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ABSTRACT

A mmerical hydrodynamic model developed by Connor and Wang has been applied to the
Great Bay Estuary system. The model, using the finite element method, was found to be better
suited to the complexities of the Great Bay Estuary system than Leendertse's finite difference
model. Initial model development has been completed, and qualitatively acceptable results are
presented. A numerical experiment was conducted to develop a procedure to be used for selec-
tion of critical model parameters in the calibration process, The peneral scheme for model

calibration is presented, and is ready to be implemented, pending receipt of current data
collected last stmmer by the National Ocean Survey.

vi






INTRODUCTION

The Great Bay Estuary system and the surrounding area is a large part of the New
Hampshire seacoast area. Much of the area immediately adjacent to the estuary is underdevelop-
ed, and plans for future development and protection of the estuary are being considered at
this time. The Great Bay Estuary System Modeling Project is an attempt to describe the
dynamics of the estuary and to predict the effect on the estuary of possible development
schemes, thus providing a quantitative basis for the decision-makers, The initial step in this
program is the development of a computer-based numerical hydrodynamic model to predict the
water movements in the estuary. Two mathematical models, based on the conservation of mass
and moméntum equations, have been studied in detail. Connor and Wang's two-dimensional finite
element model was selected over Leendertse's two-dimensional finite difference model as being
more suited for this particular application. Initial model application has been carried out,
including a series of tests to establish a basis for selecting appropriate values of the
various model parameters when calibrating the models. The models are qualitatively acceptable,
and are ready to be calibrated quantitatively. A complete set of field data, from the UNH/NOS

(National Ocean Survey) cooperative field program, will soon be available for use in the
calibration process.
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A PHYSICAL DESCRIPTION OF THE GREAT BAY ESTUARY SYSTEM

The Great Bay Estuary System is located in the New Hampshire seacoast region, and
forms part of the New Hampshire-Maine boundary. Its area of 45 square kilometers makes it one
of the largest estuaries opening on the Gulf of Maine. The Great Bay estuary system and its
tributaries have a drainage area of about 2,410 kilometers.

The geometry of the estuary is complex, but lends itself to division of the estuary
into segments (see Figure 1). Portsmouth Harbor is the mouth of the estuary and, together with
the lower Piscataqua River, serves as the only seaport for New Hampshire. This area can be
described as a channel, with several islands bordering the Portsmouth Harbor section. The
channel is dredged in places to maintain a minimm 10.5 M (35 feet) depth, although it is 12 to
15 M deep for most of its length. This section’s tidal prism is the lowest in the system, but
the section is dominated by the tidal flow of the entire system. The currents are large,
approaching a maximm of two to three meters per second at mid-ebb and mid-flood in the
narrower sections. The average tidal range at Portsmouth is about 2.5 M, falling to 1.9 M at
Dover Point.

The upper Piscataqua River is formed by the convergence of the Cocheco and Salmon
Falls Rivers in Dover. It is the shallowest area in the estuary, with a mean depth of about
two meters. The upper Piscataqua River is characterized by a channel approximately five meters
deep, with tidal flats on both sides. The tidal currents are much weaker than the lower
Piscataqua, as it is only affected by its own tidal prism, Little Bay is an L-shaped segment
of the estuary joining the Piscataqua River at Dover Point, and the Great Bay at Adams Point.
It is characterized by a channel with tidal flats on both sides. Two of the system's tribu-
taries, the Bellamy and Oyster Rivers, flow into Little Bay. Little Bay turns sharply at Fox
Point, creating complex flow patterns and a great deal of turbulence. It is dominated by
tidal flow {including Great Bay effects), and has currents of two-three m/s at Dover Point
due to the combined effect of large tidal prism and shallow depth at this point.

The last segment is Great Bay proper, a wide, shallow (2.7 M average) bay
characterized by tidal flats, and a network of chamnels.

A small channel from the Winnicut River, and a larger one from the Squamscott and
Lamprey Rivers join in the center of the Bay and form the main charmel, which connects with
Little Bay at Adams Point.

The freshwater discharge into the estuary varies greatly, with about half of the
nmoff in the months of March and April. Consequently, for the remainder of the vear, fresh-
water discharge is of relatively minor importance when compared with tidal effects,

Appendix I contains details of the bathymetry of the ¢reat Bay Estuary System
(Shevenell). The data was obtained from U.S. Coast and Geodetic Survey maps 210 and 211.
Areas of the segments and their depth contours were cbtained through use of a planimeter. The
bathymetry presented by these charts is the best complete set available, but a comprehensive
bathymetric survey is needed.






PROJECT FORMULATION

The estuary is one of the most important recreational areas for the State of New
Hampshire and southern Maine. Its relatively unpolluted waters are abundant with fish and
other wildlife. Recently, a great deal of political and economic pressure has been brought
to bear on the state to industrialize the land surrounding the estuary. The University of
New Hampshire undertook a comprehensive study on the impact of an oil refinery located on the
land adjacent to the estuary. One of the greatest problems the study team faced was the
absence of a quantitative basis to determine the effects of such a development. Furthermore,
the state is preparing a master plan for sewage control in the seacoast region. The plan
deals with prediction of future sewage levels and treatment methods, but is based on
qualitative understanding of the estuary, rather than a quantitative study.

To meet the needs of the state for better information on environmental effects of
future development plans for the Great Bay Estuary system, a quantitative study is needed.

The study must include description of present conditions, as well as predictive capabilities.
Comprehensive data collection can be used to prescribe present conditions, but a model of the
estuary is needed in order to predict changes resulting from envirommental alterations.

At present, two types of models can be constructed for physcial and chemical
predictions. The first is a scale physical model of the estuary. Boundary conditons are
specified by pumping in water with appropriate physical and chemical properties. Data is
then collected in the model by measuring various parameters with laboratory instruments. The
model is modified until it can predict present conditions, and then altered to reflect develop-
ment plans for prediction of the impact of these plans on the estuary. The physical model has
been well-developed over the years, and its limitations, which are considerable, are well
known.

The second type of model is a mathematical model. The geometry of the estuary is
simulated through a series of three-dimensional, geometrically regular shapes called a grid.
The equations representing the process are solved numerically for this grid. The model is
calibrated to simulate present conditions; future conditions are simulated by altering the
mdel in accordance ;'(ith future development plans. Mathematical medeling of estuaries has
developed rapidly in the last decade, and is now gaining acceptance. There is still much
work to be done in this area, but mathematical models are already replacing physical models for
several types of applications in estuarine and coastal waters.

Several mathematical models are currently available for estuarine processes.
Hydrodynamic models, predicting the tides and currents, are the most advanced, and are used as
a basis for dispersion models. Some hydrodynamic models have dispersion equations huilt in,
while others have a companion dispersion model sharing the same grid and using the output of
the hydrodynamic model. Most dispersion models predict concentrations of conservative and

non-conservative substances. The theoretical basis of hydrodynamic models is reviewed in the
next section.






GOVERNING EQUATIONS

The equations governing the motion in an estuary are the three momentum equations and
the continuity equation. In their general form, the analytical solutions are not available,
The differences in theory among investigators are the simplifying assumptions imposed to obtain
a solvable set of equations.

In tensor notation the generalized equations of momentum and continuity for estuaries
can be expressed by the follawing two equations:

a) The time rate of change of momentum of a moving fluid particle is equal to the sum of the
forces acting on it:

L) ] 3
3% (oyy) + 3% (puyuy} = - 5% "2 &, By
u. 3 3
3 O P 3 Y
"98'513*-3;:“[11 (3{5-'3' 8ij gzkf!]*ﬁ;(ﬁ-a-x—k)

b) The mass of a moving element of fluid remains constant:

3p 3 -
3t Tk U 7O

1

Where t is time, p density, u a velocity component, x a direction, P pressure, ? the earth's
rotation, g gravity, v and £ viscous coefficients.
Applying the following assumptions:

1) Incompressible flow (%% = 0)

2) o{density) = By (constant} + §p (a small perturbation term)
3) Viscosity coefficient is constant (u-uu].

