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ABSTRACT

Henry, R.F. 1982. Automated programming of explicit shallow-water
models. Part I. Linearized models with linear or quadratic friction.

Can. Tech. Rep. Hydrogr. QOcean Sci. 3 : iv + 70p.

This report describes a system for reducing the programming effort
required to develop explicit finite-difference models of shallow-water
phenomena. Information about the model geometry is reduced to a set of
numerical codes, which are checked graphically. These codes are used
QUring model runs to control :the finite-difference calculations throughout
the model. Use of standard predeveloped subroutines provided greatly
reduces the 1ikelihood of programming error and speeds up model development

for a modest increase in computing costs.

Key words: programming, shallow-water, model, automated.

RESUME

Le present répport décrit un systéme qui permet de réduire 1'effort de
programmation nécessaire pour élaborer des modéles explicites de
"différences finies de phénoménes qui se produisent en eau peu profonde.
L'information concernant la gBométrie des moddles est réduite a une série

de codes numériques, qui sont vérifiés graphiquement. Ces codes sont

utilisés au cours des essais de modéles afin de contrdler, pour 1'ensemble
du modéle, les calculs des différences finies. L'utilisatioﬁ des sous-
programmes normalisés pré-développés réduit de beaucoup les possibilites
d'erreur de programmation et accélére le développment de modéles au prix

d'une 1égére augmentation des colits de calcul.

Mots-clés: programmation, eau peu profonde, modéle, automatiseé.



1. Introduction:

This report describes a method which simplifies numerical modelling of
long-wave phenomena such as tides, tsunamis and storm surges. The
-ncverning shallow water equations are represented by means of a common
explicit finite-difference scheme; the main innovation is the method
proposed for automating programming of all the calculations required in the
interior of the model and at the boundaries. The latter may inciude closed
(land) boundaries, for which a zero normal transport condition is assumed,
boundaries where waves radiate out of a model into adjacent water bodies,
and boundaries at which the exchange with a river or adjacent sea can be
specified as a function of time. Different procedures are required in each
of these cases and all differ from the calculations carried out at interior

points of the model.

The irregular geometry of most model domains complicates programming
very severely. Normally at each time step, variables are computed row by
row (or column by column) across a model grid. Unless a boundary happens
to be parallel to a coordinate axis, the row (column) where the boundary is
located varies from row to row (column to column) and the program must
contain instructions identifying which grid meshes in each row (column)
require special boundary calculations. But the same type of calculation is
required at all boundary points of similar nature, irrespective of position
on the gfid. It follows that the problem of defining where a particu]ab
type of boundary calculation is required can be separated from that of
defining the actual calculation to be carried out.

Instead of programming the specific steps necessahy at each variable
point on the grid, it 1is proposed to allocate an integer code 1ndicat1ng'
the nature of each such point and later to deduce the required caiculations
from this numerical codé. In this way the task of programming the
finite-difference calculations is split into two distinct stages:

a) numerical coding of the geometry of the model domain,
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b) provision of a general time-stepping subroutine which can
perform the computation required at each grid-point, given

the corresponding code.

The major advantage of this approach is that although stage a) must be
carried out .each time a new modelling problem is tackled, stage b) need be
should .the same finite-difference method be suitable for

done. only once,
This eliminates -a recurring source of programming

subsequent models.

-errors.

Leendertse [1] made partial use of this concept .and later Heaps [2]

1imp1emented it fully; however the method is cumbersome when .applied to the

particular finite-difference.scheme used in ‘the latter paper. Because both

components were defined at all wvelocity-points, there were 19 distinct °

types of wvelocity point .even theugh only -two types of boundary .were

permitted. This made it difficult to code model .geometry correctly,

~particularly in the .absence of -independent checking programs. An important

part of the system described in this report is a pletting program which
permits convenient graphical checks on the correctness of the numerical
-coding done at stage a). The model boundaries -are plotted, using different
styles of 1ine (e.g. full, broken, dashed) to indicate boundaries according

+to type, thus permitting rapid detectieon of .errors in coding of the model

ggeometry.

To summarize the proposed method, the user 1s:nequ1red to choose a
‘Cartesian grid for the area being modelled and to provide a corresponding
«array of mean water depths.m‘ The position -and nature of the wvarious
‘boundaries .are then coded, as explained in detail in §5 and the coding 1is
checked using pre-developed graphical programs. The numerical model is
the necessary finite-difference calculations being

‘then programmed, all
The user must

.carried .out 1in a pre-developed time-stepping subroutine.

yprovide information, in the -form of a subroutine, concerning any forces or

jf$mmerdependent boundary conditions influencing the water body.

#

A sample

smodel is discussed in §l0.
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A model programmed as proposed here takes roughly 20% more computing
time than an equivalent model in which the finite-difference equations are
programmed directly for the particular grid in question, but the saving in
programning time is substantial. Memory requirements are increased by the
need to store arrays of integer codes : the various methods which can be
used to minimize this additional storage are not considered here, as, in

general, they are machine-dependent.

The programs described are written in ANSI FORTRAN 77.



2. Governing Equations

~The programs discussed in this report apply to problems which can be
‘described adequately by the partly linearized shallow-water equations

ng = -(du), - (dv)y G
up = -gn, + fv. - F(“)+ G(U) | (2)
- o ev) L)
vy = =90y -fu -F'+ 6 | (3)
where
n(x,y,t) =}e1evation of water surface above mean level
u(x,y,t). = depth-averaged velocity in x-direction
- v(x,y,t) = depth-averaged velocity in y-direction
d(x,y)- = mean water depth
XY = Cartesian coordinates in: horizontal plane
f . = Coriolis coefficient (assumed constant)
g = acceleration due to gravity
t = time

Fluand Flv) represent friction terms. In one of the stepping
subroutines supplied (VLCAOl), provision is made for friction being

linearly proportional to velocity, i.e.

L (4)

where r is a (Tinear) friction coefficient. An alternative subroutine
(VQCAOLl) uses the more commonly assumed quadratic friction forms:

‘ 1 ) L
FW o e v a5 PV = (e w24 (5)
where k is a non-dimensional (quadratic) friction coefficient. The

stepping subroutines currently available use constant values of r or k
~ throughout the model domain.
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The terms G(U) and G(Y) 1in equations (1) - (3) represent forcing
terms, such as surface wind stress, equilibrium tide gradient, etc, which
may vary with x,y,t. Appropriate values for these must be specified for
the particular problem being considered, by means of a user-provided
subroutine (§7).

3. The Finite-Difference Scheme.

The simple Richardson grid shown in Figure 1 was chosen as the basis
for the finite-difference scheme on the grounds that it minimizes storage
and permits particularly simple simulation of coastlines. At interior
points of the grid, equations (1) to (3) are represented by the following
finite-difference forms: ‘

(d:s + d. Yu ~(d. + dij)“

LA TRRL I i+1,3Yi+1,5 i-1,j ij
At 2.AX
(6)
CUigt digan)Vi ge - U g * dighvyg
2.0y
ul u , ) ] ]
o o - « &« n.- - n.- . - ,
W0 g1 LIy L)+ oglw) (7).
At \ B AX iJ 1 1J '
Vi Vi | ' ' ' o
s we ) n-- - 'n. 0 -~ .
AW o-g W DI - V) e ely) (8)
At Ay 1J 1J 1J ’
where
At = time step ‘ =
AX,Ay = grid interval sizes in in x,y directions respectively
dij = mean water depth at elevation point Myj
u =1 [ u + u +u - +ou J (9)
ij 4 i,-1 i+1,j-1 ij  i+L3J
v =% [ v +v o+ + v ] . (10)

ij 4 i-1,J iJ i-1,j+1 i,j+1
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Primes 1indicate variables updated during the current time step;
unprimed variables are those evaluated at the previous step. The use of
old (unprimed) values of v in the Coriolis term in‘(7) and new (primed)
values of u in the corresponding term in (8)'is necessary for stability
[3]. Fortunately, it also eliminates the need to store‘any but the most
rétent1y updated values of each variable, provided that the equations are
app]ied‘ in the order given, that is, at each time stép, all nij are
updated, then all the Ujgo and finally all the vij. The same
stability and storage conclusions apply if variables are evaluated in the
order n,v,u, using old values of u in the v-equation and new values of v 1in
the u-equation. To reduce possible bias, the stepping subroutines VLCAO1
and VQCAO1 evaluate the variables in the order n', u', v', on odd-numbergd

steps and n', v',u', on even-numbered steps.

Strictly speaking, equations. (6)—(8)"1mp1y that ujj and vjj are
evaluated At/2 Tlater than Njjs but normally 'they -are regarded as

pertaining to the same time level. The distinction is important only when

calculating quantities which depend on phase differences between elevation

and velocity, for example, energy flux, and then only when there are

relatively few time steps per wave period.

| 4. Choice of Grid.

In finite-difference models, coastlines have to be represented

approximately by 1line segments of a rectangular grid. Often the need to

obtain a reasonable fit to an actual coastline 1is the principal factor

determining the choice of mesh size for the grid. Figure 2 shows a typical

situation, where the mesh size and orientation of the grid have been chosen

to give a compromise between the following requirements:

(i) the closest boundaries of the model should fit the actual

coastlines with reasonable accuracy

(ii) that one of the coordinate axes of the grid should be
aligned with the expected principal direction of currents
at the sea boundary
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In theory, requirement (i) can be satisfied to any required degree
simply by reducing the grid mesh size sufficiently. However, computer
storage and time limitations often dictate the minimum practicable mesh
size. Since the minimum time step permissible for computational stability
with equations (6)-(8) is related to mesh size by [3]

bt by *(11)
[9d, ., (8%% + ay?)]1/2

reducing the mesh size by a factor of 2, for instance, involves

halving the time step as well as quadrupling the number of variables to be
' stored, thus increasing by a factor of 8 the tomputation time required to
run the model for a fixed length of real time.

5. Numerical Coding of Grid Geometry.

5.1 Introduction

The working programs described in the report constitute a simplified
version of an automated system being developed for converting information
about model coastlines into specification of the required finite-difference
formulas. An overall view of the final system is shown in Figure 3. When
the whole set of programs is available, the normal starting point Will be
at Box A, Figure 3: a video display with graphics tablet or cursor will be
used to overlay a suitable grid on the area being modelled and subsequently
to select which line segments of the grid are to represent the various .
boundaries. A program represented by Box B will then convert this
information into "pr‘1’mary"l codes (integer arrays KE, KU, KV), which define
the general nature of the finite-difference treatment required at all n, u
and v points respectively on the model grid.

* N.B. See §5.2.6.
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Since graphical entry of model geometry is 1ikely to be hardware-
dependent, work on steps A and B has been postponed and, for the present,

the normal starting point is Box F. This means that the user enters the

- codes KE,KU,KV directly in numerical form, as detailed in §5.2, and then,
proceeding to step G, uses a graphical program (GKCAOl) to check for coding

errors.

Some processing of the coded information is required before it can be
used in a. stepping subroutine. ~In order to set up the finite-difference

equations correctly in even the simplest linear model, it is necessary to

distinguish between similar types of boundary with different orientations.
For instance, different finite-difference <calculations are generally
required at land boundaries on opposite sides of a model. For such
reasons, the primary codes are next converted by a program (BICAOl),

represented by Box C, Figure 3, into more complicated codes, IE,IU,IV, here

termed "intermediate codes", which express the necessary distinctions

between different boundaries. The intermediate codes are defined in detail
in Figure 9, in case some user wishes to improve or modify the stepping
subroutines; otherwise, there is no need to concern oneself with details of
the intermediate codes. The conversion program alse computes the bounds of
the model area to be scanned by the stepping subroutine at each time-step

(see §8).

When this approach to model construction was first tried, specifying
intermediate codes was the first step 1in the coding
process (Box H). Even with the aid of a graphical checking program (Box
I), this takes considerably greater time and effort than defining the model
~geometry by means of primary codes (Boxes F,G and C) and the latter entry

“what are now the

-method has superseded the former.

The 1intermediate codes are adequate to specify all the different
calculations required in problems involving Tinear or quadratic friction
but no advection terms, that is, models using subroutines VLCA01 (Box J) or
VQCAO1 (Box K). When the equations of motion (6)-(8) are amended to cope
with non-linear effects, such as advection, one-sided (asymmetric)
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definitions of various terms are necessary at boundaries. Furthermore,
where two boundaries form a corner, special formulas are needed to cope
with the overlapping asymmetric calculation regimes. Consequently, when at
a later stage of this project, a subroutine (Box E) is developed to handle
the time-stepping finite-difference calculations for the fully nonlinear
shallow water equations, it will be necessary to convert the intermediate
codes at Box D to an even more diversified set of "secondary codes", NE,NU
and NV, capable of distinguishing all the various combinations of
asymmetric boundary formulas required. Work is in brogress on programs to

perform steps D and E.

It is intended also to use the numerical codes to specify the areas
for active computation in programs designed to analyse the output of
numerical models. For example, production of a cotidal chart from the .
output of a fida] model involves harmonic analysis and contouring over sea
areas only; the region of the grid over'which to carry out the appropriate
calculations could be derived automatically from the numerical codes.

5.2  Primary Codes KE, KU, KV

The nature of the variable points njj, Uij> Vij associated .
with the ijth mesh of the model grid (Figure 1) is conveyed by respective
integer primary code numbers KE(I,J), KU(I,J), KV(I,J). The arrays KE,KU,KV
have the same dimensions as the arrays i3, Uijs Vij respectively.

