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1. INTRODUCTION

As a continuation of the initial study on the morphology of the Douro
mouth, performed by Hydronamic in 1982, the Administracaoc dos Portos
do Douro e Leixoes commisioned Hydronamic bv to construct a mathe-
matical hydro-morphological model of the Douro mouth.

This second part of the morphological study of the Douro mouth is
divided into three phases, viz.:

a. Additional measurements during a period of low river discharge.
The results are presented in report part 7.

b. A statistical analysis of the topography of the Cabedelo from 1872
until 1983, The results are presented in report part 8.

c. The construction of a mathematical model of the Douro mouth.

This report presents a description of the component parts, the opera-
tion and the calibration of the mathematical model.




2. GENERAL DESCRIPTION OF THE HYDRO-MORPHOLOGICAL MODEL

2.1. Type of the model

A hydro-morphological model consists of a hydraulic part (wave
penetration and tidal and river currents) and a morphological part.
The morphological part is a program that calculates sediment move-
ments as a function of waterdepths, current velocity and a number of
local parameters. In the hydraulic part the current velocities are
calculated.

The morphological part is generally identical for all types of hydro-
morphological models, but the choice of the type of the hydraulic
part largely depends on the characteristics of the estuary.
One-dimensional hydraulic models (for areas with a clearly branched
structure) and two-dimensional hydraulic models (for areas without
branches) are most commonly used.

For many estuaries it is rather clear which type of model has to be
used. The Douro estuary, however, is more complicated, and therefore
first a detailed study of the morphology of the estuary has been car-
ried out.

In the previous reports of this study the general characteristics of
the morphology of the Douro estuary has been evaluated and the main
conclusions are summarized briefly below:

a. The morphological changes in the mouth of the river are limited to
a relatively small area.

b. At present the sediment movement in this area takes place in a
relatively closed system (little sand is transported into the area
or moved outside the area). The Douro estuary seems to be in a
dynamic equilibrium.

c. The morphological changes occur with a high frequency (the map in
report 8, 'Analysis of old charts', showing various situations of
the river mouth after the extremely high flood of Christmas 1909,
demonstrates this very clearly; being washed away completely in
January 1910, the Cabedelo has been rebuilt in June the same
year!).

d. The principal phenomena governing the sediment movement in the
area are the river discharge, the tidal currents and the action of
waves.

Due to the wave action three current phenomena are important in
relation to the sediment movement, viz.:

- Longshore currents caused by obliquely breaking waves. This cur-
rent is mostly directed to the south.

- Currents towards the coast caused by solitary waves.
Long waves with periods of 12 seconds or more, which penetrate a
shallow area are transformed into a special type of wave, viz. a
solitary wave. Solitary waves, in contrast with normal waves,
generate an average net velocity and therefore this type of




wave is able to transport sediment. Measurements executed 400 m
west of the Cabedelo have confirmed this transport towards the
coast.

- Longshore currents due to differences in wave set-up along the
Cabedelo coast.
Wave set-up is a change in the average water level along a
profile perpendicular to the coast. This is the result of chang-
es in wave height by refraction, diffraction, shoaling and
breaking when waves approach the coast. Differences in wave set-
up along the coast generate currents parallel to the coast.,
During the measurement campaigns considerable differences in
water levels have been observed along the Cabedelo coast. In
the area north of Fogamanadas there is no set-up of the water
level. South of Fogamanadas heavy wave breaking occurs and con-
sequently there is a considerable set-up. So the water level
south of Fogamanadas is higher than in the river mouth and this
causes a current directed to the north.

The Jlongshore transport due to wave set-up exceeds the longshore
transport due to obliquely breaking waves.

In 'normal' vyears the shape of the head of the Cabedelo shows a
seasonal cycle in accordance to the following pattern (see fig.
below).
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At the end of the summer the Cabedelo head has a lengthened shape,
directed northward (type 5). The channel width is very narrow.
After the winter period with relatively high river run-off the
Cabedelo head has been turned back westward (type 7) and the
channel width has been widened. In spring and summer the Cabedelo
head is transformed again into the lengthened shape (type 5).




The analysis of old charts (in part 8) has shown clearly that,
though the Cabedelo has withdrawn considerably to the east since
river regulation started in the Douro, the pattern of the seasonal
cycle has not changed during the analized period.

Before river regulation started in 1910, when the average position
of the Cabedelo was more westward than at present, sand was
transported southward by the waves along Seca do Bacalhao, out of
the estuary area. Still this southward transport did not cause a
gradual eastward migration of the Cabedelo because the Douro river
supplied sufficient sand to fill the loses. Due to the construc-
tion of dams in the river, less sediment is supplied and the
Cabedelo moved eastward to its present position. The seasonal
cycle of the shape of the Cabedelo head still occur in 'normal'
years, but the sand movements are confined within a rather closed
area now; little sand is supplied by the river, but little sand is
moving outside the areas as well, because the rocks of Seca do
Bacalhao prevents transport to the south.

The above facts indicate that to describe the movements of the sedi-
ments in the Douro mouth, a two-dimensional mathematical model with a
relatively small mesh-size must be applied. The chosen model covers
an area of 1450x1950 meters and has a mesh-size of 50 meters and con-
sists of 30x40=1200 mesh-points. In figure 1 the location of the grid
is indicated.

The model must be a stochastic model, since the river discharge and
the waves are stochastic variables.

Finally the mode! must have the ability to simulate bottom changes
during a large number of tidal cycles and consequently the model
requires many timesteps for a simulation run. This means that the
computing time, required to make one timestep, must be as low as pos-
sible. A simplified method for calculating the hydraulic part should
therefore be used. For both the wave-penetration calculation and the
calculation of the current pattern this is realized. Since wave-
penetration occurs over short distances, the bottom friction is
neglected and because all the waves come from the north-west/south-
west sector the calculation method is done in a simple way.

Also the calculation of the current pattern due to river and tidal
discharge is done in a simple way. The area of the model is very
restricted, and therefore the phase differences between the boun-
daries of the model as well as the water level differences between
the boundaries can be neglected. This simplifies the current pattern
calculation considerably and this means that the river discharges,
known at the boundary, needs only to be redistributed over the model.
Summarizing, the hydro-morphological model is a relatively fast com-
puter program, describing the morphological changes in the mouth of
the Douro estuary adequate.



2.2. Configuration of the model

The Douro mathematical model has been built up according the con-
figuration presented in figure 2. Three parts can be distinguished,
viz. the data input part, the calculation part (this is the main part
of the program) and finally the output part.

The input part contains the following data:

1. boundary data: - wave periods, wave heights and wave directions
for the wave sub-module,
= tidal water levels,
- discharges (river + tidal) for the discharge dis-
tribution sub-module.
2. initial data: - bottom level at each grid point at time t=t,
3. remaining data: - grainsizes, bed level roughness, etc.

The calculation part consists of:
1. current module, subdivided into:

1.a discharge distribution
sub-module

distributes river and tidal dis-
charge over the model and calcu-
lates current velocities and direc~
tions at each grid point.
calculates wave height, wave length
and wave direction at each grid
point,

calculates current velocities and
current directions at each grid
point due to wave action.

2. sediment transport module - calculates sediment transport rate
at each grid point.

calculates new bottom level at each
grid point.

1.b wave sub-module

3. bed level module

The output part presents the following results:

1. new bathymetry at each moment chosen beforehand,
2. current patterns and sediment transport rates {if desired).

The boundary data consist of deterministic input values and stochas-
tic input values.

Tides and tidal water levels are deterministic, which means that
these values can be predicted accurately. The values of the tidal
water levels are stored in input files.

The wave parameters and the river discharges are stochastic input
values. These values cannot be predicted; however, when long term data
are available then the probability distribution of each input
variable can be determined.



The frequency of occurrence of both the wave parameters and the river
discharges vary throughout the seasons, and therefore the distribu-
tions must be determined per month. In this way a reasonable realis-
tic simulation of the sediment movements can be obtained.

The current module is subdivided into a discharge distribution sub-
module, which calculates the currents due to the river discharge and
a wave sub-module which calculates the currents due to wave action.
Each of the phenomena contributes to the final current pattern (that
is obtained by vectorial adding).

The final current pattern serves as input for the sediment transport
module. This module calculates the sediment transport capacity in
each grid point. By means of these calculated values the new bottom
level is determined in the bed level module. The simulation process
proceeds then for the next timestep with the new bottom level as
input.

In chapters 3, 4 and 5 first the theoretical backgrounds of the
modules of the calculation part will be discussed in detail.

In chapter 6 a description is given of the stochastic and determinis~-
tic input data. The selection of the stochastic input data is
described as well.

The running of the mathematical model is dealt with in chapter 7.

In chapter 8 the calibration of the model is described and the
results of some final test runs are discussed.

A listing of the computer program is included at the back of the
report.




3. CURRENT MODULE

3.1. River discharge distribution sub-module

This module has been split up into two nearly identical subroutines.
During low tide (in case of ebb currents) the distribution of the
discharge over the model is done by subroutine FLOWDS! and during
high tide by FLOWDS3 (see flow chart in fig. 2). The reason for
splitting up the module is explained further in this section.

In both subroutines the distribution system implies the following:

- to transfer the discharge from each mesh-point to the adjacent
mesh-points

- to gquide the discharges along the quays between Cantareira and
Felgueiras and along the head of the Cabedelo

- to expand the outgoing flow in the offshore part of the model

- to take into account the bottom configuration, in other words the
program takes care that streams are able to follow gullies.

The procedure of the distribution will be described in the remainder
of this section. This procedure is executed at each time-step. Before
the distribution can start, first a new value for the river and tidal
discharge at the model boundary has to be selected.

The position of the head of the Cabedelo changes regularly, and
therefore the first thing that has to be done is to determine this
position. This position is expressed in the grid-points of the most
easterly tip and the most westerly tip of the head of the Cabedelo
(point 3 and 4 in fig. 32 and 3.b). These points are found by means
of a search routine, which starts in fixed point 1 (Cantareira) for
finding tip 3 and in fixed point 2 (Felgueiras) for finding tip L
(see fig. 3).

The next step is to divide the total discharge along the cross-
section of the river mouth at the row upon which the distribution has
to start. The discharge pattern along the concerned cross-section is
obtained by determining discharge vectors q(N, M) for flow-lanes with
a width equal to the mesh-size of 50 m. The discharge vectors are
calculated by means of the Strickler formula in the following way:

according to Strickler the unknown discharge q(N, M) is:

)
q(H,M) = aldeD(HM *i}i =)




in which: al = mesh~size
3 = a constant
D(N, M)= waterdepth in (N, M)

.

i slope of water level

The sum of the discharge vectors must be equal to the river discharge
Qr, so:

o NI A %
Q=2 q0M) = a2 DM "2 £ 2 DD 3

In factor f, the&Fnknown values for i and k are gathered. The term
2. 0(N, M)™™  however, can be calculated, and thus:

QJ 5h
= DM (= 2)

Finally each discharge vector along the cross-section can be computed
with:

5
C{(N )V\\) = F* DQH,VD s (=.4)

The position of the cross-section in which the distribution starts,
is different for FLOWDS1 and FLOWDS3. In FLOWDS1 distribution starts
at row M=1 (east boundary) and continues to row M=40 (west boundary).
The cross-section at M=1 runs from N=3 up to N=13 (Pedras do Lima),
see also figure 3A.

In FLOWDS3 distribution starts at the cross-section in the gap be-
tween the most westerly tip of the head of the Cabedelo and the quay
along Avenida Don Carlos (see figure 3B). The program first dis-
tributes the discharge into the direction of the ingoing flow (thus
in negative M-direction) up until M=1. Then distribution continues
into the offshore area of the model, starting again from the cross-
section in the gap but now into opposite direction of the flow, up
until M=40. Separation of the procedure into two phases is done be-
cause of the fact, that it is easier to guide the flood stream along
the head of the Cabedelo into the estuary by distribution into the
flow direction.

In the next part of the subroutine the direction of the discharge
vectors are corrected in order to guide the discharge along
obstacles. For FLOWDS! correction of a discharge vector is carried




out if the concerning mesh-point is situated in the areas A (east of
Cantareira), B (east of eastern tip of Cabedelo head), C (east of
Felgueiras) and D (east of western tip of Cabedelo head). See also
figure 3A.
For FLOWDS3 it concerns only three areas (see fig. 3B).
Correction of a vector-direction is done as described in the
following:
Consider in area B (figure 3A) a vector q(N, M) with component gN in
N-direction and component qM in M-direction. A deflection factor Aq
is calculated with formula:

2

M
‘Ac‘=ZF%t§;:;ﬂ)§i CEMED
in which: ™M)= M .coordinate of castern tip of the Cabedelo head.

so Aq 1is in inverse proportion to a power function of the distance
between row M and the east tip of the Cabedelo head.

Vector q has to be rotated to the left, therefore the component qN

is increased to:

q;*::\’om-}-ac\ (56\)

and the component c“« is decreased to:

qr=\q= (an) s3)

The result is that vector q is rotated to the left. The magnitude of
the deflected vector remains equal to the magnitude of the
original vector q (continuity is ensured).

Correction of discharge vectors in the other areas is done in the
same way, only the direction of the rotation can differ.

In addition to this correction the same procedure is repeated but now
for obstacles running in M-direction (for instance the quays upstream
Cantareira up to Felgueiras).

After this the discharge vectors are deflected again, but now due to
the bottom configuration. Currents tend to follow gullies {or chan-
nels) and this effect plays also a role in the Douro estuary.