4) The second derivative of velocity with respect to perpendicular coordinates is small:

32“1 .
(—==0#1])
The equations are simplified to obtain:
By, () = -2 2P .2 gy
T '53(? ij 0, 3X; 127570 + géy4
aui
2=
Bxi

Representing the variables as the sum of their ensewble average and a fluctuation
about the ensemble average,

y; = Ei + u

P =DP+p
khere the overbar denotes the ensemble average, and the prime denotes the fluctuation term, the
equations can be ensemble averaged to obtain:
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This averaging technique smooths the stochastic processes while retaining the
deterministic processes. The additional term is called the Reynolds stress, r, and is the
ensemble average of the product of velocity fluctuations with respect to the ensemble average
velocity, miltiplied by density:

—
r. ‘ﬂol.l u

ij i j

Assuming vertical variations of the various parameters are small, the equations may
be vertically averaged, and the vertical momentum equation reduced to the hydrostatic relatrion,
without loss of meaing. Representing the variables as the sum of their vertical average and a
fluctuation about the vertical average:

u, = U, +y*
i i i

p=Psp
T 7 Ry T
Where capital letters indicate the vertical average values, and double prime denotes the
fluctuation about the vertical average, the vertically averaged equations are:

P
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Where U and V are horizontal velocity components, P, atmospheric pressure, f the
coriolis effect, n the water height above mean water level (MWL), R the Reynolds stress, and H
the total water depth. The product of two velocity fluctuations (with respect to the vertical
av:rage; are represented as the internal stress terms T T yy? T, and the bottom stress

Te s Ty . Reynolds and internal stress terms cannot be directly included in the equations, and

are usually neglected as being small. These effects can be included by assuming a fumctional
6



relationship with thé horizontal velocity gradient as follows:

'_1'("-' ‘Rij)"ii (_"—‘J‘)

o, - ij ax;

Where the coefficient £ is called the eddy viscosity coefficient. The bottom
stress -rxb, T yb is assumed proportional to a quadratic function of velocity:
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Where C is the bottom friction coefficient. The equations may now be expressed in
the following form:
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The atmospheric pressure gradient and the surface stress terms have been omitted.
They can be important for specific atmospheric conditions, but in general they are not
important, and the difficulty in specifying these terms makes their inclusion questionable at
best.

The left hand side of the momentum equations is composed of the termporal and
convective acceleration terms. The right hand side of the cquations is composed of the forces
acting on a fluid particle. The surface slope and bottom friction terms are the dominant
forces, while the coriolis force and eddy viscosity term are secondary effects. The surface
slope, acting as a hydraulic head, forces the flow, while the bottom friction is the primary
resisting force.






LEENDERTSE'S FINITE DIFFERENCE MODEL

The two-dimensional finite difference solution technique developed by Leendertse is
generally accepted and has broad application. The conservation of momentum and mass
equations are reduced to a two-dimensional, vertically averaged form for sclution:

2.% 3
W, U, LU _ an . Ul X
a_t.+Uax+Vay fV+gax+g Zn + -
S
LT T A an . VEivh® !
SE'+ U ii.+ v 3?' -fU + g §§-+ g _éjgaglk + (EE
h

an 3 3 -
DL ek =0

U and V are the vertically averaged velocities in the x and y directions
respectively, n is the elevation of the water surface above the mean water level (MWL), h is
the depth of the water from MWL, H the total water depth which equals h + n, Ch the Chezy
friction coefficient, r and 1y are the wind stress components.

A computational pgrid is selected to represent the geometry of the estuary. The
various parameters are staggered on the prid as shown in Figure 2. The surface elevation
is computed at the grid point, the U and ¥ velocity components are computed midway berween
grid points, and the MWL depth h is selected for the center of every four grid points. The
time step At is divided in half, with a selution obtained for each half time step. In the
first solution, the U velocities are computed along each row using an implicit finite
difference technique, and then the V velocities are computed explicitly along each coliim. The
process is reversed in the second half time step, computing V velecities implicitly, and
U velocities explicitly. The final result for the time step is obtained by averaging the
explicit and implicit solution for velocity components at each point.



FIGURE 2
THE FINITE DIFFERENCE GRID AND THE PARAMETER
STAGGERING SCHEME OF LEENDERTSE

COLUMN 1 COLIMN 2

vu.nl n(1,1) vu,2)| n{1,2)

h(1,1) U(1,1} h(1,2) U(1,2)|
Row 1 PO S + >

v(2,1) n(2,1) v(2,2) n(2,2)
ROW 2 Az, U@L | Sh@2y U@ |

Four elements, numbered by rows and columns, and the locatfon of the variables in
each element, are presented.

with it,

Element (1,2} is complete, and shows the variables associated
In addition to its own variables, it is affected by all three of the other surface
elevations, the U velocity of element (1,1), and the V velocity of element (2,2).
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CONNOR AND WANG'S FINITE ELEMENT MODEL

The two-dimensicnal finite element solution technique developed by Conmer and Wang

is a unique and promising new approach. The two-dimensional vertically averaged conservation
of momentum and mass equations used in the model zre:

My, 209 | 2y ()
at 3 x y
o ;
+fqy+ X + 3y + (t -rx)
n, I
3t * o V) 3y (Vo) = - 5B g 5

3F 3F
b s
BB (ry -7y

M Yy
it ax 3y i

with the constitutive relations:
n 2
Fn='f_h (e " P dz = ¢

3
F, ‘Sn (. - D(V')z) dz = Eyy ";%

Y oLp ¥
n i . - ?& aqx
ny = FYX =J-h {1xy e(u'v')) dz = 5xy (ax + ¥ )
F = ghn + 172 gn2 + 3 gliz+ EE H
p zﬁa‘ o,

b qux(qi * qi)%
‘tx=
4]

b _ Cf qy (Cli + q)Z’]ls

y oH*

Where H is the total water depth, U and V the vertically averaged velocities, u' and v' the
velocity fluctuations with respect to the ensemble average, q, and equal HU and HVY respec-
tively, h the depth of the water at MWL, n the height of the water surface above MWL, Py the
average density, 4o the density fluctuation, Cf the bottom friction coefficient, 1
are internal stresses, and Exx? G Exy are eddy viscosity coefficients.

The finite element method approximates the solution of a boundary value problem with

T

3 T

w’ Tyy? Txy

a function of piece-wise continuocus pelynomials, It is based on discretization of the
contimam into an equivalent system of finite elements. Connor and Wang selected the

simplest configuration, triangles with nodes at the angles. The values of the variables within
the element have been assumed a linear function of the values at the nodes. The equations are
transformed for application to an element using this linear polynominal representation.

Treatment of the entire continum is accomplished through summation of the contributions of
11



each element. The domain of influence of a nodal value and an element value are graphically
displayed in Figure 3. Solutions for q, a, and n are obtained at each node. Depth is

selected at each node point, while bottom friction and eddy viscosity are selected for each
element.

FIGURE 3
CONNOR. AND WANG'S DOMAIN OF INFLUENCE FOR NODE AND ELEMENT VALUES

Domain for Influence {or Node Values

7 /\ \

Domain of Influence for Element Values

A node variable or parameter affects all of thc adjacent elements (six in this
example)}, as the value of the variable or parameter within each element is a function of the
values at the nodes. An element parameter affects the three nodes of the eclement.

12



MODEL APPLICATION

Connor and Wang’s finite element model was chosen over Leendertse's finite
difference model for this particular application because of the complexity of the geometry
in the Great Bay Estuary system, and the need to model the estuary in segments, resulting from
computational limitations. Connor and Wang's model has been applied to the Portsmouth Harbor,
Piscataqua River, Little Bay and Great Bay segments of the estuary, A listing of the input
data and a plot of the grid for each model are presented in Appendices III through VI
respectively.