5.2.1 Interior Points: KE, KU, KV = 0

An elevation point,n, in the interior of a model, not directly
affected by boundary conditions, is governed by equation (6) and is given a
primary code KE = 0. Similarly, interior u-points and v-points, where the
finite-difference calculations required are (7) or (8) respectively, are
given codes KU = 0 or KV = 0 (see Figure 4).
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5.2.2 Closed Boundaries: KU or KV =1

velocity component,

As explained in §4, coastlines are represented by strings of line

segments on the model grid. Assuming that there is no volume transport

through such boundaries, they can be represented by putting the appropriate
u or v, identically equal to zero at every u- or v-
point lying on 1line segments representing the coastline. The time-stepping
subroutines VLCAO1 and VQCAOl ‘are instructed to set the appropriate

velocity component to zero by setting the corresponding primary codes to

KV = 1, as for example in Figure 4.

5.2.3 Spits or Causeways: KU or KV = 2

‘upper boundaries respectively.

6 X 6 respectively.

A spit or causeway or a narrow barrier island can be represented by
putting u = 0 or v = 0 as appropriate on one or more suitably .chosen Tine
segments. For later purposes, a distinctidn has to Be drawn bétween these
variable-points and those on closed boundaries representing coastlines.

For this reason, the code KU = 2 or KV = 2 is used in these cases where a

‘narrow barrier separates two bodies of water.

Figure 4 shows a sample model grid illustrating all the primary codes

introduced so far. It may be noted that while the area being modelled can

be covered effectively by a 6 x 5 grid, an extra column of u-points and an

extra row of v-points must be included to represent the right-hand and
Thus appropriate dimensijons for the

ujj, and vij in this case would be 6 x 5, 7 x 5, and
The arrays KE, KU, KV are of corresponding size.

variables nije

Where the code KE, KU or KV = 0 appears in Figure 4, finjte-difference

calculations are never required since the corresponding variable point lies
At these points the codes should be set equal to zero neverthe-.
In - the primary to secondary

on land.
Tess, as 1if they were interior points.
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conversion program BICAO1 (Box C, Figure 3) bounds are computed for the
area to be actively scanned at each time-step by the stepping subroutines
and variable-points on land or outside the boundaries of the model are

subsequently ignored.

5.2.4 Sea Boundaries with Specified Elevation: KE = 1

Where the area of sea being modelled is contiguous with another water
body, the boundary 1line between the two is termed a sea boundary or
sometimes an open boundary. In general, the two water bodies will
_interact, or to be more specific in the present context, long waves may
pass in all directions across the boundary. In thisicase, the model s
i1l1-posed unless suitable boundary conditions can be provided. This may be
possible from theoretical knowledge or on the basis of tide gauge readings
in the case of surface elevation, or current meter measurements in the case
of velocity.

Where a model has a sea boundary at which elevation can be specified
.as a function of time, the code for elevation-points which lie on this
boundary is KE = 1. An example is shown in Figure 5. The user supplies a
subroutine, here arbitrarily called UFORCE, which, when called just prior
to the stepping subroutine at each step, places the updated values of
boundary elevations in certain designated arrays (see §7),ready for use in
the stepping subroutine. ‘

It should be noted that since the stepping subroutines always
require n, u, v arrays with dimensions M x N, (M+1) X N, M x (N+1)
respectively, for the model in Figure 5 these arrays must be 7 x 5, 8 x 5 -
and 7 x 6, i.e. the u array has an extra, dummy column in this case. Once
again, the arrays KE, KU, KV should have the same dimensions as n,u,v
respectively.

The expressioné used in equations (7) and (8) for the Coriolis terms
are not suitable for velocity points 1lying on a sea boundary where
elevation is specified, because the spatial averaging finvolves velocity
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It was decided to use one-sided
using the mean of the nearest two
For example, in the model shown

points outside the model boundary.
approximations in all such cases,

velocity components inside the boundary.
in Figure 5, the stepping subroutine would represent the velocity in the

Coriolis term for v73 (point A) by the expression

U73 =-%-[ U7p + U73]

rather than by equation (10).‘ Boundary velocity points of this type should
be allocated codes KU = 0 or KV = 0; the necessary program changes are

arranged automatically by setting appropriate intermediate codes IU or IV
from the primary codes KE through execution of- subroutine BICAOL. -

5.2.5. Sea Boundary with Specified Velocity: KU or KV = 3

A model may have sea boundaries at which velocity normal to the
The primary code for a

is KU = 3 or KV = 3
Again, the updated values

boundary is specified as a function of time.
u-point or v-point lying on such ‘a boundary
respectively. An example is shown in Figure 5.
of the boundary velocities required are placed in designated arrays by the

~user-written subroutine UFORCE (see §7) at each time step.

5.2.6 Sea Boundary with Radiation Condition: KU or KV = 4

Where there are good grounds for assuming that no waves enter the
~model area from an adjacent water body, it 1is appropriate to use a
’radiation condition on the sea boundary between the two. This permits
" waves reaching the sea boundary from the interior of the model to pass out

of the model domain.

When choosing the model gfid initially, radiatihg sea boundaries

‘parallel to the x-axis of the model should be placed to run through

' v-points on the grid (as illustrated in Figure 5). Similarly,. those
to the y-axis should run through u-points. It is assumed

parallel
be treated one-dimensionally: at each

that the radiation problem can
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velocity point on the sea boundary and thus that the surface elevation and
normal velocity at the boundary are related by

outward normal velocity = (g/d)l/2 X elevation

Since there are no elevation points actually on the boundary, the
nearest interior elevation value is taken instead, so that the formulas
used in the stepping subroutines for u-points on radiating boundaries
facing in the positive or negative x-direction are respectively:

(g/di_l’j)l/z « Ms

Y5 1-1,j

or H

= - 1/2 .
upj = = (g/dyy /2 L ngy |

Similarly, at radiating sea boundar1es facing in the positive or
negative y-directions, the formulas used are respectively:

<
1

s = (g/d. - )1/2 e Na s
or ij i,j-1 i,j-1

= - 1/2
Vij (g/dij) / . nij

For examp]e, in the model shown in Figure 5, at each time step, the

us’ vés; on the radiating boundany are found from'

the newly-updated elevations ”45’ n by putting

new velocity values v

v o= (g/dus)l/2 n V;G = (g/dss)l/2 Mg

46 45 ?

This simple but effective radiation condition was introduced by Heaps
[4]. In practice, transmission across the boundary is nearly complete for
waves impinging normally on the boundary, but there is considerable
unwanted reflection when the angle of incidence exceeds 459 Tests show .
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that use of the radiation condition can reduce the permissible time step by
as much as 50%. Equation (11) should therefore be amended to:

At < bx. &y (12)

2[gd (ax® + ay®) JL/2
max

to ensure stability in models using the above type of radiating boundary.

In practice it may be found possible to increase At to between 70 or 80% of
the value given by (11) without causing instability.

5.2.7 Summary of Primary Codes

‘E1evation Points

KE = 1 specified elevation at sea boundary

0 elsewhere

Velocity Points

KU =1 KV =1 coastline, land boundary

=2 =2 * spit or causeway A
= 3 =3 specified velocity at sea boundary
= 4 = 4 radiating sea boundary '
=0 = 0 elsewhere

6. Graphical Check of Numerical Coding

In order to check that model geometry has been coded correctly, .a-

program (GKCAQL) is provided which plots the model boundaries (Box: G,
Figure 3) as represented by the primary codes KE, KU and KV.

scale can be set equal to that on which the model . grid is Taid. out, so’ that
by overlaying the plot on the chart the correctness of the=nUmér1tHAVCOdTng‘“

~The pTotting
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can be readily checked. The plotting program uses standard CALCOMP
graphical routines and is documented internally (see Appendix 1).

It is recommended that the coding be checked in this manner whenever
the codes are changed for any reason. In fact, it is this facility for
checking the coding of the model geometry which makes this system of
automatic programming really practicable.

A similar program (GICAOl) is available for plotting the boundaries
using the intermediate codes IE, IU, IV as input, but is not listed in this
report since it is very unlikely that future users will choose to enter the
intermediate codes directly.

7. Provision of Boundary and Forcing Information

The user is expected to provide a subroutine UFORCE, which supplies
(u) |
1J
points, and whatever values of Nije Ui or vij are specified at sea
boundaries (§§5.2.4, 5.2.5). Since in general these values will be time-
dependent, e.g. wind stresses, this subroutine will normally be called at
each time step, Jjust prior to the stepping subroutines, as shown in

Figure 7. An example of this type of subroutine, corresponding to the

appropriate values of the forcing stresses G;:’and Ggg) at u and v

sample model discussed in §10, is shown in Figure 4.

The values provided by UFORCE must be stored in specific arrays in
order to be available to the stepping subroutine. The forcing terms Ggg)
and Ggg)are stored in arrays (GU and GV in App. 3, 4) which have the
same dimensions as Us 5 and Vij respectively.

In transferring values of Mijs  Uijs  Vij for _sea boundaries
from the user subroutine UFORCE to the stepping subroutines, some economy
in storage has been sacrificed for the sake of convenience and generality.
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Arrays BL, BR, BB and BT are defined for storing the required values at the
left, right, bottom and top edges of the model grid, respectively. It
helps if these arrays are visualized as lying parallel to the edges of the
grid, as shown in Figure 6, which refers to the same model as Figure 5.
Projecting straight outwards from each variable point on a sea boundary
where a value has to be supplied shows the location in the associated
storage array where UFORCE should place the required value. Thus, for the
example in Figure 6, updated boundary values are stored as follows:

uil «+ BL(1) | n,, «r BR(2)

u, BL(2) Ny ** BR(3)
1 ]

U +r BL(3) oy ** BR(4)
] ]

V,, BB(4) Vg ©* BT(4)
] . I

Vo, BB(5) Veg ** BT(5)

With this system, some locations in the boundary storage arrays are
not used, but this is counterweighed by the convenience of having Storage
array subscripts identical to one of the grid variable subscripts. Updated
boundary values cannot in general be placed directly into the grid variable
arrays, because some values from the previous time step may be requ1red in

the finite-difference formulas.

8. Conversion of Codes and Calculation of Limits

After the primary codes KE, KU, KV, have been verified and stored on
file, they are converted (at stage C, Figure 3) to intermediate codes IE,
1U, IV, by a subroutine BICAOL provided (see Appendix 2). Subsequently, in
the same program, the area of the grid which must be scénned at each time
step by the stepping subroutine is deduced from the intermediate codes. It
is assumed that the finite-difference calculations will be performed column
by column through the grid. A Tower limit JB and an upper Timit JT is
worked out for the range of grid meshes in each column for which

computations are required in the stepping subroufine. This information
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enables the stepping subroutine to ignore variable points lying on the grid
but outside the model domain and so economizes in computing time.

9. Procedure for Programming a Model

Assuming that the primary codes have been entered, checked and
converted, the output of the conversion program (Box C, Figure 3),
consisting of files containing the intermediate codes IE, IU, IV and column
Timits JB, JT, is now available for use in the model. Other requirements
are a user-written subroutine UFORCE for providing boundary values (see §7
and example, Appendix 4) and a file containing an array of mean water
depths, D.

The flowchart in Figure 7 shows the essential steps common to most
models and the following notes refer to correspondingly labelled boxes in
that figure: ‘

(A) Appropriate values of physical parameters, such as f,g,k are
read in from file. Also entered here are program parameters to
specify the length of run,to control the choice of starting
conditions at step C, to set the intervals at which output is to
take place (step G) and to specify which type of output is
required. Information about the physical Tayout of the model is
entered heré‘ by reading in files, prepared by the user,
~containing mean water depths and the primary codes.

B) Intermediate codes and column limits are computed from the
’ primary codes using the conversion program BICAOL (§8) and stored
on file for use in the event of restart.

C) On the first run, a model is normally started from a state of
rest (a1l n, u, v = 0), since synoptic initial conditions are
hardly ever known. In tidal simulation, for example, a model is
often started from rest and run for a few cycles. If analysis of
the output shows that starting transients are still significant,
the simulation is resumed, (steps I, J) for several more cycles.
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D) It is convenient in many cases to choose the time step so that

some 1integer multiple of At is equal to a convenient time
interval in the problem considered, e.g. one cycle in the case of
a tidal model. Of course At must not exceed the 1imit dictated

by stability requirements (see §§2, 5.2.6).

E) The updated values specified in §7 are computed in subroutine
UFORCE, provided by the user, and stored in the arrays GU, GV,
BL, BR, BB, BT for use in step F (see example, Appendix 4).

F) - For this step, the user chooses between the two stepping‘
subroutines VLCAOL and VQCAO1l, depending on whether the governing -
equations have linear or quadratic friction. The argument lists

‘of these subroutines differ in only two terms (see Appendix 3)

and consequently it is easy to replace one with the other.

G) The selection of variables to be output has to be left to the
user, since the information required depends on the problem
considered. One general recommendation that can be made is that
all the variables should be saved at a few intermediate times
during each run, in the same format as the final output (step H),

_so that the run can be resumed (steps I, J) if interrupted for

any reason.

H) The final output should be adequate to define the complete
state of the model, in order to permit resumption of the run if

"necessary, (steps I, d).

J) A dummy step, i.e. a call to UFORCE followed by a call to VQCAOL

with At set equal to zero, is required to evaluate u1j and
‘V1J, when VQCAOl is used. VLCACl does not use u1J, Vijo
so not storing u1J, v1J, at step H facilitates replacement of

VLCAOL with VQCAOLl if required.
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10. A Sample Model

A very simple tidal model involving the grid shown in Figure 5 will be
treated here as an illustration. The .resulting program is Tlisted in
Appendix 4.

