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DEDICATION

Andre van Niekerk
1960 - 1996

This research report 1s dedicated 1o 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 10 the concepts and research upon which
this work 1s 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 Afnca. He contnbuted greatly to state of the art
nvers research in South Africa, publishing significant work in the fields of fluvial hvdraulics,
sedimentology and geomorphology. We extend our sincere sympathies 10 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 funcuoning of the natural environments of the rivers and the
methodologies required to define their water quantty 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 nvers depends
strongly on their physical forms, which are determined by the distribution of sedimem
accumulations in association with bedrock structures and vegetation. Previous studies carmed
out by the Centre for Water in the Environment (CWE) were therefore planned and carried out
10 improve understanding of the nature of this physical template and its dynamic response to
changes in the hvdrological regime, such as could result from water resources development

upstream.

The study of Heritage er @l (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
classificauon 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 niver svstem. 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 er a/
(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 (surveved cross-sections),
characteristic flow resistance coefficients and rating data were used 10 delermine 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 penod 1959 10 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
Sanngwa, Nwaswitshaka and Sand River tributanies.



The study carmed out by Hentage e/ al. (1997a) laid 2 solid foundaton for understanding the
morphological dynamics of the Sabie and similar nivers, 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 hvdrodynamic
models through model application (chapters 2, 3 and §).

. Integration of geomorphological and ecological studies at the spatial and 1emporal scales

at which geomorphological change can be realhisucally predicted (chapter 7)

. Development of models (and understanding) for prediction of ecological change 1n
response to geomorphological change (chapters 1, 2, S 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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2. Project objectives

The main objective specified for this proiect was the development of geomorphological change
models for integration with a Decision Support System for water resource management. This
was 10 be achieved through pursuit of the following aims:

. Refinement, verification and testing of a suite of hydraulic and geomorphological
change models developed by the Centre for Water in 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 19005 in
order to isolate the ¢ffects 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
geomorphological change along the Sabie River is described in chapter 2. It 1s demonstrated
that, in this semi-arid system, the dominant discharge occurs towards the high magnitude end
of the statistical distnibution 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 Nickerk and Hentage, 1993 van Nickerk eral., 1995;
Moon er al., 1997; Hentage er al., 1997a) have considered the movement of non-cohesive,
medium grained sand within the Sabie River system, since this 1S the fracton primanly
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
charactenistic of semi-anid 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 1s 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 ef al.
(1997). The hydraulic information generated by this project was hmited by hydrological
conditions at the ime to low and intermediate discharges (up 10 80m'/s). A large flood in the
Sabie River in February 1996 (approximately 2000 m'/s) provided an opportunity to collect
addiuonal high flow hydraulics data, and an extended hydraulics data set 1s 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 mode! (SEDFLO) for the Sabie River in the KNP. This is an extensive refinement of
the channel type based sediment transport model developed by Hentage er al. (1997a).
Historical data derived from aerial photographic records covering 56 years (1940 10 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 scenanos. The
scenanos were based on the instream flow requirement (IFR) recommendations for the Mante,
Sand and Sabie Rivers (DWAF, 1997). These represent the most recent flow modificauon
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 spatal scales, and 1t 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 predicung change at
the unit morphological scale along the Sabie River (KNP) under the auspices of the Biological-
abiological LINKS (BLINKS) programme (Hentage er al., 1997b). The conceptual framework
of the model 1s presented. together with a description and justificatnon of the spaual and
temporal scales at which it operates and the structure of its input data in relation to SEDFLO
predicuons. The model 1s applied to illustrate the nature of changes over the period 1940 10
1996.

3.2 Influence of Mow regime on sediment transport characteristics

The transport of sediment through a river reach depends on discharge, and will therefore vary
considerably through natural hydrological vanations. Simulating sediment movement along
the Sabie River required establishing the influence of flow regime (the characteristic pattern
of temporal discharge vanation) on sediment movement through each of the morphologically
distinct channel types used as model cells. This was done by considening 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. Considening 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-vear 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 10 2.5 vears for brasded channels,
3.7 years for single thread channels, 3.8 vears for mixed anastomosing channels, 7.0 vears for
pool-rapid channels, and 7.8 years for bedrock anastomosing channels.

Vi



Table a Discharge rates and return penods on the annual maximum Lme senes
corresponding 10 the maximum annual potential sediment transport

Channel Type Peak Return Contribution to annual sediment

annual period transport of peak flows over a §
Mlow (m’/s) (vears) day duration (%)

Braided 720 12.6 23

Pool-Rapid 721 12.6 35

Single-Thread 561 10.5 32

Mixed Anastomosing 1126 9.0 26

Bedrock Anastomosing 622 12.6 43

The implications of these findings for the management of flows to maintain the ecological
integrity of the Sabie River are clear: changes 1o 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 Hentage er al. (1995).