The grid was selected to coincide with the coastal and bathymetric features of the
estuary as presented by United States Coast and Geodetic Survey chart No. 210. The model is
not presently capable of handling mud flats, and these are, for the most part, neglected. The
average distance between adjacent nodes is the characteristic length of the grid. The features
included in the grid are at least as 1afge as two characteristic lengths.

Several other factors, involving numerical stability, were considered when developing
the grid. The size and shape of the elements may vary, but the most stable configuration is
equilateral triangles of equal size. To preserve the grid stability, the general guidelines
folloved for these considerations are: (1) area of adjacent elements should vary less than
20 percent, and {2} angles of elements should be greater than 30 and less than S0 degrees.
Another factor considered in selecting the grid is that an element may not have mare than two
of its three nodes on a land boundary. The final consideration is the number of nodes and
elements to be included. The larger the mmber of nodes, the greater the detail, but
computer core and time requirements are also incrcased. The maximum size of the time step is
related to the characteristic length, and for this particular application the small
characteristic lengths constrained the size of the time steps. As a result of these computa-
tional constraints, the grid was selected with as large a characteristic length as possible.
The grids were modified several times te obtain an acceptable result.

Boundary conditions were set up as specificd for the model. Land boundary
conditions are handled internally by the model, forcing the flow to be tangential to the land.
To accomplish this, normal angles (with respect to the land boundary) must be specified for
each node on a land boundary. This task was simplified through the use of a simple auxiliary
program listed in Appendix XT. Rivers are not considered in this preliminary development as
their effect is secondary to the tidal prism, and are therefore treated as land boundaries.
The open boundaries are treated by specifying the tidal amplitude, the tidal frequency and
the phase lag. The tidal frequency was assumed standard, and is the same for all open
boundaries. The tidal amplitude was selected for each open boundary, and the phase for each
node on each open boundary. The values for these parameters were obtained from the Tide Tables
of North America.

The bottom friction coefficient was assumed constant throughout the grid, and a
medium value was chosen for preliminary nins. The eddy viscosity coefficient was assumed
constant throughout the grid, with an arbitrary value selected for the £ix and Eyy cocfficients,
and a smaller value for the £ coefficient.

With the data for the model sot up, the model was run using a constant depth
{representative of the depth of the estuary) for initial runs, as the model is sensitive to
this paramcter. This allowed the stability of the grid te be tested, and approximate values

13



for the friction and eddy viscosity coefficients to be found. After the grid had been
evaluated and modified, and the coefficients evaluated, the depth of the estuary at each node
was entered, again using chart No. 210. The chart data was supplemented for the Piscatagua
River channel with data from a University of New Hampshire bathymetric survey. To preserve the
cross sectional areas and volume characteristics of the estuary segment, slight modification of
the depths was necessary. The model was run again, with varying depths, to test the stability
of the fully three-dimensional grid. Large changes in depth within an element, and very shallow
depths, cause numerical instabilities, requiring slight modifications. This initial development
and tes;:ing has been completed, and the model is ready for calibration.

14



EVALUATION OF CRITICAL MODEL PARAMETERS

The model uses two parameters which must be evaluated for the estuary: the bottom
friction coefficient and the eddy viscosity coefficient. Bottom friction plays a major role
in estuary dynamics. This frictional effect is expressed in the model in the form (‘.szh,
where C is the friction coefficient, U the vertically averaged velocity, and h the water depth.
T e eddy viscosity term is a combination of Reynolds Stress terms, resulting from ensemble
averaging, and internal stress temms, resulting from the vertical averaging. It is expressed

in the form 2 (Exx %% ) where £k is the eddy viscosity coefficient and 3u/ax is the horizon-

tal current ;iadient. Both of the coefficients are assimed constant in time, and constant for
an element. They may be specified for each element individually, however, allowing spatial
changes in the coefficients from element to element. The values of these parameters are
selected, in a process called model calibration, to cause model results to compare favorably
with field data. A procedure for selection of these parameters would greatly assist in model

calibration.

The initial step in the development of such a procedure is a review of the physical
processes involved. Current velocity is a function of the tidal amplitude, bottom friction
coefficient, and eddy viscosity coefficient. The tidal elevation at open boundaries is used
as the forcing function for the model. It is specified as A cos (wt), where A is the tidal
amplitude, » the frequency of the tide, and t the time. The current speed is proportional
to the tidal elevation, and inversely proportional to the bottom friction coefficient. The
primary effect of the coddy viscosity term on current velocity 15 to causc a phase shift, while
its effect on the current magnitude is secondary.

A mumerical experiment was conducted, consisting of a series of model simulations,
to determine the effects of these three parameters on the model results. A simulation consist-
ed of running the Little Bay model for one and one-half tidal cycles, allewing half a tidal
cycle for the model to settle down numerically. Three sets of similations were run, one for
each of the parameters to be tested. Each set comsisted of four sirmulations, holding two of the
parameters constant while specifying a different value of the third parameter for each simula-
tion. One simulation was common to all three sets, so a total of ten different simulations
weére carried out. Table 1 presents a list of all the coefficients used for the various
simulations. Both u and v components of the velocity at a specific node were output every 20
minutes of simulation time, for a total of 37 current vectors over the tidal cycle for each
simulation.

This data is prescated as a series of graphs of current speed and direction plotted
against time. Figure 4 presents these two plots for the simulation sct in which amplitude was
varied. The speed increases with increasing tidal amplitude, while slight variations in curve
shape indicate the presence of phase variations. The direction plot indicates that the
current direction is well-behaved, and the phase variation present. This confirms that
current speed is proportional to tidal amplitude, and also indicates that phase varies with
tidal amplitude.

The variation of friction coefficient simulation sct results are presented in
Figure 5. It can be seen from the speed plot that current velecity varies inversely with
respect to the friction coefficient as expected, The direction plot indicates little or no
phase variation’ for changing friction ccefficients.

15



TABLE 1
SUMMARY OF PARAMETER VALUES FOR NUMERICAL EXPERIMENTS

A C e Eyy Exy
Amplitude 0.8 0.020 18.0 18.0 8.0
1.0 0.020 18.0 18.0 8.0
1.2 0.020 18.0 18.0 8.0
1.4 0.020 18.0 18.0 8.0
Friction 1.2 0.012 18.0 18.0 8.0
Coefficient 1.2 0.016 18.0 18.0 B.0
1.2% 0.020 18.0 18.0 R.0
1.2 0.025 18.0 18,0 8.0
Eddy 1.2 0.020 9.0 9.0 4.0
Viscosity 1.2% 0.020 18.0 18.0 8.0
Coefficient 1.2 0,020 27.0 27.0 12.0
1.2 0.020 36.0 36.0 16.0

*Simulation common to all three sets

The eddy viscosity simulation set results, presented in Figure 6, include one case
(gxx = 36.0) which is numerically unstable, Neglecting this case, the plots indicate a phase
variation in speed with respect to the eddy viscosity coefficient.

Summarizing the results of these graphs, shows that the magnitude of the current
velocity is a function of tidal amplitude and bottom friction coefficient, while the phase
shift of the current is a function of tidal amplitude and the eddy viscosity coefficient.
Since the tidal amplitude is determined by the physical conditions present at the boundary,
calibration of the model with respect to current velocity magnitude is accomplished by
changing the bottom friction coefficient, while calibration with respect to phase is
carried out through modifications of the eddy viscosity coefficient.