The mean water depths djj in metres are shown in the following
table:

5 - - - 167 | 165 - -
4 - - 111 | 155 | 164 | 156 | 153
J i 3° {172 | 174 | 161 | 145 | 156 | 145 | 148

2 151 | 162 § 150 | 123 | 125 |} 132 | 130

1 120 91 83 90 95 - -

The forcing terms G(u) and G(V) in equations (2),(3), for a tidal
model originate from gravitational effects and in reality are so small that
~ their effects in this coastal model would be negligible. Simply to make
their contribution to the computed motion detectable, these terms will be
assumed here to be 10* times larger than their true physical values. . Only
the dominant semi-diurnal Tunar tide, My, which has frequency
w = 1.4052,107* s-! will be considered.

Supposing that the x-axis of the model points 30 north of east, the
corresponding forcing terms in equations (2) and (3) are then

-3.76.10"*sin(wt + 4.78.10~"x - 2.76.10~"y)

@
—
<
~—
n

(13)
2.17.10"*sin(wt + 4.78.10~"x - 2.76.10""y)

[<p]
—
<
~
n

where the coordinate origin is at B in Figure 5.
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The following conditions are given at the sea boundaries:-

u ;o= 0.21 sin wt m/s Ny, = 0.88 sin{wt - 0.135) m
u, = 0.22 sin wt m/s n,3 = 0.89 sin{wt - 0.138) m
Uy = 0.23 sin wt m/s Ny, = 0.90 sin(wt - 0.140) m

(14)
Vo, = 0.12 sin (wt - 0.077) m/s :
Vi, = 0.13 sin (wt - 0.096) m/s

Other parameter values given are

f = 1.2.10"% s-!
g = 9.81 m/s?
AX = 6000 m
Ay = 5000 m

To minimize starting transients, each of the forcing terms (13) and
boundary conditions (14) ‘is replaced with zero in the computer -program
its first zero crossing occurs. Thus the boundary conditions
in (4) apply from the start at t=0, but the term Ny is

until
UppoY ool g
treated in effect as

n,, =0 for t < 0.135/w

72
: 0.89 sin (wt-0.135), for t > 0.135/u

]

‘It is assumed that at t=0, the system 1is at rest, that is, all n, u,v N
equal zero. The maximum permissible time step is 46.49 s according to
(12). The number of time steps per tidal cycle was chosen to be 972, which

| gives an actual time step of 48.00187s.

The values computed for n, u, v at the end of steps 22 and 23 (by

which point all the boundary driving terms are in effect) are included in

Appendix 4, for checking purposes. After 10 cycles, most of the transient

starting error is damped out and the solution is pefiodic within 1% error.
The corresponding amp11tudes and phases for all the variables, based on the
11th cycle, are Tisted at the end of Appendix 4. Each variable is assumed
to be in the form A sin (wt + ¢), where A is amplitude and ¢ 1s phase

l@ng]e.
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-—== Sea Boundary

Example of Basin with Grid

- Fig. 2
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KE (for n—poinf.s)
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Example of Storage Arrays for Sea Boundary Values
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and run parameters
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J Input restart data

Set up initial conditions ——() Call UFORCE
Call VQCAOI with At=0
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to compute updated forcing
terms and boundary values
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Fig. 7 Flowchart for Typical Model
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+||(Hf8 Interior of model +KU=0  J:KU=I
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x
i) . Spits or causeways

CorfesbondinQ Primary and Intermediaie Codes
| Fig. 9a
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iv) Sea boundaries with radiaotion' condition:

Corresponding Primary and Intermediate Codes
Fig. 9b
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v) Sea boundaries with specified elevations.
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vi) Variable points on land or outside model.

Corresponding Primary and Intermediate Codes
Fig. 9c
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APPENDIX 1 Graphical Checking Program GKCAOl

The 1input to this program consists principally of files containing the
primary codes KE, KU, KV prepared by the user. The output is a diagram
showing the boundaries of the model according to the following 1ine
codes: -

closed boundaries
—_— spit or causeway
sea boundary with specified variable

—_——— radiating sea boundary

Use of this program is recommended for checking the primary codes when
they are first prepared and later whenever the codes are changed for any
- purpose. The program uses standard CALCOMP plotting subroutines.

A sample output plot, produced with this program from the primary
codes given in Figure 5, is shown in Figure 8.
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Listing of Program GKCAQ1

PROGRAM GKCADLl TO PLOT BOUNDARIES OF MODEL GRID
SPECIFIED BY PRIMARY CODES KE KU,.KV

REQUIRES SUBPROGRAMS KEHV,KESPEC,IEUl,IEUZ,IEV1I,IEV2,
PLTHNB,PLTVDOB,READ XRANGE,YRANGE (ALL LISTED BELOW) AND
CALCOMP SUBROUTINES DASH,DASHLN,FRAME,PLOT,PLOTND,SYMBOL

I/70 UNIT NUMBEPS

10UV - UNIT NO.FOR FILE CONTAINING KE,KU,KV
ILINE - UNIT NO. FOR LINEPRINTER OR EQUIVALENT
IREAD: - UNIT NO.FOR CARDREADER OR EQUIVALENT

INPUT VARIABLES

KE(I,J) = PRIMARY CODE AT H(I,J)
KU(I,J) - PRIMARY CODE AT U(I,Jd)
KV(I,J) - PRIMARY CODE AT V(I,J)
M - NO. OF GRID MESHES IN X-DIRECTION
N - NO. OF GRID MESHES IN Y-DIRECTION

NOTE DIMENSIONS IN COMMON STATEMENTS MUST BE ALTERED
IF M GR N EXCEEDS 50

PLOT PARAMETERS

STEPX - PLOTTED LENGTH IN INCHES OF ONE GRID
INTERVAL IN X-DIRECTION
STEPY - PLOTTED LENGTH IN INCHES OF ONE GRIO
. INTERVAL IN Y-OIRECTION -
DST - SPACING IN INCHES BETWEEN DOUBLE LINES ON

BOUNDARIES WHERE VARTABLES ARE SPECIFIED

GRAPHICAL‘CODES FOR BOUNDARY SEGMENTS ARE AS FOLLOWS
1) SOLID LINE REPRESENTS CLOSED BOUNDARY (KU OR KV.zZ 1)
2) LONG DASHED LINE (TWO DASHES PER MESH) REPRESENTS A

SPIT OR CAUSEWAY (KU OR KV = 29 : .
3) SHORT DASHED LINE (FOUR DASHES PER MESH)} REPRESENTS

A RADIATING SEA BOUNDARY ( KU OR KV = 4)
4) DOUBLE SOLID LINE REPRESENTS BOUNDARY WHERE ELEVATION

OR NORMAL VELOCITY IS SPECIFIED ( KE = 1, KU OR KV = 3)

COMMON/CODES/KE(50,50),KU(S0,50),KV{(50,50)

IDUV=3
ILINE=6
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IREAD=S
READ(IREAD,25)MyN,STEPX,STEPY,DST
25 FORMAT(I5/15/F10.5/F10.5/F10.5)
WRITE(ILINE,20) M,N,STEPX,STEPY,DST
20 FORMAT('IM =*,I5,%* N = *,I5/°® STEPX = *,F10.5,*' STEPY = °*
1F1045," DST = *,F10.57)
MP1zM+1
NP1ZN+1
o
C READ IN PRIMARY CODES
C
DO 23 USN,yl,-1
23 READ(IDUV,111) (KE(IJ),IZ1,M)
DO 21 J=N,yl,-1
21 READ(IDUV,111) (KU(I,J),IZ1,MP1)
DO 22 JINPl,yl,.-1
22 READ(IDUV,111) (KVII,J),121,M)
111 FORMAT(4012)
C .
C CHECK VALUES READ
o .
WRITE(ILINE,29%)
29 FORMAT(//71TX,'KE®*/Y J%)
DO 28 U=N,1,-1
28 WRITECILINE,31) Uy (KE(I,J),I=1,M)
WRITE(ILINE,30)
30 FORMATU(//17X, KU/ J")
DO 32 JUSN4lye-1
WRITECILINE,31) J,(KU(I,J),I=1,MP1)
31 FORMAT(1X,12,13%X,501I2)
32 CONTINUE
WRITE(ILINE,33)
33 FORMAT(//17X, KV'/* J*)
DO 34 JINPl,1,-1
WRITECILINE »31) Je(KVII, J),IZ1,M)
34 CONTINUE . i
WRITE(ILINE,35)
35 FORMAT(®1Y)
CALL BDPLT(M,N,STEPX,STEPY,DST)
STOoP
END
SUBROUTINE BDPLT{(M N,STEPX,STEPY,DST)
c -
C THIS SURROUTINE CONTROLS THE PLOTTING
C
COMMON /CODES/KE(S50,50) ,KU(S0,50),KV{50,50)
MUZM+1
NUZ=N
MV M
NV=N+1

DSHX1=STEPX#0.125
DSHX21=STEPX*0.40
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DSHX22=STEPX*0.1 i
DSHY1=STEPY*0.125
DSHYZ21z=STEPY*0,u40
DSHY22=STEPY*0.1

CALL PLOT (D.0,0.0,3)

D=DbST/2.0

c IN ORDER TO FACILITATE THE LOCATION OF BOUNDARIES WITHIN
c THE GRID , THIS LOOP PLACES DOTS AT ALL GRID VERTICES.
HT=0.02%STEPY

DO 300 JzZ14NV

YPT=lJ=-1)%STEPY

DO 300 I=1,Mu

XPT=(I-1)%STEPX

300 CALL SYMBOL(XPT,yYPT4HT,140.,-1)
C IF LARGER DOTS ARE DESIRED (ESPECIALLY FOR PAPER PLOT OUTPUT)
c THEN HT SHOULD BE MADE A LARGER FRACTION OF STEPY
C .
C  THIS LOOP PLOTS ALL BOUNDARIES ASSOCIATED WITH U GRID POINTS
00 510 I=1,Mu
SI=I
XZ{SI-1.0)%STEPX
Jd=1

501 IDUAZKU(IJ)
IF(IDUA.EQ.D) GO TO 50O _
" CALL YRANGE(I,JsyMUNUSTEPY,Y1,Y2)
GO JO (200,2u0,260,230}), IDUA

THE FOLLGWING STATEMENTS PLOT VERTICAL SOLID LINES

0o CALL PLOT{X,Y1,3)
CALL PLOT(XyYZ2,2])
60 T0 500

C THE FOLLOWING STATEMENTS DO LONG/SHORT DASHES
240 CALL DASHLN(DSHYZ1, DSHYZZ,DSHYZI,DSHYZZ)
CALL PLOT(X,Y1,3)
CALL DASH(X,Y2)
GO T0 500

THE FOLLGWING STATEMENTS PLOT SHORT DASHED LINtS

30 CALL DASHLN(DSHY1,0SHYl,O5HY1, DSHYl)
-CALL PLCT (X, Yl 3)
CALL DASHI(X,Y2

GO TO 5040
C
c AND THESE STATEMENTS PLOT A DOUBLE SOLID LINE
o
260 CALL PLTVOB{X,Y1l,Y2,0)
500 JTJ+1

IF(J.LE.NU) GO TQ 501
510 CONTINUE
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~NOO0O0O

~N OO

~NOoOo0

C
c

C .
760
900
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THIS LOOP PLOTS ALL BOUNDARIES ASSOCIATED WITH V GRID POINTS

DO 910 J=1,NV

SJ=J

YZ{SJ-1.0)12STEPY

I=1

IDVAZKVII J)

IF(IDVA.EQ.D) GO TO 900

CALL XRANGEU!I, JyMV4NV,STEPX,X1,X2)
GO TO (700,740,760,730),IDVA

THE FOLLOWING STATEMENTS PLOT HORIZONTAL SOLID LINES

CALL PLOTIX1,Y,3)
CALL PLOT(XZ2,Y,2)
GO TQ 900

THE FOLLOWING STATEMENTS DO LONG/SHORT DASHES

CALL DASHLNU(DSHX21,DSHXZ22, DSHXZ],DSHXZZ)
CALL PLOTIX1,Y,3)

CALL DASH({XZ,Y)

GO0 TO 900

THE FOLLOWING STATEMENTS PLOT DASHED LINES
CALL DASHLN(DSHX14DSHX1,DSHX1,DSHX1)
CALL PLOT(X1,Y,3)

CALL DASHIX2,Y)
GO TO 90O

AND THESE STATEMENTS PLOT A DOUBLE SOLID LINE

CALL PLTHDB(X1,X2,Y,0)
S I=I+1
IF(I.LE.MV) GO TO 901

910 CONTINUE

OO0 OO0

602
600

AND THIS FINAL LOOP PLOTS ALL LINES REPRESENTING
BOUNDARIES WHERE ELEVATION IS SPECIFIED
THE PROCEDURE IS TC FIND A NONZERO KE VALUE, DETERMINE
WHETHER IT IS HORIZONTAL OR VERTICAL AND THEN SEE HOW
FAR THE BOUNDARY EXTENDS. IT IS DRAWN, THE KE VALUES ARE
RESET TO ZERO AND THE PROCESS IS REPEATED.  THE SEARCH
FOR NON ZERO KE VALUES PROCEEDS BY ROW. E

00 600 J=1,N
- DO 602 IZ1 M

IEZKE(I,J)

IF(IE.EQ.0) GO TO 602

CALL KESPEC{I,JyMyN;STEPX,STEPY,D)

CONTINUE

CONTINUE

CALL FRAME

CALL PLOTND
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STOP
END

SUBROUTINE YRANGE(I,J,MU,NU,STEPY,Y1l,Y2)
COMMON /CODES/KE(S0,50),KU(50,50),KV{(50,50)

THIS SUBROUTINE DETERMINES THE RANGE COF Y VALUES OVER WHICH

THE CURRENT LINE IS 70 BE DRAWN
IT IS ASSUMED THAT KU{I,J) TS NON ZERO.

