sediment storage are shown to be realistic when compared with
changes in alluviation aiong the length of the Sabie River and the rate of siltation of the dam
at Lower Sabie. The modelling of pre!940 change within the bedrock anastomosing channel
types shows significant losses of in-channel sediment storage, and although there are no
historical data to test this finding, a sequence of observed change suggests the occurrence of
an extreme flood prior to 1940.

The following conclusions have been drawn from the scenario modelling of temporal sediment
storage along the Sabie River, using flow regimes derived from IFR recommendations.

• Long-term rates of alluviation increase approximately in proportion to reduced mean
annual runoff.

• Transient sediment storage behaviour is reduced by diminished flooding, as illustrated
for the Sabie and Sand River IFR scenarios in Figs, e and f. This is likely to impact
significantly the spatial and temporal assemblages of geomorphological features and
associated aquatic and riparian habitats as irreversible sedimentation reduces the
proportional occurrence of bedrock influence in the system.

• In adjusting to new dynamic equilibrium states in response to a reduced flooding
regime, alluvial channel types tend to erode whilst pools and (to a lesser degree) mixed



anastomosing channel types tend to aggrade (Fig. g)- Loss of storage in braided
channel types is likely to result in smaller active channels, incised within the macro-
channel infill deposit.

The extent of calibration required when using SEDFLO casts serious doubts on the advisability
of using high resolution sediment transport models to describe bulk sediment movement and
storage behaviour in complex systems such as the Sabie River. Requirements of greater
accuracy with this approach must inevitably lead to impractically high resolution discretization
and inappropriate detail in process modelling, with prohibitive data requirements. This
approach is also inappropriate at the spatial scale directly influencing biotic response and an
alternative, rule-based, modelling technique has therefore been developed for predicting change
at the morphological unit scale.

10

Channel Type
BR Braided
PR Pool-Rapid
ST Single-Thread
MA Mixed Anastomosing
BA Bedrock Anastomosing

Aerial photographic record

[ ] 1940 to 1986

^ H 1944 to 1966

BR BR

7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Figure c Change in bar area per unit length of river cell as a percentage of the total
change along the Sabie River in the KNP, measured from the 1940/44 and 1986
photographic records.
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3.6 Rule based modelling of geomorphological unit change along the Sabie River

At the scale appropriate for inferring biological response, volumes of sediment are less
important to predict than the forms of deposits. Qualitative, rather than quantitative,
description is therefore required. A logical rule-based approach has been developed that
describes changes in relative proportions of morphological units constituting the different
channel types. This model uses the genera] trends predicted by SEDFLO and translates them
into channel form changes that influence biotic response. The same division of the nver into
cells and the same principal channel types are used as for SEDFLO. Daily flows are specified
by indices representing the categories of base flow, freshette, annual flow or flood, and
sediment input to each cell by indices representing the categories of low, reduced, moderate
and high. The percentage representation of each morphological unit in a cell is then adjusted
on the basis of these indices using rules determined from expert knowledge, field observation,
aerial photograph interpretation and space for time substitution techniques.

The model was tested using synthesized flow and sediment flux data from SEDFLO, and the
output compared with observed change in the areal coverage by unconsolidated sediment
deposits within each of the five representative cells (one for each representative channel type)
on the Sabie River. The results were also compared with the gross pattern of erosion and
deposition predicted for each representative cell to determine if the modelled patterns of change
were similar.

The rule based model appears to predict the direction of change in unconsolidated sedimentary
deposits satisfactorily, the results indicating that sediment flux may have a greater influence
on channel form than flow variability. Only in the case of the mixed anastomosing cell were
predictions consistently poor. In some years expected changes to the macro-channel deposits
were not confirmed by the model, possibly due to the lack of knowledge concerning the change
dynamics of these features over longer time scales. In some instances, the morphological
change predictions were not consistent with the historical aerial photographic data or the bulk
change in sediment storage modelled using SEDFLO. and the degree of accuracy varied
between the respective channel type cells. Possible reasons for the modelling inaccuracies
include inaccuracy of rules due to limited expert knowledge and the assumption of untested
morphological change hierarchies. These inadequacies reflect lack of detail, rather than
shortcomings in the approach, and these can be supplemented as more knowledge becomes
available.

The application of the rule based geomorphological unit change model gives encouraging
evidence to support the further development of this methodology as a predictive tool. Further
development and refinement, however, requires more data on morphological dynamics at the
unit scale for a range of active and macro-channel features. The direct quantification of areal
coverage by unit scale morphological features from aerial photographs over the period of
record (1940 to 1996) was beyond the scope of this project and will require a protracted
desktop study. These data are. however, imperative to any real further developments of the
methodology. Continuation of aerial photographic data collection is essential for providing
historical records necessary for further model testing.
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4 Attainment of objectives

The models presented in this repon provide a basis for assessing the impact of water resources
development in the Sabie River catchment on the physical characteristics of the river, and
hence on biotic response.

The hydraulic and geomorphological change models previously developed by the CWE for use
in the KNP DSS have been refined, verified and tested. SEDFLO. which describes the bulk
distribution of sediment along the river and changes on a channel type scale, is fully developed
and can be applied to predict responses to natural or anthropogenic hydrological changes. Use
of the model is described in the appendix to this report and the code is available on the
KNPRRP web site ("http://www.ccwr.ac.za/knprrp/index.html). This model could be applied
to other rivers in Southern Africa but would require substantial field work to obtain the
necessary data, and to describe any channel types different from those on the Sabie. The rule-
based model for translating SEDFLO output to the morphologic unit scale is not fully
developed due to current lack of knowledge of system behaviour at this scale, although the
model structure shows potential for its development into a valuable tool.