Deflection of a discharge vector is done in the following way. Due
to the channe! slope the discharge vector will deflect into the
direction of the bottom contour. It is assumed that the deflection




is proportional to the slope of the gully and inverse proportional to
the depth.
The angle of deflection is calculated with:

" ~(OMM) —mN Ml hos
e

pp= Kam{N M (x8)

in'which: K
m(N, M)
D(N, M)

ap
The original angle between the discharge vector and the local bottom
contour is then decreased with ép.

a constant = 10.5

bottom slope in point (N, M)
depth in point (N, M)

angle of deflection (radian)

0w unn

After these correction procedures has been executed, the deflected
discharge vectors are finally ditributed to the adjacent mesh-points.
Four cases can be distinguished, viz. two cases with the N-component
into negative N-direction and two cases with the N-component directed
into positive N-direction (see figure 4A):

case 1a:3§%<-1 - discharge vector 1is distributed to mesh-points
q\n (N-1, M+1) and (N, M+1):

C\(I‘L»)NH) = %—E—%-& C\(H,M) SN
q(N,M+1) = (\_;\_‘tﬁﬁ}_)),,q(nm (s.10)

case lbfagﬁ -1 - discharge vector is distributed to mesh-points

qcn) (N-1, M) and (N-1, M+1):

qUN-, M) = g\% * (N M) Gar)

-, M) = U-}%)*q(ﬂ,ﬂ) (12

case 2a: mﬁ)1 - discharge vector 1is distributed to mesh-points
qin (N+1, M+1) and (N, M+1):

10



)
qUN+LM41) = %(—"\3 *q(N,M) (3.13)
q(N,M+ N=( ._af_:_‘%)*q(ﬂ_,ﬂ) (z.14)

case 2b§¥£D<J - discharge vector s distributed to mesh-points
4 (N+1, M) and (N+1, M+1)
4Nt Mer) = af%* q(M) (215)
qtN+I M) = (\-%%)*C\(H\M) (x.16)

The - transferred vectors in the adjacent points have the same direc-
tions as the vector in point (N, M).

The distribution procedure proceeds now as follows. Consider a cer=
tain row M with discharge vectors as indicated in figure 4B. The
program starts to transfer vector ql from point N=1 into dja in
me;h-point (N=2, M) and into b in mesh-point (N=2, M+1) (case
2b).

Vector quq is vectorial added to vector q2 in point (N=2, M). The
resultant is quu. The original vector q;, is maintained in (N=1, M).
Vector q.n is now distributed into qapa in mesh-point (N=3, M+1)
and into Qapy  in mesh-point (N=2, M+1) (case 2a). Vector gqap is
then vectorial added to the vector qy, , already being distributed
from N=1. Then vector qy in point (N=3, M) can be handled.

in this way all the vectors in row M are distributed to the adjacent
points, after which the new created discharge vectors in row M=M+1
can be distributed.

In FLOWDS3 the same procedure is applied, however, in the offshore
area of the model the discharge vectors are distributed in opposite
flow-direction.

In the last part of the sub-module the expanding routine is executed.
This is of importance especially in the offshore area. When the flow
leaves the river mouth, the stream will spread over the area. This
effect has been taken into account as follows (see fig. 5).

A part of the M-component of discharge vector q in point (N, M) is
transferred to the points immediately left and right from (N, M). The
remainder of q, in point (N, M) is:

11



C\‘ = Exqp, (5.:?)

in which € = a number near to 0

Both the left and the right point receive:

A = 05%(1- € )qpm (3.18)
Further the expanded discharges diverge with a small angle @) from
the reduced vector q' in point (N, M). The values for £ and

W in FLOWDS! differ from those used in FLOWDS3. In FLOWDS3 even
a distinction is made between the values for the estuary area and for
the offshore area. In the calibration phase the various values for
&£ and W are determined in such a way that acceptable flow
patterns are obtained.
The same expanding procedure is applied for the N-components of the
discharge vectors.
It is evident that the expanding effect s greater as the factor &
and the angle W are chosen larger.

The result of the distribution procedure described above is, that a
discharge pattern is created over the whole model. |In every phase of
this distribution procedure the conservation of mass is guaranteed so
that no water is lost or added during the calculation.

From this discharge pattern the current pattern is obtained by divid~

ing the magnitude of the discharge vectors by the mesh-size and the
respective waterdepths.

12




3.2. Wave sub module

3.2.1. The subroutines of the wave sub=-module

The wave sub module is composed of three subroutines. In each sub-
routine currents due to a specific wave action phenomenon are calcu-
lated. The three subroutines are:

1. REFRAC : - calculates wave height and wave direction at each
mesh~point
- calculates longshore current caused by obliquely
breaking waves
calculates currents caused by solitary waves
calculates set-up currents caused by local wave height
differences

2. EENLING :
3. SETUP

The theorétical background of the three subroutines are described in
the following sections.

3.2.2. The subroutine REFRAC

Subroutine REFRAC provides the necessary data for the determination
of the longshore currents (caused by obliquely breaking waves and by
wave set-up differences) and the solitary wave currents by calculat-
ing the wave height and wave direction in each mesh-point. The cal-
culation method is based on linear wave theory which is usually ap-
plied in wave penetration models.

Because of the fact that ngarly all waves come from SW-W-NW direc-
tions (between 225: and 315 ) the wave penetration calculation could
be simplified considerably.

The calculation starts at the seaward boundary of the model (M=40)
and proceeds into the direction of wave propagation. The subroutine
calculates wave heights and wave directions only at the mesh-points
(data in intermediate points are of no interest) using wave data al-
ready determined at the surrounding points.

Consider point N in a certain row M, in which the wave data are
determined (see figure 6). If the wave direction (N, M) at this
point is larger than 270°, the new wave heights and wave directions
are calculated in mesh-points (N, M-1) and (N+1, M-1); if the wave
direction is lower than 270°, then the new wave data are determined
in mesh-points {(N-1, M-1) and (N, M-1).

Figure 6 presents the case for o( (N, M) larger than 270°. The wave
orthogonal with its origin in mesh-point (N, M) intersects row M-1 in
point S. The wave height H(S) in point S can be calculated using the
following formula:

13



_ \f 05BN M)
H(S) -H(“)ﬂ\ ———J—COSG(S) (B.IC{Q

in which

e(nsn)zo\(n)m_tv

B(8) == (S -y

°§0*ﬂ3dJ§}-angles of the wave orthogonal respectively
in points (N, M) and S. The angles are re-
lated to the positive N-axis.
w = angle of the normal perpendicular to the lo-
cal bottom contour and related to the posi-
tive N-axis.

The angle W and the local slope m are calculated by means of a spe-
cial subroutine HELNG, added to the program. is considered to
represent the area enclosed by the four mesh-points. H(N, M) and
(N, M) are known values. A value foﬁ*&S}is obtained by calculating
the curvature of the wave orthogonal using the formulae:

= (‘;—Q sinec (N n} cosea(n M)) (5207

ds

dC ofi- (&) ] (321)
9D cagbi- ()

in which:
ds = distance along wave orthogonal
¢ = average of the wave celerities at the four mesh-points
D = average of the depths at the four mesh-points
co = deep water wave speed

The wave direction & (s) in point S is then:

_dsdx 4l dx
=R rdame (o)

Now the wave height in S is determined applying formula (3.19 ).
However we are interested in the wave heights and wave directions in
mesh-points (N, M-1) and (N+1, M-1). Therefore HS)is distributed to

14



these points; the contribution of H(S)to the wave height in mesh-point
(N, M=1) is realized with formula:

aH(NM-D = (1+—-) H{s) (523)

and the contribution of HCﬂto the wave height in mesh-point (N+1,
M-1) with formula:

et - ) (229
&

in which:

oy = («:((ﬁ,“;(?-\-% () (325)

Thig calculation scheme is used for wave directions 270°<. =< (N, M)<
315 so tgXy is always negative.
For wave directions 225°4 (N, M) < 270 the formulae are:

aH(NM-1) =\ /(1 —1'%?3 H(5) z26)

AR M) =\/E%(;\/ﬂ(s)' ()

The total wave heights in mesh-points (N, M-1) and (N+1, M-1) are ob-
tained by adding AH(NM-l) andAH(NH M- \) to the values at
these points which are calculated already ln a previous calculation
step

15



So the final wave heights are:

HONM-1) =\/:H'(H,T’\-S+AH(”,M-S' (3.28)

HiNG M- 1\) aH (HHH \) % DH(HH M- l) (‘5.109

and finally the new wave directions are:

(N M-1) = (s, AH(WH- o) +<><(H M- )AH(H M»D) (30)
H(NM- 0

<N M- < (< AH (N4 M- z) < (Ney M- \)H (N+1 M- )l (251)
HM+1 M- »)

Based on the formula mentioned above the wave heights and wave direc-
tions are calculated in the mesh-points of row M-1. The subroutine
continually tests if a wave Is able to reach the considered point
regarding the local waterdepth. When penetrating into shallow water,
wave heights can increase gradually until a certain limit is reached.
Then breaking occurs. |In this subroutine a simple relation between
the breaker height Hbr and the waterdepth D is used, viz.:

Her =y D (232)

in which: X = breaking index

The subroutine continually tests the calculated wave height H(N, M)
to relation (3.3%). If the calculated wave height exceeds Hbr then
the former value is replaced by Hbr. A proper value for the breaking
index ){ is found during the calibration phase of the model.

16



Now the definitive wave heights and wave directions in row M-1 are
known and the program continues by calculating the longshore current
in this row, caused by obliquely breaking waves. The calculation is
based on the theory of radiation stress. The bottom contours play an
important role in this calculation, for the longshore current runs
parallel to the bottom contours. Since the waterdepth is known in
every mesh-point, the direction of the 1local contour in every
required mesh-point can be computed by means of subroutine HELING.

In the appendix of volume 2 the phenomenon radiation stress is
described. Summarized, radiation stress is a pressure force in excess
of the hydrostatic pressure force caused by the presence of waves. In
reality, the radiation stress is neither a true stress (force per
area), nor a true force, but a force per unit length.
Transformations applicable to true tresses can be applied to radia-
tion stress.

For normal coasts neither 'tension radiation stress' or 'pressure
radition stress' are causing forces parallel to the contours. Only
'shear radiation stress' causes such a force component. The formula
for the shear radiation stress is:

Sxy :I‘g—p%n\-\%fnecose (333)

in which:
Sxy = shear radiation stress parallel to the bottom contour
)O = density of water

g = accelaration of gravity

H = wave height

© = angle between wave orthogonal and the normal perpen-
dicular to the bottom contour

n = ratio between the wave celerity and velocity of the
wavegroup.

Il

Shear radiation stress differences into the direction perpendicular
to the bottom contours generate the longshore currents.

The calculation method used in this subroutine is based on formula
(3.33 ) and is described briefly below.

Consider again 4 adjacent mesh-points at row M and row M-1. The wave
heights and wave directions are known. The angle of the normal
prependicular to the local bottom contour and related to the positive
N-axis is calculated again. First the shear radiation stresses into
the direction of the local contour are calculated at each of the four
mesh-points. Then the average shear radiation stress difference into
the direction of the normal to the bottom contour must be determined.
This is done by determining first the average shear radiation stress
differences in N- and M-direction:
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Finally the average shear radiation stress difference into the direc-
tion of the normal perpendicular to the bottom contour is:

BS)\ BS)( BS
eyl il RS Sy G36)

The longshore current is calculated then with the following formula:

= 954y wlyzD tTC VlD
norm w (5?5}3

in which: '
C = Chézy friction factor = 18 log (_L%Fl-)
D = average of depths at the four mesh-points
H = average of wave helghts at the four mesh-points
fw = exp[-5.977+5.213 (§)-0.194)
a = amplitude of the orbltal motion at the bottom
R = bed roughness

The calculated longshore current is considered to act in mesh-point
(N, M-1).

In this way the longshore currents are determined at all mesh-points
of row M-1. However, there are two restrictions. First the program
tests again if the considered point is not a land point and secondly,
when the waterdepth at this mesh-point exceeds a certain limit value,
the longshore current is considered to be zero. The largest values of
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the longshore currents are acting within the breaker zone, but due to
turbulent forces, the longshore current also continues over a certain
distance outside the breaker zone.

After calculating the wave heights, wave directions and longshore
currents at row M-1 the program repeats the procedure again, now for
the mesh-points at row M-2 using the wave data from row M-1. The
program continues wuntil the shore of the Cabedelo, or row M=1 is
reached. Then the longshore current pattern is added by vectorial
adding to the current pattern due to the tidal and river discharge.

3.2.3. The subroutine EENLING

Only 1long waves transform into solitary waves, and therefore this
subroutine is only used if the wave period is larger than 11 seconds.
The net transport velocity is equal to the wave celerity, however,
this net velocity occurs only under the wave crest (that is under
circa 10 percent of the wave length, or during 10 percent of the wave
period).

In order to simplify the calculation it is assumed that for a
solitary wave the average transport velocity Ve is:

Ve_ % Q.1C (538)

in which: ¢ = wave celerity

For a solitary wave the wave celerity can be calculated using the
following formula:

c= ‘%(D +H) (330

in which: g = acceleration of gravity
D = waterdepth
H = wave height

With the wave data, determined in subroutine REFRAC, as input the
subroutine EENLING calculates the transport velocities at each mesh-
point. The directions of current vectors are equal to the directions
of the wave orthogonals.
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Finally the wvelocities are vectorial added to the current pattern
already determined in the preceeding subroutines.

3.2.4. The subroutine SETUP

Wave set-up is a phenomenon also related to radiation stress. Due to
refraction, shoaling and wave breaking the wave parameters change and
consequently the radiation stress-component into the direction of the
coast also changes. The changes in this principal stress causes a net
resultant force, also into the direction of the coast. A change of
the water level is the result (set-up)

In fact the set-up must be calculated by integration along the wave
orthogonal, but this 1is not possible for this type of model. For
steep coasts, however, set-up takes place mainly near the shore.
Therefore, this subroutine calculates the set-up in a certain mesh-
point (Nc, Mc+1), if the adjacent mesh-point (Nc, Mc) is a land point
on the Cabedelo shore.