NCTE FOLLOWING ABBREVIATION
BWSE = BOUNDARY WITH SPECIFIED ELEVATION

HSTEPYZ0.S%STEPY

J1zJ

KZJ+1

IF(K«GT.NU) GO TO 10

IFAKU(I, K)«NELKU(I,ZJ}} GO 70O 10
JZK

GO TO 9

J2z=J
NOW CHECK IF THE UPPER OR LOWER GRID SEGMENTS SHOULD BE

SHORTENED BY HALF A GRID INTERVAL TO END AT HORIZONTAL BWSE.
YI=(J1-1)%STEPY A
Y2=J2%STEPY
IF({J1.EQ.J2) GO TO 11
IF(IEVUI(IJ1,MU)YNELDO) YI=ZY1+HSTEPY
IF(IEUI(I 4 J2,MU) . NELO)Y YZ2ZYZ2-HSTEPY
RETURN
IF(TEULI(L yJ1,MU)EQeC) RETURN

SPECIAL CASE WHEN THE VERTICAL LINE IS ONLY 1 GRID

INTERVAL HIGH
CALL TEUZ2(I,J1,MU,D0Y1,DY2}

Y1=Y1+DY1*STEPY
Y2=Y2-DY2%STEPY
RETURN

END

INTEGER FUNCTION TEUL (T ,deMU)
THIS FUNCTION DETERMINES FOR A GIVEN COORDINATE POINT,
WHETHER OR NOT A HORIZONTAL ELEVATION BOUNDARY IS ADJACENT
~ COMMON /CODES/KE(50,50),KU(50,50) KV (50,50)

IE1=0

1E2=0 ‘

IF(I.NEW1) TELIZKE(I=-1,J)

IF(I.NE.MU) TE2ZKE(I,J)

IEU1=IE1+IE?2

RETURN

END
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SUBROUTINE TEU2(I,J,MU,Y1,Y2)
THIS FUNCTION IS FOR THE SPECIAL CASE WHEN THE VERTICAL
LINE TO BE DRAWN IS ONLY ONE GRID SQUARE LONG AND
IS ADJACENT TO A HORIZONTAL BWSE.
COMMON /CODES/KE(S50,50),KU(50,50),KV(50,50)
Y1=0.
Yzz0.
THE APPROACH IS TO CHECK FOR NON ZERO VALUES IN THE
SURROUNDINGU(UP TO 4) KV VALUES. THIS INDICATES IF BWSE IS
AROVE OR BRELOW VERTICAL LINE BEING DRAWN,
Iv=0
IF(TI«GT41) IVIIVHKVII-1,J)
IF(ILLE«MU) IVZIV+KVII,J)
IF IVeNE.D THEN THERE IS A LAND BDY BELOW SO BWSE IS ABOVE
IF(IV.EQ.D0) GO TO 10
Y2z0.5 :
RETURN
IF(TIeNEs1l) TVSIV4KV(I-1,J+]1)
IF(TeLE«MU) IVZITIVHKV (I, J+1)
IF(IV.EQ.DO) GO TO 11
THERE IS A LAND BDY ABOVE SO BWSE IS BELOW
Y1z=0,.,5
RETURN
WRITECILINE,12) I,.,d
FORMAT(*OCHECK THE CODES THERE DOESNOT SEEM TO BE A LAND
1BOUNDARY AROUND THESE U COORDINATES',215)
STOP
END

SUBROUTINE XRANGE (I 4JsMVaNV,STEPX,X1,X2)

COMMON /CODES/KE (50,503 4KU(50,50) 4KV (50,50)
THIS SUBROUTINE DETERMINES THE RANGE OF X VALUES OVER WHICH
THE CURRENT LINE IS TO BE DRAWN

HSTEPX=0.5%STEPX

11=1

K21+l

IF(K+GT.MV) GO TO 10

IF(KVIK,J) oNESKVITI,J)) GO TO 10

1=K

60 TO 9
S 12:1 :
CHECK IF LEFT.OR RIGHT GRID SEGMENTS SHOULD BE
SHORTENED BY HALF A GRID INTERVAL TO END AT VERTICAL BWSE.

X1=(I1-1)#STEPX

X2=T2%STEPX

IF(I1.EQ.I2) GO TO 11

IF(TEVINI1,JsNV)  NELO) X1ZX1+HSTEPX

IF(IEVI(IZ2,JoNV)eNELD) X2ZX2-HSTEPX

RETURN

IF(TEVI(I1,J,NV)<EQ.0) RETURN
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CALL TEV2(Il1,J,NV,DX1,DX2)
X1=ZX1+DX1%#STEPX
X2=X2~DX2*STEPX

RETURN

END

INTEGER FUNCTION ITEV1(I,JyNV)
c THIS FUNCTION DETERMINES FOR A GIVEN COORDINATE POINT,
c WHETHER OR NOT A VERTICAL ELEVATION BOUNDARY IS ADJACENT

' COMMON /CODES/KE{(S50,50),KU(50,50),KV(50,50)

IE1=0

IEZ2=D

IF(JeNE«1) TE1ZKE(I,J-1)

"IFUJLNENV) TEZZKE(I 4J)

IEV1IZTELI+TE?

RETURN

END

SUBROUTINE TEV21I,JyNV,X1,X2)

C
C "LINE TO BE DRAWN IS ONLY -ONE GRID INTERVAL LONG AND
c IS ADJACENT TO A VERTICAL BWSE.

COMMON /CODES/KE(S50,50),KU(50,50),KV(50,50)

X1=z0.

X2=0.
C THE APPROACH IS TO CHECK FOR NON ZERO VALUES IN THE
c SURROUNDING(UP TO 4) KU VALUES. THIS INDICATES IF
C VERTICAL BWSE IS TC LEFT OR RIGHT OF HORIZONTAL
C " LINE REING DRAWN.

Iu=0 :

IF(JeGTel) TUSIU+KU(I,Jd~1)

IF(JelLTeNV) IUZTU+KU(TIJ)
c IF JU.NE.O THEN THERE IS A LAND BDY AT LEFT AND BWSE AT RIGHT
C. - OF THE MODEL

IF(IU.EQ.0) GO TO 10

X2-0.5

RETURN
10 IF({JuNE«1) TUZTIU+KU(I+1,yd-1)

IF(JeLTeNV) TUZIU+KU(I+1,4J)

IF(JU.EQ.O) GO TO 11
C THERE IS A LAND BOUNDARY AT RIGHT SO BNSE IS AT LEFT

X1z=0.5
RETURN
11 WRITE(ILINE,12) I,d
12 FORMAT(*OCHECK CODES THERE DOES NOT SEEM TO BE A LAND

1IBOUNDARY AROUND THESE V COORDINATES®,215)
STOP
END

THIS FUNCTION IS FOR THE SPECTIAL CASE WHEN THE HORIZONTAL
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INTEGER FUNCTION KEHV(I,JyMyN)
THIS FUNCTION DETERMINES WHETHER OR NOT A BWSE IS
HORIZONTAL OR VERTICAL KEHV=0 DENOTES HORIZONTAL,
KEHV=1 DENOTES VERTICAL, KEHV=2 DENOTES BOTH (CORNER
FORMED BY TWO BWSE®'S).

COMMON /CODES/KE(SD¢50) 4KU(50,50) 4KV (50,50)

TEIZKVIT ZJY*KVIT,J*1)

IEZZKU(T s J)+KULTI+1,4)

KEHV=0

IF(IE2.6T«0) RETURN

KEHV=1

IF(IE1.GT«0) RETURN
THE THIRD POSSIBILITY IS A CORNER FORMED BY TWO BWSE'S

KEHV=2

IE3=0

IF(JeGTel) TE3ZIE3I+KE(I,J-1)

IF(JeLTeN) TEZZIEI+KE(I,J*1)

IF(TeG6Tel) TE3ZIEZ+KE(I=1,4)

IF(IeLTeM) TEZZIEZ+KE(I+1,J)

" IF(IE2.EQ.2) RETURN
THE FINAL POSSIBILTY IS THAT ELEVATIONS ARE SPECIFIED
ALL THE WAY AROUND, IN WHICH CASE IE3 EQUALS 1.

KEHVZ=3

RETURN

END

SUBROUTINE PLTVDBI(X,Y1l,Y2,D)
THIS SUBROUTINE PLOTS A VERTICAL DOUBLE LINE.

X1=X-D |

X2ZX+D

CALL PLOTIX1,Y1,3)

CALL PLOTIX1,Y2,2)
CCALL PLOTIX2,Y2,3)

CALL PLOT(X2,Y1,2)

RETURN

END

SUBROUTINE PLTHDBUIX1,X2,Y,0)

THIS SUBROUTINE PLOTS A A HORIZONTAL DOUBLLC LINE
Yizy-n
¥2zY+D
CALL PLOT(X1,Y1,3)
CALL PLOTI(XZ2,Y1,2)
CALL PLOTI(XZ2,Y2,3)
CALL PLOTI(X1,Y2,2)
RETURN
END
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SUBROUTINE KESPEC(T,JyMyN,STEPX,STEPY,D)

THIS SUBROUTINE ASSUMES KE(I,J) IS NON ZERO AND IS THE
AT THE END OF AN ELEVATION BOUNDARY. THIS BOUNDARY IS

AS FAR AS POSSIBLE, INCLUDING AROUND CORNERS.
COMMON /CODES/KE(5D,SD),KU(SU,SD),KV(SD,SU)
HSTEPXZD«5*STEPX
HSTEPYZ0 .5%STEPY
I0-I
J0=d
IsTOP=D
GO 70 (11,10,12,13), KEHVIIyJeMeN) +1
WRITE(ILINE,131) I,J

FORMAT('OKEHV CODE=3 INITIALLY FOR COORDINATES*,2I5)

CALL PLOTND
STOP

THE BOUNDARY IS VERTICAL

ENTRY HERE IMPLIES THE BOUNDARY EXTENDS UPWARDS AND
AND IS ADJACENT TO V LAND BOUNDARY BELOW
Y1=Z(J-1)%STEPY ‘
X=(T-D.5)%STEPX
JSTEPZL
JLIMIT=N

" ENTRY HERE IMPLTES A HORIZONTAL BWSE HAS ALREADY

BEEN PLOTTED.
L1=ZJ+JSTEP

Do 101 L=L1,JLIMIT,JSTEP

TF(KE(I,L)+NELKE(I,J)} GO TO 102

CONTINUE

J2ZJLIMIT

GO 70 103

J2=L-JSTEP
CHECK IF END POINT IS ADJACENT TO ANOTHER BWSE
THCN ORAW DOUBLE LINE

'QOUBLE LINE

IENDZKEHV (I ,J2,M,N)

Y2=(J2+0 5% (JSTEP=-1))*STEPY

IF(TIENDGE.?2) Y2=Y2-HSTEPY%*JSTEP

CALL PLTVDB(X,Y1,Y2,D)
RESET KE VALUES

DO 104 L=J,J2,JSTEP

KE{I,L)=C

IF(IEND.EQ.2) GO TO 106

IF(ISTOP.EQ.1) GO TO 121

KE(IO,J0)=D

RETURN

PLOTTED

PLOT HAS ENCOUNTERED A HORIZONTAL BWSE, THEREFORE CONTINUE.

KEEP KE(IO,J0)=1 IN EVENT OF RETURN TO STARTING POINT.

KE(IO,JO) =1
KE(I,J2}=1
X1=X
Y-yz2
J=Jd?2
IF1=-1 IMPLIES LINE GOES LEFT, IE2=1 LINE GOES RIGHT.
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110
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113

114

116
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IE1=0

IE2=0

IF(T.6Tel) TELIZKE(TI=~1,42)
IF(TWLTeM) TEZ2ZKE(TI+1,J2)
IF(TE2.EQ.1) GO TO 105
ISTEP=-1

ILIMITZ1

GC TO 110

ISTEP=1

ILIMIT=M

GO TO 110

THE BOUNDARY IS HORIZONTAL
ENTRY HERE IMPLIES BOUNDARY EXTENDS TO0 RIGHT AND
IS ADJACENT TO U LAND BOUNDARY
ISTEPZ1
ILIMIT=M
YZ(J~05)%STEPY
X1Z(I-11%STEPX
ENTRY HERE IMPLIES A VERTICAL BWSE HAS ALREADY
BEEN PLOTTED.
LIZI+ISTEP
DO 111 L=L1,ILIMIT,ISTEP
IF(KE(L yJ)«NELKE(THJ)}) GO TO 112
CONTINUE )
IZ2ZTILIMIT
GO T0 113
I2zL-ISTEP
CHECK IF THIS END POINT IS ADJACENT TO ANOTHER BWSE
ANOTHER ELEVATION SPECIFIED BOUNDARY
IENDZKEHVIIZ2 ,JyM,N)
X2=lI2+40 5% (ISTEP-1))2STEPX ,
IF{IENDGE«2) X2=X2~-HSTEPX%ISTEP )
CALL PLTHDB(IX14%X2,Y,D}

"RESET KE VALUES

DO 11% L=1,T2,ISTEP
KE(L,J)=0 _
IF(IEND.EG.2) GO TO 116
IF(ISTOP.EQ.1) GO TO 121
KE(I0,J40)20
RETURN ,
PLOT HAS ENCOUNTERED A VERTICAL BWSE, THEREFORE CONTINUE.
KEEP KE(I0,J0)=1 IN EVENT OF RETURN TO STARTING POINT.
KEtT0,J0)=1 . _
KE(IZ,J)=1
1=12
Y1z
XIxX2
IF131 IMPLIES VERTICAL BWSE GOES DOWNWARD
IE2=1 IMPLIES VERTICAL RWSE GOES UPWARD
IE1=0
IE2=D
IF(JeBT+1) TEIZKE(I,J=1)
IF(JoLToN) TE2ZKE(I,J+1)
IF(IE2.EQ.1} GO TO 115
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JSTEPZ=~-1
JLIMIT=]
Go TO0 100
JSTEPZ]
JLIMIT=N
GO TOo 100

PLOT IS AT CORNER FORMED BY TWO BWSE®'Se. CONTINUE
HORIZONTALLY AS FAR AS POSSIBLE. DUE TO MANNER OF
SEARCH, FIRST BOUNDARY MUST EXTEND TO THE RIGHT.