33 Influence of Nooding 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
1s 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 spanal
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 1s 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 m"/s and 2259 m"/s. upstream
and downstream of the Sand River tributary, respectively) removal of cohesive material was
spatially 1solated for the sites investigated along the length of the river, with vegetatonal cover
providing increased protection from erosive forces. The proportion of the cohesive bed
matenal eroded duning this flood was less than the 68% predicted. although it was difficult 1o
assess accurately because of spaual vanability and the presence of more recent overlying

deposits.
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Although the actual erosion of cohesive matenal from the Sabie River bed duning the flood was
less than had been estimated. it is clear that large scale stnpping 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 stnipping levels nearer to the
predicted maximum potential. This emphasises the need to manage the npanan vegetaton 1o
enable 1t to continue affording protection o the cohesive bed dunng extreme flood events, and
also 10 take account of the sediment loads denved from the catchment duning floods.

Table b Probability of eroding cohesive sediments (discharge between 1705 m/s
and 2259 m'/s)
Channel type Spatial Probability of | Average applied
composition erosion shear stress
(%) (%) (Pa)
Braided 14 63 70
Pool-Rapid 28 66 63
Single-Thread 3 75 80
Mixed Anastomosing 35 63 59
Bedrock Anastomosing 20 9] 145
Sabie River 100 68 70

34 Extended Mow resistance data set

Hydraulic and geomorphological conditions are the prnimary determinants of physical habitat
in nivers, and 1t is therefore necessary to understand the mechanisms controlling local hydraulic
parameters when predicung 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 e7 al. (1997) carnied out an extensive
study of flow resistance in the Sabie River. The study quanufied the total flow resistance at
both the morphological unit and channel type (association of morphological units) scales. The
flow resistance information was, however, limited to discharges below 40 m'/s, except for the
mixed anastomosing channel type where hydrological conditions during the study permitted
measurements up to 80 m*/s and for one isolated event of 1000 m'/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 m'/s and 2259 m'/s, respectively. Peak and receding
limb stage levels were recorded at the monitoning sites selected during previous studies.

Vi



Multiple linked cross-sectional profiles located at the same representanve channel types used
by Broadhurst ef al. (1997) were used 1o 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 ploted 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).
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five pnincipal geomorphological channel types along the Sabie River (extended
from Broadhurst er al.. 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 Hentage er a/. (1997a) has been refined, calibrated
and verified using historical data derived from aerial photographs covening 56 years.
Modelling 1s carried 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
matenal to the study length of the nver in the KNP. In the second phase the transport and
storage of the sediment along the nver 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,

x



however, and because SEDFLO operates on a daily basis, these annual values were distributed
in ime according to the daily vananons 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 aenal
photographs. The photographs provided useful assessments of geomorphological change and
changes 1n coverage by alluvial bars, as illustrated in Fig. ¢. The 1940 to 1986 and 1944 10
1986 records (Fig. ¢) 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 1o 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 0.3% of the total
change along the nver 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 3.5x10" tons/annum (Fig. d). Shorter-term
changes 1n sed:ment storage are highly vanable, reflecung penods of progressive sediment
accumulation imerspersed by significant declines during vears expenencing large flow events.
The average increase in sediment’storage duning penods of progressive accumulanion 1s as high
as 40x10" rons’annum, while the loss of sediment during years experiencing large floods is
generally greater than 200x10° tons.

The predicted changes in sediment storage are shown to be realistic when compared with
changes in alluviation along the length of the Sabie River and the rate of siltation of the dam
at Lower Sabie. The modelling of pre1940 change within the bedrock anastomosing channel
types shows significant losses of in-channel sediment storage, and although there are no
histonical data 10 test this finding, a sequence of observed change suggests the occurrence of
an extreme flood prior 1o 1940,

The following conclusions have been drawn from the scenario modeliing of temporal sediment
storage along the Sabie River, using flow regimes denved 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 likelv to impact
significantly the spatial and temporal assemblages of geomorphological features and
associated aquatic and niparian habnats 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 (10 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 senious doubts on the advisabihity
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 1s 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.
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3.6  Rule based modelling of geomorphological unit change along the Sabic River

At the scale appropriate for infernng 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 general trends predicted by SEDFLO and translates them
into channe! 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 10 each cell by indices representing the categones of low, reduced, moderate
and high. The percentage representauon of each morphological umt in a cell 1s then adjusted
on the basis of these indices using rules determined from expert knowledge, field observation,
aenal photograph interpretation and space for ime substitution techmques.