In order to calculate the set-up in the right points, first the posi-
tion of the Cabedelo coast is determined. For this a search method
like the method used in the discharge distribution module is applied.
The search procedure starts at mesh-point NMAX at row M=12, east of
the Cabedelo coast, and the procedure stops when the north tip of the
Cabedelo head is found and the coastline is determined. (see figure
below).

20 25 30
(Nmax.)
e - ITTTi
EAST TIP || { by | ‘ : |
b I l
b Lo |
CABEDELO (NeMY_ b1 L i
b b |
(Nc.Mcel)o0o o ° : l : |
P
, k&
WEST TIP o o o

X LAND POINT
o MESH-POINT IN WHICH SET-UP IS CALCULATED
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Water level rise only occurs within the breaker zone and the set-up
AD (Nc,Mc+1) can be calculated using the following simplified
formula:

aDN Mett) = S H, (540)

in which:
Hbr

breaking index
wave height of breaker at mesh-point (Nc,Mc+1)

The subroutine continually tests if the wave in mesh-point (Nc, Mc+1)
is broken. Set-up is not calculated if the wave height is lower than
the breaker height.

At each mesh-point (Nc, Mc+1) the Chezy-friction factor C is calcu-
lated. In general the set-up will vary along the coast and con-
sequently the magnitude and direction of the set-up current will also
vary locally. However, the average current direction is to the north
and this average current is of interest for the model. Therefore, the
average set-up ODa, the average Chézy friction factor Ca and the
average depth Da along the Cabedelo coast are calculated. By means of
the Chézy-formula the average set-up current is determined as
follows:

(3 41)

VSU = Cﬂ Da ic\
in which: lq= 20Da (x42)
nal

number of Cabedelo land points
mesh-size

won
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The direction for each current vector s parallel to the contour in
the considered mesh-point. The local contour-directions are deter-
mined with subroutine HELNG.

The set-up current pattern is added to the existing current pattern.
Now the definitive current pattern is obtained and the calculations
of the sediment transport capacities can start, using the sediment
transport module SEDTRAN.
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4. SEDIMENT TRANSPORT MODULE

The morphological model is based on two fundamental equations, viz:

- the equation of motion
- the equation of continuity.

The equation of motion is the relation between sand transport
capacity and the water velocity (sand transport formula). With the
current pattern, determined in the current module, as input the sedi-
ment transport module calculates the sediment transport capacity at
each mesh-point.

The bed level module calculates then the siltation pattern and this
computation is based on the equation of continuity.

Sediment transport can be classified as follows:

- bed material transport,
subdivided into: - bed load transport
- suspended load transport
- wash load

The wash load, that is the transport of particles finer then those
present in the bed, is not taken into consideration.

Many types of bed material transport formulae are developed. In
volume & the best fitted formulae are determined for the Douro river
and Douro estuary. The calibrations are based on the measurements ex-
ecuted in November 1982. For the of fshore area, where wave action
plays an important role, the Bijker formula is recommended and for
the Douro river the Engelund-Hansen formula has to be applied.
Because of the fact that in almost all parts of the model-area wave
action influence is noticeable, the morphological model uses only the
Bi jker formula for bed load transport and the Bhattacharya-TOW for-
mula for suspended load transport.

The Bijker formlua is:

(=447

Sp,=DBDsoVe )
C

in which: Sb
8
D50

bed load transport (m3/s/m)

bed load factor

grain size diameter exceeded by 50% of the bed
material

nouwn



water velocity
Chézy friction factor
mass density of sediment particles

mass density of water
acceleration of gravity

>o<
naan

v

ap ©

3/1
M = ripple factor = Q%é)
¢ = 18105%‘1)\
D90 = grain size diameter exceeded by 10% of the bed

material
bed shear stress under current and waves

TCW

The Bhattacharya-TOW formula is: (- B)
o= 04! {(( B) ) lo (20.22 )..’5%8 \ 1-8)
___IS {R & R X TR l}f (OILL} ® ):U (1. )

N

' ' \n:
in whic S -S%Pwdmc) load kronspork (m /5/m>

| 052.,: (4.2)
(J{)o ovZy,
Ly = Vso L‘i.‘i}

D

-
Vso = fall velociby o? Dgograin size

Sb bed load kranepor}: cu\cululeo\ m%’&_\\:ﬁr ‘—ovmu\q

K = beo\ YobL
D - (,:o,!:uool%t?\\%s

In volume 4 the parameters of the calibrated Bijker transport formula
are presented as D50 = 0.001 m, D30 = 0.0015 m, R = 0.1 m and B= 5.
However, further consideration of the measured data proved that a
better agreement of the Bijker and Battacharya formula with the
measured data could be achieved, when a linear relationship between
the bed roughess R and the wave period T would be applied, instead of
a constant value for R.

The following relation between R and T could be derived:
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5)

0.165 m
12.8 sec

in which: Ro
Tm

nou

A new calibration, in which formula (4.5) was implemented, resulted
in a new value for the bed load factor, viz. B = 1.83. This value is
applied in the Bijker formula. The values D50 and D90 didn't change.
For a general description of the calibration method is referred to
section 5 in volume 4.

With the total current pattern and with the wave heights and wave
periods as input, the sediment transport components in N- and M
direction at all mesh-points are computed by means of formulae (4.1),
(4.2), (4.3), (4.4) and (4.5).

With respect to this computation it is remarked, that the calculation
is based on the assumptions that the local sediment transports are a
funtion of the local hydraulic conditions and that sufficient sand is
available at the bottom. In other words the real transport in each
point is equal to the calculated transport capacity. The measurements
have shown, however, that the latter assumption is not always valid
and certainly not for the present state of the estuary, because in
some parts of the model area the bottom consists of bare rock. In
that case erosion is impossible of course and therefore the possible
presence of a rock bottom must be taken into account. This is done in
the following way.

First the levels of the rock bottom must be known. For the present
only two horizontal rock levels have been built in the model, viz. a
rock level for the river mouth (from M=1 to Felgueiras) and a lower
rock level for the near shore area.

At each mesh-point the program compares the instantaneous bottom
level with the level of the local rock layer. When at a certain
meshpoint (N, M) the level of the rock layer has been reached, then
the N-component SN(N,M) of the calculated transport capacity at (N,M)
is compared with SN(N-1,M) in case SN(N,M) has a positive direction,
and with SN(N+1,M) in case SN(N,M) has negative direction. |If, for
instance, SN(N,M) exceeds SN(N-1,M) then SN(N-1,M) is carried through
to mesh-point (N,M). However, SN(N,M) is maintained at (N,M) in case
SN(N,M) is lower than SN(N-1,M). This procedure is repeated for the
M-components of the transport capacities. The eventual result is a
sediment transport pattern, which serves as input for the bed level
module.
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5. BED LEVEL MODULE

The calculation of the new bed level at time t=t+At is based on the
equation of continuity (conservation of mass). According to this
equation no sediment can disappear. For a certain time interval At
this means, that the siltation in a certain area must be equal to the
difference between the total Iincoming and the total outgoing
sediment.,

Thus:

AS =(5; -S,)at [m/s/m] (s.0)

It is more convenient to express the sedimentation in the increase
(or decrease) of the bottom level. If AD is the increase of the bot-
tom level, then:

sD _ aSal _Si-Senr  (mle) C
= = AN
RETAR Al >
in which: Al = mesh=-size

The program calculates the siltation in the squares between the mesh-
points. For this purpose the N- and M- components of the sediment
transports, calculated in SEDTRAN, are used. |t is assumed that the
sediment transport into the N-direction comes for 50% from the square
above left, and for 50% from the square below left from the mesh-
point. This sediment is presumed to go for 50% to the square above
right, and for 50% to the square below right of the mesh-point (see
figure below).
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For the transport in M-direction an identical scheme can be made.
The siltation in square (i, j) is computed with formula (5.2), worked

out into:

ADG :o.s_élk_(smﬁﬂ\—smﬂ»rgm-f SHN, M) -ONM+, M4 1)+
A

+ SH(NM)-SMA D +SPN ) -SMC 1,14 ) (5

For further cumputations it is handier to use the siltations at the
mesh-points. The bottom level increase at the mesh-points is computed
as the average of the siltations in the adjacent squares. Thus at
mesh-point (N, M) the siltation becomes:

ADN M) = £ (@D + aDUi 1)+ AD-1 )y AD(L{;» (54)

The eventual new bottom level at time t=t+At is computed using one of
the following difference schemes (see figure below):
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Difference scheme 1

Ds(ttat) =(_p)Ds(t) + %Z@(t\-% Do) +Da(E)+Dy(k) +De(b)+ D?(O+D8 Lt\i'Dosu’X) aDg

Difference scheme 2

(55)

]
Dslb+ab)=i-p){(Dslk,) _Dslb) +AD5) +:§iz (Dt -Dn(t)+ad ”) (5.6)

Difference scheme 3

¢
Ds(t+at) = (1-p)aDs +—}§—ZADh

(53)

in which: D5(t+At) = new bottom level in mesh-point 5 at time t=t+at

D5(t) = bottom level in mesh point 5 at time

t=t
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D5(to) = bottom level Iin mesh point 5 at time t=to
(original bottom level at the start of the
simulation)

AD5S = siltation in meshpoint 5, calculated at time
t=t+ At
Dn(t) = bottom levels in the adjacent mesh-points 1 to 9

at time t=t

bn(to) = original bottom levels in the adjacent mesh-
points 1 to 9 at time t=to
abn = siltations in the adjacent mesh-points 1 to 9,
calculated at time t=t+at
P = smoothing factor (0<}5$J)

Scheme 1 is the so-called modified Lax-scheme. Scheme 2 and 3 are
derivations from the modified Lax-scheme. The effect of these schemes
is, that extreme bottom level differences between adjacent mesh-
points are leveled out. The use of one of these three schemes
prevents, that peaks and holes arise in the bottom configuration
during the simulation process. This fact is of special interest for
this mathematical model, since so many time-steps are executed. The
smoothing effect will be stronger as the f -factor increases.

The three schemes smoothe in different ways.

In scheme 1, smoothing is related to the bottom levels at time t=t.
In scheme 2, smoothing is related to the cumulative siltation layer.
In other words, the layer between the bottom level at t=t+aAt and the
original bottom level at t=to is levelled continually.

In scheme 3 smoothing is related only to the instantaneous siltation
layer, calculated at t=t+at.

If the siltation rates don't differ too much over the model, then the
Pp-factor can be a constant value. Because of the fact that in some
parts of the model-area rarther high siltation rates occur, whereas
the siltation rates are nearly zero in other areas, the application
of a constant A -factor is less satisfactory. Better results can be
expected, if the P -factor varies over the model. In other words, if
the siltation rate is very small, then the value for the P -factor
must be low; if the siltation rate is rather high, then a higher
value for the P -factor is required. For this purpose the following
relation between the local A -factor and the local siltation rate has
been derived:

-aD(NM)
ANM)=(i_e abe )Pm (.8)

in which:

N,M) = smoothing factor at mesh-point (N,M)
N,M) siltation at mesh-point (N,M)

= a constant

maximum value for the P -factor.

L]
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The three difference schemes and formula (5.8) are all implemented in
the subroutine. In the calibration phase tests have been carried out
to make out which scheme gives the best results and which values for
the factors ADe and fym can be applied best (see paragraph 8).

The following remark has to be made in respect to the sand balance of
the model. At each time-step the sand balance is computed as the net
result of the addition of the positive and negative siltations
AD(N,M).

The sand balance is not zero in all cirumstances. The surplus or the
shortage of the balance is the quantity of sand that enters or leaves
the model across the boundaries. The model has open boundaries, so
that sand is able to pass through. However, the use of one of the
three difference schemes the disadvantage, that a certain volume of
sand will disappear incorrectly. This shortage has to be replenished
again. For this reason the program continually determines the
deficiency and covers the bottom with an extra quantity of sand equal
to the shortage.

The new bottom configuration is the new start position for the next
time-step.
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6. INPUT DATA FILES

6.1. Introduction

The values for the input data are stored in 9 files. The concerned
files are listed below in accordance with the subdivision given in
section 2.2,

1A. Boundary data (stochastic values).

- for discharge distribution sub-module:
file QDISTR - probability distributions of river discharge

- for wave sub-module:
file WINDDIS - probability distributions of wave directions
file PERDIS =~ probability distributions of wave period
file WAVDIS - probability distributions of wave heights

1B. Boundary data (deterministic values)

for discharge distribution sub-module:
file DISCH - river and tidal discharge at east boundary
of the model as a function of the tidal
water level

for all modules:
file SEALEV - tidal water levels
file PAR - values for the stochastic data (river dis-
charges, wave directions, wave periods and
wave heights)

2. Initial data
for all modules:

file with bottom levels at time t=to
(start of simulation).

3. Data for remaining parameters

for all modules:
file INFO - contains values for grainsizes, bed
roughness, etc.
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The contents of the input files is described in sections 6.2 and 6.3.
The stochastic input data have to be chosen from the files by means

of a stochastic selection procedure. This procedure is described in
section 6.4,

6.2. Data files with stochastic values

File QDISTR

Data of the daily river discharge, observed near the Crestuma dam
during the years between 1932 and 1964, were available. The lowest
and the highest observed discharges in this period were respectively
14 m3/sec (August 17, 1958) and 15909 m3/sec (January 3, 1962). The
river Douro is also characterized by rapid changes in the daily dis~
charge. For instance, at December 17, 1945, the discharge increased
from 410 m3/sec to 1401 m3/sec in a single day.

As these discharge data cover a rather long period of 32 years, a
good estimation of the cumulative probability distribution of the
daily discharge could be derived in each month of an average year.
For this purpose the discharge range was subdivided into 11 classes
with increasing class-intervals. The 12 distributions have been
stored in file QDISTR and are presented in table 1. The numbers in
table 1 are percentages and must be interpreted as follows. As an
example, number 73 in the probability distribution of January means,
that the river discharge is lower than 1250 m3/sec during 73 percent
of the time.