X1=(I-0s5)%STEPX

Y=(J-0.5)%STEPY

ISTEPZ1

ILIMIT=M

IsTOPZ=1

GO TO 11C
RETURN TO PLOT VERTICAL LINE, IF NOT ALREADY PLOTTED

- DUE TO MANNER OF SEARCH, IT MUST EXTEND UPWARD

I-10
J=JO
IF(KE(I,J+1).EQ.0) GO TO 122
ISTOP=0
Y1=(J-0.5)%STEPY
X=(I~D5)*STEPX
JSTEPZ]
JLIMITE=N
GO TO 10D
KE(IO,J01=0
RETURN

- END




-
46 \

Appendix 2

Code Conversion Subroutine BICAO1

SUBPOUTINE BICACLUIE yTU LIV, JUBeJdT 4 KEZ KUKV MyMP1 4 NyNP1)

C
C SURROUTINE TO CONVERT PRIMARY GRID COUES RKREZKUSKV
C TO INTERMEDIATE CODES It IU,Iv AND FIND LIMITS UB
C AnD JT FOR EACH COLUMN
C
C IE(I J) - INTERMEDRIATE CODE AT H(I,J)
C eI, - INTERMEDIATE CODE AT U(Ied)
C Iver,d - INTERMEDIATE COQCE AT V(I,J)
C JBAI) - LOWEST J vALUE PROCESSED IN COLUMN I
C JTHLID - HIGHEST o VALUE PROCESSED 1IN COLUMN I
C KE(T ,J) - PRIMARY CODE AT H(I,J)
C KUCI,J) - PRIMARY CODE AT U(I,J)
C KV T ,d) - PRIMARY CODE AT vwil,J)
C M - NUMBER OF GR1ID MESHES IM X-DIRECTION
C MB1 - M+]
C fi - NUMBER OF GRID MESHES IN Y DIRECTION
C NP1 - N+]
C

DIMENSION JB(MPL1) ,JuT(MPL)

DIMENSION KUIMPL,N),1U(MPI,N)

DIMENSION KVIMyNPL) IV(M,NPY)

DIMENSLION KE(MyN),IE(MN)

INTEGER EDGES
C

DO 4L0 I=1,M ,
DO 400 J=1,W :
1U(I,J)=0
IV(I,J1=0
IE(I, =0
400  CONTINUE
DO 401 I=1,4M
IVII,NP1)ZU _ L
401  CONTINUE {
| DO 402 Jz14N
IU(MP1,J) =0
40z  CONTINUE
' GO LD3 IzZ1,MP1

JE(IY U

JT(IYZU
403 CONTINUE
C .
C CHANGING KU COUES TO IU COUES
C .

DO 2 JzZ1,N

T EDGESED
JPizu+1l

JM1Tu-1
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DO 2 I=1,MP1
KUGOZKU(I,J)+1
G0 TO (5,10,20,30,40) KUGO

LAND .

IF(EDGESEQeUeANDTU(I4J)EQ.D) IUtI =7

GCO TO 100

LAND BOUNDARIES

EDGESZEDGES+1
IF(EDGES-2)11,12,100
IULT,Jd)=l ’

GO0 TO 100

TU(T,J)=y

EDGES=C

Go To 100

SPITS

Tu(I,Ji=10
6o TCo 100

VELOCITY GIVEN

EDGESZEDGES+1

IF(EDGES-2)31,32,100

IUET,JI=3
G0 TO 100
IUtI,JIZ6
EDGES=C

GC T0 100

OPEN RADIATING

EDGES=EDGES+1
IF(EDGES-2)41,42,100
TU(T,J)=2

60 TO 100

IUCI,d)=5

ERGES=0

IF(I.EQ.MP1) GO TO 2
IP1=1+1

IM1=I-1

IF(KE(I,J)+EQ.G) GO TO 53

" EOGESZEDGES+1

IF(EDGES=-2) 51,52,2
LEFT HAND BOUNDARY{WESTERN])

IF((KE(I,JMI).EQ.l-OR-KE(I,JPi)-EO-l)-AND-KECIPﬁ,q).EQ.U) THEN-

IE(I,J)=1

TF(KE(T 4JM1) eEQel) IVII,JIZSE

Go 70 2
ENDIF

LOWER LEFT HAND CORNER(SOUTH WEST) o
IF(KE(I,JDI)-EQ.l.AND.KE(I,JMl)-EQ-D.AND.KE(IPI;J).EQ-I) THEN

IE(I,J)=9

IulIPl,J2=8

IVIT,JP1)Z8

Go T0 Z
ENDIF

UPPER LEFT HAND CORNER(NORTH WE

ST)

IF(KE(I,JPI)-EQ.D.ANDrKE(I,JMl);EQGI-NND.KE(IPI,J).EQ.I) THEN

IE(TI4J)=5
IU(IPl,J)=9

e A b e T
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IviI,Ji=8
Go 10 2
ENDIF
EDGESZEDGES-1
GO 70 2
C RIGHT HAND BROUNDARY(EASTERN)

52 IFC(KE(T yJUP1)eEQeleORKE(T, UML) EQs1)aAND.KE(IM]I,J)EQ.D) THEN

TEtI,J)=2
IF(KE(I,JM1)4EQa1) IVIT,J)Z9
EDGES=D
GO T0 2
ENDIF
C UPPER RIGHT HAND CORNER(NORTH EAST)
IF(KEC(IP1,J) eEQeD«ANDKE(IMY1,J)eEQalsANDJKE(TI,JP1).EQ.D
1+ ANDJKE(I¢JM1)aEQel) THEN
TE(IJ)=6
TUCIJd =9
IVIILdIz=9
EOGES=0
G0 70 2
ENDIF
c LOWER RIGHT HAND CORNER{SOUTH EAST)
IF(KE(T g JP1)sEQaloaANDeKE(T 4 UML) oEQaDANDJKELIM]I, J)EQWl
1oANDSKEC(IP1,,U)eEQeD) THEN
IECTI,J) =8
IUtI.J)z8
IV(IJdP1)=9
EDGES=D
GO TO 2
ENDIF
EDGESZEDGES-1
GO T0 2
LAND - QUTSIDE MODEL OR ISLAND
2 IF(IUCT U)o EQeTeORLIUCTIU)WEQ.H) IEC(IJd)=7
CQNTINUE

CHANGING KV CODES TO IV CODES AND SETTING COLUMN LIMITS

OOO0ONNO

DO 3 IxZ14M
EDGES=D
IP1zI+1
IM1=zI-1
ILOWER=D
DO 3 Jz=1,4NP1
KVGOZKV (I, J)+1
GO TO (105,110,120,130,140}) KVGO
c LAND
105 IF(EDGES«EQaTeANDIVI(TyJ)eEQeD) IVLILJITT
60 T0 200
o LAND BOUNDARIES
110 EDGES=EDGES+1 :
IF(EDGES-2)111,112,200
111 IViI,J)zl
IF{ILOWERLEQ.DO) THEN
JBULIYZJ
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147
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150
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ILOWER=1
ENDIF
Go TC 200
IVITJ)zy
EDGES=C
JT(TI)Zd-1
GO TC 200

SPITS

IV(iI,J)=10
- GO TO 200

VELOCITY GIVEN

EDGES=ZEDGES+]
IF(EDGES-2)131,132,200
IVII.J)=3
IF(ILOWER.EQeO)} THEN
JB(I)=J
ILOWER=1
ENDIF
G0 TO 200
IVII,LNJIZS6
JT(I)=d-1
EDGES=D
GO TO 200

OPEN RADIATING

ECOGESZEDGES+1
IF(EDGES-2)141,142,200
IviI,Jize
IF({ILOWEREQQO) THEN
JBIINZ=J
JLOWER=1
ENDIF
Go To 20C
IVIILJdI=5
JT(T)=d-1
EDGES=O
IF{J.EQ.NP1) GO TO 2
JP1=J+1
JM1zJ-1
IEGOZIELIJ)+1
GO TG (150,3,3,150,150,6,5,1541Q,“) 1IEGO
IF(KE(TI,J).EQs0) GO TO 153 ‘
EDGESZEDGES+1
IF(EDGES=-2) 151,152,443
LOWER ROUNDARY(SQUTHERN) ‘ o
IF((KE(IPl,J)cEQ-l.OR-KE(IMl,J)-EQ-I)-AND-KEII,JPl).EQ.D) THEN
TE(I,J)=3 I
IF(KE(IMl!J).EQn]) IU(I,J)=8
IF(ILOWEREQ.O) THEN
JBLI)ZJ
ILOWER=1
ENDIF
Go T0 2
ENDIF
EDGESZEDGES~-1
GO TO 3
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C UPPER EOUNDARY(NORTHERN)
152 IFU(KECIPLlyuJ) eEQeleORMKELIMY U} eEQe1) e ANDSKE(T UML) EQWD) THEN
IE(I,J)=H
TFIKE(IMILZU)EQLl) IU(TILJ)Z=S
EDCES=D
JTHIYZJ
GO 10 3
ENDIF
EDGES=ZEDGES~1
60 10 32
ol LAND - OUTSIDE MODEL OR ISLAND
153 IFCIV(IsU) eFQeteORGIVIIouUYeFEQeTeORIUIIPL1yU)eEQeTeORSIUCIPLI YU
1IEQ.1) IE(IJ)ZT
154 IFCIUCIgd) eNELT7)Y THEN
IFULILOWER.EQ.U)Y THEN
JBLINZY
ILOWERZ=1
ELSE
JTtI)=J
ENDIF
ENDIF
60 TO 3
LOWER CORNER BOUNDARY
EDGESZEDGLES+] '
IF(ILOWERLEQ.C) THEN
JBUIYZJ
JLOWKER=1
ENDIF
60 T0 3
UPPER CCRNER BOUNDARY
6 EDGESEU
JTEINZJ
3 CONTINUE

£ O

(o]

DO 600 JZ1,N ,
IFCIUEMPL ) eNEoT7) THEN
JBUMP1Y=J
GO TC 601
» ENDIF \
6C0 CONTINUE - ,
601 DO 602 JZN,JBI(MP1)+1,-1 ‘ ’
IF(IUIMPLl,yu).NELT) THEN
JT(MPL)Z
GC T6 603
ENDIF
602 = CONTINUE
603  CONTINUE
RETURN
END
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Appendix 3

Stepping Subroutines VLCAOT and VQCAOQ]

BR,BT,DQDT,DX'DY,F,G,GUpGV,H,IEQIU,IV‘

*JB,JT;MqMPloN,Npl,NS,R,T,U,V)

‘VLCAG1 IS A STEPPING SUBROUTINE FOR SOLVING LINEARIZED .

SHALLOw wATER EQUATIONS wITH LINEAR FRICTIGN F

R A GRID

STZ2F MXNe. AN ALTERNATING HUV,HvU SCHEME 1S USED.
THE Iu,Iv,IE GRID IDENTIFICATION SYSTEM 15 USED

BER(T) -
gL (J) -
BER(JY -
BT(I) -
CtIled) -
DY -
ox . -
oy -
F . -
G -
GUCT ¢J) -
GVI{I,J} -
H{1I,J) -
IE(I,J) -
IUCILJ) -
IVIIeWG) -

JB (1) -

JTHLI) -
M -
MP 1 -
N -
NP1 ' -
NS -
K -
T -
U‘I,\J) -
VIii,Jd)

DIMENSLION
DIMENSION
DIMENSION

FACL1)=DT/12.%DX)

BEOTTOM BOUNDARY VALUE IN COLUMN I
LEFT HAND BOUNDARY VALUE IN ROw J
RIGHT HAND BOUNDARY VALUE IN ROW J
70P EOUNDARY VALUE IN COLUMN I

WwATER DEPTH AT H(I,d) (M)

TIME STEP ' (s)

GRID INTERVAL IN X-DIRECTION (M)

GRID INTERVAL IN Y-DIRECTION (M)

CORIOLIS COEFFICIENT ' (S#%-1)

ACCELERATION DUE TO GRAVITY (M/S%%2)

FORCING TERM AT U(I,J) ‘ (M/S%%2)

FORCING TERM AT VI(I,J} (M/S%%2)

SURFACE ELEVATION,ETA (M)

GRID CODE AT KH(I,Jd)

GRIN CODE AT U(I,Jd)

GRID CODE AT V(Iyd)

LOWEST J VALUE PROCESSED IN CQLUMN I

HIGFEST J VALUE PROCESSED IN COLUMN I

NUMRER OF GRID MESHES IN X-DIRECTION

M+

NUMBER OF GRID MESHES IN Y DIRECTION

N+1

NUMRER OF TIME STEP

LINEAR FRICTION COEFFICIENT ' (Sa%-1)

TIME (s)

VELCCITY IN X~DIRECTION (M/S)
tM/5S)

VELCCITY IN Y-DIRECTION

H(M,N),U(MPI,N),V(M,Npl),IU(MPI,N),IV(M.NPl),IE(H,N)

D(M,N),JB(MPl),dT(MPl),FAC(&)
GU(HPl.N)qbV(V,NPl),BL(N),BR(N),BB(M)'BT(M)

FAC(2)=DT/(24%DY)
FAC(3)=G*DT/DX
FAC(4)=G»0T/0Y
FAC(5)=F*DT
FAC(6)ZR*DT




(&

29
22

30

31
23

32

33
24

a8

v

OO sa
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CALCULATE NEw SURFACE ELEVATIONS

DO 9 I=1,M

JENZJUELTI)

JINZUT LI
IF(JINLEQ.O) GC T0 ©
IP1zI+}

IMIz-I-1

DO 9 JzJdBEBN,JTN
JP1zZJ+1

JM1ZU-1
JEGOZIE(LI,J)+1

GO TO (20,132¢394444U4,943,3) IEGO
KHS=Z(.

