























































































































































































































































































































































































































































































































































































































































































































L ; 600m

ENVELOPE OF AVERAGE LEACHATE
CONCENTRATIONS - NEAP TIDE

FIGURE 29




APPENDIX 1

DESCRIPTION OF THE
DIVAST COMPUTER MODEL

Hydrodynamic Model
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Al Computer Model - DIVAST

A.l.l The program DIVAST is a two-dimensional flow and pollutant model. The
model simulates flow patterns in rivers, lakes, estuaries, bays and coastal areas.
Currents and water levels are calculated as a function of time, taking into account
the hydraulic characteristics of the seabed, and the boundary currents and water-
levels. The model also predicts the movement, decay and reactions of pollutants
within the calculated flow field.
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A2 Features of DIVAST
A.2.1 The model was developed by Professor R.A. Falconer, now of Bradford
University, and is based on a programming technique similar to that used in the
Leendertse (Rand Corporation) model, with enhancements to the solution
technique and program capabilities that allow modelling of:
1) contractions and jetting
{ii) islands and breakwaters
(iii) sand banks that can dry out at low water
(iv) pollutant sources and sinks
A2.2 The program is structured in a very general form and project specific
requirements can be easily added. Hence the program is highly versatile.
DIVAST has been successfully used to model:
(i) circulation in and flushing from harbours and reservoirs
(ii) water temperature rise caused by cooling water
(iif) solute distributions, resulting from discharge of sewage and industrial
' effluent
(iv) sediment transport characteristics
v) eddy shedding from obstructions
A2.3 The developments carried out by B&P include structuring the program into a
modular form and making the model fully data driven. The type of problem and
the layout of the area simulated are defined by the input data file rather than
being specified inside the program. The operation of the program has also been
altered to allow:
) simplified specification of the flow field
(ii) starting a simulation with the end conditions from a previous run
(ii) running the water movement model without the solutes model
(iv) routing of pollutants through a steady state flow field, which is not
recalculated at each time step
v) modelling several water quality parameters which can interact, decay
and have sources or sinks either from the bed or the water surface
(vi) calculation of net current residuals, for instance over a tidal cycle
Hydrodynamic Model A2l Appendix A




(vii) calculation of bed shear stresses and plotting of maximum shear stress
maps '
(viii)  calculation of sediment transport rates and plotting of net sediment
movement
(ix) creation of artificial float tracks
{x) modelling of barrage hydraulics
Hydrodynamic Model A22 Appendix A
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A3.3

Al4

Solution Techniques

The model simulates the time-history of water levels, flows, and solute
concentrations, throughout an area of interest. The study area is represented by
a 2-dimensional grid in a horizontal plane one the earth’s surface. The different
properties of this body of water, such as land/water boundaries, bed topography,
and bed roughness, are described on this grid system. Time is considered at a
series of points during the period being simulated. At each point in time, the
continuity and momentum equations are solved to give the water-levels,
velocities, and concentrations, throughout the grid.

The model DIVAST solves the general form of the momentum and continuity
equations for flow and solutes using an Alternating Direction Implicit finite
difference technique. The boundary conditions and the solution grid are defined
by the input data. The model is therefore capable of being applied to a wide
variety of problems in its current state. However if necessary the governing
equations can readily be changed to include the peculiarities of the problem in
hand.

The dydrodynamic equations which govern the behaviour of the body of water
are:

1) Continuity Equation -

The equation for the conservation of mass of water, integrated over
depth. It includes terms for flux and storage.

(ii) Momentum Equation -

The equation for the conservation of momentum of water, integrated
over depth. Since momentum is a vector quantity, there are two of
these equations, one for the x-, and one for the y-, directions. It
includes terms for local and convective accelerations, Coriolis force,
hydrostatic pressure gradient, wind stress, bed friction, and turbulent
transfer of momentum.

(iii) Solute Mass Balance Equation -

The equation for the conservation of mass of solute in the water,
integrated over depth. It includes terms for local effects, advective
effects, turbulent diffusion/dispersion, decay, aeration, benthic uptake
and interaction of pollutants.

The continuity and momentum equations are solved for the first half-time step in
the x-direction. Variables in the y-direction are assumed to be explicitly known.
The variables in the x-direction are solved for implicitly, using a Gaussian
Elimination technique for solving simultaneous equations.
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A3.S The equations are then solved for the second half-time step in the y-direction,
Variables in the x-direction are known from the previous half-time step, and are
assumed not to change during the second half-time step. That is, the variables
in the x-direction are known explicitly. The variables in the y-direction are
solved for implicitly, using the Gaussian Elimination technique.

A3.6 This is then repeated in the x-direction, then the y-direction, then the x-direction,
and so on, with time moving by a full-time step for each x-/y- sweep. This
method is known as the Alternating Direction Implicit (ADI) method. This
method is supplemented by an improved solution technique, the ‘QUICK’
solution, which uses Quadratic Interpolation to give better representation of
concentration fronts.
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A.4 Model Assumptions
A4l (i) The bed topography is known.
(ii) The bed topography may change rapidly, but water-levels change
gradually.
(iii) The bed roughness is known.
(iv) The curvature of the earth across the study area is ignored.
v) The Coriolis force is constant over the whole area.
(vi) The atmospheric pressure is uniform across the study-area.
(vii) The water-levels, or discharges, at the open boundaries are known.
(viii) The water behaviour can be represented by the shallow water wave
equations.
Hydrodynamic Model A2S Appendix A




A.5 Boundary Conditions

A.5.1 Before the simultaneous equations for a reach can be solved, the boundary
conditions at the lower and upper bounds must be known. There are three
possible ways of defining the limits of the model. These are as follows:

)

(i)

(iii)

CLOSED BOUNDARIES, which occur when the end of the reach is
adjacent to dry land.

KNOWN DISCHARGE OPEN BOUNDARIES, where the discharge is
known at all times during the simulation period. For example, the
hydrograph of a river, or the discharge through an outfall, might be
known. '

KNOWN WATER-LEVEL OPEN BOUNDARIES, where the water-
levels are known at all times during the simulation period. For
example, the boundary between the study area and the open sea might
be prescribed by a curve or the boundary might be a lake or reservoir
of known level. The level is specified by either a series of water levels
at constant or varying time intervals or by one or more tidal harmonic
constituents.
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