Files WINDDIS, PERDIS and WAVDIS

The wave parameters used in the wave sub-module are the wave direc-
tion, the wave period and the wave height. An element of the wave
climate is characterized by a combination of certain values for each
of the three parameters. In fact, the cumulative probability dis-
tributions of the wave elements should be determined. However, for
reasons of simplicity, it is more convenient to derive the distribu~
tions for each wave parameter apart . In common with the river dis-
charge the distributions of the 3 wave parameters are needed per
month.

The probability distributions have been determined with wave data,
derived from the following publication:

Estudo de Agitacao maritims em Lelixoes,
Instituto Hidrografico, 1974
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Iin this publication the results of simultaneous observations of wave
height, wave period and wave direction are presented. The results are
given per month., It is assumed that the wave data derived from this
publication may be used without further adjustments such as refrac~-
tion computations.

All observed wave directions are in the SW/NW-sector. This sector was
sub-divided into five directions of respectively 230° , 248°%, 270°,
293 and 310 (angles related to the north direction). Table 2 in-
dicates the chosen classes and the 12 cumulative probability dis-
tributions. The distributions are stored in file WINDDIS.

Nearly all observed wave periods vary within the range of 7 to 15
seconds. This range was subdivided into four classes, represented by
wave periods of respectively 8, 10, 12 and 14 seconds. The cumula-
tive probability distributions of the wave period have been deter-
mined per wave-direction. This was done for each month, so 12x5=60
distributions were obtained (see table 3). The distributions are
stored in file PERDIS.

Since root-mean-square values are commonly used in sediment transport
computations, these parameters have been derived from the significant
wave heights. Nearly all root-mean-square wave heights are lower than
3.55 m. The wave height range was subdivided into 10 classes. Table
L4 presents the class-arrangement and the cumulative probability dis-
tributions per wave period. So, each month is represented by four
distributions, and an average year is thus represented by 48 dis-
tributions. The distributions are stored in file WAVDIS,

6.3. Data files with deterministic values

File SEALEV

The water depths in the estuary vary with the tide, and consequently
the discharge varies during the tide as well. Therefore it is neces-
sary that the tidal water level rise (vertical tide) is taken into
account. The tides are considered diurnal and one tydal cycle is as-
sumed to have a duration of exactly 12 hours. Further, the tides are
assumed to be only of astronomic origin and thus meteorological
phenomena play no role. This means that the tidal water level rises
can be considered as deterministic variables.

Determination of one vertical tide-curve 1is not sufficient, because
of the fact that the tide-curve varies considerably during one month.
Therefore three wvertical tide-curves were selected; one curve
represents the tides with higher high waters (spring-tides), one
curve represents the tides with lower high waters (neap-tides) and
one curve represents the tides with mean high waters (normal tides).
The 3 tide-curves have been derived from tide-tables near Leixoes
(source: Tabela de Mares 1983, Instituto Hydrografico).
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The vertical tide-curves are divided into 12 steps (each step is one
hour) and at each step the water level, related to zero hydrografico,
is given in cm (see table 5). The curve for normal tide is given
twice, because the frequency of normal tide is twice the frequency of
spring- and neap-tide.

The four curves are stored in file SEALEV.

File DISCH

A discharge-value, chosen from one of the probability distributions
in data file QDISTR, represents the river discharge, which is not af-
fected by tides. The discharge in the estuary however, is strongly
influenced by the tide and therefore curves of the discharge as a
function of time are required at the east boundary of the model.

For this purpose the computer program EXPLIC has been applied.

This computer program has been used in an earlier phase of the hydro-
morphological study (see part 3). The lower course of the Douro, from
the Crestuma dam up untill the river mouth, has been divided into a
number of branches. The program EXPLIC calculates the discharge
curve in every desired branch. The program requires as input a cer-
tain vertical tide-curve at the sea-boundary and a certain river dis-
charge in a cross-section near Crestuma.

The results of the computations, 33 discharge curves for the east
boundary of the model, are stored in file DISCH (see Table 6).

The EXPLIC computer program not only calculates discharge curves, but
current curves and water level curves as well. The water levels are
of interest with respect to the water level differences between the
east boundary and the seaward boundary of the model. The computations
turned out, that for discharges more than 2000 m3/s, considerable
water level differences occur, which cannot be neglected. The water
level differences have been implemented in the computer model.

File PAR

Files QDISTR, WINDDIS, PERDIS and WAVDIS only contain percentages of
frequency. The class arrangements to which the frequencies are re-
lated, are stored in a separate file PAR, as indicated in table 7.

File with initial bottom levels

This file contains the levels of the bottom configuration at the
start of the simulation (t=to). The levels are related to zero
hydrografico. The 1200 water depths are stored in 3 sub-columns, viz.
the first sub-column contains the water depths of the model from N=1
to N=10, the second sub-cloumn contains the water depths from N=11 to
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N=20 and the third sub-column contains the water depths from N=21 to
N=30 (see figure 13).

The water depths are in dm. Negative values represent bottom levels
above zero hydrografico. Fixed land points, like quays, Pedras do
Lima, etc, are indicated by -99 values.

File INFO

File INFO contains the remainder of the input data (see table 8).
Line 1 contains information with respect to the model grid, viz. the
number of columns (=NMAX), the number of rows (=MMAX) and the mesh-
size (=MESH).

Lines 2 and 3 contain the (N, M) coordinates of Cantareira and
Felgueiras and line 4 contains the N-ordinate of the Molhe (Pedras de
Lima). These data are needed for the search-procedure in sub modules
FLOWDS1 and FLOWDS3, used for finding the east- and west tip of the
head of the Cabedelo.

Lines 5 and 6 contain values for the input parameters of the expander
routine used in FLOWDS1 and  FLOWDS3 (see section 3.1),

viz. & and £ (line 5) andw W and W, o (line

6 ) Szherql" 2 vivey sec apneral ¥ Hriver

Line 7 contains a value for the bed roughness R (in meters) as input
parameter for the modules REFRAC and SEDTRAN for the computation of
longshore currents and sediment transport.

In line 8 values for the grain size diameters D50 and D90 (in meters)
are stored. These parameters are used in the sediment transport for-
mula in module SEDTRAN.

Line 9 contains a value for the breaking index , used in modules
REFRAC and SETUP. A wvalue for the level of the rock layer in the
Douro mouth , used in module SEDTRAN is stored in line 10. The level
of the rock layer is related to zero hydrografico.

Line 11 contains values for P m and aDe, both used in the formula
for the calculation of the smoothing factor in module NEWBOT (formula
5.6). The data in lines 5 to 11 can easily be changed in order to
calibrate the model.

6.4. Selection procedure for the stochastic input data

The computer program completes a tidal cycle in 12 time-steps. At
each time-step the program passes through all modules (see figure 2)
and continually the new, instantaneous bottom configuration is com-
puted. For each new tidal-cycle the program chooses a certain river
discharge and a certain set of wave parameters (wave directionek ,
wave period T and wave height H). This selection procedure is carried
out in the following way.

From data file QDISTR the program first selects the cumulative
probability distribution of the river discharge which apply to the
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concerned month. Then, by means of a special routine, a random number
between 0 and 100 is generated and this number is compared with the
percentages of frequency of the selected probability distribution.
The frequency most near to the random generated number is selected
now and the river discharge, related to this chosen frequency, is
read from input file PAR. Then the proper tidal discharge curve, re-
lated to the selected river discharge, is selected from file DISCH.
This discharge curve provides the discharge at the east boundary of
the model at each time-step of the concerned tidal-cycle.

The following example illustrates the selection procedure. Suppose
the computer program has just finished a cycle for spring=-tide in
March. The simulation process continues now with the following tidal
cycle, that is mean-tide. Suppose number 47 is generated. From the
probability distribution of the river discharge in March (line 3 in
file QDISTR) the program will choose number 43, because this number
is most near to the random generated number 47. This chosen percent-
age of frequency is related to the third number of line 4 in file PAR
(the line containing the discharge values) and thus the river dis-
charge will be 625 m3/s. Related to this river discharge is the dis-
charge curve on the 14th line in data file DISCH. This curve
provides now 12 discharge values for the next mean-tide cycle.

The next step is the choice of a certain set of wave parameters. A
random number is generated again and a wave direction is chosen ac-
cording to the proper probability distribution. Then a next random
number is generated and a wave period is selected according to its
probability distribution associated with the earlier chosen wave
direction. Finally a last random number is generated and the wave
height is selected according to the distribution associated with the
earlier chosen wave period. The thus created set of wave parameters
are maintained during the whole tidal-cycle.

The procedure, described in the example above, is also applied for
the selection of the wave parameters. The sequence in which the
program gets through the tidal cycles is respectively spring-, mean-,
neap- and again mean-tide. This sequence s repeated continually
during the simulation run.
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7. RUNNING THE MODEL

The program has 2 options for running the model, viz.:
- option for a long term simulation

- option for a one time-step run

Relevant aspects of both options are discussed below.

Long term simulation

A long term simulation can be carried out not only in one, uninter-
rupted computation, but can be split up in several phases as well.
Table 9 gives an example of the restart of an interrupted long term
simulation.

With regard to some aspects of the entering procedure a few remarks
are made. The remainder of the procedure, as indicated in table 9,
speaks for itself.

The duration of the simulation period can be entered either in years
or months. In case of an interrupted simulation, the total simulation
period of the computations which preceded the new computation must be
entered as well.

The time-scale factor is of special interest. In this model it is
assumed that each month has 732 hours, so 61 tides of 12 hours occur.
An exact simulation of bottom changes during one month requires 732
tidesteps. The computing time for the calculation of one time-step
is circa 30 seconds, thus a one month simulation will need about
732x30=21960 seconds (that means a computation time of about 7
hours). It s quite clear that, without the application of a time-
scale factor, a long term simulation is not possible. Apart from this
aspect, the use of a time-scale is also justified for two other
reasons. The first reason is that a number of tidal cycles are iden-
tical, and it is unnecessary to run them twice. The second reason is
the fact, that the bottom level changes are very small per tidal
cycle. By means of a time-scale factor the sediment transport is
speeded up. Consequently the number of tidal-cycles can be decreased.
In the example of table 9 a time-scale factor of 15.25 is used; this
means that the siltation rates, calculated at a certain time-step are
multiplied by & factor 15.25. In this case only 4 tydal-cycles are
required to simulate bottom changes during one month.

Finally, with the time interval for printing the new bottom is meant,
the frequency with which the instantaneous bottom levels can be
stored as intermediate results in output files. The interval can be
entered either in years or months. An interval of one month means,
that after each simulated month a new file is created, in which the
bottom levels at that point of time are fixed. So, the result of a
long term simulation run is a number of output files with bottom
levels at all mesh-points. The bottom levels are stored in the same
way as the bottom levels in the initial bottom file.

A special computer program visualizes the process of bottom changes
by printing contrast maps based on the produced bottom files. In
paragraph 8, several contract maps are presented as results from
calibration runs.
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One time-step run

The option of an one time-step run enables the user to control cur-
rent patterns and sediment transport rates for specific conditions.
For this purpose a specific discharge in combination with a specific
set of wave parameters must be entered. An example of the enter-
procedure is given in table 10.

The computed N- and M-components of the velocities of the discharge
current, the longshore current caused by obliquely breaking waves,
the solitary wave current and the wave set-up current are stored in
separate output files. The sediment transport rates are stored in a
file as well. Plots of the separate current patterns as well as the
total current pattern are made by a plot program, using the current
files as input.

In figures 7-10 plots are given of the separate and total current
patterns as a result of the one time-step example run from table 10.
The depth file of figure 13, showing a rather long shallowness run-
ning westward from the head of the Cabedelo, is used in this example
as bottom level file.

Figure 8 shows very clearly the longshore currents along the northern
part of the shallowness and along the northern tip of the head of the
Cabedelo, generated by waves, coming from WNW-directions.

The plot, showing the total current pattern (see figure 10) indicates
very well, that the northward directed set-up current dominates along
the Cabedelo coast.
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8. CALIBRATION OF THE MODEL

The calibration of the hydro-morphological model can be subdivided
into three phases.

Calibration phase 1 was carried out during the construction phase of
the computer model. After completing, each module or sub-module was
subjected to preliminary tests. This applied particularly to the cur-
rent module and the sediment transport module. The current pattern
due to river and tidal discharge, the longshore current pattern due
to obliquely breaking waves and wave set-up differences, and the cur-
rent pattern due to solitary waves were checked continually. So a
first assessment of coefficients and parameters could be made.
Special attention had to be paid to the river and tidal discharge
current, in particular to the various §& and values in the
expander routine and to the formula for taking into account the bot-
tom influence (see section 3.1). The final & and & values are
shown in file PAR (table 7).

The Byker-Battacharya transport formula, implemented in the sediment
transport module, has been calibrated again, based on the sediment
transport data measured at sea (see paragraph 4).

Calibration phase 2 was carried out after joining all modules and
sub-modules together into one coherent mathematical model.

The purpose of the preliminary tests which have been carried out in
this phase, was to check if the model was able to reproduce some
basic characteristics of the morphology of the Douro bar. These
basic characteristics, described in chapters 3 and 5 of volume 5, are
the following:

- for the most part sedimentation and erosion occur in a flow lane
along the Cabedelo coast,

- the sediment movements in the deeper offshore part of the model
area are small in normal circumstances; only long waves transport
some sediment from offshore banks towards the coast,

- when the tidal- and river discharge is thought to be zero, then the
head of the Cabedelo is built up northwards due to wave set-up cur-
rent and the river mouth will be closed at last,

- in case of low discharges combined with varying wave action, the
head of the cabedelo will be built up in an easterly direction,

- in case of high discharges combined with varying wave action, the
head of the Cabedelo will be built up in a westerly direction.

Many test runs have been made under specific conditions and the
results have been compared with the basic morphological characteris-
tics. With the help of the comparisons, the various current patterns
and coefficients of formulae, determined in calibration phase 1, have
been adjusted.