SEDFLO has been applied to predict the river response to scenarios based on IFR
recommendations, to demonstrate the magnitude of possible changes. It has not been used to
isolate the effects ot past climatic and anthropogenic changes, as originally proposed, because
the data currently available are inadequate for making this distinction for input and because the
value of this analysis is now considered to be less important than when originally motivated.
This application could be carried out after extensive interpretation of climatic and hydrological
data, but its value should be carefully reconsidered before doing so.

The model applications have been integrated with other research conducted within the
KNPRRP. The scenario modelling undertaken so far used IFR recommendations for the
Marite, Sand and Sabie Rivers. The rule-based model was applied in close collaboration with
the BLINKS project.

The scenarios modelled provide an indication of the effects of applying existing IFR
recommendations, but do not allow for reservoir spillage or different reservoir operation
options. Once comprehensive water resource system simulations have been completed.
SEDFLO can be used again to refine the predictions presented in this report.

5 Recommendations for further research

Further research is necessary to improve understanding of channel adjustment at the
morphological unit scale, in order to enable more reliable rules to be formulated for the rule-
based model.

The high level of dependence of SEDFLO on site-specific calibration makes its transferability
to other nvers difficult. Further research on novel (e.g. rule-based) modelling approaches
should lead to more easily transferable products.
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W Surface flow width (m)
X Concentration of sediment transport

Y, Aft"2 (m5'7)
Yi Catchment sediment yield to the /"' cell (tons)
Ysd Event sediment yield (t)
Z, A-R, (ms)

xxi



LIST OF ACRONYMS AND ABBREVIATIONS

ACRU Agricultural Catchments Research Unit
BA Bedrock Anastomosing
BBM Building Block Methodology
BUNKS abiotic-Biotic LINKS
BR BRaided
CALSITE CALibrated Simulation of Transported Erosion
CWE Centre for Water in the Environment
DSS Decision Support System
DWAF Department of Water Affajrs and Forestry
GIS Geographical Information System
IFR Instream Flow Requirement
KNP Kruger National Park
MA Mixed Anastomosing
MAR Mean Annual Rainfall
MUSLE Modified Universal Soil Loss Equation
PR Pool-Rapid
ST Single-Thread
USA United States of America
USLE Universal Soil Loss Equation
SEDFLO SEDiment FLux and stOrage model
SLEMSA Soil Loss EstiMator for Southern Africa

xxi i



LIST OF FIGURES

Executive summary

Figure a A hierarchical geomorphologicaJ structure of the Sabie River in
the Kruger National Park (after van Niekerk ei al., 1995) iv

Figure b Variation of Manning's resistance coefficient for representative
examples of the five principal geomorphological channel types
along the Sabie River (extended from Broadhurst ei al., 1997) ix

Figure c Change in bar area per unit length of river cell as a percentage of
the total change along the Sabie River in the KNP measured from
the 1940/44 and 1986 photographic records xi

Figure d Plot of modelled change in sediment storage along the Sabie River
over the period 1932 to 1996, showing the aerial photographic data
used for model calibration and testing xii

Figure e Mean annual runoff and sediment yields for the Sabie/Sand River
IFR scenario, showing existing (historical) conditions xii

Figure f Plots of modelled changes in sediment storage along the Sabie
River for the Sabie/Sand IFR scenario, showing existing
(historical) conditions xii

Figure g Net change in sediment storage along the Sabie River over the
period 1932 to 1996 for the Sabie/Sand River IFR scenario xii

Chapter 1 Introduction

Figure 1 Sabie River catchment and location of study sites and the Injaka Dam. . . . 2
Figure 2 Agglomerate geomorphoiogicaJ hierarchy of the Sabie River in the Kruger

National Park (after van Niekerk ei a!.. 1995) 3

Chapter 2 Influence of flow regime on sediment transport characteristics

Figure 3 Generalised relationship between magnitude and frequency of
discharge and sediment transport in temperate and semi-arid river systems. 9

Figure 4 Potential sediment transport capacity relationships for the five
principal channel types along the Sabie River 10

Figure 5 Potential bulk sediment transport for the five principal channel
types along the Sabie River 11

Figure 6 Return periods for the five principal channel types along the
Sabie River 12

Figure 7 Potential bulk annual sediment transport corresponding to return
period on the maximum annual time series for the five principal
channel types along the Sabie River 14

xxi n



Chapter 3 Influence of flooding on the erodability of cohesive sediments

Figure 8 Critical hydraulic shear stress as a function of vane shear strength 18
Figure 9 0 expressed as a function of plasticity index 19
Figure 10 0 determined from equation 2 and empirically as a function of

plasticity index and fraction finer than 60 ^m (equation 3) 20
Figure 11 Frequency distribution of shear strength from shear vane tests 20
Figure 12 Frequency distribution of 6 determined empirically from equation 3. . . . 21
Figure 13 Frequency distribution of critical resisting and applied shear stress (discharge

of 170? mVs to 2259 nrVs) for cohesive sediments along
the Sabie River 22

Figure 14 Measured variation of Manning's resistance coefficient with discharge
for representative examples of the five principal channel types along
the Sabie River (extended from Broadhurst et al., 1997) 23

Chapter 4 Channel hydraulics

Figure 15 Longitudinal and cross-sectional profiles used for the resistance
analysis in the single-thread channel type 26

Figure 16 Longitudinal and cross-sectional profiles used for the resistance
analysis in the bedrock anastomosing channel type 26

Figure 17 Longitudinal and cross-sectional profiles used for the resistance
analysis in the braided channel type 27

