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ABSTRACT

Urban and industrial development is taking place around many
estuaries in South Africa. As a consequence such actions as the

release of domestic and industrial wastes into these estuaries
or the reduction of freshwater inflow, often strongly affects
their ecologies. Difficulty has been experienced in the predic-
tion of the guantitative impact of these wastes on the water

quality of the estuary as a whole.

To overcomeAthis problem the one-dimensional dynamic water qua-
lity model presented in this report has been developed as a
means of predicting transport and concentrations of pollutants
or other constituents (for example, salinites) in estuaries. It
can be operated at relatively low cost (a few hundred Rand) for
long prototype periods (months).

It is operated in conjunction with a one-dimensional hydrodyna-
mic model. Phenomena such as spring-neap-spring tidal varia-
tions, river floods and evaporation, which sometimes have consi-
derable influence on the water quality can all be taken into ac-
count.
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1 INTRODUCTION

The accurate modelling of water quality in rivers and estuaries
requires a careful consideration of the processes involved and
the limitations of various modelling techniques. Flows of water
and transport and dispersion of pollutants in rivers and
estuaries are governed by physical processes on macro- and
microscales. Three-dimensional models with very fine resolution
in space and time would be required to simulate these latter
processes in detail. The areas under investigation (estuaries)
are often extensive and associated problems almost always
involve the study of the effects of pollutants over long periods

(months, years).

A wide variety of mathematical models have been developed, such
as those to study micro-processes for short periods and others
for studying macro-processes for long periods. Most of these,
however, have been developed to serve specific purposes and as
such limitations exist to enable them to be operated on present
day computers at reasonable computation times and expenses. For
investigators it is very important to know the possibilities and

limitations of a model to be used for a certain application.

Two- and three-dimensional time-dependent water quality models
have been developed, but are often far too expensive to operate
for periods of months or vyears. Steady-state models are also
available but many influences 1like spring-neap-spring tidal
fluctuations or irregular inflow of fresh river water are neg-

lected in these models.

For the investigation of many estuaries a dynamic one-dimen-
sional water quality model capable of modelling situations such
as spring-neap-spring tidal variations and irregular river flow

for long periods at reasonable costs would be very useful.




Such a model, which 1is operated 1in conjunction with a
one-dimensional hydrodynamic model, is described in this re-
port. It can be readily applied to any estuary if sufficient
prototype data is available and easily copes with simulations
for periods of several months or even a full year. The program
has been written in such a way that a new model application can
be done simply by supplying a new data set.




2. DYNAMIC ONE-DIMENSIONAL WATER QUALITY MODELS

One-dimensional advection and dispersion is described by the
formula (see list of symbols):

3C
3(vol.C) _ 3(Ax.K.3x) 4 _ 3(Ax.U.C) 4.

ot X X

(2-1)

Extra terms can be included for other phenomena such as break-
down and growth or lateral inflows of contaminants.

Computational schemes are often designed for a simplified ver-
sion of this equation in which constant velocity, depth and
cross-sectional area are assumed:

2 :
X 4 X - g€ (2-2)

At X ax2

Mathematical models based on this formula (2-2) can give very
good results if applied to channels and rivers with almost con-
stant flow and cross-sectional area. They should not be applied
to estuaries with irregular topography and under tidal
influence.

A scheme based on the method of characteristics (Holly, Preiss-

mann, 1977), which was developed for two-dimensional applica-
tions was also tested for one-dimensional situations. A sketch
to explain the method is shown in Figure 1A. N and N+1 denote
grid points at the two ends of a section at which concentrations
(CN, Cn+1) derivatives of concentrations with distance
(CXN, CXN+1) and velocities (Uy, Un+1) are known. At
time level to+At,N1 and N+1! are the given section ends, UlN

and U1N+1 are known (from hydrodynamic computations) and

1 1 1 :
C'Ny C'N+1r, CX'y and cx1N+1 have to be computed. Know-
ing the velocities (U) the path of a particle (or characteris-
tic) which at to+At arrives at N+1! can be estimated by




interpolation to have emanated from position A at time level

to- Also knowing Cpy, CXy, Cn4+1 and CXy+q an estima-
tion can then be made for Cp and CXp at A. Through advec-
tion Cp and CXp are then transported without change to
N+1'. In a next step the effect of diffusion is also taken into
account.