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 1o predict the direction of change in unconsolidated sedimentary
deposits satisfactonly, the results indicaung that sediment flux may have a greater influence
on channel form than flow varability. Only in the case of the mixed anastomosing cell were
predictions consistently poor. In some yvears expected changes to the macro-channel deposits
were not confirmed by the model, possibly due to the lack of knowledge concerning the change
dvnamics of these features over longer time scales, In some instances. the morphological
change predicuons were not consistent with the historical aenal photographic data or the bulk
change in sediment storage modelled using SEDFLO, and the degree of accuracy varned
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 nadequacies 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 1ool. Further
development and refinement, however, requires more data on morphological dvnamics at the
unit scale for a range of active and macro-channel features. The direct quanuficatuon of areal
coverage by unit scale morphological features from acrial photographs over the period of
record (1940 to 1996) was bevond the scope of this project and will require a protracted
desktop study. These data are, however, imperative 10 any real further developments of the
methodology. Continuation of acrial photographic data coliection 1s essential for providing
historical records necessary for further model testing.
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4 Attainment of objectives

The models presented in this report provide a basis for assessing the impact of waler resources
development in the Sabie River catchment on the physical charactenistics 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, venfied and tested. SEDFLO. which describes the bulk
distribution of sediment along the river and changes on a channel type scale, 1s 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 (hup://'www.ccwr.ac.za/knprrp/index. html). This model could be applied
10 other nvers 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 1s 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 niver response to scenanios based on IFR
recommendations, to demonstrate the magnitude of possible changes. It has not been used to
isolate the effects of past climatic and anthropogenic changes. as onginally proposed. because
the data currently available are inadequate for making this distinction for input and because the
value of this analysis 1s 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 1ts value should be carefully reconsidered before doing so.

The model applications have been integrated with other research conducted within the
KNPRRP. The scenanio modelling undertaken so far used IFR recommendations for the
Mante, 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 exisung IFR
recommendations, but do not allow for reservoir spillage or different reservoir operation
options. Once comprehensive water resource svstem 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 1o 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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1 Introduction

1.1 The rivers of the Kruger National Park

The seven major nvers flowing through the Kruger National Park (KNP) in the Mpumalanga
Lowveld (Crocodile, Sabie, Olifants. Letaba, Shingwedzi, Levuvhu and Limpopo Rivers) all nse
beyvond 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 anses from the escalating
human population growth and associated domestic water demands in the rural areas immediately
west of the KNP, coupled with afforestation and agnicultural development in the upper
catchments.  Studies undertaken by the Sabie River Working Group in comjunction with the
Department of Water Affairs and Forestry (DWAF) 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 (DWAF, 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 Injaka Dam
on a nbutary of the Sabie River 1s 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 nvenine ecosystems of the area and the associated natural
environment (DWAF, 1994)

The Sabie River drains approximately 6000 km* of the Mpumalanga 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  Ths 1s in sharp contrast 1o the mean annual evapotranspiration losses of 1400 mm in
the west, rising to 1700 mm in the east  Rainfall, and consequently discharge, are highly vanable
within the KNP, displaying seasonal minima (0.5 m'/s to | m"/s) in the dry winter months (April
10 September) and mean summer flows of 15 m¥s 10 20 m"/s Extreme flood events have been
gauged in excess of 2000 m*/s (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 npanan fauna and flora (Hentage er al.. 1997a) The Sabie
River in the KNP is charactensed 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, lippopotami,
birdlife and browsers that utilise the nparian 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), hvdrology (Chunnett er al , 1990,
Hughes er al., 1996, Jewitt er al . 1957), geomorphology (Hentage er @/, 1997a, 1997b),
hvdraulics (Broadhurst er a/., 1997) nparnian vegetation (Carter and Rogers, 1995, de Fontaine,
1995, van Coller and Rogers, 1995, van Coller and Rogers, 1996, van Coller eral , 1997) and us
water use (Birkhead er al., 1997), fish and invertebrates (Weeks er a/., 1996, O'Keeffe er al ,
1996), and these should be consulted for detailed information
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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

] Refinement, verification and testing a suite of hvdraulic and geomorphological change
models developed by the Centre for Water in the Environment (CWE) for use in the 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

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 1t is therefore appropriate 1o cite the main objectives and findings of two
relevant earlier studies upon which much of the work described in this repont is based
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