To quantify the relations between tidal amplitude, bottom friction and current
velocity, the data was normalized by dividing by a characteristic velocity. A characteristic
velocity can be developed from the conservation of momentum equation for channel flow. For a
one-dimensional, constant depth channel, neglecting the e'dy viscosity term, the conservation
of momentum equation can be written:

A :
ML i -
Where U is the vertically averaged current velocity, n the surface elevation, h the water

depth, and C the friction coefficient, Evaluating the order of magnitude for each term in the
equation for the Great Bay Estuary system:

2
W, ., U
T’ U - B’
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Neglecting the acceleration terms because they are an order of magnitude smaller yields:
o af
E X W

or
h an.4
U‘(gtr %

Where U is the characteristic velocity. For Ax = L/4, where L is the tidal wage length,

an = A, the tidal amplitude:
ue R - ¢ B

Evaluating to the order of magnitude:
A" -0

and the characteristic velocity U can be expressed as:
v=01 Y

The variation of the maximum normalized velocity among the simulations (with the exception of
the wnstable case) is less than five percent. Therefore, for a given anmlitude,_ this formula
can be used in the selection of appropriate values for the bottom friction coefficient when
calibrating the model,

The relations between tidal amplitude, eddy viscosity coefficient, and current phase
are very complex. A qualitative, graphic approach was taken to provide insight into the
selection of proper eddy viscosity coefficients. The numerical experiment data, normalized
using the above procedure, is presented as phase plane plots, or hodographs. These are plots
of one current component verses the other current component over the tidal cycle. The plots
for the eddy viscosity coefficient set (Figure 7) show the increasing width of the curve as
eddy viscosity increases, clearly delineating the phase effects of the eddy viscosity term.
Note the plot shape for the unstable simulation (Exx = 36.0). It can be seen that the eddy
viscosity effects vary for the tidal amplitude (Figure 8) and bottom friction coefficient sets
(Figure 9), despite the fact that the eddy viscosity coefficient is held constant. This occurs
as the eddy viscosity term is a function of the second spatial derivative of the horizontal
velocity and not the horizontal velocity itself. This indicates that the bottom friction
coefficients must be evaluated first; then the eddy viscosity coefficients can be evaluated
from comparison of phase plane plots of normalized model results and field data.

The Tesults of these tests will facilitate the calibration of the models. The
quantitative aspect in the relation of the tidal amplitude and friction coefficient to current
velocity will eliminate much of the trial and error work previously associated with this step
in the model development. The eddy viscosity coefficient must still be selected qualitatively,
but this is the only parameter selected this way. Therefore, simple comparison of the shape of

hodograph curves of normalized field data and model results at corresponding locations in the
estuary should prove adequate.
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FIGURE 4
CURRENT SPEED AND DIRECTION PLOTS FOR THE TIDAL AMPLITUDE EXPERIMENT
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FIQURE 5
CURRENT SPEED AND DIRECTION PLOTS FOR THE BOTTOM FRICTION EXPERIMENT
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CURRENT SPEED AND DIRECTION PLOTS FOR THE EDDY VISCOSITY EXPERIMEQT
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FIGURE 7
HODOGRAPH OF NORMALTZED CURRENT DATA FOR THE EDDY VISCOSITY COEFFICIENT EXPERTMENT
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FIGURE 8
HODOGRAPH OF NORMALIZED CURRENT DATA FOR THE TIDAL AMPLITUDE EXPERIMENT
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FIGURE 9
HODOGRAPH OF NORMALIZED CURRENT DATA FOR THE BOTTOM FRICTION COEFFICIENT EXPERIMENT
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PRELIMINARY RESULYS

The model output is in the form of tidal elevation above mean water level and
current velocity components at each node. Although the data in this form is important, it is
difficult to develop an understanding of the overall flow characteristics from it. Therefore,
graphical techniques have been applied to the model results to present a general picture of the
characteristics, Surface elevation isoplots for individual time steps have been developed to
illustrate the spatial gradients of surface elevation. Current vector plots for individual time
steps illustrate the current patterns predicted by the model for any particular time in the
tidal cycle. These plots are useful for evaluation of the model as well as presentation of
final results for various applications.

Results for the Portsmouth Harbor, Piscataqua River, Little Bay and Great Bay models
are presented in tabular and graphic form in Appendices VII through X respectively. These are
only preliminary results, as the models have not been calibrated.

Qualitatively, the results of the models are acceptable for this stage of development.
Current patterns and surface gradients are reasonable and compare favorably with the geometry of
the basin. Higher currents and surface gradients are present in narrower and shallower parts of
the estuary where the cross-secticnal area is less. Comparison with preliminary field data
indicates that appropriate current velocities can be predicted by the model. The models have
been developed as completely as possible without detailed comparison with field data.
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MODEL CALTRRATION

The model calibration is expected to be undertaken soon. The UNH/NOS cooperative
field program was carried out successfully last summer for the majority of the Great Bay
Estuary system, and the remzinder of the program (the Portsmouth Harbor area) will be carried
out this summer. Data analysis for the UNH portion of the program is nearly complete. Tide
data has been received from NOS for the locations of lmportance for model calibration. The
NOS current data is expected soon and will allow the model calibration process to begin,

Calibration of the model is the adjustment of bottom friction and eddy viscosity
coefficients to cause the model results to compare more favorably with the data base. The
comparisons of model results with the data base will take the following forms:

1} Comparison of tidal elevation and phase at points in the model

corresponding to UNH/NOS tide stations.
2) Comparison of cross-sectional area mass flux at sections in
the model corresponding to the UNH current data transects,

3) Comparison of current amplitude and phase at points in the model

corresponding to NOS current stations and UNH transect staticns.

4) Comparison of current hodographs at points in the model

corresponding to NOS current stations and UNM transect stations.

The tidal elevation comparison will be helpful in evaluating spatial change in the
bottom friction coefficient. Comparisons of cross-sectional mass flux and current data,
together with tidal elevation data, will be used to calculate bottom friction coefficients,
through the use of the parameter evaluation technique developed earlier. Comparison of
hedographs will be used to evaluate eddy viscosity coefficients.
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APPENDIX I
BATHYMETRY OF THE GREAT BAY ESTUARY SYSTEM

VOLIME DETERMINATIONS
Great Bay Estuary System

Volume Tidal Prism
10%° 3 16%n° !
Great Bay 42.8 16.2 28.2 29.3
Little Bay 59.7 22.6 22.6 23.5
Upper Piscataqua River 13.4 5.1 7.5 7.8
Lower Piscataqua River 147.7 56.0 37.8 39,3
Total 263.6 99.9 96.1 99.9

25



Bale Oﬁwu MOT MO ak
6°66 €1 0°00T 8z 09 <
9786 ¥y L6 6°8 8°606 0'T 07001 0 09 - 0%
< v6 18 £798 2751 £'86 | A B'66 670 0s - ot
1798 6 1'SL £°FI t'68 L2T 6786 S'1 oy - 0%

. L79¢4 L'8 F i6 L0 0 - v2

9794 et 8°09 Lot 666 $°9 0°89 L'6 L°96 1 vz - 8t
79 '8 T'vb I'0t 3°¢6 €11 £°8S 98 0°S6 8¢ 8T - 2T
0798 9l 0°'¥¢ 1°Z1 £°e8 0°L2 Lok 6°Z1 z°16 FAR1 T -9
128 wb'Zy 6712 w6'12 €65 #5°SS 89 #870F 0°8. zrsz 9 -1
8°Z8 #B° 25 I -0

b ¥9 B'ZL 1°68 904 8¢S SPTL MO

G°sE °iZ 1°8% YA 79y 3BT TEpPIL

D % $urg $ g $ Ty % g % usamMyeqg
Wo3SAS SuUTIENISY enbe3leastd oMo enbezwastg aaddg Avg 213317 deg 3eain gaxy