If the velocities (U) are constant with distance and time then
the position A can be computed very accurately and the method
will give very good results. However at variable velocities
position A cannot be computed very accurately and the newly com-
puted concentrations will then also become inaccurate. This
method can, therefore, only be applied successfully to situa-
tions with almost constant flow and minor changes in topography

between sections.




: CONNECTED-CELLS MODEL

3.1 General

The computational method on which this model is based is similar
in certain ways to that described by Orlob (1972). 1In principle
it is based on a finite difference approximation of formula
2-1. Per timestep it consists of two stages. First, the total
advective and diffusive transport between nodes are computed.
In other words the right-hand side of formula 2-1 is computed.
Then, knowing the change in volume in a node and also the in-
and outflow volumes and concentrations, the new concentration
for each node can be computed. Special routines are used to
handle splitting points and positions where pollutants are

released.

3.2 Advective Transport Computation (Figure 1B)

The advective transport through a cross-section during a time-
step can be computed directly from the flow through that cross-
section for that timestep multiplied by the average concentra-
tion. For section M-1 between nodes N-1 and N on Figure 1B this

transport is:

ATRM-1 = OM-1.CM-1.At
In the same way for section M:

ATRy = Qpm.Cpm.At (3-1)
If there are no splitting points at nodes N-1, N or N+1 a linear
interpolation, together with a slight - correction due to the

velocity U, can be made to determine CM:

CMm = Cn + (CN+1 - CN).(0,5.dxy - 0,5.Um.At)/dxy (3-2)




and:
CM-1 = CN-1 + (CN - CN-1).(0,5.d%XM-1 - 0,5.UM-1.At)/dxM-1
(3-3)

At release positions and at splitting points (Figure 1C) sudden
changes of concentrations can occur. For those situations other
interpolation routines are used to estimate concentrations
through cross-sections (Cy). If Cn+1 1s a splitting point
and Cy is not, then CM is determined by linear extrapolation
from Cy-1 and Cy. If this would cause negative values for
CM, then Cy 1is set equal to zero. If Cy and Cyn+1 are
splitting points and the flow is to the right then Cy is taken
to be equal to Cy.

3.3 Dispersive Transport Computation (Figure 1B)

Dispersion in estuaries is described extensively by many authors
(see for example Fisher 1979), but concerning the main problem,
which is the determination of the dispersion coefficient (K), it
is said that no predictive formula that works in general
exists. For a number of tests described in this report the
coefficient was determined as suggested by Leendertse (1970) .
It is built up of a constant part and a part dependent on velo-

city, depth and Chezy-coefficient.

K = + Dw (3-4)

In the salinity tests for the Knysna estuary the dispersion
coefficient was determined from the salinity distribution in the

estuary and the inflow of fresh water.

= (8B /ax) =
K = [CNER : (3-5)




Uy results in the net downstream velocity caused by the fresh-

water discharge.

The dispersive transport through a cross-section (Figure 1B)
during a timestep (At) is computed by:

DTRM-1 = -KM-1.(CN - CN-1).At.AM-1/dxXM-1 (3-6)

and

DTRy = - Ky (CnN+1 - Cn).At.An/dxpm {3=1)

3.4 Computation Of Concentrations

After having computed the transports through all the cross-sec-
tions and also knowing the changes in volumes for all the nodes,
the next step is to compute the new concentrations for all the
nodal points. CTRy, the total transport though all the sec-
tions leading to nodal point N, is then used to compute the new

concentration in node N.

cly = (Cn.Voly + CTRy)/Volly (3-8)
If N is also an inflow position (for example, from an outfall),
the extra transport towards N due to this inflow is also inclu-

ded in CTRy.