Figure 18 Longitudinal and cross-sectional profiles used for the resistance
analysis in the pool-rapid channel type 27

Figure 19 Longitudinal and cross-sectional profiles used for the resistance
analysis in the mixed-anastomosing channel type 28

Figure 20 Measured low and high flow water surface slope and calibrated mean energy
slope data for the channel type cells along the Sabie River 31

Chapter 4 Sabie River sediment flux and storage model

Figure 21 Fifty-six subcatchments used in ACRU to model the hydrology
and sediment production in the Sabie River catchment
(Jewitt et al.. 1997) 37

Figure 22 Delineation of the Sabie River catchment into six major subcatchments for
which the sediment yield estimates are compared in Table 7 40

Figure 23 Relationship between bar length and area for 77 units within representative
channel types along the Sabie River 49

Figure 24 Measured vs. predicted change in bar area using both linear
regression and non-linear equation 31 50

Figure 25 Change in bar area per unit length of cell as a percentage of the
total change along the Sabie River (KNP). measured from the
1940/44 and 1986 aerial photographic records 52

Figure 26 Change in bar area as a percentage of the total change along the
Sabie River (KNP), measured from the 1940/44 and 1986 aerial photographic
records 52

xxiv



Figure 27 Change in bar area as a percentage of the totaJ change along the
Sabie River (KNP), measured from the 1944 and 1974 aerial photographic
records 54

Figure 28 Change in bar area as a percentage of the totaJ change along the
Sabie River (KNP), measured from the 1986 and 1996 aenaJ photographic
records 54

Figure 29 Sediment mass balance for three linked cells over two discrete
time-steps (after Heritage et al., 1997a) 55

Figure 30 Division of the Sabie River into channel type cells, showing the
major tributaries, subcatchments and location of other features
(e.g. restcamps. road and railway line crossings) along the River 56

Figure 31 Plot of energy slopes as a function of discharge for the
representative channel types 59

Figure 32 Runoff vs. potential sediment transport for each of the 40 cells
along the Sabie River over the period 1940 to 1986 63

Figure 33 Runoff vs. potential sediment transport factored according to
channel type for each of the 40 cells over the period 1940 to 1986. . . . 65

Figure 34 Mean annual runoff and sediment yields from the tributaries along
the Sabie River in the KNP 65

Figure 35 Computed sediment transport as a function of runoff for each of
the 40 cells over the period 1940 to 1986 69

Figure 36 Mean annual runoff and sediment yields calibrated applying a
power relationship (equation 47) between long-term sediment
discharge and runoff 71

Figure 37 Calibration of the cell based energy slope to produce agreement
between modelled and measured change in sedimentation from
aerial photographs for the period 940 to 1986 7]

Figure 38 Plot of modelled change in sediment storage along the Sabie river
for the period 1932 to 1996. showing the data points derived from
aerial photographic data for model calibration and testing 75

Figure 39 Sequence of observed change within the representative bedrock anastomosing
channel type (Fig. 1) between the years 1940, 1986 and 1996 (top to bottom).
Flow is from left to right. Scale 1:10 000 79

Figure 40 Plot of modelled change in sediment storage along the Sabie River for the period
1932 to 1996. allowing no change in the sediment storage within the bedrock
anastomosing channel type cells 80

Chapter 6 Scenario modelling of geomorphological change

Figure 4 3 Mean annual runoff and sediment yields for the Injaka Dam IFR
scenario showing existing (historical) conditions 83

Figure 42 Plots of modelled changes in sediment storage along the Sabie River
for the Injalca Dam IFR scenario, showing existing (historical) conditions. 83

Figure 43 Net change in sediment storage along the Sabie River over
the period 1932 to 1996 for the Injaka Dam IFR scenario 84

Figure 44 Relationship between annual sediment discharge and runoff for
the Sabie River at Albasim Ruins and the Sand River at its
confluence with the Sabie River 86

XXV



Figure 45 Mean annual runoff and sediment yields for the Injaxa Dam and
Sand River IFR scenario, showing existing (historical) conditions.

Figure 46 Plots of modelled changes in sediment storage along the Sabie
River for the Injaka Dam and Sand River IFR scenario, showing
existing (historical) conditions

Figure 47 Net change in sediment storage along the Sabie River over
the period 1932 to 1996 for the Iniaka Dam and Sand River
IFR scenario

Figure 48 Mean annual runoff and sediment yields for the Sabie River and
Sand River IFR scenario, showing existing (historical) conditions.

Figure 49 Plots of modelled changes in sediment storage along the Sabie
River for the Injaka Dam and Sand River IFR scenario, showing
existing (historical) conditions

Figure 50 Net change in sediment storage along the Sabie River over the
period 1932 to 1996 for the Sabie River and Sand River IFR
scenario

Chapter 7 Rule based geomorphological unit change model

. . 86

87

. . 87

. . 88

. . 89

89

Figure 51 Active and macro-channel geomorphological response to flow
and sediment regimes 101

Figure 52 Flou diagram for the operation of the rule based geomorphological
unit change model 102

Figure 53 Modelled change in sedimentation using SEDFLO for each of the representative
channel type cells along the Sabie River 103

Figure 54 Predicted morphologic unit change for the single-thread
representative channel type cell based on input matrix 1 (Table 33),
with the abbreviations for the morphologic units given in Table 37 107

Figure 55 Predicted morphologic unit change for the bedrock anastomosing representative
channel type cell based on input matrix 1 (Table 33),
with the abbreviations for the morphologic units given in Table 37 107

Figure 56 Predicted morphologic unit change for the braided representative
channel type celi based on input matrix 1 (Table 33), with the abbreviations for
the morphologic units given in Table 37 108