In this context special attention had to be paid to the longshore
currents due to obliquely breaking waves and due to wave set-up.
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Essential to the simulation of the bottom changes appeared to be the
smoothing factor in the difference schemes applied in the bed
level module (see paragraph 5) and the time-scale factor (see para-
graph 7).
With the help of test runs an indication of the limit values could be
obtained and an assessment of the best fitted values, to be used in
the first tests of calibration phase 3, was made.
In calibration phase 2 only difference scheme 1, in which a constant
smoothing factor B had to be used, was implemented in the bed
level module. The tests indicated that the upper limit value for
was 0.2-0.3 and that smoothing actually could be left out of
account for rather short simultation periods ( /5 =0).

In view of the computer costs, it is essential to carry out the
simulations with a number of tidal cycles as low as possible and thus
the time-scale factor has to be chosen as high as possible.

It appeared that a one month simulation, represented by 4 tidal
cycles, still produced reasonable results. This means, that a time-
scale factor of maximal 15.25 is still acceptable.

The tests have been executed with an initial bottom configuration,
representing the situation of August 1910. This configuration has
been chosen because of the fact that the available hydrographic chart
of August 1910 is very detailed.

in phase 3, tests have been carried out in order to calibrate the
model in such a way, that the model is able to simulate the seasonal
cycle of the Cabedelo shape. This seasonal cycle, described in sec-
tion 2.1 of this report and in section 5.3 of volume 8, can be obser-
ved in ‘''mormal!' years. The seasonal cycle concerns morphological
changes of the head of the Cabedelo which is very essential to the
entrance of the Douro estuary. In other words, the model must be able
to reproduce a tendency in accordance with the seasonal cycle of the
Cabedelo shape.

The cycle as described in section 2.1 can be found on many charts,
however mostly not documented in detail. An exeption form the charts
in the years 1861/1862. In this period observations were made every
2-3 months and were recorded on charts. Figure 11, reproduced from
figure 4 of volume 8, displays the various positions of the Cabedelo.
The results of the calibration runs have been compared with this pat-
tern from 1861/1862. The object of the calibration runs was not to
reproduce the seasonal cycle from 1861/1862 exactly. This would be
impossible because time series of river discharge data and wave data
are not known. The discharge and wave conditions generated by the
program in the simulation run undoubtedly differ from the real condi-
tions in 1861/1862, so a pattern identical to the pattern of
1861/1862 could not be expected.

The initial bottom level file, which was used in calibration phase 2,
had been adjusted in such a way that the position of the head of the
Cabedelo corresponded as much as possible to the position in March
1862 (see figures 12 and 13).
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Several one vyear simulation runs have been carried out, mostly
splitted wup into two parts. The first part concerned simulations of
bottom changes from May to October (summer period) for the purpose to
check the erosion of the westerly outgrowth of the head of the
Cabedelo (developing of the type 7 Cabedelo into a type 5 Cabedelo).
The second part concerned simulations of bottom changes from October
to April (winter period) in order to check the developing of the type
7 Cabedelo back into a type 5 Cabedelo. The calculated bottom con-
figurations in October have been used as initial bottom level file
for the second part simulations.

The computations were made with a time scale factor of 15.25 (4 tidal
cycles per month) and with input data as presented in tables 1/8.

In this calibration phase much attention had to be paid to the dif-
ference scheme in the bed level module. The first tests showed, that
the use of a small smoothing factor f5 resulted in a rather un-
regular bottom configuration after a half year simulation. Better
results could be expected if the smoothing factor was made dependent
of the siltation rate (see paragrph 5). Therefore formula (5.8) had
been implemented. In addition, two other difference schemes were
added to the existing scheme (see paragraph 5).

Scheme 1 (smoothing of bed level profile) requires the application of
a variable smoothing factor.

Schemes 2 and 3 (smoothing of respectively the cumulative and the
instantaneous siltation layer) can be used with a constant smoothing
factor.

The final results of two calibration runs are presented in this
report and discussed below. In both tests an one year simulation run
has been carried out} test A with difference scheme 1 and test B with
difference scheme 3.

The results of test A are represented in figures 14/29. The contrast
prints in figures 14/19, produced with time intervals of 2 months,
show the bottom level changes.

Figures 20 and 21 respectively indicate the positions of the 0 m.
and the 2 m. contours of the Cabedelo at the start (April) and at the
end (October) of the summer simulation.

Figures 22 and 23 indicate respectively the positions of the 0 m con-
tours and the 2 m contours of the Cabedelo at the start (October) and
the end (April) of the winter simulation.

The contrast prints in figures 14, 15 and 16 and the contours in
figures 20 and 21 show very clearly the erosion of the westerly out-
growth of the head of the Cabedelo due to wave action. The rate of
erosion appears to be in agreement with the rate observed in the
season of 1862, The simulated positions of the 0 m contours of the
western tip of the Cabedelo outgrowth in June/August and in October
correspond rather well with the observed positions in July and
October 1862. The northern tip of the head of the Cabedelo is much
less subjected to changes. This 1is also in agreement with the
observations.

The results of the summer simulation indicate a gradual shift towards
the west of the southern part of the Cabedelo slope. The same ten-
dency can be observed in figure 11, This is caused by the
south-easterly bound longshore current, which transports sand from
the outgrowth to the southern part of the Cabedelo coast.
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The results of the winter simulation, the contrast prints in figures
17/19, show the erosion of the northern tip of the head of the
Cabedelo. This erosion is in accordance with the observations from
October 1861 to March 1862. The tip eroded within two months after
the start of the simulation. {(compare figures 16 and 17). This
rapid erosion was mainly caused by the high river discharge generated
in December.

Figure 22 shows a slight westward extention of the Cabedelo out-
growth. The simulated extention is very small compared with the real
extention created from October 1861 to March 1862.

Figures 17, 18 and 19 and figures 22 and 23 show that sand transport
due to longshore currents along the outgrowth towards the southern
Cabedelo coast continued in winter months. As a consequence the
southern coast will move farther to the west as long as an extreme
outgrowth exists. This tendency is confirmed 1in the evaluation of
the Douro morphology described in volume 5.

Figures 24/29 present the output files produced in the simulation
run, containing the computed bottom levels related to zero
hydrografico.

The results of test B (smoothing of instantaneous siltation layer
with difference scheme 3) are presented in figures 32/47. A constant
value of 0.55 was applied for the smoothing factor

Initial bottom file DEP1861B is almost identical to bottom file
DEP 1861; only the slope of the Cabadelo outgrowth has been made less
steep. Comparison of figures 32/34 with fiugures 14/16 from test A
show the Influence of the type of the difference scheme. The 0-m
contour of the Cabedelo outgrowth is much less subjected to erosion.
On the other hand, figures 32/3L4 show a stronger tendency in develop-
ing sand banks in the eastern part of the outgrowth. The northern
tip of the Cabedelo is not eroded away during winter simulation, but
shifted into westerly direction. ‘

A possible explanation for this may be the fact that lower discharges
have been generated in simulation test B. The table in page 42
presents a review of the monthly averages of the discharges and wave
parameters, which are generated in tests A and B.
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Test A Test B
Month disch.| wave | wave | wave disch.! wave | wave wave

dir. | period|height dir. jperiod | height

(m3/s)| (degr)| (sec) | (m) (m3/s)| (degr) | (sec) (m)

Mar. 438 282 10.5 1.43 375 282 10.5 1.43
June 406 293 8.5 0.63 313 293 8.5 0.63
July 125 288 9.5 0.63 125 288 9.5 0.63
Aug. 125 293 8.0 0.63 125 293 8.0 0.63
Sep. 125 293 8.5 0.90 125 293 8.5 0.90
Oct. 125 297 10.5 1.16 125 297 10.5 1.16
Nov. 906 293 10.0 0.90 625 293 9.5 0.90
Dec. 1281 293 11.5 1.78 844 293 11.5 1.78
Jan. 1156 276 11.5 1.16 781 276 11.5 1.16
Feb. 656 282 12.0 1.78 563 282 12.0 1.78
Mar. 1406 287 11.0 1.25 103 287 11.0 1.25
Apr. 563 293 9.5 0.63 500 293 9.5 0.63

Test runs, in which difference scheme 2 has been applied, were less
satisfactory. The changes in the bottom configuration were simulated
with an incorrect low erosion and sedimentation rate.

From the calibration tests it can be concluded that the hydro-
morphological mathematical model is able to simulate the basic
characteristics of the morphology of the Douro bar.

The results of tests A and B show, that the model 1is able to
reproduce the seasonal cycle of the Cabedelo shape in a '"normal'' year
simulation run, in which each month is represented by 4 tidal cycles.
The simulation run in which difference scheme 1 (smoothing of bed
level profile) has been used (test A), simulated a seasonal cycle,
which appears to correspond best with the observed cycle in the years
1861/1862. It is remarked once again that, although occuring
in an extreme form in some degree, this observed cycle can be con-
sidered to represent the seasonal cycles of the Cabedelo shape in
"normal!' years.

An one vyear simulation run, in which one month is represented by 4
tidal cycles, requires approximately 5 to 6 hours computing time.
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DISCHARGE [m*A]

l 0 [) Q

=~ \a o [} 0 Q Q Q

o d b 8 ?

: e RS ERRSEQE &

T L B BRI D T
TANOARY 3 28 48 58 73 80 84 96 98 100 100
;:EQRUARY 2 23 46 60 71 78 83 97 99 100 100
MARCH 4 27 43 55 67 77 84 97 99 100 100
APRIL 9 32 53 68 81 89 94 100 100 100 100
HMAL 15 50 72 84 94 98 99 100 100 100 100
TJUNE 41 83 95 97 99 100 100 100 100 100 100
oLy 88 99 100 100 100 100 100 100 100 100 100
AUGUST 99 100 100 100 100 100 100 100 100 100 100
SEPTEMBER 96 100 100 100 100 100 100 100 100 100 100
OCTOBER 74 95 98 98 99 100 100 100 100 100 100
NOVEHRER 44 73 84 88 92 95 97 99 100 100 100
DE CEMBER 3 50 64 71 81 87 91 98 100 100 100

FREGQUENCY

TABLE 1: CUMULATIVE PROBABILITY DISTRIBUTIONS FOR RIVER DISCHARGE
[ FILE QDISTR )
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TABLE 6: DISCHARGE CURVES AT THE EAST BOUNDARY OF THE MODEL

( FILE DISCH)

TABLES 5 AND 6
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1 Ll: 230 248 270 293 310
2 810 12 14
3 | 18 .53 .9 1.25 1.60 1.95 2.3 2.65 3.0 3.55
4 125 375 625 875 1250 1750 2250 3750 6250 8750 12500

TABLE 7: CLASS-ARRANGEMENTS OF STOCHASTIC INPUT DATA (FILE PAR)

}

1 (4730 40 50 NMAX MMAX MESH

2 5 9 CANTAREIRA

3 6 26 FELGUEIRAS

4 13 N-COORD. PEDRAS DO LIMA

5 .5 .8 .3 EPS,EPSR,EPSZ

6 15 5 20 OMEGA , OMEGAR ,OMEGAZ (DEGREES)
7 .1 BED ROUGHNESS (M)

8 .001 .0015 D50,D80 (M)

9 .6 BREAKING INDEX

10 8. LEVEL OF ROCK LAYER (M)

11 .55 200, BETAMAX=smoothing factor; De=a constant

TABLE 8: REMAINDER OF INPUT DATA (FILE INFO)

TABLES 7 AND 8



:RUN DSIMDRO

IS THIS RUN AN ONE TIME-STEP RUN
OR A LONGTERM SIMULATION?
one time-step run
long term simulation
ENTER your option ?2

IS THIS RUN A RESTART IN A LONG TERM SIMULATION?
(YES=1;NO=0)

ENTER date (MMDDHH) 27070510
ENTER job name (max. 10 char) ?J14Z61S6

1
2

ENTER period already simulated
number of YEARS= 70

number of MONTHS= 2?10
number of HOURS (max 732)= 70

- CHOICE OF TIDE TO START THE SIMULATION
SFRING TIDE =1
MEAN TIDE =2 or 4
NEAP TIDE =3

‘ENTER tide-number ?1

PERIOD OF SIMULATION
if more than 1 year ENTER 1
if less than 1 year ENTER 2
ENTER your option 72
ENTER period of simulation (MONTHS) 76
CNTER time-scale factor 715.250
TIME INTERVAL FOR PRINTING NEW BOTTOM
if time interval in YEARS---->ENTER 1
if time interval in MONTHS--->ENTER 2
ENTER your option 72
ENTER time interval (MONTHS) 21

NAME DEPTHFILE ?DEP1861B

TABLE 9: EXAMPLE OF RESTART -PROCEDURE FOR A LONG TERM SIMULATION.



:RUN DSIMDRO

IS THIS RUIN AN ONE TIME-STEP RUN
OR A LONGTERM SIMULATIONY
one time-step run
long term simulation
ENTER your option 71

ENTER job name (max. 10 char.) ?EXAMPLE

Ny —

ENTER river discharge [cu. m/sec] 7875.
ENTER tidal water level rice [cm]l 7170,
ENTER wave direction [dearees] 7293.
ENTER wave period [seconds] 710.

ENTER wave height [ml ?70.90

ENTER time-scale factor 71,

STORE current velocities in fileg?