3.5 Stability And Accuracy

The water quality model is connected to an explicit one-dimen-
sional hydrodynamic model (CSIR, 1976) and is being operated at
the same schematization and timestep. This setup implies cer-
tain disadvantages but model simulations have shown that it is a
practical combination.




For stability reasons the timestep of the hydrodynamic computa-

tion is limited due to the Courant criterion.

Ax

At < =
YgR

(3-9)

For advective transport alone a similar criterion is valid for
the water quality computation.

At 38 = (3-10)

The celerity of the long wave (YgR) is normally an order of mag-
nitude faster than the water velocity; therefore, if both
models are operated on the same timestep, the Courant criterion
for the hydrodynamic model determines the timestep of the compu-
tation.

Normally the water level variation with time and distance is
gradual, but variations of concentrations can be sudden with the
result that the section lengths in the water quality model must
be small.

Therefore, in this model combination the section length is se-
lected first, based on the topography and on the accuracy wanted
from the water quality computation and then the timestep is set,

based on the Courant criterion for the hydrodynamic computation.

3.6 Adaption To Topography

The model has facilities to adapt cross-sectional areas, hydrau-
lic radii, surface areas and volumes to raising and falling of
water levels, which makes it particularly suitable for applica-
tions to tidal estuaries. '




4, MODEL APPLICATIONS

4.1 General

Some results obtained with the model are presented here to give
some impression of the model's capabilities as well as some of
its limitations. Tests were done on theoretical channels with
rectangular cross-sections. Results are also shown of applica-

tions to the Swartkops and Knysna estuaries.

4.2 Test Models

4.2.1 Channel with rectangular cross-section

The dimensions of the channel are:

depth = 2 m (to mean water level)
dx = 200 m (section length)

width = 100 m

length = 15 400 m (77 sections of 200 m)

At section 77 the channel is closed off while at section 1 an

open boundary condition similar to an average tidal variation is
applied according to:

H = 1,0 sin(27 t/45000)

During the test the chezy coefficient for each section was com-

puted at every timestep according to:

Ct = 37.5 + 18 log R

The results of the water quality computations are presented in
Figures 2A and 2C. In both tests an initial normal distribution
of concentrations was assumed and the water quality computation
was begun 16.5 hours after the start of the hydrodynamic compu-
tation.
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On the right-hand side of the graphs the distributions are shown
at high water at intervals of two tidal cycles and similar
graphs of concentrations for low water at the same intervals are
shown on the left. Figure 2A shows the results for a test with
only advective transport included in the computation, indicating
that because of the minor changes in the concentrations the

numerical diffusion is very small.

In the test displayed in Figure 2C diffusive transport was also
included in the computation with fairly typical values for
DW = 6.0 and Df = 18.48 assumed for the constants of formula
3-4. Comparison of Figures 2A and 2C indicates that numerical

diffusion is negligible.

4.2.2 Channel with branching

The total length of the channel is the same as that of the pre-
vious test model, but between nodes 40 and 46 (of the previous
test) the single channel has been split up into several branches
as shown in Figure 3. The total width of these branches was
still the same, 100 m; for instance section 40, 48 and 56 are
each 33.33 m wide. The same two tests were repeated with this
test model and the results are shown in Figures 2B and 2D. Com-
parison of Figures 2A and 2B show that the numerical diffusion
is slightly stronger in the branched channel, but still very
small when normal diffusion 1is included in the computation
(Figures 2C and 2D).

4.2.3 Channel with constriction

In this test model the channel length was increased to 90 sec-
tions of 200 m with a total length of 18 000 m, but with a con-

striction in the channel as shown in Figure 4.

The same hydrodynamic conditions were applied as described in
B dinl s
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Figure 5A gives the results of a computation with only advective
transport, and Figures 5B and 5C are from tests with DW = 2.0
and DW = 6.0 respectively (see formula 3-4). In both cases
Df = 18.48 was used.