(eoxy uo paseq)
VIVO JIMIFWOSdAH

30



SPT] MO UBII J¥¢ SUNTOA JO %y
07001 L0 0°001 0°1 09 <«
£66 02 066 62 1°00T €0 07001 o 09 - 05
£°L6 9°s 1°%6 €L 8766 L2 9'66 @ P'T 09 - 0¥
L'16 6°01 8'88% 8Z1 1746 €6 7°86 0'v o - 0%
8748 Z°6 2'vs 8'¢ 0f - v¢
8708 8§12 0°9 A
0°00t L'z 9°8L 2Ll 06 £°9 ¢ - 81
0°6% ' Z2°¢€S 91 £°L6 ['ol ¥ 19 £°ST 1°%8 6°8 8t - 21
6 ¥k '8t 9 BE £°L1 7748 £'9Z "9y 6781 2'9L 861 ir-9
TUos 0°LE 9 -1
B8 92z 8792 P ¥4 30 ¥4 6709 6°09 7L 262
b 6T t 6L 1 -0
§'e9 S°vL L'ky 1°29 878 9PIL MOT URa
S ot $s82 £°8% 6°LE 2799 wstld TepT)
$ung ] L1 2e] % $unp 3 urg ] g ] Aousnbaig
walsAg QuUTIENISH enbelRISTd IaM0OT enbeledstg Jeddy Aeg 911311 Aeg 1BaIY T1BAI2IU]

« (UDTOA WO paseq)
VIVO SI4IFNOSdMH

3






APPENDIX 11
ENSEMBLE AVERAGE DEFINITION

The major part of the dynamics of the estuary is deterministic, but part of the motion
of the fluid is random in nature. The basic equations include all of the dynamics, both stochas
stochastic and deterministic, but for a deterministic solution, the stochastic processes must
be handied statistically.

Let us assume that the appropriate instantaneous motions and properties can be
measured in detail for a period of time and that the external forcing processes are known.
Assuming that the measurements have been taken for a number of these perieds having the same
external forces, the records can be analyzed to obtain the deterministic and stochastic modes.
The deterministic value of a parameter at time t, is obtained by averaging all the records of
the parameter at time t . This averaging process is called the ensemble average.
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60

&2
53



5%
G0
91
92
93
94
o5
96
97
98
99
100
101
102
103
104
10%
1086
107
108
10%
1190
111
112
113
114
115
it1¢
117
118
119
120
121
122
123
124
128
126
127
128
129
130
131
132
133
134
138
13¢
137
13e
139
140
141
142
143
144
148
146
147
148

53
-
83
-1
=13
67
&8
&9
&9

71
72
72
73
T4
75
75
76
77
T7
T8
79
80
80
8l
AL
a2
a2
a3
aa
85
85
a6
85
ar
ar
a9
S0
90
91
o1
93
94
94
95
a5
96
96
97
98
99
99
100
100
101
101
102
103
104
104

&6&
66
&8
&8

69
71
71
2
72
T4
74
75
75
79
79
50
80
81
az
a2
8a
aa
as
as
86
86
a7
ar
89
a9
0
90
-1
91
92
a3
93
94
Ga
95
98
98
%0
99

100

100

101

101

103

103

104

104

10%

105

106

106

108

108

109

&4
&7
566
69
or
70
69
T2
70
73
T2
s
73
58
75
a0
76
a1
82
78
a3
B0
8s
ai
a&
87
a7
a3
88
8%

a6
o1
at
92
as
90
94
o1
9%
o2
94
99
95
100
6
101
a7
102

104
100
108
101
106
102
1ar
104
109
105

39



149

150

151

152

153

154

153

156

157

15e

159

180

161

162

163

164

165

166

167

168

16%

tve

171

172

173

174

ivh

17€

177

178

179

1890

181

182

183

184

185

196

147

43e1

111 €0.0

2

132 1233 1
76 T3
1 4
65 &8

2
3 2

117 123 1

-1

103
103
106
106
108
108
109
109
110
112
112
113
i13
114
114
115
115
116
117
118
118
118
119
120
120
121
12

123
124
124
125
125
126
126
128
129
129
130
130

« T2T22E-04

TE1Z20.0
42

34 131 127
7C &7 €4
B 12 16
Ty 74 TS
3
1
2g 132

109

110

110

11t

113

110

114

115

115

117

118

118

119

119

120

120

121

121

123

123

tze

124

125

125

126

126

127

128

128

129

129

130

130

131

132

132

133

133

134
5,81

S50

_ 34

122 116 1
61 55
19 22
84 89

4

110
1056
111

107
114
109
115
110
116
118
113
119
114
120
115
121
116
122
11a
124
E19
12%
120
126
121

127
122
124
129
125
13¢
126
131

127
129
133
130
134
131

24640,0

1030.0

18 S50

10 111 107 102
52 49 A5 41
231 26 3¢ 3a
%3 9f 103 108

40

57 96
3r a3
33 a2
113 12

95
29
46
117

a2

S0

88

53

360

83

78

59

77

59

53]

62









2 128 LYY 2 1 2
MIT FINITE ELEMENT HYDRCDYNAMIC
1 3 152.54 £07. 95
2 2 66.03 AAS .73
3 3 152,38 8o, 51
A o 253.97 EAG. 7?3
L 1 230,17 S5O07 95
& Q 4L . AL a6C5,.,89
i 1 3A4,77 863451
n 1 4%51.40 A56, €
9 9 507.96 537495
10 1 523,19 863,51
11 1 60%. 58 341,92
12 0 700.97 . 507,95
13 Q 624.78 706405
ta 1 T21.29 18,31
15 1 802,56 345,81
16 0 919,39 507.95
17 0 822,88 711,13
te 1 944,75 924,47
H 1 1026,06 200 .69
20 0 1147.96 50795
21 ) 1046.38 711.13
2z 1 1162.2€ Q04.15
23 1 i224.16 335.25
24 L] 1356, 22 S07«95
25 0 1264,79 706.8a
26 1 1391.78 888,91
27 1 1422.26 333,25
28 0 156%.56 S07+95
29 0 1513.69 695, a9
30 1 1671.15 RAA.91
11 1 18615424 320.01
az ] 1762,.58 497.79
33 0 1727.03 690,81
3a 1 1895,73 843,20
as 1 1813.38 259. 89
16 0 1909,.8% 452407
7 Q 1930, 2% £45,10
38 1 2041495 767400
39 1 2036.88 34,41
a0 0 2067.35 4592471
31 1 2123.273 62G. 86
a2 1 2163,.86 289 .53

APPENDIX IV
PISCATAQUA RIVER INPUT DATA AND GRID

2 2 1 1 240 [+]
MOUEL - PIECATAQUA RIVER
1G%eC0 1.25 3600.00
t1«70 125 35600.00
5452 1«25 3600.00
i3, 48 Ge0Q 0.0
7435 0.0 =114.00
11,92 G 2.0
Sa0H2 0.0 90,00
3.28 Ca0 =-122.00
10.39 Q.0 0.0
4430 .0 G700
3.08 0.0 -98.00
10.39 Cs 0 0.0
1192 0+0 Q0
A, 30 0. 0 98.90
3.08 G0 ~109.00
Te3S 0.0 0.0
11492 0.0 Ca0
4430 Cs 0 89.00
3.08 0.0 -839,00
T35 Ge 0O 3.0
11.92 Cu Ge0
4. 30 0.0 85.00
J.08 Cel -85,00
8,87 Cul 0.0
11.92 0.0 Q.
4,30 0.0 88 .00
4,30 0,0 =-92.00
Be87 0.0 00
il.92 0.0 Q.0
3.08 00 84 .00
4,30 G.0 -95,00
9.AR 0.0 0.0
11. 92 Cu 0.0
3.08 O T0.00
3. 08 0.0 —-87. 00
1152 0.0 0.0
T1.92 0.0 0.0
4,30 [+ 1] 45,00
T35 Q.0 —-9&.00
1te92 0.0 G0
T+35 0.0 35.00
T35 Gl =-112.00