(YES=1:ND=2) ™M1
- NAME DEPTHFILE ?DEP1861B

TABLE 10: EXAMPLE OF STARTING AN ONE TIME-STEP SIMULATION
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11 river L types

discharges of tides
one - dim.program EXPLIC

v

data file with tables with wave data

4L discharge curves (period, heigth, direction)
choose discharge curve choose wave

from table from table

data input part

M
FLOWDS1 A A 4 FLOWDS3 REFRAC v v
distribute discharge calculate wave data
through mode}l area current at each grid-point
discharge + tidal N | calc, longshore current by
1)+(2
current (1) (1)+( N oblique breaking waves (2)
discharge distribution sub-mod. ; EENL ING
FLOWDS1 = for ebb-currents calcul. currents caused by
FLOWDS3 = for flood-currents solitary waves (T»12s) (3)
SETUP
calculates wave set—up
total current b §—
currents (k)
wave sub-module
current module I
SEDTRAN L 2B 4
calculate sediment
transport
sed. transport | module
NEWBOT A 4
calculate new output
bottom
bed level modute
calculation part
Y

increase time with

one time-step

v

no

yes<tidal cycle finished

N

FIGURE 2: FLOW-CHART OF THE DOURO HYDROMORPHOLOGICAL MODEL.
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FIGURE &4 DISTRIBUTION PROCEDURE OF RIVER DISCHARGE.




EXPANDING M-COMPONENT OF DISCHARGE VECTOR
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FIGURE S: EXPANDING PROCEDURE FOR DISCHARGE COMPONENTS.
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%/ wave direction = 293°
wave period = 10 sec.
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FIGURE 8: EXAMPLE OF LONGSHORE CURRENT PATTERN DUE TO OBLIQUELY
BREAKING WAVES.
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FIGURE 9: EXAMPLE OF SET-UP CURRENT DUE TO WAVE SET-UP DIFFERENCES.
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BOTTOM LEVEL CONFIGURATION IN FEBRUARY; SMOOTHING OF BED LEVEL

PROFILE (TEST A)

FIGURE 18
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FIGURE 19: BOTTOM LEVEL CONFIGURATION IN APRIL; SMOOTHING OF BED LEVEL

PROFILE (TEST A)
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OF Om CONTOURS ( SUMMER PERIOD; TEST A)
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POSITION OF 2m CONTOURS (SUMMER PERIOD; TEST A)

FIGURE 2%1:
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FIGURE 22 POSITION OF Om CONTOURS (WINTER PERIOD; TEST A)
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FIGURE 23: POSITION OF 2m CONTOURS (WINTER PERIOD; TEST A).
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FIGURE 25 BOTTOM LEVELS IN AUGUST; SMOOTHING OF BED LEVEL PROFILE (TEST A)
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FIGURE 26: BOTTOM LEVELS IN OCTOBER. SMOOTHING OF BED LEVEL PROFILE
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FIGURE 27: BOTTOM LEVELS IN DECEMBER; SMOOTHING OF BED LEVEL PROFILE
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FIGURE 28 BOTTOM LEVELS IN FEBRUARY, SMOOTHING OF BED LEVEL PROFILE
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FIGURE 29: BOTTOM LEVELS IN APRIL; SMOOTHING OF BED LEVEL PROFILE
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FIGURE 30: ADJUSTED INITIAL BOTTOM LEVEL CONFIGURATION DEP 18618 ( TEST B)
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FIGURE 31: ADJUSTED INITIAL BOTTOM LEVEL FILE DEP 18618 ( TEST B
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FIGURE 35: BOTTOM LEVEL CONFIGURATION IN DECEMBER; SMOOTHING OF SILTATION
LAYER (TEST B)
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FIGURE 42: BOTTOM LEVELS IN JUNE, SMOOTHING OF SILTATION LAYER ( TEST B)
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FIGURE 4L7: BOTTOM LEVELS IN APRIL; SMOOTHING OF SILTATION LAYER (TEST B)



LISTING OF

COMPUTER PROGRAM




DS 1ADROT FRI, JUL 13, -1864, 10:57 AN 118 READ(12,% Epsﬁspsnhepsz
3
1 SCONTROL USL IWIT, NOSOURCE }12’? :EQE }5:, R oy LFAR, ALFAZ
2 PROGRAM DSINDROD 122 RERD(12,% oso,nso
3 € 123 READ{12,%) GRHMA
4 € 124 READ(12,%} DDRED
S [ 125 READ(12,*) ALPMAX,DDGEXTR
s g 4 3z 128 c
had 127 [+ {14 ¢RLFA, RLFAR,ALFRZ in graden?!!!
g E :: ROMINISTRACARO DOS PORTOS DO DOURD E LEIXOES :: 128 4 ViIALPHA s agul lszrmgg fm(:tor voor KEUBOT!!'!
10 i E2 % :219) g
11 € FF TuO DINENSIONAL SIMULATION PROGRAN oescmsma Ead 31 c! '
12 C X RORPHOLOGICAL CHANGES iN THE COASTAL ZOWE Of = 132 )
}2 E :: THE OOURQ ESTUARRY :: 132 4] "
132 c
15 C 3% CALCULATES: -tidal currents [FmeSl FLOWDS3) 3% 135 Do 503 l 1 urmx 10
:!} g :: -longwrg currents ;; 136
rod. stress 137 READ(11,3 b u n),N=1, 148
18 £ @ uave setup "IKEFm:) b 138 504 r.nurgnué RUCURUNED
9 € ~currents by x5 139 503 CONTINUE
2 ix et TS st B ey
-1 ansp. un
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g S ;: FiLes e oz :: 143 E MESH en D(M,N) omrekentn naar
input ~INFO u! 145 nEsu—uEsnt 1000.
26 c sz -DEPTHFL [ ,,11 {an] b 148 0 505 Msi, nnax
27 c == -GDISTR 2120 *x 147 oo 508 N=1,NRAX
28 c 3z ~BISCH 221 [u"l/stc] xx 148 D{N, n) u NN zloo.
29 c 1 -seAcev  ( ,,22) Llen) e 143 ORUL (N, R)=b (N,
k] c 3z -WINDDIS ( ,,23 3z 150 508 can mus
38 c 3 -PERDIS { ,,24 iz 151 505 CONTIRUE
32 c == ~LaVD 1S 2225} [m) bed 152 DRISE=Q
1 c = -PAR 2226 3z 153 1F{Q1. GE. 2000. AND. 01.11.4000) DR1SE=350.
Ja c == 2z 154 LFLQ1. GE. 4000. AKD. Q1.1 T. 6500) DRiSE=750.
35 € 3T output 12 155 1F( 01 GE- 6500, AND. A1-LT. 9000) DR1SE=1250,
38 c = -NEuBOT ( ,,17) {on) 3z 156 1F{01. GE. 9000, AND. 01.1T. 1 ) _DRISE=1950.
37 c = x 157 1£{Y0. GE. O anL FLouomfvo ,RISE,EPS, ALFA, HOLHE, DR I SE
38 c = _ = 158 IF{VO.LT.0) CRLL FLOWDS3(VO)RISE,EPSR,ALFAR EPsi ALFAZ, NOLKE)
38 C 5% HYDRONRRIC BV JUNE 20,1984 H.VERHAGEN X% 1589 CALL REFTEST cannn ROUGH, ALFRBOUND , TH nlé DGRNS, FREN)
k] c 1= J- OLTHOF iz 180 EALE SEDTRAN(DED D0 RISE, TH. ROUGH,OROTS
a1 < 161 CALL nsuaot(onksé osunr £1SE DRy G DROTS. ALPRAX, DDGEXTR
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56 c tRESHLAN], DLAR]), ALFERAD. $100), WFO{ONT22], U, VION/SEC] 176 ACCEPT
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S8 DOUBLE PRECISION R 178 DISPLAY’ENTER job nane (max. 10 char)®
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[3] JRE IND=~1 181 DISPLAY’ENTER period nlr:nd; simulated”
82 MHDE | D=1 182 DiSPLAY” nunber of YERR3='
63 LL=, TRUE. 1823 ACCEPT JR
64 DGRNS=8000. 184 1SPLAY® nunber of MONTH3=”
85 FRGH=S. 185 ACCEPT MNI
66 HBR 188 DISPLAY” nunber of HOURS (nax 732)="
67 NBB=1 187 ACCEPT RS
58 NBC=0 188 DISPLAY’ cnoucs or noc TO START THE SINULATION®
69 NBD=0 1689 DISPLAY’ =1?
7 NBE=1 190 msvmv' nsnn nos =2 or 1"
7 NBF=1 191 LAY? NERP YIDE  =3*
72 IALPHAO 132 msPan ENTER tide~-number’
73 ODRED=10. 193 ACCEPT TIDE
74 c 194 GOT0 26
75 c 195 27 JR=O
78 C SEEXXXIPROEF LRATER utm["li”i“t’!t!’ll'm’ 198 MND=0O
77 c 197 MRS=0
78 DISPLAY’ 1S THIS RUN RN OKE TIME-STEP RUN’ 198
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a0 DISPLAY® one ting-sTEp run =1’ 200 iSPLRY" if nore than NTER 1’
81 DISPLAY’ long tern unulanan =2’ 201 DISPLRY' if less than | ycur ENTER 2
82 DISPLAY’ENTER your option’ 202 DISPLAY'ENTER your option’ .
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4 AND=1 208 GoTo 8 i N .
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90 noesrer-x 10 ACCEPT NNDE | ND1
91 1 HNDE | NDSHNDE I ND 1 «2IND+JR¥12
a2 D|SPLRY ENTER river discharge {cu. n/sec)’ 12 8 DISPLAY'ENTER tine~scale factor®
93 13 ACCEPY DELU
94 14 JRSTAP=1
95 DISPLAY’EMTER tidal mater level rise [cnl’ 218 BHDSTAP=1
98 ACCEFT RISEZ 18 BROPR=20000
97 RISE=RISE2%10. 17 JRPR=1000
o6 DIIPLAY ENTER wave direction [degrees)’ 18 DISPLAY’ TINE INTERVAL FOR PRINTING NEM BOTTON®
39 RCCEPT RLFRBOUDID 19 DISPLAY’ if time interval in YEARS SENTER 1°
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Pt £ s rireie ‘ b 1 connow /FLOUDS/DUU, WV
I I
492 [ 12 ¢
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1919 C ¥ -pax. bijdraaihoek=DBETR 2038 DO 835 M=i MR
1920 € * -uater von diep naar ondizp wordt sterker ‘ 2090 IF(NEQ 1. DR, N.ED. mmx) GOTO 831
:gs (c: L4 bijgedraaid dan van ondiep naar diep 2041 ]FEH_EO nnAx) GOTO 8.
2042 U(N, Re VU{N) U (N, I|0!

lggz 6§10 BET2 =HOEK-PS! 1 y 008 2043 é f wv%nﬂ ¢ )
1 1F(ABS(BETA). LT..00175) GOTO 2044 N
1925 FACDP= Exv( 3 204 c 831 C mu
1926 FACHL= nEullo. 2046
1927 DBETATO 2047 c"t"zxpandzr:n horizontale snciheid USESSSERRS
1928 IFLFRCDP LY..OOI RND FQCML. £7..001) GOTO 611 2048 cs expanderen naar MzH-1 en noar M=Pf+|3383X%3
1928 DBETA=FACDPIFACHLRDBETH 2048 ¢
1930 811 BETRN=SIGNSQBSSBETHgODBETR BETxg 2050 1F(H.EQ. HHRX] GDTO 871
1931 I (RBS(BETAN). GT. 1.5708) BETAM=SIGN(S. 5708, BETR) 2051 DO 828 M=)
1932 HOEKNZPS| | +BI 2052 LF(D N n oﬁlss LE o Gnm 828
1933 GGK=SDRT(UU‘quW‘W 2053 lF U(N,n).GE.G
1934 ut ug:cc‘tcos HOEKM 2054 u(N, n LT .o} ISIGII-I
1935 V1(H)=GOKTSiN{ HOEKN 2055 lS =161
1836 1FEVILN i T0 2058 ARINGK-|
:gg; ('3 :E;g Gn(w LUL{N)) 2057 nPLUS=R.