The numerical diffusion (Figure 5A) is small again compared to
diffusion conditions the results of which are shown in Figures
5B ‘and 5C.

4,2.4 Influence of Df

In the past simulations were done with high values (63.34) and
low values (18.48) for DEf. Therefore the influence of these

values was investigated in this model test.

The same channel was used as described under Section 4.2.1 with
77 sections and a total length of 15 400 m, but the influence of

a high and a low value for Df (formula 3-4) was tested.

The conditions were:

18.48
63.33

Figure 6A : DW Df
Figure 6B : DW 0.0 Df

Comparison of Figures 6A and 6B shows that the influence of the
value for Df is significant but not dramatically so. In model
applications however one should be aware of this influence and
try to use an optimal value for this constant that most closely

represents the prototype diffusion.

4.3 Swartkops Estuary Model

4.3.1 General

The Swartkops river estuary, about 20 km east of Port Elizabeth
on the south coast of South Africa, is in an area with many in-
dustrial and urban developments. An early version of the one-
dimensional hydrodynamic model was applied to this estuary.
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Subsequently a water quality model was made for this estuary.
Some tests were done which show the potential of the model. A

schematization is given in Figure 7F.

At node 1 a springtide water level variation with an amplitude
of 0.81T m and a period of 12 hours was used for the open boun-
dary condition., Different river flow conditions were assumed at
section 69 at the upstream end of the model.

4.3.2 Effect of river flood on salinity

In this test a starting concentration of 9 000 units of a con-
servative pollutant (for example, salinity), was assumed for all
the nodes. A minor river flood with a constant flow of 10 m3/s
was assumed to last for 24 hours. In Figure 8E the pollutant
distributions are shown at intervals of 3 hours during this
flood. After 24 hours the river flow was stopped and only tidal
motions were present during the rest of the computation. The
influence of the tide on the concentrations at a number of posi-
tions is visible in Figures 7A, 7B, 7C, 7D and 7E where the
variations with time are plotted. 1In Figure 8A graphs are plot-
ted of the concentrations in the estuary at 24, 240, 480 and 720
hours, indicating how the gradients of the concentrations
smooth out with time in the estuary. Figures 8B, 8C and 8D show

the changes over half a tidal cycle at different periods.

4.3.3 Effect of evaporation and low river flow on the

distribution of concentrations

The same starting condition for concentrations was assumed as in
the previous test but now a small constant riverflow of 0.5 md/s
and an evaporation rate of 0,156 M/month was assumed. The ef-
fects of both are visible on the graphs of Figure 9, showing the
distributions at different times during the simulation.
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Figure 10 shows measured salinities (McLachlan, 1972). Both fi-
gures show the lower concentrations on the upstream end of the
estuary and in the middle at dry periods higher concentration

than sea salinity.

If enough river flow and evaporation data were available it
would be possible to calibrate the model on the salinity data.
This calibrated model could then be used to simulate the conti-

nuous change in salinity for the estuary.

4.4 Knysna Estuary Model

4.4.1 General

The Knysna estuary on the Cape south coast has a much more com-
plicated channel system than the Swartkops estuary. A data set
was prepared for a mathematical model of this estuary, and the

schematization is given in Figure 11.

Two different test series were done with the Knysna model. In
the first series all the model simulations were done for a con-
stant inflow of conservative pollutant (for example, from an
outfall). Later on field data was obtained of salinities in the
estuary and a second series of model simulations for salinity

3

distributions gave close similarity to the new prototype data.

A

4.2 Tests with constant inflow of conservative pollutant

t.2.1 Hydrodynamic conditions

isoidal water level variation was applied as an open boun-
hdition at node 1. The amplitude followed a spring-neap-
variation and the same graph of the water level variation
hown at the bottom of Figures 12 to 20. Further details




14

at springtide : ampl. = 0.875 m

at neaptide ¢ ampl. = 0.325 m

open boundary (node 1) ¢ H = 0.045 + ampl. sin(z%g)
tidal period : T = 45 000 (s)

chezy coefficient : Cf = 37.5 + 18 log R

At the upstream end of the model (section 33) a constant river-

flow of 0.5 m3/s was used as the other open boundary condition.