Figure 57 Predicted morphologic unit change for the pool-rapid
representative channel type cell based on input matrix 1 (Table 33).
with the abbreviations for the morphologic units given in Table 37 108

Figure 58 Predicted morphologic unit change for the mixed anastomosing representative
channel type cell based on input matrix 1 (Table 33),
with the abbreviations for the morphologic units given in Table 37 109

Figure 59 Predicted morphologic unit change for the single-thread
representative channel type cell based on input matrix 2 (Table 34).
with the abbreviations for the morphologic units given in Table 37 109

Figure 60 Predicted morphologic unit change for the bedrock anastomosing representative
channel type cell based on input matrix 2 (Table 34),
with the abbreviations for the morphologic units given in Table 37 110

Figure 61 Predicted morphologic unit change for the braided representative
channel type cell based on input matrix 2 (Table 34), with the abbreviations for
the morphologic units given in Table 37 110

XXVI



Figure 62 Predicted morphologic unit change for the pool-rapid representative channel type
cell based on input matrix 2 (Table 34), with the abbreviations for the
morphologic units given in Table 37 I l l

Figure 63 Predicted morphologic unit change for the mixed anastomosing representative
channel type cell based on input matrix 2 (Table 34),
with the abbreviations for the morphologic units given in Table 37 I l l

Figure 64 Predicted morphologic unit change for the single-thread
representative channel type cell based on input matrix 3 (Table 35j,
with the abbreviations for the morphologic units given in Table 37 112

Figure 65 Predicted morphologic unit change for the bedrock anastomosing representative
channel type cell based on input matrix 3 (Table 35),
with the abbreviations for the morphologic units given in Table 37 112

Figure 66 Predicted morphologic unit change for the braided representative
channel type cell based on input matrix 3 (Table 35), with the abbreviations for
the morphologic units given in Table 37 113

Figure 67 Predicted morphologic unit change for the pool-rapid representative channel type
cell based on input matrix 3 (Table 35), with the abbreviations for the
morphologic units given in Table 37 113

Figure 68 Predicted morphologic unit change for the mixed anastomosing representative
channel type cell based on input matrix 3 (Table 35).
with the abbreviations for the morphologic units given in Table 37 114

Figure 69 Comparison between observed and predicted change to
unconsolidated sediment in the single-thread channel type cell 115

Figure 70 Comparison between observed and predicted change to
unconsolidated sediment in the bedrock-anastomosing channel
type cell 115

Figure 71 Comparison between observed and predicted change to
unconsolidated sediment in the braided channel type cell 116

Figure 72 Comparison between observed and predicted change to
unconsolidated sediment in the pool-rapid channel type cell 116

Figure 73 Comparison between observed and predicted change to
unconsolidated sediment in the mixed-anastomosing channel
type cell 117

Figure 74 Comparison of trends in erosion and deposition predicted by
SEDFLO and the rule base geomorphology model for the
single-thread channel type cell 118

Figure 75 Comparison of trends in erosion and deposition predicted by
SEDFLO and the rule base geomorphology model for the bedrock anastomosing
channel type cell 118

Figure 76 Comparison of trends in erosion and deposition predicted by
SEDFLO and the rule base geomorphology model for the braided
channel type cell 119

Figure 77 Comparison of trends in erosion and deposition predicted by
SEDFLO and the rule base geomorphology model for the
pool-rapid channel type cell 119

Figure 78 Comparison of trends in erosion and deposition predicted by
SEDFLO and the rule base geomorphology model for the mixed-anastomosing
channel type cell 120

xxvn



LIST OF TABLES

Executive summary

Table a Discharge rates and return periods on the annual maximum time
series corresponding to the maximum annual potential sediment
transport vii

Table b Probability of eroding cohesive sediments (discharge between
1705 nrVs'and 2259 m3/s) viii

Chapter 2 Influence of flow regime on sediment transport characteristics

Table 1 Discharge rates and return periods on the annual maximum time
series corresponding to the dominant potential sediment
transport rates 12

Table 2 Discharge rates and return periods on the annual maximum time
series corresponding to the maximum annual potential sediment
transport 13

Chapter 3 Influence of flooding on the erodability of cohesive sediments

Table 3 Probability of eroding cohesive sediments (discharge from

1705 mVs'to 2259 m3/s) 23

Chapter 4 Flood hydraulics

Table 4 Flood hydraulics dam and reach averaged resistance coefficients 30

Table 5 Regression coefficients in equation 8 31
Table 6 Sabie River cell water surface slope data slopes (for pool sections

of pool-rapid channel types) 32
Chapter 5 Sabie River sediment flux and storage model

Table 7 Simulated sediment yields for the Sabie River subcatchments 36
Table 8 Aerial photographic record for the Sabie River 48
Table 9 Net change in length of alluvial bars between records for the cells

along the Sabie River 48
Table 10 Representative channel type bar data 49
Table 1 1 Net relative change in area of alluvial bars between records for

the cells along the Sabie River 53
Table 12 Tributaries corresponding to ACRU subcatchments 56

Table 13 Example of the geometric data computations for the cross-sections
in single-thread cell 1 57

Table 14 Comparison between flood water surface slopes and regional
(1:50 000) slopes 58

Table 15 Example of the hydraulic data computations for single-thread cell 1 . . . . 60
Table 16 Modelled hydraulic parameters and potential sediment transport for

cross-section 0.3 in the single-thread cell 1, with d = 1 mm 61

xx viii



Table 17 Channel type scaling factors applied to sediment transport data
(Fig. 32) 64

