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Abstract

An Aggregated Dead Zone (ADZ) model is presented for longitudinal dispersion of tracer in river channels, in which the channel
cross-section is divided into two parallel regions: the bulk flow and dead zone storage. Tracer particles in the bulk flow are assumed
to obey plug-flow advection at the discharge velocity U without any mixing effects. The dispersive properties of the model are
completely embodied in the residence time for tracer storage in the dead zone. The model provides an excellent description and
prediction of empirical concentration-time distributions, for times ¢ > x/U. Its physical realism is demonstrated by using it to
describe the evolution of a tracer cloud in the River Severn, UK., and by comparing it with a more complex model which
incorporates the additional effects of shear flow dispersion within the bulk flow. The ADZ model is a potentially useful tool for

practical prediction of dispersion in natural channels.
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An Aggregated Dead Zone model of
dispersion in natural channels

The relative roles of shear-dispersion and dead zones as
mechanisms causing longitudinal dispersion in natural
channels were considered by Davis ez 4l (2000). They
show that shear-dispersion is unimportant compared to
tracer retention in dead zones except during and shortly
after an initial period during which cross-sectional mixing is
established over the bulk flow region. Indeed, it seemed
from their study of empirical data from the River Severn,
UK., that the later evolution of a tracer cloud might be
predicted accurately by excluding the shear-dispersion term
from the governing partial differential equations. This paper
tests this idea by deriving firstly an analytical expression for .
longitudinal dispersion by dead zone storage processes
alone, and then fitting it to the data from the River Severn
presented by Atkinson and Davis (2000).

Model formulation

An Aggregated Dead Zone (ADZ) model may be defined by
considering the river channel to be divided into two
interconnected regions — a central core of moving water,

termed the bulk flow region, and dead zones consisting of
stationary water around the perimeter of the channel (Davis
et al., 2000). Both regions are considered to be internally
well mixed at any one cross-section. Tracer particles may be
exchanged between the two regions at a rate proportional to
the difference in concentrations between them. Thus, the
following coupled partial differential equations will apply,
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for tracer in the dead zones. Symbols are defined in the list
at the end of this paper and in Davis ez /. (2000). Note that
the third term in Eqn. (1) expresses the effects of turbulent
shear on dispersion in the bulk flow via the shear-dispersion
coefficient K| as originally suggested by Taylor (1954). A
pure ADZ model represents the limiting case as K tends to
zeroy i.e. ‘ \
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