4.4.2.2 Conditions for the water quality computation

Some conditions were the same for all the tests:

a)

b)

Concentrations are computed in units per m3 for a conserva-

tive constituent (no growth or breakdown) .

Starting concentrations of 40 units/m3® were assumed for the
whole estuary. The purpose was to achieve a stabilized
distribution in a relatively short time.

The inflow of pollutant began 12.5 hours after the start of
the hydrodynamic computation to allow a "running-in" period
for the hydrodynamic model. The release position is marked
by R.P. on Figure 11.

A constant inflow of 0.0296 m3/s with a concentration of
10° units/m?® was maintained. This inflow corresponds with
a daily inflow of 2 556 m® which was estimated for 1 990 by
the Knysna Municipality (see also CSIR report C/SEA 7609).

All tests were done with Df = 18.48 (formula 3-4) and dif-
ferent values for Dw of 2.0, 6.0 and 12.0 mz/s were used.

The computation results are presented in two ways, namely
as time histories of concentrations at certain nodes (Fi-
gures 12 to 20) and as situation plots over the whole area
(Figures 21 to 24).
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4.4.2.3 Test 1, DW = 2.0 m2/s

Time histories of the concentrations for ten locations are shown
on Figures 12 to 14. Comparison with the water level variation
at the bottom of these figures show very clearly the influence
of the spring-neap-spring variation on the results, indicating
that this variation is essential for any model tests for the
Knysna estuary.

For all positions except those in the far upstream end of the
estuary (25, 26 and 32) a build-up of concentrations is notice-
able during and after neaptide when the exchange of pollutant
with the open sea is at its least and a reduction_of concentra-
tions is noticeable during and shortly after springtide when the
exchange with the open sea is at its greatest. The variation in
concentration over a tidal cycle is, for most positions, also

greatest during springtide and least during heaptide.

At Position 11 (Figure 12B) sharp double peaks are visible in
the concentration graphs over each tidal cycle, just after neap-
tide. The explanation is that at these times two areas
(patches) of high concentration are moving up and down the main
channel and both are passing Position 11 during a tidal cycle.

Situation plots of the pollutants for the whole estuary at high
and low water both at springtide and neaptide are shown in
Figures 21 to 24. Two important features should be noticed,
firstly the inflow of unpolluted sea water at high water over a
long distance, especially at springtide and secondly the loca-
tion of the release position causes very high concentrations be-
hind Paarden island, caused by the very small volumes of water
existing here at low tide.
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4.4.2.4 Test 2, DW = 6.0 m?/s (Figures 15 to 17)

Again the strong influence of the spring-neap-spring tidal va-
riation on the concentrations is visible on all the graphs. The
influence of the higher value for DW is strong at the nodes near
the release positions (nodes 35, 39 and 43) where concentrations
are significantly lower, while more upstream in the estuary the
concentrations are slightly higher, compared with test 1.

4.4.2.5 Test 3, DW = 12.0 m®/s (Figures 18 to 20)

The same tendency, already visible from tests 1 and 2 is visible
in these results. The concentrations near the release position
have lowered further, but those further upstream in the estuary
have increased slightly more.