JUGQ-TIUCI JY+1]

GO TO (27421426426,21121421921421,21,21)

RHSSREFS=U(I,J)%2.%D(1,0)
60 TO 2zt
RHSZRHS=U(TI,J)#tDCIMI,u)+D(I,d)}
IUGOZIU(IP1,u)+1

GO TOQ (29422422922922928428422422422422)

RHSZRES+UIP1,4J)%2.%Dt14J)
G0 TO 2¢ _ ‘
RHSZRHESHU(IPL, ) (D{I,J)+0(IP1,d))
RHSZRHS=%FAC(1)

RHzD.

IVEO=ZIVI(I,,uP1)+1]

G0 T0O (31123923’23923130y30923'23923923)

RHIRH+VI(L,JP11%24%D(I,44)
60 TO 23
RHZRH4V(I,uP1)2(D(I,uP1)+D(I,d))
IVEOZIVII,J)+1 '

GO T0O ‘33,2”,'32}32’2‘4924924;2“72“1241‘2“)

RHZRH=-V(I1,J)*2.20(14dJ)
GO TC 24
RHZRH=-VIL ) {0l{I,yd)+D(TydM1)})
RHZRH*FAC(2)
H{I,J)=K{I,J)=-RHS-RH
GO 10 &

HUIsJ)ZBLEJD

GO0 TC &

H{IsJIZERJ)

G0 TO 9

HEI,u)YzBB(])

G0 T0 9

H{1,J)ZBT (1)

CONTINUE

TUGG

Iuea

IVGO

IVGO

AN ALTERNATING UV,VU ORDER OF CALCULATION

MODINS=-Z%(NS/2)
IF(MOC.EQ.0) GO TO 10




N

OO

140

150

160

170

ice

OO

o3

CONTINUE

CALCULATE U COMPONENT VELOCITIES

DO 1cC IzZ1,MP1

JBNZUEB (I}

JINZUT(I)

IF(JTANLEUL.O) GG TO 10C
IP1z=1+1

I“izI-1

DO 100 J=JBN,yuJiIN
JP1IZu+l

SJMlzu-1

IUGOZTU(TIu)+]

Go To (120,11C,140,150,110,170,160,100,120,120,110) IUGO

ultIyurzO.

G0 T0 100

1F(IUG0=-9) 121,122,122
VVHAT:(V(I,J)+V(IydP1)+V(IM1,d)+V(INl,JPl))/4.
GO TO 124 : , '
VUHATZ(V(I,JPI1)+VI(IMI,JP1l))/2.

G0 T0 124

VVHATZ (V(T,d)+V(iM1,0) )/ 2.

U(I,J)IU(I,J)-FAC(3)#(H(I,J)-H(IM1,J))*FAC(5)*VVHAT—FAC(6)#U(I,J)

G0 TO 1CC
UlI,u)=-SORT(E/D(I ) I%H(TIsd)

G0 To 100

UtIyJIZBLIY)

Go To 100

UlI,d)=BRIW)

GO 7O 100
U(l,d)ZSQRT(G/D(IMlyd))*H(IMl,d)
CONTIMNUE '

IF(MCC.EQ.0) GO TO 11
CONTINUE

CALCULATE Vv .COMPONENT VELOCITIES

oo 2GC Iz1,M

JENZJB(I)

JINZUT (I} +1
IF(JT(1).EC.0) GO TO 200
iP1zi+1

IMizI-1

DO 2GC J=JBN,JTN
IVGOZIVIl,ul+l

JP1Zu*l

JMizJ-1

GO TO (220,210,240,250,210,270.260.200.220,220,210) 1vV6o

NtI,u)b=0.
§C TO 200
IF(IVEC-9) 221,222,223
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221 UUHATZ(UtI,J)LU(IPI,d)+U(I,JH1)+U(IP1,JM1))/q.
GO TO 224
222 UUHATZ (U(IP1,,J)+U(IPYJM1)) /2.
GO Y0 224
223 UUHATZ(UT,u)+ul(I,uMl))/ 2. _
22u VIT )V I d)-FACHUYR(HULI,u)=H(I,JM1))=-FACIS)FULHAT=-FAC(E)IXV(I,J)
GO 70 200
2ug VIIod)Z=SORT(G/D(I,J))xH(T,J)
GO Y0 <00
250 vii, )=BEB(I)
60 T0 200
2€0 VII,J)ZBT(]}
60 T0 200
270 VII,U)=SQRT(G/D(1 UM IFHIT UMl
200 CONTINUE

¢ :
IF (MCD.EQ.0) GO TO 12
11 CONTINUE ‘ o
C
RE TURA
END
SUBROLUTINE VQCADLI(BB4BLsBRyBToDyOT4OXyDY,F4G,CUyGVyHyIEIU,IV,
2B g JT g Mo MPIL NeNPI ¢NSyToUUHAT V4 VHAT,XK) '
C - .
c VOCADY IS A STEPPING SUBROUTINE FOR SOLVING LINEARIZED
c SHALLOW WATER EQUATIONS WITH OUADRATIC FRICTION FOR A
C GRID SIZE MXNe AN ALTERNATING HUV,HVU SCHEME IS USED.
c THE 1U,Iv,If GRID IDENTIFICATION SYSTEM IS USED
C . . .
C BRtI) - BQTTOM BOUNDARY VALUE IN COLUMN I
C BL L) - LEFT HAND BOUNDARY VALUE IN ROw J
C BRUJY - RIGHT HAND BOUNDARY VALUE IN ROW J
C BT(I) ~ TOP BOUNDARY VALUE IN COLUMN I
c DtI,d) - WATER DEPTH AT Hil,J) ‘ (M)
C DT - TIME STEP s
C DX - GR1ID INTERVAL IN X-DIRECTICN (M)
C By - - GRID INTERVAL IN Y-DIRECTION (M)
C F - CORIOLIS COEFFICIENT , (Sx¥-1)
€ G - ACCELERATION DUE TO GRAVITY (M/7S%%2)
€ GULTI,J) - FORCING TERM AT uUll,y) - AM/S%E%2)
C GVETed) ~ FORCING TERM AT V(1,J]} (M/S*%2)




CoCOOC O NN OO OO O

OO

26

27

21 -
28

29

ﬁ(l,d) -
LE(TI,J) -
ILtIyd) -
lV(IyJ) -
JB LI -
JTLI) -
Mo -
MFE1 -
N -
NF 1 -
NS -
ki -
U€lyu)

UKAT(I,y0)
V(lsd)

VEAT(Tyu)
XK -

DIMENSICN
" DIMENSION
DIMENSION

FAC(1)=DT/
FACU(2)Y=DT/
FAC(3)=G=D
FACIU4)=G*D
FACIS)=F=D
FACLE)ZZ.*

CALCULATE

DO & IzZ1,M
JBNZJB (1)
JTINZJTH(I)
IF(JTNLEQ
IPI=I+1
IMizI-1

DO 9 u=JBN
JPI1=ZJd+1
JM1zd-1
IEGOZIET,
G0 TO 120,
-RHS=C.

C IUGO0=IUCI,
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SURFACE ELEVATION,ETA
GR1IC CODE AT H{I,sJ)
GRID CCDE AT UtI,J)
GRILD CODE AT N(1,d)

{OwEST J VALUE PROCESSED IN COLUMN I
HIGHEST J VALUE PROCESSED LN COLUMN 1
NUMBER OF GRID MESHES 1IN X-DIRECTION

M+1

NUMBER OF GRID MESHES IN Y DIREC
N+1

NUMBER OF TIME STEP

TIME

VELCCITY IN X-DIRECTION
SPACE-AVERAGED U-VELOCITY AT Vil
VELOCITY IN Y-DIRECTION

(M)
TION

(S)

(M75)
yd) (M/S)

(M/5S)

SPACE-AVERAGED V-VELOCITY AT UtTIed) . (M/5S)

OUADRATIC FRICTION COEFFICIENT,K

H(M,N),U(MPI,N),V(M,NPII,IU(MPI,
D(MyN’yJB(MPl)ydT‘MPl)QUHAT(HPl?
GUIMPL,N) GV (M,NPL),BLIN)BRIN),

(2 %D%)
{(2.%0Y)
T/0X
T/0Y "

T

XKXOT

NEW SURFACE ELEVATIONS

oy g 10 9

sJTN

Jr+1

1#2,394v“1q;91373) JEGO

Ji+l

N) oIV (MyNPLY,TECHN)
N) yVHAT(MyNPLIsFAC(E)
BB (M) BT (M)

G0 7O (27,21,26,26,21,21,21,21,21,21g21) TuGo

.. RHS=RFS-UI
G0 TO 21
RHS=REFS-UL

I, )%2.%0(L1ed) .

1,0)% (D (IN1, ) 0T, d))

TUGOZIULIPLyd)+1 et
22422,22122928,26,22422422922) 1UGQC

GO TO (29
RHSZRKRHS+U(
G0 10 Z2

KHSZRES+U(

IP1sul*2%0(1yd)

IP1,u)%(D(1,J)+D(IP14d))




22

OM O o

OO e

116

120

121
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RHSZRFS#HFAC(1)

RHZO.

IVEOzIVII,uF1)+1

GO TO (31922923923423430,30423423,23,23) 1IVEGO
RHZRH+VII 4JP1)%2.%D(1,4)

60 T0 23

RHZRH+V (I, JP1)%(D(I,uP1)+D(I,J))
IVEOzIVELI,J)+1

GO TO (33420032432, 2892U,2Uue2U4,2U,24,24) 1IVGC
RHZRH=-Y {1l yJ)*2,.,%D(1,4)

GO 7O 24

RHZRH=V (I eJ)?*(DlIyd}+DlI,JM1))
RHZRH»FAC(2)
H(Iyd)zH{TI4J)-KHS-RH

60O T0 ¢

H{I,JY=RL(U)

GO YO0 ¢

H{I4JY=BR (U}

GO0 TQ 9

H(I4J)ZBRB(I)

GO 10 ¢

H{l,J)ZBTL1)

CONTINUE

AN ALTERNATING UV,VU ORDER OF CALCULATION

MODSNS-2%(NS/2)
IF(MOD.EG.0) GO YO 10

"CONTINUE

CALCULATE U COMPONENT VELOCITIES

0o 10C I=1,MP1
JBNZUB(I)
JINZJTET)
IF(JINL.EQ.O) GO TO 100
IP1=I+1
IMi1zI-1
DO 100 J=JBN,JTN
JP1Z U4}
JMIZJ-1
IUG0ZTIULIsd)+1
GO TO 120,110,140, 150,110, 170,160,100,120 120,110) IuGo
Utledd=DOoe ‘
60 T0 1C0
gENOMZ 1, D*FAClb)*SQRT!U(I,J)#*2+VHAT(I J)**Z)/(D(I JI*D(IM1yd))
ELEVZFACU3IH (HIT JI-HIMIJ))
IF(MOD.NE.DO) THEN
UCT IS (UET,JI+FACESI*VHAT(I J)~ELEV+GULT, d)#DT)/DENOM
ELSE
IF(IUGO=-9) 121,1224123
VVFAT—(V(l,d)+V(I,dPI)*V(IMI,J)+V(IM1 dPl))/“.
6o 70 124




122

123
124

210

220
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VVFATZ(VI(ILJP1Y+V(IM1,JP1))/2.
GO TO 124
VVFATS(V Iy J}+V(IMI,d) Y/ 2
U(I,J):(U(I,J)+FAC(5)*VVHAT-ELEV*GU(I,J)*DT)/DENOM
VHAT({I, J)ZVVHAT

ENDIF

G0 T0 100

U(l,d):-SQRT(G/D(I,J))*H(I,d)

0 Y0 100

UtI,Jd)=BLEY)

GO T0 100

UlIyJ)=BRJ)

GO 70 100

U(L,J)=SORT(G/DIIML,JII*HIIML )

CONTINUE

IF(MOC.EQ.O) GO TO 11
CONTINUE

CALCULATE V COMPONENT VELOCITIES

00 20C I=1,¥

JBENZJB(I)

JINZJT(I)+1

IF(JT(I)EQ.Q) GO TO 200

IP1=1+1

iM1z1-1

DO 200 Jz=JBN,JTN

IVEOZIVIIeJ)+l

JPizZJ+1l

JM1ZJd-1 : :

GO TC (220,210,240.250,210,270,260,200,220,220,210) IVGO

ViiesJ)=C. :

G0 T0 200 . .

DENOM:].D+FAC!&)*SQRT(V(l,u)**2+UHAT(I,J)**ZJ/(D(I,J)+D(I,JM1))

ELEVZFACIU)*(HII,J)-H{I,JM1)]}

IF (MOC.EQ.D0) THEN '
V(I,J)Z(V(I,J)-FAC(S)*UHAT(I,J)—ELEV+DT*GV(I,J))/DENOM

ELSE
IF(IVGO0-9) 221,22242223
UUHAT:(U(I,J)+U(IP1,J)+U(I,JMI)+U(IP1.JM1))/Q.

GG 10 224
UUFATZ(ULIPL, ) +ULIP1,dM1))/ 2.