Table 18 Calibrated mean annual yields for the period 1940 to 1986 70
Table 19 Calibrated mean annual sediment discharge and change in cell

storage for the period 1940 to 1986 72
Table 20 Calibrated energy slopes for the cells along the Sabie River 73
Table 21 Comparison between modelled and measured change in sediment

storage along the Sabie River 74
Table 22 Changes in sediment presence and coverage by morphological units

for reaches within the principal channel types along the Sabie
River, KNP (after Heritage et al., 1997a) 76

Chapter 6 Scenario modelling of geomorphological change

Table 23 Main features of the Injaka Dam and Bushbuckridge transfer pipeline . . 82

Chapter 7 Rule based geomorphological unit change model

Table 24 Description of the major morphological units found on the

Sabie River in the KNP 92
Table 25 Morphological composition of the common channel types found

on the Sabie Rjver in the KNP 94
Table 26 Morphologic composition of the generic channel types on the

Sabie River in the Lowveld 95
Table 27 Categorisation of the flow and sedimentation parameters used

to define the process states in the geomorphologicaJ model,
with the median flow value assigned a value of 1 96

Table 28 Channel type switching rules for the Sabie Rjver channel types 97
Table 29 Morphologic unit change matrix for the pool-rapid generic

channel type 97
Table 30 Morphologic unit change matrix for the alluvial generic

channel type 98
Table 31 Morphologic unit change matrix for the anastomosing generic

channel type 99
Table 32 Aerial photographic records of geomorphological change for representative

channel type cells along the Sabie River 103
Table 33 Matrix 1 input data 104
Table 34 Matrix 2 input data 104
Table 35 Matrix 3 input data 105
Table 36 Rate of change correction factors 105
Table 37 Abbreviations for the geomorphological units used in Figs. 54 to 68. . . . 106

XXIX



Introduction

1.1 The rivers of the Kruger National Park

The seven major rivers flowing through the Kruger National Park (KNP) in the Mpumalanga
Lowveld (Crocodile, Sabie, Olifants. Letaba. Shingwedzi, Levuvhu and Limpopo Rivers) all rise
beyond the western border of the KNP and drain catchments that are being subjected to increasing
pressure for their available land and water resources This pressure arises from the escalating
human population growth and associated domestic water demands in the rural areas immediately
west of the KNP, coupled with afforestation and agricultural development in the upper
catchments. Studies undertaken by the Sabie River Working Group in conjunction with the
Department of Water Affairs and Forestry (DW'AF) and the Development Bank of Southern
.Africa have shown that the need for water resource development in the region is so great that it
can be justified on purely economic grounds (DW'AF, 1994).

Attention has been focused mainly on the Sabie River as the most natural, but imminently
threatened and only perennial river flowing through the KNP Construction of the lnjaka Dam
on a tributary of the Sabie River is well underway, with the Bushbuckridge transfer pipeline
having been completed The additional water supply will be used primarily to meet domestic
requirements, thereby implementing the Government's Reconstruction and Development
Programme It will also provide higher assurance supplies for the agricultural sector and
allocation for the conservation of the riverine ecosystems of the area and the associated natural
environment (DW'AF, 1994)

The Sabie River drains approximately 6000 km: of the Mpumaianga Province in the north-east
of South -Africa (Fig 1) It is a semi-arid catchment, with a mean annual precipitation varying
from 1800 mm over a relatively small area on the Drakensberg escarpment in the west, to 400 mm
in the east This is in sharp contrast to the mean annual evapotranspiration losses of 1400 mm in
the west, rising to 1700 mm in the east. Rainfall, and consequently discharge, are highly variable
within the KNP, displaying seasonal minima (0.5 m3/s to 1 nrVs) in the dry winter months (April
to September) and mean summer flows of 15 nr/s to 20 mVs Extreme flood events have been
gauged in excess of 2000 mVs (February 1996) Changes in the flow and sediment regimes of the
Sabie River are leading to morphological adjustments, with an associated alteration in habitat and
water availability for aquatic and riparian fauna and flora (Heritage el al., 1997a) The Sabie
River in the KNP is characterised by a wide fringe of riparian vegetation colonising the river
banks, where more than 130 indigenous species of shrubs and trees occur The riverine
environment provides essential habitat for fish, reptiles, amphibians, invertebrates, hippopotami,
birdlife and browsers that utilise the riparian zone.

A number of projects have been conducted into physical and biotic aspects of the Sabie River and
its catchment area, including the geology (Cheshire, 1994). hydrology (Chunnett et a/., 1990;
Hughes et al., 3 996, Jewitt et al.. 1997), geomorphologv (Heritage et al'., 1997a, 1997b),
hydraulics (Broadhurst et al., 1997) riparian vegetation (Carter and Rogers, 1995, de Fontaine,
1995, van Colier and Rogers, 1995. van Coller and Rogers, 1996, van Coller el a/., 1997) and its
water use (Birkhead et al., 1997), fish and invertebrates (Weeks et al.. 1996, O'Keeffe et al.,
1996), and these should be consulted for detailed information

1
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Figure 1 Sabie River catchment and location of study sites and the Injaka Dam.

1.2 Project objectives

The main objectives of this project were:

1. Refinement, verification and testing a suite of hydraulic and geomorphoiogical change
models developed by the Centre for Water in the Environment (CWE) for use in theKNP
Decision Support System (DSSJ

2. Modelling of geomorphoiogical change on the Sabie River since the early 1900s in order
to isolate the effects of past climatic change and anthropogenic influences.