4.4.3 Tests on salinity distributions in the Knysna Estuary

4,4,.3.1 General

Increasing demands for fresh water have led to investigations of
the possibilities of extracting water from the Knysna river up-
stream of the estuary. It is important to know what effect this
could have on the salinity distributions and variations and thus
on the ecology of the estuary. Salinity concentrations were
measured on a certain day, then the river flow was monitored for
a period of about seven days then the salinities were measured
again. An estimation was made for the dispersion coefficients
in the estuary. With these data available, model simulations
were done. The starting conditions were the salinity distribu-
tions of the beginning of a period. At the open sea boundary a
recorded tidal variation was used and at the upstream end the
recorded river flow was used for boundary conditions. The sali-
nities computed with the model after the period were then com-
pared with the measured salinities of the corresponding line. A
re-assessment was then made of the dispersion coefficients and
the model simulation was repeated. After a few tests good
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agreement was achieved between model results and prototype data
and the model was considered to be calibrated. Verification
runs were done for other periods with equally good results. A
number of model tests were then done under different flow condi-
tions for investigating salinity distributions under these cir-

cumstances.

4.4,.3.2 Calibration tests

In Figure 25A the start condition is shown, which was measured
at low water on 18 January 1984 and which was used for the cali-
bration runs. The period covered by the tests was from 18 till
25 January 1984. The river flow was constant at 0.8 m3/s and at
the open sea boundary the water level variation was recorded. A
first estimation of the dispersion coefficient (K) was made
using formula 3-5. In the first calibration test K = 45 m?/s
was used for all the sections. The model results are compared
in Figure 25B for 25 January 1984. The model results are
slightly higher compared to the field data in the upstream end
(Sections 23-33) of the estuary.

A second calibration test was done in which K = 45 for all sec-

tions except K = 35 for Sections 23-26 and K = 25 for Sec-
tions 27-32. The model results are now slightly too low at the

upstream end of the estuary indicating that the adaptation was a
little too drastic (Figure 25C).

45 for
35 for
Sections 27-32. Figure 25D shows that excellent agreement be-

A third calibration test was therefore done in which K

all sections except K = 40 for Sections 23--26 and K

tween model results and field data was achieved. 1In all further
tests the same dispersion coefficients were used.
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4.4.3.3 Verification tests

The first verification test was done for the period 10-17 March
1984. The flow was variable from 1.82 m3/s on 10/03/1984 to
2.90 m®/s on 13/03/1984 to 1.15 m®/s on 17/03/1984. The agree-
ment between model results and prototype data was still good for
17/03/1984, especially if one considers that the river flow data

was probably not very accurate (Figure 26B).

A second verification test was done for the period 16-23 April
1984. The flow data used was 0.85 m3/s for 16-19/04/1984,

0.70 m3/s for 20 and 21 April 1984 and 0.60 m3/s for 22 and
23 April 1984, The results again show good agreement between
model and prototype results (Figure 26D).

4.4,3.4 River flood test

In Figures 27 and 28 the effect of a minor river flood on the
salinities in the estuary is shown. The shape of the hydrograph
with a maximum flow of 40 m3/s is shown on each graph of
Figure 27. The initial salinity concentrations in this test
were the same as those used in the calibration test (4.4.3.2)
and are indicated in Figure 25A. At the upstream end of the
estuary, positions E and F (see also Figure 11), the salinities
drop down to zero but later return to their normal values. The
graphs for positions A, B, C and D all show the effects of this
flood, with the strongest influence upstream in the estuary and
the weakest effect near the estuary month. On all the graphs
the effect of the spring-neap-spring tidal variation is also
visible. In Figure 28A, shortly after the maximum flow, the
distributions of the salinities in the estuary is shown at hour-
ly intervals. Figures 28B and C show the salinity distributions
at 3-day intervals at low water and at high water respectively.
As a result of dispersion the concentrations increase again
after the flood.
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4.4.3.5 Tests under different constant-flow conditions
(1.0, 0.5 and 0.3 m3/s)

The start condition in all these tests was the salinity distri-
butions as measured at low water on 18 January 1984. The re-
sults are shown as time-histories of salinities at the positions
A, B, ¢, D, E and F (Figures 29, 30 and 31) and as graphs of
distributions in the main channel of the estuary in Figures 32
and 33.

At position A (Figure 29) the results look very similar for the
three flow conditions. The salinities are almost equal to the

sea salinities.