VitH 2058 IF(D(N, HHIN +RISE.GT.0) GOTI
1839 [4 0I1SPLAY M,M,U1(N),VI(N),”BOOEN’ 2058 ISE $ ? £ ) 0 826
1940 605 CONT{WUE 2060 M 1Nz
19t us:—ms:o-ok 2061 828 lr(byl nPLus)oklss. GT.0) GOTO 827
1942 [4 2082 1316
1843 [ TART DISTRIBUT 2063 npPL -H
1944 D0 741 Nz1,MMRX 2064 827 unln—u %
1945 DUUTH =u1{ﬁ; 2065 0K, MSEbSIuTUn N
1948 DWIN)=VL (N 2066 U(N, nnlug =U(N, IMINJ+E1UBURIN
947 741 CONTINGE 2087 ULN, MPLUSY=U (N, APLUS ) +E1USURIN
1948 DG 719 N=WMRX, 1,-1 2068 VN, HHINg‘V“gN HHIN 2UBUNINTISIG)
1948 sr(o(n,n).msé.i:.o) coto 708 2089 Y nPLUS D (R, BPLG3)SE2usun 413 62
1950 Lu=u1 2070 828 COX
1951 wvi n 2071 871 cannnus
1952 1F(UU. EQ. 0. AND. WV. £0.0} GOTO 708 2072 221 CONTINUE
1853 F UU) 7|9 702 703 20 CBESISELEINDE E. IDE|
1954 02 070 708 2074 c
1955 anL DISTSUBI(UEN,INI WM, nd} LU, W, 1,0, NRAX, ABAX) 2075
1356 ¢ DISPLAY H,Nel,U(N,N+1) VN, Ne1 3 00w, U1 5, V1 CR) 2078 I OPSCHALEN U EM
1857 GoTo 708 2077 c
14958 703 VUsW/Uu 2078 SonPL=0
1859 IF(W. €0.0) GOTO 714 2078 SOHN | H=0
1960 UU/ W 20! $0n=0
1861 |F(vu~l 704,704, 70 2081 nnm-n-l
1962 704 CALL DI rsubl(utn n.x) V(R Ne13,0U,WV, 1.0+UV,0, NNAX, ANRX ) 2082
1963 {F{R.EQ. 1 2063 c IF(H NE. FPY(4)+1) GOTO 881
1984 CALL mst TLU(N=1, 001 ),V(N-1, 1], 00, W, -V, 0, KNAX, ABAX ) 2084 c
1965 6010 708 2085 [ IF(FPY(4) EQ, FPVSZ)) KK=FPX(2)
1966 705 IF(N £0.1) GOTO 708 2088 [ 00 saz N-KK PX(4)
1367 CALL D13TSuB) u(n-| Ne1),V(N-T, M1}, U0,¥V, VUi, 0, KNRX, MMAX) 2087 c U=y
1968 lF[I EO.I;U' 2088 [ w=v N H
1889 l(wu(u-l) DV (H-1), UL, W, 1.0+VU, ~(N-1) , NIWAX, FIRX ) 2009 < SON=30R«SART (UUTUUSWWIWY)
1870 GOTO 708 20 C 882 CONTINUE
1971 714 IF(N.EQ. |} GOTO 708 2091 [
1972 CALL DISTSUBI (DUU(M-1),DVW(N-1),UU, W, 1. ,=(N=1), WRAX, BIAX) 2082 c 081 IF(N.NE FPY(Z ol) Go'm 684
1873 GOTO 708 2083 [ oo 885 H=FPX{2), Nl
1974 708 COMTINUE 2094 c U(H,
1875 718 CONTINUE 2095 [ W'V LI
1976 00 717 N=1,HMAX 2096 [ S0R=30f1+50RT {UUKUUSWEW)
1877 1F(D(N, n)vleE. LE.0} GOTO 717 2097 C 885 CONTINUE
1578 yu=u1 (N 2099 C 607G 883
1979 (F(UU) 701,717,717 2099 864 00 880 N=I‘NHRX
1980 701 wW=v1 2100 UU=U{N
1581 1F (V. £ .0) GOTO 715 2101 W=V{N,
1982 VUsW/uU 102 son= anoSuRT UURUIUSWIW)
1683 W=ou/wW 103 uun= u%u nm
1384 |F§vu 1) 706,706 707 104 W=V (K
1365 708 1F (N €0. nmAxX) coto 105 SOMAIN= sonmmsoxr(uuntum'wntvvn)
1386 CALL ms‘rsuun(ouu(nq ,D\N(llvl) WU, W, 1.0-VU, N1, NPRX, NPAX) 108 UUP=U(N
1967 IF(N.EQ. KAAX) G 107 WPV
1588 CALL onsrsum(u(n-l.nol),v(nol.not),w,w.w,o.max.mx) 108 SOHPL= SbHPL~30RT(UUP3wP0WP3WP)
1383 GO 717 2109 880 CDNT
1990 707 1F{N. EQ. NBAX) cam 2110 683 3
1991 CRLL DISTSUBI(U[Ne1 ml) V{N+1 He1), U0, W, WV, 0, WHAX , AIAX. 111 IF(H.EQ.FPV(“)) TOTAL=30m
1392 anL msrsual uln, me 13,00, Re1 3,00, %, 1. 020 ) 0, NnAX, nmax, 2112 DO 890 N=1, NNRX
1983 GOTO 2113 nréson £a.8) GaTo aso
1994 7S IF(N. EQ NHRX) G010 717 2114 \F SUHHIN EQ. 0) GOTO 890
1995 CALL Dlsrsuel(ow(uol) DWV(N+1), UL, W, 1., (Me1), NHAX, AMRX) 2115 UCN, )=U(N, 1) Yoml./son
1998 717 CONTIRUE 2116 V(N, K, n$*T0TALYSOR
1997 718 N1, NRAX 217 UM, il M, MMIN)STOTRL/SOMAIN
1998 1F(N. €0 FPY(4)+1. OR. . EQ. FPY(2)+1) GOTO 718 2118 VN, N, MM IH)XTOTAL/ SONMIN
1598 =DUU{ N 118 U(N, N,HPL% OTRL/ SOMPL
2000 N 120 V{N, N,BPL}XTOTRL/SONPL
2001 718 121 ul=0
2002 [ ..INDE DISTRIBUTDR: 122 Wz
2003 ¢ 123 som-sénwsnnr(uuluuow W)
2004 C TARY E. rnnvb 124 c IF (1. HE. 20. OR. K. HE. 25. OR. 1. NE. J0. OR. M. NE. 35. OR. M. NE. 39)
2005 CX vertikale snelhe 125 c * GOT0 890
2006 C2  expanderen V op n=ﬂ0I naar N-1 en Nei = 128 c OISPLAY M, R, U(N,N), VB ") U(N H-1),V(N, R=1),U(N, RPL] ,V(N,RPL)
2007 3 x 127 € =¥ bn, SOMRIN, sonbL, S0n
2008 c 128 890 COMT I NUI
2009 DO 830 M=1,NMRX 129 1F(n. EQ. HHRX-Z) Son2z=s0n1
2010 DUU(N)=0 130 850 CONTI u
2011 DVW(N]=O 131 usr_‘-
2012 B30 CONTINUE 132 HRITI ; ) FPX"J) FPY‘I) FPX{!),FPVE‘I) TOTRL som2
2013 DO 829 N=1,MRAX 133 300 FORPA +5%,F5.0,%,F5.0)
2014 \F{N.EQ. 1, OR, ’LEO NM\X) GOTD 824 134 0o 591 ﬂ ‘ ﬂ X
2015 14 n.sa.nmxa 0 824 135 Do 8 21
2016 EE(O(N, Nel)el ISE.I.E.O) GOTO 823 136 IF(D(N,N JNSE.LE.OE GOTO 882
2017 SIGNI=t 137 D1=.0013({D{N,8}+RISE)
2018 SIGN2=1 138 Bu=U(N, 1
2019 NIVIN=N-1 139 W=V(K, 1
20! NPLUS=N«1 140 {F (V. EQ. 0. AND. UU. EQ.0) GOTO 892
2021 1F(D(N~1,1+1)+RISE.GT.0) GOTD 621 141 GGK=SQRT (LUPUUsWHA )
2022 1S1GH1=-1SIGNT 142 uu)
2023 KA NzN 143 . 3EGK/NESH/D1
2024 821 1F{D(Ne1,M+1)+RISE.GT.0) GOTO 822 144 VHAX=SORT(9. 81301
2025 131GM2=-131GN2 145 IF{GGK GKO=VIRX
2026 NPLUS=N 146 UEN, ; 3G6KD COSEHK}
027 822 vmu—v(u Mol 2147 V(N H)=10, SGGKD*S IN(HK
2028 u) ow(n ~EPSZ™WVN 2148 c
2029 DV ( NI nm){ﬂvnln 2149 c FELTTY(N,N) EN V(N,N) [N DIYSEC it
20! ow PLUS DWWV (NPLUS J +E1 5V IN 2150 c
2033 DUUL KN IR} =DUU (HIIN)~E23VAINE 1S 1GH1 z151 892 TONTINUE
2032 DUU(NPLUS )=DUU( MPLUS oszwmn!lsncuz 152 881 CONT INUI
o3 H DiseLAY W v“u”ﬁw N wv(mus) DUULMNINY, DUUCH), DUU(MPLUS) :;‘2 é;&“:{tis 33' ’UWELDS :
2034 c DISPLRY DWV{MRI
2038 823 CONTiNUE ¢ ), bW, ;gg CRLL F!LEs 3!' *RVVELDS ‘}
2036 824 CONTINUE
2037 c 157 DD 894 l l NH X
2038 629 CONTIWUE 158 UR1TE(30, 855) (u(n n),H=, 1+8)
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2879 c ’ lndl:n golfhoogte lager dan (GARMA-1 x 2999 REAL NESH LL,KS! HU,K XRPPA,KS, KD
2880 € ‘ dan geen setup z 2000 INTEGER Fﬁléi& b a
288! 4 ‘ 001 CORNON /GENER L/NH X, (SAX, MESH, O, ALF , 8F0, U, V, FPX, FPY, | ANTY, P31, HEL
%ggg g : beginnen bij N=WMAX ) ‘ 3002 +
bepalen gem. set up ; dit ft ¢en basis vcrhtmg 300 L
2684 E 2 OVERHO e veroorzaaki cen basis sexup current e ¢ CONNON /SEOTR/ S0,V
2885 € * noorduaarts 8 3008 C
28 ¢ 2008 <
2887 c DISPLAY jANTH,'R2778° 3007 c = *
2888 SQnsus 3008 [+ X BEREKEMING SEDIMENTTRANSPORTCAPACITELT b
2883 30m01130 2003 € &  MET BiJKER/GATTACHARIR .
SONCH: 3010 [ z x
2891 6 I1xy, JEIND 2011 c s .
2892 N=SHX(1 012 c p=1.83 z
2893 n=SHY(§ 3013 € = RIBBELFACTOR LIN. AFNRMKELISK VAN TH %
2894 DIZD(N, M) +RISE 3014 c = 2
2895 1F(DI. LE 0) GoT0 26 w15 t 3 transp. cap. in U-ri. = SU 3
2896 D112.001¥D 018 c = z
2897 CHN= Ia 'hLOG!O(lL‘DH/RDUD') W17 c 2 b
2898 SOMCH=SONCMeCHN 3018 c ¢ transp. cap. in V-ri. = Sv =
2899 SOMDI 1=SORD11+D1 Y 3019 ¢ = .
2900 SHOAL=, 44SSISDRTISDKT(II.03IW /ot)) 3020 c t 3
2901 H=SORT(1, luroS 1 2021 c = ®
2902 HBR=(GANRA-. 1)3, 01301 3022 c f SU en SV in [n¥%3/sec) z
2903 c |F{H.LE, NBR) G010 8 2023 t 2
2904 SUT(1)=. 3132GANNATHT 100, 24 € % wvyoor N > FPY(2) ligt rotsbodes op -20 n b
290S [4 DISPLRV )R, H,SuL (1) 025 c 3 z
2906 3028 [+
2907 ZGSUI[I)SUIU 1) 3027 c
2908 a0 SOHSUS SONSUBSUL (i) 3028 c
2908 8 L NUE 3028 RISEQO=RISE
2910 c DISPLRY IANTU, > R2801° 3030 DROTSO'DROTS
2011 CHESONCH/ TEIND 3031
2912 DGEN=S0ND1 I/IEIND 3032 DROTS DROTS’IOOO
2013 SUG=50RSUB/ {EIHD 3033 DELm-l 85
2914 RFST (IEIND V)*NESH 3034 ULO: 6ITHYTH
2915 ST.LE.0) RFST'hESH 3035
2918 = SUG 3038
2917 SOVERH! E 2 3037
2918 VGEN=CHSSORT DGEH SWEKNB 3038
2918 c DISPLAY SANYU, 'R2008’,CH,OGEN, SUG, RFST ,VERHD 3039
2920 DO 8 tis IEIKD 1,-1 30490
2921 uzsan 3041 TH=12.8
2922 R=SHY(11 3042 CALL KRTPRRUS{TENP,SAL,V13K,RHO)
2923 KEIRD=1 3043 c
2924 nps snY(llol) 3044 C  ®s3xxs3ripbelfaktor R Jin, afhankelijk van golfperiode TN“"
2925 MAN=SHY (1 i- 20 3045 [+ z RO is doorsnijding R-as
2928 IF sll EQ.1E) GATG 34 048 cC ¥ Thas dourmudmg T -as t
2927 [LIs El].l) Goro 315 3047 c 3 R=AAETH« x
2928 ato 3 3048 [
2929 34 nv:v(x 1)1 3049 aﬂ--no/'m
WRA=SHX{ t1-1) 30!
2831 GO0TQ 3 3051 lram LT.TH} GOTO 40
2932 35 NP=SHXI lId} 3052 ﬂ‘(TN -1) +BB
2913 NAzSHX( |1} 2053
2934 0T0 3 3054 -« R'Rﬂ'nhbb
2935 37 NP:SNXEH‘I 3055 4% 00 1 n=1,AMAX
2936 MRESHX( | I-1 0s6 c
2837 36 VF(MP. NE. N, RND. WN. RE. N) GOTO 38 3057 C *3Zextra waterstandsverhoging t.g.v zeer hogti"
2938 SF(MP_EQ. M. RND. NB, KE. N. RND, KP. LT, B) GOTO 18 2058 C rivierafvoeren
2339 lF;W. ME. H. AND. NN. EQ. M. AKD. BAR.LT. ) GOTC 38 3058 14
2840 GoTo 39 060
2941 38 KE|WD= 3081 FPY2=FP ; a
2942 39 DO J0 K=1 KEIND 2062 IF(N.GT.FP’ 2; DKDTS DROTSZ
2543 rzhe (K1) 3063 JF(N,GT.FPYZ) GOTO 34
2944 3064 DR ) SE=(FPYZ-N)3DRISE/FPY2
2945 2065 RISE=RISE<DDRISE
2948 3066 €
2947 2087 34 00 Z W=1 NMAX
2948 30608 sucw,ny=d
2948 3069 Sv(N n)=0
2950 § 2070 2 CONTINUE
2951 IF(UWVS. G1. VPRX) WVS=VIAX 307N DO 3 H=1, NPRX
2952 CRLL HELWG(AM,RISE, N, Ne1) 2072 1F(D(N, M)+RISE, LE.O) GOTO 3
2953 [ 1] I'Pslé ; :073 UU=UB(N, M
2854 IFEPSlI 0. 15.708} GOTO 30 - 3074 WaVIN I
2955 1E{PS1 I, NE. B. 425) GOTO 22 2075 wwvs. 1 ks n(uu!uu»wij
2958 KK=1l+1 3076 c DISPLRY NN
2957 JF(KK. Q. [EIND*1) GOTG 30 2077 1F(UU. Ea. 0. AND. W. £0.0} GOTO 1
2958 M1 =SHX(KX 3078 HOEK=ATANZ(VV, UU
2959 N1=SHY KK «(K-1) 3078 $F(WV, £0.0 2 0
2980 cALL (m RISE, N1, N1+1) 3080 SHORL =. 4466 SGR‘!‘SOR'{(HLO!IOOO (DN, ) +RISE)))
2861 PS(I-PSI( 1) 3081 H=SQRT( NFDEN ﬂg HORLE,
2862 32 PS1I=PSII~1,57 3082 D1=. 001 ¥(D(N, N} *RISE)
2961 U\NSU'VWS'COS PS11)%10, 3083 [
2964 WVWWSUVWSISIN(PS 1] }%10, 3084 C
2965 U(H, BA)ZU(N, w1 ) VY 2085 € SUBROUT INE FOR COMPUTING LAVE PARANETERS
2866 vfu,nn%:vfu.nn <VWWSU 3086 c ace. to lingar wave theory
2967 c DISPLAY N,MM,01,P311, IANTY 3087 ¢ i
2968 30 COMY INUE 3088 C INPUY T W wHave height m
2969 8 CONTINVE 20898 c TH wove period s
2370 c OISPLAY 1AMTU, *R2878* 2090 c 01 woter depth "
297% c 3091 c amplitude bed orbital velocity n/s)
2972 c DISPLAY IANTU 082 [ CUTPUT: A0 anplitude bed ordital notion "
2973 IF1ANTU. cn.z GOTC 836 3093 c w anplitude bed orbital veiocity 1)
2974 CALL FILESE PLOMUVELSY 3084 [ ul uave length n)
297% CALL FILES('3?*, LIWAELSY  * 2098 [ .
2976 c OiSPLAY'UNITS JG AWD 37 OPENED’ 3088 c version October t4th 19682 GJA LOMAN / HYDROMANIC by
2877 00 833 =1, n 3087 [
2978 00 894 i=1, x 3098 4
2979 URITE(36, 895; E s 3099 P1=3. 14159
2900 URITE(D7 v, n III,IOB 3100 G=9, 81
2981 895 FORH“ (l F6, 3101 A0=0
2962 894 L 3102 ll)=0
2983 89 CDN IN E 3103
2984 CARLL IJIUYCONTROLE 3104 K Eﬂ.O OR. TH. E0.0.) 60YO 50
2985 CALL UNITCONTROL 37 l 3105 DH 6z2. *P1/TH
2588 898 RETURM 3108 HLOSG/2. /PI’TMx
2987 EMD 3107 uL=| IILO'SGRT(TR””(Z. PIEDI/ILO))
2368 c 3108 b0 S
2589 4 2108 HLl HLO‘T&NH(Z. lPI‘I)I/II.]
990 [ 3110 sz UL T
2981 c 33| E3) CDK NUE
2862 t 2112 K=2.3P}/1L
2993 c 3113 00 S'DHEG’WﬁlNN(K"DI)
2994 SCONTROL SEGMENT=SEDTRAN 3114 /OMEG
2995 SUBRGUY INE SEDTRAN(DSO,DBO, RISE T 3118 c
2996 ¢ 114050 n] oso[n jRisEfhn, b 13€tn) m[séc} ousn[n] dororsins s 318 ¢
2897 REAL V(O o ©),ural0, 0] et L(30 I gz ¢
2398 * 35050, 3 vt 30. ) psil30),HECt 30 3118 ¢