3. Integration of the results with other research conducted within the KNPRRP.

This project represented a continuation of previous work conducted on the Sabie River in the
KNP by the CWE. and it is therefore appropriate to cite the main objectives and findings of two
relevant earlier studies upon which much of the work described in this report is based



1.2.1 The geomorphological response lo changing flow regimes of the Sabie and Letaba
River systems (Heritage et a/., 1997a)

The main objectives pursued in the study included the description of the contemporary morphology
of the Sabie and Letaba Rivers, the establishment of the temporal pattern of change in the channel
morphology, the construction of a conceptual model of channel change, the quantification of
catchment processes and their effects at the appropriate spatial scales, and the development of
predictive models for fluvial geomorphological change. The strategy adopted by Heritage et al.
{1997a) to achieve the above aims and findings peninent to the present study are discussed below

The Sabie and Letaba systems were classified according to a hierarchical system (Fig. 2). The
classification uses the principle of agglomerative association to increase the spatial scale, from
groups of morphological units progressing through channel types, reaches, macro-reaches and
zones, through to the whole river system. The classification system has allowed the descriptive
mapping of the geomorphological structure of the Sabie and Letaba Rivers, and forms the basis
for structuring both conceptual and quantitative models of geomorphological change.

On the Sabie River, five principal channel types are common and readily recognisable, including
alluvial single thread (fully alluvial, regular single channel river, straight or sinuous planform),
alluvial braided (alluvial multi-channel network of distributaries), mixed anastomosing (multi-
channel network of distributaries in both alluvium and bedrock), bedrock anastomosing (multi-
channel network of stable bedrock distributaries), and pool rapid (system of alternating steep
bedrock rapids and associated upstream pools)
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Figure 2 Agglomerate geomorphological hierarchy of the Sabie River in the Kruger National
Park (van Niekerk et al.. 1995)



The Sabie River channel types identified by Heritage et al. (1997a) are used throughout this study
and brief descriptions of the five principal types are therefore provided.

Braided

The degree of braiding in the Sabie River, as defined by the number of braid distributaries,
is low and appears restricted to the deposition of mid-channel and lateral bars within an
active channel whose cohesive banks are well protected by vegetative cover
Geomorphologicai diversity is lower than for those channel types directly influenced by
bedrock. Quantification of the features present along a 4.5 km stretch of braided channel
(Fig. 1) revealed that bedrock features were restricted to small rapids. Alluvium is present
as bedrock core bars and mid-channel and lateral deposits in the active channel The pools
display some degree of alluviation The macro-channel areas are also dominated by lateral
alluvial features, with rare bedrock outcrops.

Single-Thread

The alluvial single-thread channel type has developed in sections of the Sabie River where
alluvium has accumulated to cover any bedrock influence in the macro-channel The active
channel may be straight or sinuous, with the freedom to make planform adjustments
restricted by the width of the incised macro-channel Few geomorphological features exist
in the active channel, which is composed largely of deep alluvia! pools and rare mid-channel
and lateral bars The macro-channel consists wholly of lateral bars and alluvial bank
morphological units

Pool-Rapid

The pool-rapid channel type is itself eeomorphologically diverse and displays many bedrock
features Detailed field investigation of the geological controls revealed a number of
reasons for this, including localised geochemical differences and differing lithologies
(Cheshire, 1994). These factors create active channel pool-rapid sequences, the scale of
which depends on local geological variability and channel gradient Typically, the rapids
are free of sediment apart from occasional boulders and bedrock core bars The pool areas
are more variable ranging from sediment free bedrock areas to bedrock-lined pools
incorporating a variety of bar types, particularly mid-channel bars and lateral deposits The
active pool-rapid typically occupies only a portion of the macro-channe! width Large scale
sedimentary features have been deposited over much of the bedrock across the remainder
of the incised macro-channel

Mixed Anastomosing

Mixed anastomosing channel types exhibit a high geomorphic diversity, containing multiple
bedrock, mixed and alluvial distributary channels that divide and rejoin over a distance
much greater than the distributary width A small percentage of the active distributary
channels are filled with alluvial material in the form of lateral, mid-channel and lee bars.
Pools also contain some sediment The macro-channel exhibits extensive lateral alluvial
deposits, islands and bedrock core bars. The multi-channel planform appears to be
relatively stable, with the river commonly reverting to its old low flow course following
floods greater than the capacity of the active channels.



Bedrock Anastomosing

Bedrock anastomosing channels were first identified on the Sabie River bv van Niekerk and
Heritage (1993) and are dominated by bedrock features Kale el al (1996) have
recognised similar multi-channel bedrock distributary reaches on the Narmada River, India.
Typically, the incised macro-channel has widened to extend three to four times the average
width and this continues for several kilometres downstream Geomorphological diversity
is high with many features occurring at a low density Numerous steep gradient active
channel bedrock distributaries exist within the incised channel, describing a tortuous route
over the resistant rock. These distributaries display very few alluvial features within their
bedrock channels, with sediment accumulation being restricted to lateral deposits and
alluvium in pools in the form of armoured clastic lags and finer deposits in dead zones
Bedrock features include pools, rapids, cataracts and small waterfalls. The macro-channel
is characterised by bedrock core bar deposits (van Niekerk el al., 1995) and occasional
larger islands between distributary channels Elevated bedrock areas are common, forming
exposed bedrock pavements.