GO TO 224
UUHATZ(UTT,J2+U(T,0M1)) /2,
VAT, )= (VIIyd)=FAC(5)#UUHAT-ELEV+DT*GV (1,J))/0ENOH
UHAT(I,u)=UUHAT
ENDIF
GO TO 200
VI, J)=-SORTI(G/D(I,J))xH(I,d)
GO TO 200
VII,J)=EB(I)
G0 TO 200

S e e T T




41
42

B2
40

.51

52

Vil
GO

Vil
CON

IF
CON

IFt

ELS

END

RET
END
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tJdIZBTOI)

T0 200

s IZSARTIG/D(TI ¢JML1) I RHET 9dM1)
TINUE

(MOD.EQ.0) GO TO 12
TINUE

MODEQeL) THEN

DC 40 Iz=1,.M

IP1z1+1

JENZJBLI)

JTIANZJTH(T)

IF(JTNLEQL.C) GO TO 4C

DO 40 JZJBNGJTN

IVGOzZIiviIgsd)r+l

G0 TO (41,HU,HU,QO,QO,QO,HU,UU,HZ,H3,HD) IVGeO
JMIZJd-1
UHATCIqJ)I(UCI,J)+U(IP1,J)+U(I,JMI)¢U(IP1,JHl))/H.
G0 TQ ug

UHAT(I s JIZ(UCIPL ) +U{IPL,J~-1))/2,. .

GO T0 8(Q

UHAT (I 4 ) {UCTI ) +U(T4d~-1))/2,

CONTINUE

E

DO 850 Iz1,4M

IMicI-1

JENZJB (1)

JTNZJT LTI

IF(JTN.EQO) GO TO 50

DO 50 J=-JBNyJTN

JUBOZIU(TI,J)+1] '

60 TO (51,50+50,50,50,50:50950952,53,50) IUBO
JP1ZJ+] ‘ '

VHAT (I ISV ETI ) +VITIZJPLII+V(IMlyJ)eVIIMLI,,JP1)) /4.
60 TO SO ,
JPlzd+l

VHAT(I #J)ISH{V(I,,JP1)+V{IMI,JPL1)) /2,

60 TC 50

VHATUI JIStV I+ VIIKI,LJII/2

CONTINUE

1F

URN
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Appendix 4

Program and Results for Sample Model

DRIVER FO© SAMPLE MODEL LN SECTION 10 OF REPURT 1.
LSES QUALRATIC FRICTILION STEPPING SUFROUTINE VQCAOL
ALEO SUFKOUTINES PRTE,FPRINT LISTED RELGW.

USEP MuUST PROVIDE SUERGUTINE UFORCE (EXAMPLE
KELOW) TU SUPPLY FORCING AND BOQUNDARY VALUES.

VALULFS PRECEDEDR RY % ARE SUPFLIED BY USER

VALUFS PRECEDED RY =% ARE Su

MDDEL VARIABLES AND PARAMETERS

sk (1)
wxnl (J)
Z¥ER{J)
#ungT (1)
*D(lvd)
T
*X

DY

*F
30

*kGUET,d)

22 GV LT yd)
HlIed)
CIE(TJY
1uel,ydd
IviI,ed)
JECT)
JTCI)
2RhE(TydJ)
2RU(T 4 d)
*RVITd)

%t
mP 1
% N
NP
NS
*'NSPC
%UMELRA
1
utled)
UHAT (T, J)
V(lvd)
yHaT(T,d)
w %K

s0TToM BCUNDARY VALUE IN COLUMN I
LEFT HAND BOUNDARY VALUF IN ROW J
KTGHT HAND BOUNDARY vALUE IN POW J
TCP EOQOUNDARY VALUE IN COLUMN I
#ATER DEPTH AT H(Isd)

TIME STEP

GRIN INTERVAL IN X-DIRECTION

GRIN INTERVAL IN Y-DIRECTION
CORIOLIS COEFFICIENT

ACCFLFRATION DUE TO GRAVITY

FORCING TERM AT U(I,J)

FORCING TERM AT Vi{IyJ)

SURFACE FLEVATLION.ETA

INTERMEDIATE CODE AT H{Iyd)
INTERMEDIATE CODE AT U(I.Jd)
INTFRMEDIATE COGDE AT ViIgd)

LOWEST J VALUE PROCESSED IN COLUMN I
HIGHEST J VALUE PROCESSED IN COLUMN I
PPLMARY CONE AT HiIgU)
PRIMARY CODE AT U(I«u)
pPEIMARY CODE AT VIIed) g
NUMRER OF GRID MESHES IN X=-D1RECTION
M+ 1

NUMREF OF GRIND MESHES [N Y DIRECTION
N+l

NUMEER OF TIME STEP

NUMBER OF STEPS PER CYCLE

TIUVAL FREGUENCY

TTImE

VELOCITY IN X-DIRECTION
SPACE-AVERAGED U-VELQCITY AT VI(I,d)
vELOCTITY IN Y-GIRECTION
SPACE-AVERAGED V=VELOCITY AT U(I,.J)
GUADRATIC FRICTION COEFFICIENT 4K

CONTRUL PARAMETERS FOR PUN

PPLIED BY USER VIA UFORCE

(M3

{s)

(M)

(M)
(Sxx~1)
(M/S*%2)
{M/S%%2)
{M/S%%2)
(M}

(RAD/S)
(s)y-
(M/S)
(M/S)
(M/S)

(M/7S)




AND rRESETY T=0
OF STEPS IN THIS RUN
OF STEP IN THIS RUN AT wHICH

EVERY NPT STEPS FOR

#={CUNES - «FC.U READ
«NELO READ
«FGal READ
.Fc_)oz F’FAD

*NCT - NO-

*NLPST = NC.

NPT -

¥NREC - RECORD NO.

170 UNIT NUMBEPRS

*{EUVD
*KREUVD
*INFT -
¥I0UT -
*TLINE -
*1READ -

121
122

- UN1IT NO.
UNIT NGO
UNIT NO.
UNIT NQ.
UNIT NG
UNIT NO.

1

DIMENSLION
DIMENSLION
DIMENSLON
DIMENSION
DIMENSION
DIMENSION

H(7,5),
KE(T745)
IE(T745),

D(7,5),

IRERDZS

READ(IREAD,121)INPT
READ(IREAD,121)I0UT
FEAD(IREAD, 121 ) TLINE
READ(IREAD,1Z21)IEUVD
READCIRESAD,121)KEUVD

FEADUIRKEAD,121)YICODES
READ(IREAD,121)IRSTRT

READ(IREAD,121INCT
READ(IREAD,121)NPT
READ(IKEAD,121)NLPST
READ (IREAD, 121)INREC
READ(IREAD,121)INSPC
READLIREAD, 12114
READIIREAD,1Z1)N
READ(IKEAD,122)0X
READ(IREAD,122)DY
READ(IKEAD,122)F
READ(IREAD,122)6G
READ(IREAD,122) OMEGA
READ(IREAD,122) Xk
FORMAT (15)
FORMAT(F15.%)

MP1IM+]

NPIZIN+]
PIzZ3.1u415%265

STORE RESTART oaATA ON

FOR
FGP
FOR
For
FGR
FOFR

KU(B 5 ),

60

PRIMARY CORES FROM UNIT NOs KEUVD
INTERMEDIATE CODES FROM UNIT NO.
INITIAL CONDITIONS

PESTART DATA FROM UNIT NO,
RESTART DATA FROM UNIT NO,.
y NSZD

IEUVL

INPT
INFT

OUTPUT BEGINS
UNLIT NO. 10UT
NPToGF JNLPST

OF RESTART 0ATA ON UN1IT NG. INPT

FILE wWITH TE,iUyIvyuR,JdT,D
FILE wITH KE KUKV, D

TMPUT OF RESTART LATSA
OUTPUT OF RESTART DATA
LINEPRINTER OR EQUIVALENT
CARDREADER OR EQUIVALENT

ViT,6)
KVET,6)
IVviT,6)

ULBy5),

TUtB,S ),

UHAT(H345)yVHAT(T,6)
GUlEs5 ),y
JEUR) JTHBYZER(IT) BT (T BRIS),BLYH)

GV(lT74b)




C

10U

(]

el g

11
111
112

EaRale

[N el e

[N e

uTz
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2e#FPT/(OMEGARNSPC)

FORMAT (*1NU. OF MFSHES IN XN=-UIRECTION =',I5/1Xy

*NO. OF MESHES IN Y-DIKECTION 'y I5/1X%y

*TIME STEP = '7Flu-b/'lX7

‘GRIL INTERVAL In X-DIR (M) = YLF9.2/ 4 1%y
'GRIL INTERVAL IN Y-DIR (M) = Y F9.2/41X,
"ACCELERATION DUE TO GRAVITY = *F9 .5/ 1 Xe
"CURLOLIS COEFFICIENT = '+E12447,1%,
‘QUADRATIC FRICTLON COEFFICIENT = vWE12.4/ 41Xy
v TIDLL FREQUENCY = '4E15.8/,1X,

"NUMSEK OF TIME STEPS IN THIS RUN = Y.I8/7)

IF{ICCDES.ED.D) THEN

“EAD GRID COLES FROM UNIT sKEUVD

CALL

READ(KEUVD,111) ((HE(I,J)'IZI,M),J:N,ly—l)
PEADIKEUVD,110) ((KU(I,J)11:19MP1)1J:N117-1)

DEAD (KEUVD ,111) ((KVEI,Jd) 3121 4M)3J=NPL,1,-1)

PEAL(REULVD,112) ((DAT J) s IT14MY 4 JZN,1,-1)
CALL CLOSEU(REUVD,1)

FGRFMAT(8IZ)

FORMAT(TIZ)

FUPMAT(TFE L)

CaLL PPT(DvLLINE ¢KE gKU KV 4 MyMP1yNygNPL)

SURROUTINE TO CONVERT PRIMARY CODES TO INTERMEDIATE CODES

CaLL bICACl(IE,IU,IM.JE,JT.KE,KU,KV,M,MPI,N,NPI)

«D1TEt INTERMEDIATFE CONDITIONS on UNIT # IEUVD

WRITE (IEUVD) LUy IV, 1E,yJdBydTsD

CaLL CLOSE (IEUVOD,1)

WRITE(ILINE,130)

CaLL PPTB(O.ILINE,IE,IU,IV.JB,JT,M,MPI,N.NPI)

WRITECTLINE,129)

ELSE

READ INTERMEUIATE GATA ON uNIT # TEUVD

READ(LEUVED) TULIV,IE,JB,JT,40
CaLL CLOSE (IEUVD,1)

WwRITECILINE,131)IEUVD
CALL PPTP(D,ILINF,I‘"—,.LU,IV9JB,JT9M7Mpl,N9NP1)

ENDIF ‘
LF(IRSTRT.EOLC) THEN

7EQG INLITIAL CONRITIONS

DUy 1 Izl.0
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NG 1 JT 1N

F(T,J)z0.

UtI,yJdizu,

VII,d)zl.

UHATE1,0) 200, .

VHAT t1,d)c(0, )
1 CONTINUE

DO 2z Iz1l,m

VT WNFPIYZU.

VHATE{L4NPL1)ZD,.
2 CONTINUE

0O 3 JzZ1l,yN

UIMPL4d) b

UBAT(MPL,J)ZD.

3 CONTINUE

NSQZC

WRITE(ILINE,2142)

ELSE
€
C NON=ZERO INTITIAL CONDITIONS AVAILABLE
C
C READ INITIAL CONDITIONS ON UNIT NO. INPT
- C

DO 10 JzZ1¢NREC
; READIINPT) HeUyVeNSCeT
10 CUNTINUE
» CaLlt CLOSE (INPT,1)
. C FOLLOWING DUMMY STEP WITH UTZ0 INITIALIZES UHAT.VHAT
CalL UFOPCE(BB eblL sRRyBT4GUGV MyMP1,NNP1,T)
CALL VOCALI(RBE sBLyBRyET 4D 0. gUX DY oF oGsbli 4GV eHIEZIUL1V,
1 JB,JT,Mywplywprl7N501T1U,UHAT,V,VHAT,XK)
IFULIRSTRTLFQ.2) THEN ‘
NEQTU : _
TZUs i
EnNDIF : ‘
WRITECILINE,141) NSU.T
CalL PR’INT(H;ILINE,IE,IU,IV,M,MPIgN,NPl,UQV)
ENDIF , ~

129 FORMAT('1Y) ,
130 FORMAT(//Y1INTERMEDIATE CONDITIONS AFTER SURROUTINE BICAU1'//7)
131 FORMAT(//" IINTERMEDTIATE CONDITIONS READ FROM UNIT 8',I6//)

"
NSZNSO+]

C

C MAIN CUMPUTING LOGOP

C

20 T=nS*DT

C
CALL UFORCE(BE  BL BR BT GU GV MyMPLyNyNP1,T)
CALL VECATN IR BL B BT sLoBT y DXy UY FyGgGUyGY HyTIE 31U, TV,

1dRqJT,M9MpquvalyNSyTyU,UHATQVvVHAT,XK)
¢ v

PRINTOUT AND SAVING OF VALUES ON UNIT @ 10UT-

e e
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MNSINS-NEN
LTF(NNS W GENLPST) THEN
NNSSSNMS=-NLPST
MODZNNSS - (NNSS /NPT Y%NPT
TFI(MODLERLT)Y THEN
wRTTECILINE yLUUINNSy NS,T
WRITELLOUT ) HoUy VNS, T
Caple PPINT(H,ILINE,IE,IU,IV.M,MPl,N,NPl,U,V)

ENDLF
ENDIF
¢ ‘ : o
{60 FOEMAT(//% STEP WO.(THIS RUN)=*,18/°' CUMULATIVE STEP NO. =%,18/

1y JIME SINCE T=0 In SECCNDS 1S*yE20a0)
14 ForMaTL /2 STEP NO.(RESTAPT):',IB/' TIME SINCE T=0 IN SECCNDS IS'