43

o.o
0.0
0.0
0.0
040
0.0
0.0
o.o
Da0
0.0
0.0
0.0
Cel
0.0
Oe0
0.0
0.0
G0
0.0
C.0
G0
0.0
0.0
0.0
040
0.0
G0
J.0
Q.0
0.0
0.0
0«0
0.0
0.0
0«0
0.0
00
0.0
0.0
00
0.0
Qa0

o000 00
. .
OO0 O0OO0

a0
s =
aa

0.0
D0
o.o
0.0
.90
2.0
Qa0
0.0
6.0
0.0
n.9
0.0
0.0
o.o
0.0
Da0
0.0
O« O
[+ 131 ]
0.0
0.0
0.0
0.0
Ca0



43
LY
45
46
47
4B
49
50
51
52
£3
54
S5
5&
57

58’

59
60

-3}

62
63
&4
&5
656
67
68
69
70
T

re
3
T4
75

77
Ta
79
ao
al
Bz
83
B4
a8s
a6
B7
88
89
g0
-2
a2
3
G4

M~ OB W N W WD ) om e O Do s Do OO0 e e D0 e e Do Do e O O o= O e et D e e e e D

2163470
22240, 82
2290.85
2301.01
2356G. 28
2407.68
2433, 08P
2463.55
2€39.75
2549, 930
2570. 22
2651 . 65
2¢61. 865
2697, 21
2761, 32
2780, 64
2E03.88
2880.07
28915, 31
28954 31
2G968,90
2007.06
3022.30
309B.90
2128B.97
2155, 44
3195.00
3z20N.08
3240.71
3231.35
3327.07
231£€.91
2382 .48
A39B. 18
2458%9.29
3418.%50
3434453
354,40
2535.33
36l1e52
3697 .87
BES5T.23
37158.82
3E60.41
AT 74 06
I9t1.21
40 EJ e 59
2916.29
4078.83
4255.61
G06B.67
4251 ,53

[F 0 - T I )

406 .60
513,03
243.82
3a6.04
518.11
167562
299 .69
42608
203.18
33525
482,55
259.05
396. 20
513,03
314493
452,07
G84414
37S5.88
50795
655425
431.76
55B.TH
711.13
4624 26
604446
73€.52
E58.43
432. 71
62986
T72.08
904,15
SZ208e27
550.33
TB7e 32
304,15
548. 58
665,41
T82.24
ES53,.,66
5650417
756.84
45779
604 .46
761« 92
441.92
53a.43
65Ce17
345.41
4a8l.92
558,74
203.18
325.09

3 I VI B

1192
T+ 35
Te 35
1f1.92
T« 35
7«35
11492
735
7.35
1192
T35
735
11.92
T35
T« 35
11,92
7+35
7.35
11.92
7+ 35
T35
11.92
3.08
7. 35
11.92
3.08
3.08
Te 3%
11.92
Be B7
3.08
T7+35
11.92
13.44
2.08
735
11.92
7.35
7.35
11.92
735
T35
11.92
T35
735
15.92
7 35
T.35
15. 92
735
Te 35
S1.92

G~ eWEwh

44

0.028
O.028
L.028
0.028
G«028
D028
0.028
0,028

Cs 0
0.0
0.+ 0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
040
0.0
0'0
G0
0.0
0.0
G0
0.0
00
0.0
OIO
0.0
Ou.0
0.0
0.9
0.0
0.0
Qs.0
0.0
0.0
Cs 0
0.0
Co
00
9. 0
0«0
0.0
Cal
0.0
Oul}
0.0
0.0
CeQ
0.0
0.0
1«25
1«25
tu25

Ca0
67.00
—116.00
0.0
Tl.00
-99.00
0.0
B4400
-70.00
0.0
111.00
=54, 00
Oul
114,00
5200
0.0
126.00
-63.00
D0
121,00
—~53 .00
0.0
107.00
~60.00
0.0
l32.00
136.00
-73' 00
Ou
[+ PR
100,00
=76.+00
0.0
0.0
51.00
-~A3.00
0.0
565.00
-101.00
G.0
86,00
«115.00
0.0
T6.00
~L20.00
0.0
62.00
=-129.00
DeD
G0
0.0
0«0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0

18.0
18+,0
18.0
LB8.0
1840
18.0
180
18.0

Q.0
0.0
0«0
Qa0
0«0
0.0
0.0
00
0.0
Ge0
Q.0
Qe0
Q0
040
0.0
0.0
0«0
0.0
0.0
0.0
Qa0
o.o
0«0
D«
Q0«0
0.0
0.0
0.0
0.0
a0
Da0
0.0
0.0
Ce
0.0
0.0
Qe
00
0.0
Gal
0.0
0.0
0.0
00
0.0
0«0
[+ 3]
0.0
a0
0.0
0.0
0«0

-1

3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

[+ 3]
o.o
0.0
[+ 194 ]
Oa
0.0
0.0
D0
0.0
C.0
0.0
0.0
G.0
0.0
Ca0
9.0
0a0
o'o
0.
0.0
0.0
Qa0
0.0
Q.0
0«0
0.0
Qs O
0.0
0.0
0.0
0.9
0.0
0.0
C.0
[ )
OO
0.0
(Y
0.0
DD
0.0
0.0
0.0
Qa0
0.0
0.0
0.0
0.0
0.0
&0. 00
35.00
G0



10
11
12

14
15
16
17
iA
1%
20
21
22
23
24

2€
v
28
29
30
31
32
33
34
3s
3&
37
Je
ag
40
41
a2
43
4a
05
88
a7
a4g
L)

=
-

£1
52
832
Sa
55
5€
57
£8
56
650
61
62
563
&4
65
56
(X 4
68

Do a~

13
10
12
13
14
12
17
| L
1é
17
18
16
21
18
20
21
az
20
2s
22
24

25

26
2a
29
26
28
29
36
28
33
3o
32
33
34
32
37
3a
as&
36
37
ar
T
43
40
a0
41

45
a3
A8

a4
49
as
46
AT

45

0. 028
0,028
0.028
0.028
G.028
0a028
0.028
D. 028
0.028
0.028
t.028
0. 028
0028
0.028
G028
Q.028
0.028
0.028
Q.028
0.028
0.028
D023
D« 028
0.028
0.028
D.028
0.028
0.028
0.028
0028
.28
D.028
Ce. 028
D.028
0.028
0.028
0. 028
0.028
0.028
0.028
o.028
0.028
0-028
0.028
Ca028
0,028
d.028
0. 028
D.028
Qs 028
0.028
Q. 028
D.028
0. 028
0.028
0. 028
0.028
D.028
0.028
e 028

18.0
L840
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18,0
18.0
1B
18.0
LB8. 0O
18.9
180
18.0
1840
18.0
1.0
18.0
18.0
1B.0
18.0
1840
10.0
18,0
18,0
18,0
18.0
18.0
t8.0
LA.©C
1.0
LB+ D
18.0
18.0
18.0
18.0
18.0
1B8.0
1B.0
18.0
18.0
1840
18,0
1Ba0
18.0
LA.0
18,0
18.0
180
18.0
LB.0D
18.0
18.0
18.0
18.0

1B D

8.0

18.0
18.0
180
18.0
18.0
1B.0
18.0
1840
1840
18.0
18.0
1840
t8.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18,0
18.0
18.0
18.0
18.0
18.0
1.0
18.0
la.o
18.0
1840
18.0
1840
18.0
18.0
18+0
18.0
18.0
18.,0
18.0
180
18.0
18.0
18.0
18.0
18,0
1840
18.0
18,0
18.0
1840
18.0
1840
18.0
18.0
18.0
18.0
18.0

3.0
30
.0
3.0
3.0
3.0
3.0
3.0
3+0
3.0
3.0
3.0
3.0
3.0
3.°
3.0
3.0
3.0
3.0
3.0
1,0
3.0
3.0
3.0
3,0
240
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
30
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.4
3.0
3.0
3.0
3.0
3 0
3.0
3.0
.0
.0
30