At position B (Figure 29) the graphs indicate slightly too low
starting conditions for all three flow conditions, but the model
adapts itself fast and all three graphs show that concentrations
become close to sea salinities.

The same tendencies are visible for position C (Figure 30).

The graphs for position D (Figure 30) show more definition, due
to the tidal influence and also of the spring-neap-spring varia-
tion.

This tendency is even stronger for positions E and F (Figure 31)'
and these graphs also show that the average concentrations de-
crease with increasing flow.

In Figure 32 graphs of salinity distributions in the main chan-
nel at springtide at high water and at low water are plotted for
the three different flow conditions. Similar graphs for a neap-
tide situation are plotted on Figure 33. For Sections 1-22 all
the graphs show little difference between high and low water,
but considerably bigger differences for Sections 23-33, in the
narrow uppef channel of the estuary. It can also be seen that
the influence of the fresh water inflow is considerable at the
upper end of the estuary, but small in the downstream part
(Section 1-22).
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4.4.4 Details of computation

The Knysna model tests were done at a timestep of 30 seconds to
fulfil the Courant criterion for the hydrodynamic computation
(formula 3-8). As stated before (section 3.5) the hydrodynamic
and water quality computations were done at the same timestep.
The operation of the Knysna model on the CDC-cyber 750 computer
could be done at a cost of about R10 a day (prototype time).
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5. CONCLUSIONS

A one-dimensional model which is 100 per cent conservative is
presented in the report. Simulations with test models of simple
geometrical structure show that the numerical dispersion is very
small. This numerical dispersion increases slightly in models
with irregular topography and networks, but for the test cases
described here this dispersion was always very small.

The model can be easily applied to suitable estuaries, that is,
estuaries that are vertically well-mixed and in which two-
dimensional horizontal current patterns are negligible. The
applications of the model to the Swartkops and Knysna estuaries
show this feature. '

The calibration and verification runs for the Knysna estuary
especially show the reliability of the model. The subsequent
tests for different flow conditions show the potential of the
model as a means of investigating the influence of these condi-
tions on salinities, and these results can be used for further
ecological studies.

The model could be developed further to simulate chemical and
biological processes, but it would probably be better to use
other existing models, like the Dynamic Estuary Model (DEM) from
the Environmental Protection Agency (EPA) in the USA. As men-
tioned before, the model presented here has features similar to
those of this DEM. '

Finally, the present combination of the hydro-dynamical with the
water-quality model computations has the disadvantage that the
model has to be operated on a small section length (100-500 m)
and timestep (30-60 seconds). It was possible, however, to
carry out the tests at relatively low cost. The Knysna model,
for example, was operated at about R10 per day or R300 per
month. This shows that the model can be a practical tool for
many investigations at reasonable cost.
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LIST OF SYMBOLS

ATR = advective transport

Ay, AN = cross—-sectional area at x or N (mz)

c = concentration (kg/m3)

CN = concentration of position N (kg/m3)

CXn = %% at position N

cf = chezy coefficient (ml/z/s)

CTR = sum of all advective and dispersive transport
to and from a nodal position

Df = constant used in the formula for the dispersion
coefficient (3-4)

DTR = dispersive transport

DW = dispersion coefficient (mz/s)

dxy, dxym = nodal length at N, section length at M (m)

g = acceleration due to gravity

Hy = water level to mean sea level (MSL) at node
N(m)

K = dispersion coefficient (m?/s)

M = identification of section number

(also as subscript)

N = identification of nodal number
(also as subscript)

Q, OM = flow through cross-section (M) (m3/s)

= hydraulic radius (m)

S = salinity concentration (mg/1l)
= time (s)
At = timestep of computation (s)
U = mean velocity (m/s)
UM = mean velocity at section M (m/s)
Uy = net downstream velocity due to fresh-water
discharge
Vol = volume (m3)
X = distance (m)

—

= all variables marked like this are on a new
time level
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