‘;‘k‘_?UvC)
iuz FopMaTl(//' ZERC INIT1AL CONDITIONSY)

WSZNS+ 1
[F(NS-NSULLEL.NCT)Y GO TO 20

LNG

SUKPOGUTINE PRTB(D,lLINE,KE,KU,KV,JB,JT,M,Mpl,N,NPl)

UTMENSION KUMEL N KV (M NPL) yKE(MyN)
DIMENSION R (MF1),JT(MPL),D(MsN)

(g

WRITECILINE, L)
WwRITE(ILINE,y2) (uBR(I)yIZ1,MP1)
wRITE(ILLINE.3)
WRPITELILINE, 2) (JT(IV[=14MP1)
FOrMaT(/* LOWER nQUNDS FOF FACH COLUMN - JB*/}
FOrMpT(//* UPPER KBUUNDS FOR EACH COLUMN - JT'/)
FoRMaT(20T47/7) ,
ENTRY PRT (L yILINE dKE yKUyhV My MP 14N NP 1)
wRITE(ILING.10) ‘
WE.LT['_(ILINtyll)(\JQ(D(IQJ)yl:lyM)idzNgly-l)
wF1TE(ILINE 16D :
WD.[.TE(IL.LNEllFJ)(dv(KE(I,J)',I-:lvM)yd:Nvlv"l)
WwRITECILINE,12)

. V«P.LTE(].LINEVJ.K)(JQ(KU(Iyu,ylzlqMPl)yJ:Nylg’l)
W ITEATLINE ¢ 1H)
WWITE(lLlNEolE)(J.(KV(lyd),IZIyM),d:NPl,l.-l)

l\) Lay —

FORMAT(//15%,% DEPTHS' /Y J')
FORMAT(/Z/715Y, " U VELOCITY COREY7ZY J")
 FNRMAT(//15%," V VELOCLTY CODE'/® J*)
L& CEQWMAT(//15¥%," ELEVATION CuBE®/' J"}
11 FORMAT(14,12,10U%,7FS.0)

13 CFORMATLIX,12,10%,81H)

15 - FORMAT(1X,12,10X%,714)

RETURN

N

Tl o =
£
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i0

100
110

111

21

20

a8
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SUERQUT INE P"\INT‘H,ILINE'1E,IU’IV7M9MP1,N,NP1’U,V)

DIMENSLION HIMyN) yUIMPLZN) 3 VIMyNPLY  TE(MyN)Y ,TUIMPLN) ,IVIM,NP1)
CHARACTER LINEx12(10)

WRITE (LLINE,1)

FORMATU/' SURFACE ELEVATION')

U0 10 JSNgel,-1

D0 11 I=1,m

LFAIE(LI,J)WEC.T) THEN
LINEC(LY=" y

ELSE | |

ENCODE(12,100,LINECI)) HII,J)

ENDIF

CONTINUE

WRITE(ILINE, 1100 (LINE(K) (KZ1,M)

CONTINUE

FORMAT(F12.7)
FORMAT(10812)
FORMAT(IUAL2)

WRITECILINE £
FORMAT (/" U VELOCITY COMPONENT )
00 20 uZhNysla-1
Do 21 1z1.MP1

LINE(1)=? K
ELSE

ENCODECLIZ24100,LINECTIY)Y Uyl
EMUTF
CONTINUE
WRITECILINE, 1110 (LINE(K)YyKZ1y4MP1}
CONTINCUE

WRITE(ILINE,3)
FORMAT(/® Vv VELOCTTY COMPONENT®) ' ]
U0 30 JZNPlyle-1 . ' :
DO 31 1z1,MP1
IF(IVv(I U FEQGaT7Y THEN
LINECIYZ :
ELSE :
ENCODE(LI241C0,LINECLIY)Y VI, d)
ENDIF , : ‘ ‘
CONTINUE
WRITEAILINE y110) (LINE(K) yKZLyM)
CONTINUE

v

RETURN
ENG
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SUBROUTINE UFORCE(BB,EL,BR,BT,GU,GV,M,MPl,N,NPl,T)

COMPUTES FORCING TERMS AND BOUNDARY VALUES FOR SAMPLE
MODEL IN REPORT I.

oM=z=1.40%2E-4

UDX=60C0.

DY:SODUD

Cl1z=-3.76E-4

C2z=2.17E-4

C3zu.78E-7

C4==2+716E~-T

C3DX=C3%DX

cupy=Cu*pY

OMTZOM=T

DO 100 I=1,MP1

DO 100 J=1,4N

ARG=ZOMI+C3IDXk(I- -1)+4CYyDY%R(J-0.5)

IF(ARG.LE«Q)IGU(I,J)=Co )

IF(ARG.GT. U.)GU(I;J)—CI*SIN(ARG)
100 CONTINUE

DO 101 Iz=1,M

DO 101 J=1,4NP1

APG-’-OMT+C3DX=~"(I-D-S)*C“DY*(J-:[)

IF(ARG.LE O, YIGVII L J)=0.

IF(ARG.GT-D.)GV(I,J)ZCE*SIN(ARG)
101 CONTINUE

SOMT=SIN(OMT)

BEL(1)Z0,21%S0OMT

BL{Z2)=C.22%S0MT

BL(3)=De23%SOMT

ARGZOMT-0U.135

IF(ARG.LE.C.}BR{2)=0.

IF(ARG.6T.0.)BR(2)=D. 88xSIN(ARG)

ARG=ZOMT-0.138

IF(ARG.LE.O«)IBR(3)=0.

IF(ARG.GTo 0.}BR{3)=0. 89*SIN(ARG)

ARG=OMT-0.140

IF(ARG.LE+C+)}BR(4IZ0O.

IF(ARG.GT. 0.)BR{4)=0. 90*SIN{ARG)

ARGZOMT-0.077

IF(ARG.LE«U.)BBE(4)=0.

IF(ARGGT.0.)8BB(4)=0. 12*SIN(ARG)

ARG=OMT-0.096

IF(ARG.LE.04)BB(5)=0.,

IF(ARG.GT-D-)BB(S):D.I3*SIN(ARG)

RETURN

END

l
!
|
!
|
|

DIMENSION GU(MPL NI ,GV(MyNPL),BB (M) BT(M)}sBLINY,BRIN) i
|
|
|
\




NO- OF MESHES
NO. OF MESHES
TIME STEP =

GRID INTERVAL
GRID INTERVAL
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OQutput from Sample Model

ACCELERATION DUE TO GRAVITY =
CORIOCLIS COEFFICIENT = «1200~-

QUADRATIC FRI

NUMBER OF TIME STEPS IN THIS RUN

=N E (I N PO ¢ Y ENEN -

= N o

IN X-DIRECTION = 7
IN Y-DIRECTION = 5
46.001867
IN Xx-DIR (M) =  6000.00
IN Y-DIR (M) =  5000.00
9.81000
003
CTION COEFFICIENT = .2500-002
= 23

DEPTHS

0. 0. 0. 167, 165. 0. O,

0e 0. 111. 155. 164. 156, 153,
172, 174, 161. 145. 156. 145. 148,
151. 162. 150. 123, 125. 132. 13G.
120, 91, 83, 90. 95. 0. O

ELEVATION CODE

c ©0 0O © 0 O ©

5 o0 © © 0 © 1

¢ o o ©o O 0o 1

o o o ©o ©° O 1

8 o © © 0© © g

U VELOCITY CODE

o o © 1 © 1 0 =@

@. o 1 ©0 ©0 0 0o O

3 0 0 0O O 0 O G

3 o 0 ©O ©0 O ©0 O

3 o 0 0D 0 1 0 0

V VELOCITY CODE

O 0O O 4 .4 D O

o o 1 o 0o 1 1

1 1 0 0 O g O

o o 0o 0 ©o © O

o 2 ©o © 0 1 1

1 1 1 3 3 g o0
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INTERMEDTIATE CONDITIONS AFTER SUBROUTINE BICAQL

JB

LOWER BOUNDS FOR EACH COLUMN

N

J7T

UPPER BOUNLCS FCR EACH COLUMN

un

My

™

ELEVATION CODE

U VELOCITY CODE

o

v VELOCITY CODE

10




Qutput from Sample Model

STEF NOL(THIS RUN)Z 2l
CUMULATIVE STEP NC. = 22

TIME SINCE ¥=0 IN SECONDS IS . «101204+004

SURFACE ELEVATION

. 0CCO000O

.0627580
+ 1084765 0634346
.2050225 1520726 .1011221 0568959
.1907428 «1372952 .0897075 0458161
+1780325 .1287519 «0796102 .0365285

U VELOCLITY COMPONENT
| .00000G0
.0000000 .C011358
.0325986 .0214209 «0134374 .0010636
.0311813 .0203030 «0122392 .0007600
»0297640 0232174 .CCY9604C .000Z865

V VELCCITY COMPONENT
«0152106
, 0000000 .0131870
.0000000 .00060ED .0071921 .0076848
-+CO27758  -.C0C06540 .0C13311 .0020851
-.C033964 . CGCOCOD .0021981  -.0005406
0000000 .C0OO000 .0078199

.0328530
«0326364
20235798
«0092818
«0077946

» 0079399

.0115892

»01220066
«0117187
«00u85940

+.0CRO106
«0177976
-0086621
«0017138
0089424
0060054

«0186228
0074186
20049¢€3u

0000600
0272206
.0265824
«0312812
.00ooooo

-0000coo
«0080533
«0074246
.00ogoon

.0C019908
+0037487
0063465

»0215388
20319199
«04u0566

.0gegoar
.0208639
«0217405
.0p00gooa

89




STEP NOL{TFEIS RUN)CZ
CUMULATIVE STEP NO. =
TIME SINCE T-0 IN SECONDS 1S

SURFACE ELEVATION

«2154740
206237180
«1908708

+0340697
«032588L

«0311071

«1622176
+1480286
«18411255

VELOCITY COMPONENT

«0228693
.0218047
02U3542

V VELCGCITY COMPONENT

00060ce
-.0826464
-+«0031867

.0popoge .

+0Gegroa

-.0085411

0006800
«00060GD

23

+1163175

«1100363
«0992903
«0885360

.CC0D0GO
«B147716
«0132778
«0109079

.ooooooo
L0CR1079
.0018401
0016686
.6000000

«105804+GC04

c0690262
«0698371
c0641935
«0546522
0466278

«80000G0
0020437
«0018865
001444y
«0002151

0167298
0188080
+0087401
0028029
0003187
0085938

« 0375230
«0376712
«0296320
«0176938
00324064

~0081477
-0117802
0122784
«0116695
0040716

0091493
0194294
.00%6129
«00U23316
.0085871
~oue8H4T

«0221956
.0109083
-.0009933

«00060uD

~.0287331

-«02788¢1

.20008400

.0goonco
«0087856
«0081544
.0poooeo

0678085
0095816
«01203u47

«8231901
«C345303
«Cu78151

.CCo0nce
«0227971
02383069
.0oopuoo

69
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Amplitude and Phase of Constituent with Frequency

w = 1.4052-10"% s~ during 11th Cycle of Sample Model

SURFACE ELEVATION =~ AMPLITUDE (M)
1.7350 1.5325

1.8498 1.6320 1.4203 1.1827 «5000
2e2125 1.9810 1.7538 1.5353 1.3196 1.1014 « 8300
21168 1.8B856 1.6580 1.4368 142223 1.0217 «8800
2.0197 1[.7898 1.5591 1.3342 141146

-.0534 -.0618
=«0209 ~a20399 =.052% =-.0661 =-a21400

0092 -.L0O01 -.0146 =~-.0314 =~.0u481 -.0745 =-.1380
-U098 ‘QUDUD "'-[)117 -1025‘4 “00409 -.U665 ‘11350
30112 -0032 -10099 —00205 '-0322

SURFACE ELEVATION - PHASE (RAD.)

T e ettt a0 e 8 et e

U VELOCITY - AMPLITUDE (M¥S)
\ : 0000 «D289 «GC0D0

- 0000 2746 «03%48 +3158 « 8958
+2300 @ .23296 «2774 «2122 + 0661 1154 #4275 .
« 2200 « 2350 « 2058 «1543 « 0785 «2540 5498 T
«2100 1897 « 2307 ~1094. «0554 .« 0000

U VELOCITY = PHASE (RAD.)
L0000 -1.8153 L0000

, «0000 =~a2158 ~T1al1724 =1.9159 -1.3335
»0000 -.0720 <1378 =~a41925 =~e5822 -2.7679 =-2.5187:
L0000 -,.0674 =~,0728 ~.D424 «5198 1.5857 1.6063
.0000 .0053 ~,0699 ~.1001 — 0765 «0000

V VELOCITY -~ AMPLITUDE (M)
: 4205 « 3737

‘ »000D .4318  .3804 0000 «0000
.0000 - .0000 .2221 #3041 - 23162 - o5500 15566
0108 0247 £1182 41962 22459  .5578& 1.5948
<0339 L0000 0769  +1373 «1510 ' +0BOO .ocoo
. 0000 .0000 .0000  .1200 «1300 :

V VELOCITY = PHASE (RAD.) . |
-.0S34 ~-,0618 ‘
L0000 -.0923 .0183 L0000 .0000 : ’
-UDGO -UDOU "11736 '02291 ‘-5365 "‘l -0468 “100974 :
~eS5647 =«3545 ~4Z107 ~e3358 ~,8374 =-1,5184 -1.5664
-e3342 L0000 =~.1655 =~.1984 =~.0989%  .0000 . .0C00 ' '

« 0000 L0000 0000 -.077C -e09060
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