6%
70
71
72
73
74
75
76
77
78
79
Ba
81
a2
a1
04
as
86
87
s
a9
90
91
‘oz
93
94
95
96
o7
o8
99
100
101
102
103
104
108
106
117
108
109
110
111
112
113
118
115
116
117
118
119
120
121
122
123
1za
125
12¢
127
128

48
S1
49
52
51
sS4

55
54
o7
S5

57
&0
58
&1
60
63

64
&3
&6
&4
67
66
70
67
71

&8
72
T0
74
71

75
72
TE
74
78
75
79
76
78
=31
79
Bz
B4
84
BsS
es
ar
ar

o0
-] ]
0
o2t
93
g1
93

51

52
S92
53
sS4
55
55
56
57
58
58
59
60
61

61

62
63
54
L%
65
L1
67
a7
68
T0
1
71

7a
T2
73
74
75
ks
76
76
T7
78
7o
79
8O
B0
a1
B2
az
a3
82
a5
23
86
B85S
88
a6
88
83
21
ag
91
a2
94
92

49
49
50
50
52
52
53

&5
59
56

s8
58
59
59
61

61

&2
62
64
64
65
65
67
57
68
68
&9
69
7

7

T2
72
73
73
75
75
76
76
77
79
79
80
80
81

82
B2
83
84
as
B85
e?
B&
8a
88
90
a9
91

91

46

0.028
0. 028
O.028
0028
0.028
0.028
0,028
. 028
C.028
O«028
0.028
0.028
N.028
O.028
OD.028
Q.028
0.028
0«028
0,028
Ca028
O«028
0,028
Qe 228
0.028
O« 028
Gs028
Qs 028
de.028
Ca028
Ce028
0.028
0.028
d.028
0.028
0a.028
0. oae
D.028
0. 028
0028
Ca 028
DaG28
0. 028
De028
0.028
0.028
0.028
0.028
0.028
0.028
Ne028
0. 028
O.028
0028
D.028
0,028
D.028
0. 028
0.028
0.028
D028

184,10
18.0
18.0
18.0
18.0
18.0
18.0
1B.0C
18.0
18.0
180
18.0
1 X:T% ]
180
1a.0
18.0
18.0
18.0
18.0
1840
1L8.0
18.0
18.0
18.0
ta.o0
18:.0
L8.Q
185.0
18.0
IR0
180
18.0
18.0
1.0
18 .0
18.0
18.9
18,0
18.0
18.0
18.0
18.0
1840
18.0
1840
18,0
[8.0
1L8.:0
18.0
18.0
L8.:0
1B .0
1890
18.0
18.0
18.0
18,0
1840
18.0
18.0

18.0
18.0
18,0
18.0
18.0
18«0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
13.0
18.0
18.0
18.0
18.0
18.0
1840
18.0
18.0
18.0
18,0
LB.0O
18.90
18.0
18.0
18,0
18.0
18.0
18.0
1840
18.9
1R.0
18.0
18 .0
18.0
18.0
1840
1840
18.0
18.90
18.0
18.0
18.0
18.0
1840
18,0
18.0
18.0
18.0
18.0
18,0
18.0
18.0
18,0
18.0
18,0
18.0

3.0
3.0
3.0
3.0
.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3e0
3.0
30
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.9
3.0
3.0
3.0
1.0
3.0
3.0
3.0
3.9
IO
3.0
3.0
3.0
3.0

3.0
3.0
2.0
3.0
3«0



431
111860.0

W T2T22E=-004
33420.0
2 28
1 S £ 11 15
70 74 7B B1 R4
92 B89 E6 €3 BO
30 286 22 18 15
2 3
93 94 92
3 2 1

G9.8
05«0

19
87
7
10

23
20
73

2

28

445640 ,0
27 31
93
£9 68

3

47

18

3s

&5

39

&2

1030.0
5.0

a2

59

A4S 48

56 53

51

S0

54

a7

240

57

P

60

41

63

38

66

s
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APPENDIX V

LITTLE BAY INPUT DATA AND GRID

118 F] 1 2 2 2 1 1
ELEMENT HYDRCUDYNAMIC MODEL = LITTLE DAY
169781 3440.2%5 9.0 1.20
1921 « 33 ANEALQ5 Ta0 1,20
1489,£2 327769 Ta0 1,20
169781 3201.49 S0 0.0
1916. 29 3059%. 89 Tul Ge0
1L474,.29 AN2B .53 7«03 C.0
1&87, 6% RNGAT,.AQ 11.0 0.0
1906. 09 2H91.61 Tl 0.0
1291441 223065 7.9 C.D
1514,93 2749,37 9.0 L ]
1774,01 2698.57 Te0 0.0
1144,09 26424 €69 9.0 0.0
1372.€69 2581.73 13.0 0.9
1606437 25104 &1 G0 0.0
1EQQ.RS 2009, 97 £.+9 00
G515.49 245G B1 8.0 J.0
1220.29 2318g,69 11.0 0.0
146921 231757 13.0 Ca G
1763.45 ARAE. 29 9.0 0.0
70721 225661 T+0 0.0
1027429 219S.65 S0 0.0
1321489 205805 16. 0 0.0
1601 .29 2043. 25 L0« [+ 1Y)
210.97 100 ES 5.0 0,0
539.57 1961..97 7«0 Cal
834421 19%7.53 0.0 Ca 0
1145,17 1926.41 14.0 0.0
146a.13 1A1G«73 1040 Q.0
275:41 1621.61 T«0 0.0
age, 93 1713. 05 Talt Das0
T52.93 1774401 11.0 C.0
100€.,93 1768.93 18.0 Te 0
1220.29 1526469 1.0 0.0
275. 81 137777 B.0 .0
463437 1453.57 il«0 Cs 0
691 .57 16840, 33 90 0.0
935.81 1560465 1540 [ 4]
1128, B85 137777 100 Q.0
265,25 1169. 49 .0 0.0
A58, 29 1080.77 12.0 0.0
64&425 L326.97 1¢.0 0.Q
aca .69 1321 .89 12.0 [ )

49

3eQ

0.0
0.0
0.0
Q.0
—2 «00
1E2.00
L]
—-19. 00
140.00
Da0
—#& 4,00
13300
0«0
0.0
=100
131L.00
0.0
G«0
-34.00
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APPENDIX VI
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APPENDIX VII
PORTSMOUTH {IARBOR MODEL RESULTS

RESULTS OF THE MIJIDEL AT 41 HIURS AFTER HIGH TIDE

MKS UNITS
WATER * U v

NIDE DEPTH ETA VELDCITY VELOCI TY
1 1644 € —-0.28 D.28 -0.,409
2 16+4 € =0.23 0.28 - 0e 30
3 3.05 ~“0Deln D+ 65 -0D.65
% B3 a8 ~ a7 2.13 ~0e 52
o 13,40 ~De?Pq D13 =0 .36
6 1,36 ~0.28 D.23 -~ 0. 36
7 3. 04 - 0«29 Dedl -0+ 37
5 Te31l el A Qe d 3 — 0637
o 14494 “Qe23 G.3R8 =D .40
10 T30 -~ 0«30 O 33 =~ D. 37
11 3.05 028 Desat =0 0 39
12 4.898 =058 Ca 36 -0u 32
lJ 16.4‘3 '-0029 0.37 "‘003()
14 4.87 ~Ga29 0«19 ~0s 34
15 JeH3 -0 4+31 016 =0+57
15 S. 77 =030 D« 38 =0.5%
17 18.57 -0.,39 0.2 -0a.95
14 3. 03 "0.3'0 0.18 -0a 5H
19 lle‘.’i "0.32 0.(‘16 ‘"’0.38
21 3.02 -0.31 0.63 ~0e 323
22 Se 75 =Ce 32 Nal7 =04 0%
23 5!?{) -0 e 31 0.41 "'G.C‘S
24 15.41 =0+ 33 De 3 ~0.2D
25 .51 -Ce33 Qa9 -Q0a17
2w 3.061 ~Ge33 Qefi0d -0.12
27 1245 ~0e34 Cars? ~0.273
28 4. 082 D434 Ceba? Oeld
?_Q 4473 '0.-'!? 0.35 0- 09
30 209G ~0+34 02 ~Je 13
31 13,44 ~0.435 Ca 76 -0. 04
42 10. 29 ol R 1Y Ded S 003
33 2e Q7 - G360 0. 62 ~Ge il
34 4 .81 -0a35 059 -0e«l14
35 16,348 =~0.36 De BV —Qe 13
3o 12.11 —0+35 Ced ~0.0%8
37 Ge&2 ~0.37 0.48 =0s 1C
33 4 451 -0 435 Qeb3 -0.15%
33 602 ~Q0.37 Ce59 -0.12
40 1603? “"0.3? 0-43 "0.14