Channel change was investigated at two temporal scales, including short term (annual) change as
evidenced by aerial photographs between 1986 and 1993. and long term (>50 years) change
inferred from a single set of aerial photographic records utilising space for time substitution

A conceptual model was constructed in which the directions of morphological change between ten
potential channel types in the continuum from bedrock to alluvial systems were quantified based
on aerial photographic interpretations and sediment yield studies. Of the factors influencing change
over ecologically relevant timescales. one determinant was identified as static (geology), whilst
others were considered to be dynamic over the short term (flow and sediment dynamics) and long
term (hydrology- and sediment production) Flow variability and magnitude, sediment inputs and
channel competence were identified as the principal controls on channel form, and the conceptual
model predicts the probable directions of channel type change as a result of altering the control
variables

The quantification of catchment control processes was addressed through sediment production
modelling using Geographical Information System (GIS) techniques and a detailed hydrological
study of recorded daily flows within the Sabie River catchment Investigations of flow and
sediment dynamics were also undertaken at the regional river and representative channel type
scales through extensive field monitoring

A semi-quantitative sediment transport and storage model was developed for predicting change
at the channel type scale on an annual basis The Sabie River in the KNP was delineated into
"sections" (referred to in this study as cells), based on the five principal channel type categories
Topographical information (surveyed cross-sections), characteristic flow resistance coefficients and
rating data were used to determine annual sediment transport capacities based on daily flows
Annual sediment loads were assigned to cells (based on channel type) where these data were not
available. The change in storage for the channel type cells was modelled for the period 1959 to
1993. and the results were compared to aerial photographs at fixed points along the Sabie Rjver
from 1986 to 1989. The results show a complex spatial pattern of change with zones of increased
sedimentation immediately downstream of the Saringwa, Nwaswitshaka and Sand River tributaries
To improve its predictive reliability, the semi-quantitative model has been refined, calibrated and
tested as described in chapter 5 of this report



The recommendations for further research suggested by the geomorphological study (and the
chapter references where they are addressed within the current report), include

• Refinement and verification of the suite of geomorphological change and hydrodynamic
models through model application (chapters 3 and 5).

• Integration of geomorphological and ecological studies at the spatial and temporal scales
at which geomorphological change can be realistically predicted (chapter 1).

• Development of models (and understanding) for prediction of ecological change in
response to geomorphological change (chapters 1, 2, 5 and 7)

• Modelling of geomorphological change along the Sabie River under scenarios specified
through the Decision Support System (DSS) (chapter 6).

1.2.2 Translating discharge into local hydraulic conditions on the Sabie River:
an assessment of channel flow resistance (Broadhurst et al., 1997)

The main objective in the study was to identify' and quantify' the flow resistance components on the
Sabie River and to predict their effects on local hydraulic variables under different flow conditions.
The overall objective was achieved through the identification of a spatial flow resistance
hierarchical structure within the Sabie River (i.e representative reaches, channel types.
morphological units, cross-sections and distributary channels), an evaluation of the different
methods for evaluating flow resistance, the establishment of hydraulic monitoring networks, the
quantification of flow resistance at various spatial scales, and the compilation of appropriate
guidelines.

1.3 Contribution of the present project towards understanding and predicting
geomorphological change along the Sabie River

The ability to predict morphological adjustments rests on quantitative description of the underlying
processes of hydraulics and sediment dynamics The necessary- investigations of these
fundamentals are described in chapters 1 to 4. The models developed to simulate morphological
behaviour at appropriate scales are then presented in chapters 5 to 7.

In temperate systems, the flow regime is dominated by low-magnitude high-frequency flow events
and across the flow regime it is these flows that are considered to be responsible for the bulk of
potential sediment movement within the system (Wolman and Miller, 1960). In contrast, semi-arid
systems often display a more extreme flow regime influenced strongly by high-magnitude short-
duration flow events. This can displace the dominant discharge (i e that which most influences
the channel morphology') away from the low flows towards the less frequent flood events
Chapter 2 describes an investigation of the frequency and effectiveness of sediment transport
along the Sabie River.

Existing geomorphological studies (van Niekerk and Heritage. 1993. van Niekerk et a!., 1995;
Moon et a!., 1997; Heritage et a/., 1997a) have addressed the movement of non-cohesive medium
grained sand deposits within the Sabie River system, since this fraction is primarily responsible for
morphological activity within the active channel Cohesive fine-grained sediments, however, occur
as large scale consolidated deposits within the incised macro-channel, being typically deposited as



clay drapes following large flood events A study of the potential for eroding consolidated
sediments by infrequent large-magnitude flow events, characteristic of semi-arid flow regimes, is
described in chapter 3.

The most recent and extensive study concerning channel flow resistance along the Sabie River was
undertaken by Broadhurst etal. (1997) The hydraulic information generated by this project was
limited by the hydrological regime to low and intermediate discharges A large flood experienced
by the Sabie River in February 1996 provided an opportunity to collect additional high flow
hydraulics data, and an extended hydraulics data set is presented in chapter 4 These data are
integral to every aspect of this project, and indeed are essential to any study along the Sabie River
requiring a translation of discharge into local hydraulic conditions.

Chapter 5 describes the development, calibration and verification of a SEDiment FLux and
stOrage model (SEDFLO) for the Sabie River, KNP It represents an extensive refinement of the
channel type based sediment transport model developed by Heritage et al (1997a) Historical data
derived from aerial photographic records covering 56 years (1940 to 1996) were used to calibrate
and test SEDFLO. Chapter 6 describes the application of SEDFLO to model the dynamic
sediment storage response of the Sabie River within the KNP to changes in the flow and sediment
regimes for different scenarios. The scenarios were based on the instream flow requirement (EFR)
recommendations for the Marite, Sand and Sabie Rivers (DWAF, 1997), and represent the most
recent flow modification recommendations, from an ecological perspective, to date.

