
Often delineation of reach boundaries within reach-based approaches is entirely dependent on the individual’s
a priori knowledge of the catchment of interest’s morphology (e.g. in SIAM). This type of approach to reach
delineation has its limitations, not just because of its subjective nature, but also because it relies on the user being
very familiar with the catchment, something that is not always possible in contemporary river management. A
sequence zonation algorithm, similar to those applied by geologists when identifying stratigraphic rock sequences,
has been identified as a suitable means of objectively identifying reaches that are relatively homogenous. This
algorithm has been incorporated within the new reach-based sediment balance approach. The figure above
demonstrates its application on the main stem of the River Taff in South Wales.

As an alternative to existing sediment transport equations a new, general relationship for bed material
transport capacity has been developed for application within the new reach-based sediment balance
approach. Using a large database of sediment transport data, unit width stream power was identified as the
explanatory parameter most closely correlated with sediment transport rate. By fitting a relationship between
a new dimensionless version of unit width stream power and dimensionless bed material transport rate a
two-stage relationship representative of a large range of conditions was identified (see above). The first and
second stages have hypothetically been designated as competence-limited and capacity-limited respectively.

Using the innovative developments
described above a new reach-based
sediment balance model has been
developed, which has been labelled
ST:REAM (Sediment Transport: Reach
Equilibrium Assessment Method). ST:REAM
has several unique features including: the
assumption that all bed material sizes are
uniform; representation of the entire
catchment network; automatic delineation
of the catchment network into reaches
using a zonation algorithm; and application
of a new general formula for the prediction
of bed material transport rate. The outputs
from ST:REAM are in the form of predicted
Capacity Supply Ratios (CSRs), which
compare the annual mass of sediment
predicted to enter a reach with the annual
mass of sediment predicted to leave that
reach.

Initial assessment of ST:REAM using the
River Taff in South Wales has shown that it
can produce a reasonable representation
of observed broad-scale sediment
dynamics. Reaches with high CSRs are
associated with evidence of net erosion
and reaches with low CSRs are associated
with evidence of net deposition (see right).
The accuracy of its predictions decreases
when attempting to incorporate the
variability of bed material sizes into the
model, and scale issues are encountered
when attempting to increase the number
of reaches identified by the zonation
algorithm.

ST:REAM has many potential
applications within British river
management, but it is of most value when
providing a broad-scale picture of
predicted reach sediment status across a
catchment. Beyond the practical
applications of ST:REAM, the research
contained within this study has important
theoretical implications, both relating to
catchment-scale sediment dynamics in
general and to specific methodological
developments made in this study.
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This study falls within the Flood Risk Management Research
Consortium (FRMRC): an interdisciplinary partnership of academic
and industrial researchers from across the British Isles. As a result of
its funding sources, one of the over-arching philosophies of the
FRMRC is to link fundamental research to the needs of end users
(see right). It was identified during the compilation of the FRMRC’s
‘Sediment Tool-box’, that there was an important gap between the
data necessary to run existing quantitative models of the sediment
transfer system, and the data that is widely available within British
rivers at the catchment-scale. Therefore this study was initiated in
order to develop a new approach that can quantitatively account
for catchment-scale coarse sediment dynamics within British rivers
using widely available data sources.

A review of available data identified that the only data sources
widely available within British rivers were: channel widths (via OS
Mastermap), channel slopes (via EA/Geomatics LiDAR) and
estimated annual flow duration curves (via a ungauged catchment
estimation procedure). Based on a review of existing approaches for
accounting for coarse sediment dynamics, a reach-based sediment
balance approach was identified as the most suitable means of
representing the catchment system. Existing examples of this type
of approach include the US Army Corps of Engineers’ SIAM. The
justification for the sediment balance approach is that differences in
sediment yields between successive reaches along a river’s course
should provide a useful measure of discontinuity, or disequilibrium,
in geomorphological work available for river channel change.

Given the data input restrictions imposed upon the new
approach, a number of compromises were made in the manner
with which it estimates a reach’s sediment balance. These, along
with various innovative additions to the reach-based sediment
balance approach, are summarised in the figure on the right.
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