fot 3239 1F(O(M, 1), LT. DROTS) £OTO O
3120 € SUBROUTINE FOR CONPUYING BED LO“D TRANSPORT .
g:gé g acc. To BIJKER-FRIILINK formu :? c IF SU(N %) LT.0) 6070 8
42 14 YINN is een rotspunt en SU(N i 8 L]
naz c INPUT : DSO 50X bed grain 3iZe by weight n 2243 c * roes (1) is pasitieftit
g;g (é :90 mkud grain size by weight () 3244 SU(M- HE LY.0) 305 i %‘0
Nikurodse bed rougness " . = -
nz ¢ 3 ikuradse be 9 ( '). 3 :3 ! l”{su N MY, BE. SUCN-T U(N, B)=SU(N-1,1)
3127 [ wv a(p(h-avcmgcd flou intensity Jn/s) 47 c
31208 c v anplitude bed orbital veiocity s) 48 C  ¥2ITLEXIny von rechts naar | inkssszsssse
g:gg E :)M unpl't:d: bed orbital motion n;/ 3249 c
water znsxt ka/cun 3250 DRDT . AND. - £
3137 H fhos  Sarn gens Y o eun 3250 IF(D(NHRXkH) GE. 3. AND. SU(NMAX, M). LT.0) SU(NRAX, N)=SUNN
132 [ thob  dry bulk dcnsl!y kg/cun 3252 IF(O N ﬂ tR!Sé‘LE 0) GOTO 7
3113 c Visk kinematic water viscosity £ 8) 3253 IF(O(N,n).LT. DROTS) GOTD 7
3134 [ FAC proportional bed load factor -} 3254 IF su[n ) GE.Q) GOTO 7
3,‘;3 g OUTPUT: éb g:d mﬂ transport N guu/s/n] gs [4 .
e Gr 3Tress current & uaves (Pa 3258 c CIN, N ls rotspunt en SU{N,N) is negatief!iti1ity
3137 < Tc bed shear stress current Pa; 57 4 i oL 9
3138 [+ (=Y bed load concentration PPT Mg) 3258 IF suEuol n).GT.0) SU(N, ng-o
3139 c . 3259 1FCSUCR, ). LE. SUCKsT,N) Y SUCK, 0)=3U(Net, )
i [ version October 14th 1382 GJA LOAAN / HYDROWANIC bv 21260 7 C
3141 c TIEXLE33 3281 1
3142 [4 3262 DRDTS:DKOTSD'IO&).
114 50 G=9.81 3263 c
Jraa €870, 284 c
3145 $8=0. 6S [
1148 TCU=0 86 £
gH; Tt(ﬁ o ) coto s2 67 [
14 IF{(VWV.EQ.0..OR. DI.LE. O, 3288 £  S3%bepalen transp.cap. SV in V-ru:hu tpy rot-mun“
3149 »=01 3269 C % indien randpunt rotsboden dan i3 il
3150 lF(DHI)LLT RA DMM—'R 270 . in = t
3151 Cr=18. *ALOG 3 W) 271 c 3
3182 MU=(Cr/ 16, /AL GIO(IZ.’DHIMM))”I S 3272 <
3183 FUx0. 3273 [
3154 IF(AO/R.GT. 1. 47]) 3274 00 9 Maj,MARX
3155 &FUsEXP(-S, 97705.213‘9!/”)"0.194) 3275 <
3158 TC2RHORCWNVRAAL/Cr/Cr 3276 c Es83%spepalen WV tpv rot ‘.nnuuun-nu
sy TCU=TC+Q. 25 RHOXFUTUOSUO 3217 C % cerst von boven naar beneden
2188 PARNZ-O, 2 l(nnos-m&tnsotc/ru/tcu 3278 c
3159 tF(PARA, L! g GOT 3279 WO
2180 SB=FRC3DSOTVWV/Lr¥SORT(G &' I l‘l“./m 3280 SVAR=0
3181 CB=38/30RT (TC/RND)/6. 3 1000 3281 IF[D;N |2. GE. DROTS. RND. SV(N,1). 5T.0) S(N,1)=3V11
ez ¢ 3282 12 R=2, NRAX
3163 ¢ SEEXITTRELSARLAESLL 3283 c
3164 [+ 3204 c S3Bextra waterstandsverhoging t.g9.v zeer hogesss
3165 c 3285 € % rivierafvorren b
2168 c Jz288 [+
3167 € SUBROUTINE FOR COMPUTING PRRTICLE FALL VELOCITY 3287 RiISE=RISEQ
3188 [4 acc. to Oelft Hydroulics Laboratory formulos 3288 FPVZ:FPV;[Q
3168 c 3208 |F n GT. Z DROTS=WBTSZ
31720 c IWPUT : D50 50% susp grain size by weight (n) 3290 M. GT.FPY2]) GOTD
3171 c Visk Kkinengtic water viscosity sqn/s) 3291 Db |SEx(FPY2-N *DRISC/FFY"
nr2 4 fho water dcnslty kg/cun} 3292 RISE=RISE+DORISE
nrn c fhos 7r¢m densit kg/cun 3283 14
3174 [ QUTPUT: V3O atl vclncoty of D3O grain {n/3) 3294 3 IF D N N *RISE.LE.O) GOTO 12
3175 c 3285 .LT.0RGTS) GOTO 12
3178 c version October 14th 1982 CUR LOMAK / HYDRONGRIC bv 3288 sv(ﬁ }).LT.0) GOTQ 12
N7 CREFISIEILALESLTSTITLLINLE 135333 3297 [4
2178 [4 3298 c SPIEN,M is rotsboden en SV{M) iw positief!li?
nre 52 V50=10, 3% 447‘51@1%050)‘&&!0(050)- 3299 <
3180 & 1. 9813RLOGIO(DS50 3300 r sv M, n-!& L1.0) sv; ;’
3181 VSO=VSOS( RHOS-RHO)/RHO/ 1. 8531.014E-8/VISK 3301 E. SV(N, N ), (N, 1)=3V(N,N=1)
3182 c 02 12 CON
3183 ¢ TITITTXSTETTTEILRALE 3303
3104 c 3304 C  32s3533xpy van onder noar boven3S3TTTIFRS
3185 [ 3308
3186 [« 3306 lYED(N , UNAX ). GE. DROTS. AND. SV(M, MMAX]. LT.0)
3187 c SUBROUT I NE_FOR COMPUTING SUSPEMDED LORD TRANSPORT 3207 TIV(N n
180 c ace. To amrmcmxva-rw farnula ggg ¢ rl: =3, 1,=1
1188 C
3190 c INPUT : VS0 fal)l velocty of 0350 grain size (n/s) 3310 € SSigxtra uaterstandsverhoging t.9.v zeer ho't“'
3191 ¢ r Mikuradse bed rougness n) 31 C %  rivicrafvoeren
1182 [ ot uater dept Sn 3312 14
3183 [ Tem bed shear 3Trgss current & waves (Pa 3313 msc:xlsso
1194 c Rho uater density kg/cun) 3314 FPY2=FP' s
2es c s bed load Transport cun/s/n 318 VF(A.LE. FPY2) DRDTSmDROTSO¥1000.
3186 c QUTPUT: SSUS  suspended loaa Transport cun/s/n e JF{N.GT.FPY2) GOTO 3B
2187 c anz DDRISE= FPVZ-H;’DRISE]FPVZ
3198 [4 version Dctober 14th 1982 GJR LOMAN / HYDRONAMIC by 3318 R{SE=RISE+ODRISE
3199 [% 3% 3318 c
3200 c 3320 28 n n +RISE.LE.O) &OTO 13
3201 KAPPA=O, 384 3324 IF LT DROTSA GOTO 13
3202 33US=0. 3322 (N H) GE.O) 6070 13
3203 1F(SB. £G. 0. OR. DI1. LE. R) GOTO 53 3323 c . .
3204 zx-vso/mm/snn(rcu/mu) ggg; g 1IN, is rotapunt en SY(M) is negatief!!l!
3205
1206 BI l OS‘(ZX“O 98)/(RARTE(0. 01332X}) 3326 IF(SVEN, Hvlz GT.0) SV(N Hg?)
3207 82= 3327 IF N l) E.SV{N,Ns )S (N, 1)=SV(N,Nel)
3208 lr(ana (82).L7. 1E-5 nz=1 E-s 3328 13 ¢
3209 KB 1.-B1 0 1667%: BZ; 3328 10 CUNTINUE
3210 «st %ﬂw"l u\l.nc(au. 2FRAR)-3. 0T8418) 2330 9 CONTINUE
zn lgl -Rﬂﬂ“ Z]g 3331 RiSE=R|SEQ
3212 SUS=SIFKS/KI 3332 DRDYSXDRO
3213 [ 3333 1F TU, EII 2.) GOTQ 63
3214 c TETTIZTTRILRIITLLIINEL 2334 CRLL FlLESE 1S’ , "RSEDY '}
a1s c 2335 CALL FILES{’ 18"} "B3EON ’
3218 53 $=55U3+38 3338 00 60 . RX
217 SSU=S¥COS (HOEK 3337 b0 6}
3218 33V=3%3M{ HOEX 3338 URITE |s,£z bu CRIR. TS
3219 SU N H -SSU 3339 HRITE(18,62) (SV(N,N),N=1,1+98
3220 1340 62 FORNAT(16E10.
2221 c m PLRY u n L, SUCN,R), SV(N, 1) 3341 61 CONTINUE
222 3 CONTIMUE 3342 B0 COKTINUE
3223 [+4 3343 CALL UNITCONTROL IS,Bg
3224 c 3344 CALL UNITCONTROL{16,8
3228 [ o4 IXXpepalen transp. cap. in U-richting tpy rotlpun!tn” 3345 83 RETURN
3228 € T indien randpunt rotrsboden dan i3I 3348 END
1227 L 3 in  Nl~—=e-na>SU=SUL ‘ 3347 c
3220 c s NN = - > SUx SUN x 3348 c
3229 [ s 3349 c
323 ¢ 2350 c
23 su1=1. E-20 3383 ¢
3232 SuMn=). E-20 3352 13
3233 1F(0{1,N). GE. DROTS. AMD. SU(1,N).GT.0) 3SU(1,N)=3U1 3353 SCONTROL SEGHENTSNEWBOT
3234 c 3354 SUBROUT IRE HEHBOT(DDRED DELTﬂ? RISE DRISE DROYS RLPNAX, DDGEXTR
3235 C  *%33tSeerst von |inks naar rechrsdssiss 3355 & "BD ok, AP}
3238 € 3336 c HEL 10N DELmrlse:] RIGELRRI L
3237 DO 8 Nz2 MMAX 3357 & ),b(30,4%03, DNUL(I) 40),RLF(20, 40), 1F0(30, 40)
3238 IF(D(N,N}*RISE.LE.O) GOTO 6 3358 mt:cz r#x(‘IS. PVU)
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