SEDFLO predicts temporal changes in sediment storage (as reflected by bar growth and erosion)
for 40 linked channel type cells along the Sabie River The biota, however, respond to changes at
substantially reduced spatial scales, and it has therefore been necessary to develop models that
predict change at the morphological unit scale (Fig 2) Chapter 7 describes the application and
testing of a geomorphological model first developed for predicting change at the unit
morphological scale along the Sabie River (KNP), under the auspices of the Biological-abiological
LINKS (BLINKS) programme (Heritage et a!.. 1997b) The modelling approach used at this
smaller scale is fundamentally different from that used in SEDFLO for predicting gross change in
sediment storage along the whole river. At the smaller scale the volumes of sediment are less
imponant than the forms of the deposits, and the problem is therefore one of qualitative description
rather than detailed quantification A novel approach has therefore been used, which applies
logical rules (rather than computation) to describe changes in the relative proportions of
morphological units (e g different types of bars and bedrock features) constituting the different
channel types Information is presented on the conceptual framework behind the model as well as
a description and justification of the spatial and temporal scales at which the model operates and
the structure of the input data in relation to the channel type sediment flux and storage model
developed in chapter 5.

The two models are designed to be applied in sequence at "nested" scales SEDFLO can describe
the change in sediment storage at a channel type scale resulting from changes in catchmem
sediment yield and hydrology The rule-based model can then use the SEDFLO output to predict
the morphological unit response to the change in sediment storage in the difTereni channel-type
cells.



2 Influence of flow regime on sediment transport characteristics

2.1 Introduction

It has long been recognised that alluvial channels demonstrate strong relationships between
channel dimensions and flow (Leopold and Maddock. 1953). with the channel adjusting its shape
in response to the dominant flow and sediment regime This concept was extended b> Wolman
and Miller (1960) with their definition of dominant discharge as the flow (specified in terms of its
magnitude and frequency) capable of transporting most sediment across the flow regime given its
relative magnitude and frequency In temperate systems, the flow regime is dominated by low to
medium magnitude, high-frequency flow events (.Andrews, 1980) and across the flow regime it
is these flows that are considered to be responsible for the bulk of potential sediment movement
within the system (Fig 3) In contrast, semi-arid systems often display a more extreme flow
regime and the channel morphology is influenced strongly by high-magnitude short-duration flow
events This can shift the dominant discharge away from the low flows towards the less frequent
flood events (Fig. 3), as demonstrated by Baker (1977) in central Texas Woiman and Miller
(1960) also noted that the influence of low flows on bulk sediment movement is reduced if the
entrainment threshold is elevated and if the flow regime is highly variable. Their study included
a theoretical approach concerned with thresholds of transport, backed up with examples from
Brandvwine. Delaware, where iittie of the coarsest sediment was moved in companson with Rio
Puerco, New Mexico, where the bulk of material transported was fine

Several studies have also attempted to attach a return period to the occurrence of the dominant
discharge. In alluvial systems, it has been equated with the effective discharge that creates the
bankfull channel shape and this has been shown to have a return period on the annual maximum
flow series of between 1 and 2 years (Andrews, 1980) Hey (1975) noted a more frequent
occurrence for bankfull flow in sand-bed channels The tendency towards some variability in the
return period for bankfull flow was observed by Lewin (1989), which was attributed to non-
equilibrium dimensions of the channels due to recent erosion and deposition. Pickup and Warner
(1976) noted a bimodal trend in the data for the Cumberland Basin in New South Wales,
Australia A return period flow of 1.15 to 14 years was found for the dominant discharge.
contrasting with a higher bankfull discharge responsible for shaping the channel through bank
erosion

This chapter describes a study of the frequency and effectiveness of sediment transpon along the
Sabie River. The river has been divided into a number of morphologically distinct channel types
(Fig. 2), each displaying its own hydraulic and sediment transport characteristics. The potential
rates of sediment movement were determined across the flow regime using measured data on
channel geometry, sediment characteristics, flow resistance and water surface slopes.

2.2 Representative site information

The data required for analysis of sediment transport characteristics were available from work
previously carried out on the Sabie River by the CWE (Heritage el al., 1997a, Heritage ei ai,
1997b; Broadhurst eial, 1997) Sediment transpon analyses were undertaken for representative
examples of each of the five principal channel types identified along the river (Fig 1), and
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sampling provided the grain-size distribution of the unconsolidated sediments Generally, the
material consists of coarse sand to fine gravels, which represents the characteristic weathering
product of the granites within the catchment Rating relationships have been developed for each
site by direct measurement of stage levels and spatial extrapolation of discharge rates from nearby
gauging stations (Heritage el ai. 1997a). The variation of flow resistance with discharge was
determined for each channel type using the Barnes (1967) methodology (refer to chapter 4 and
Broadhurst el ai, 1997) and these relationships were used to compute potential sediment transpon
rates.
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2.3 Runoff and sediment data

Gauged flow data for the Sabie River are limited by record length, with local gauges (station
X3HO15 and X3H021) having operated for less than a decade, whilst the record for staiion
X3H006 in the upper catchment exiends back to 1959 (Fig 1) In addition, station maintenance
was initially poor, resulting in gaps in the flow record Furthermore, the older gauges (X3H006)
are designed to monitor low flows and consequently flows much above the mean annual flood are
not accurately recorded.

A flow simulation exercise was therefore undertaken using the ACRU hydrological model (see
chapter 5) to provide a longer and continuous data record (pers. comm., A Pike and G Jewitt).
Average daily flows for locations along the Sabie River were simulated using information from the
rainfall recording network and gauged flow data Flows were simulated for the 62 year period of
rainfall record (1932 to 1993) and these data were used in conjunction with the flow resistance,
water surface slope and bed-material size distribution to compute daily potential sediment transpon
rates using d50 = 1 mm for each channel type using the total load transport equations of