63



RISULTS OF THE MODEL

WATER

NODE DEPTH
41 189. 21
42 S e70
43 724
44 1454
45 2l D4
a4 PENA]
47 7«23
48 13.32
49 17«3
50 296
51 22456
52 16436
o3 363
54 23.36
55 5260
15 S67
57 23.05
54 17, 38
53 16«32
62 23,03
61 13.27
62 e 65
L3 23«01
A1) 778
5% “ e 3
6%} 23. 00
67 Tal4h
63 5463
&Y 17 .80
70 13.24
71 B.61
72 22. 35
73 l4.75
7“ 5'62
75 19.28
76 558
T .20
78 Jedl
79 5057
B8O 19.27

#ATER SURFACE

AT
MKS U

4 .1 HOURS AFTER HIGH TIIDE

NITS

*
ETA

—Cad36
-0 +37
- Ce 36
-0e37
-0s 37
—Ge37
-0.37
-0ea37
=043
-0-37
"0.33
-0.36
-N.38
-Ce39
~0 sl

-0.40

-0a.480
~Ca.at
-0 42
-N. 2
=042
"(.\ 44
=043
- atid
"0.45
—0.46
~0s44
-0046
"0-45

-0.46

-'0149
~0.47
-0s+45
~Ce51]
—-0.49
~Ge53
""0")2
-0.50
052

U
VELOCITY

C.48
Cedb
D86
ettt
C«37
Cab?7
0.58
039
Qe2G
Ce HC
0283
Ce 27
D08
Ce 72
De??
0. 235
Cas7
Ce27
Ce39
Qe 75
O 74
C.Hh3
0.79
Q.78
CaT3
0.80
D83
D74
Ce838
0.84
Q. 78
0.88
0.81
0«85
0. 86
0«68
-0.05
N.02
0. 81
073

DEVIATION FROM MSL

64

v
VELOCITY

‘_0013
-0.,15
-0119
—0- 16
-0411
-2«15
_0.23
"0.23
-0e1%
—O. 49
-0 .34
_Oc 49
"'\.,.24
-0.15
-0.12
C, 11
0. 08
Oe L1
D18
Ce 11
Vel2
017
0,20
G 16
Ne23
Q.23
0a.24
Ce 27
0« 30
0. 29
0425
Qs 24
032
0. 18
0.03
C.15
0.19



RISULTS OF THE MODEL AT 4+1 HOURS AFTER HIGH TIDE
MKS UNITS

WA TER * V) v

NODE DEPTH ETA VELDCITY VELOCITY
81 14. 0S5 ~0e 52 0. 09 0043
82 10.11 ~0.53 0.09 O« 17
83 10.12 ~0.52 Oel1 2 0.05
8% 5056 =~0D«51 0.“1 0.14
85 1773 =0e73 0«35 0.37
86 18.39 -0«H2 .23 0.16
87 D454 —0-53 0.23 _000‘:‘
By 2.80 —O¢55 —0-06 0002
89 5054 —0¢53 0.48 0-09
42 1(’02? -0.52 0.34 0-05
‘)l ?2.31 "0.53 O.ﬂo "'0.09
92 2 e 80 -CaH3 Cul2 =0. 11
93 554 ~Q0+573 Qe d Ve04
94 1772 _0-54 0043 0.06
95 20446 -0 .55 Ca.4t Q.09
1) de 38 =056 0. 09 0. 16
97 2477 -0 e5HhH D07 Q.03
98 12455 - 0«53 0. 39 0.00
Y9 15,20 —0.54 0440 -C.02
100 204 76 =0.58 D.28 O« 08
101 B«e26 =056 0.13 C.04
102 44hAh2 -0s 54 0n16 —0.02
123 552 -0 55 Daa b -0.04
104 134 31 ~0s 56 0.35 =-0«05
105 15 80 =055 0,21 ~0.08
lOb 4.59 -ODS? 0.05 "0.0?
107 Jef0 ~0+54 Q19 ~0.19
103 11.01 ~0e s Q0«36 -0.+31
103 189,01 =0.4.56 .28 =0.2%9
1106 14.05 =0.56 Dal12 ~0 .29
111 2aTT =056 ~0s.06 -0a27
112 6.40 -0+59 -0 .05 ~0.33
113 3-26 - 0D.56 —0.05 "0.34
114 15.87 —0.57 0«29 -0+435
115 2288 -0.57 Q.27 0. 20
116 TeC3 =0.57 D.22 =0.05
117 B.22 = Ce60 -C.10 —~Ge 36
119 13.72 =~ (eS8 —0.04 -0a 34
120 17.38 ~0..53 Oel 8 ~0.27

ITA = NHATER SURFACE DEVIATION FROM MSL
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RZSULTS OF THE MODEL AT 4s1 HOURS AFTER HIGH TIDE
MKS UNITS

WATER * U v
NIJDE DEPTH ETA VELOCITY VELOCITY
122 2875 ~0 58 0.10 ~Cal0
123 !1-"‘)7 —MNa ()0 ‘_0. 08 -Na34
124 13.09 ~0.n0 -0.0C7 ~0e29
122 12.20 ~=0+¢59 Q0.00C -0.30
125 11.59 ~0.93 O+ 1¢ -0.23
127 2e 78 —0.59 Q.05 —020
123 14.C1 -0 60 —CelS =033
129 1188 =0 a9 -0+11 D P
13D 17.68 0.5 7 -0.01 ~Ce2b
131 2076 —057 G026 =0a.22
132 3447 — 0«60 —0e 08 =04 31
133 13.21% ~ 006} ~Call -0 24
1 34 2eTE “ 057 -0.03 =0a 23

ZTA

]

NATZR SURFACE DEVIATION FROM MSL
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APPENDIX VIII
PISCATAQUA RIVER MODEL RESULTS

ITSULTS GF THE MODEL AT 10.3 HOURS AFTER HIGH TIDE

MKS UNITS
WATER x U v

NODE CEPTH ETA VELOCITY VELOCITY
1 14-82 "‘0-.18 -0.43 0.01
2 10081 "'0-‘9 "C‘.E’Q 0.13
3 Se34 -0.18 -0430 0. 01
4 13.26H -0ty -0 ¢Dh2 .02
S T«18 -~0.17 - 0s53 .23
b 11.76 —0el b 061 0.00
7 5+ 35 =017 =035 0. 00
B 2494 ~0a.14 ~0a18 D415
v 10,23 - 0.16 —0.43 Q.07
10 Qo]"l— —O-IF) "0.3"7 -0004
11 2493 “~0. 15 =021 Q.03
12 10 .24 -0elB -0 939 0«00
13 11.78 -Q. 14 -0,51 0.00
14 G+16 -0 .14 -0.22 -0.073
15 2425 ~0.13 ~0s440 0.13
lo 721 ~0.14 “~0edl 0.02
17 11.78 —Q«14 -0e54% -0.045
I3 4.19 -0.12 "‘0022 OQOU
19 2-9? —Call ‘-0.23 0000
20 Te22 =0.13 -0.51 ~0+05
el 1141 ~0el1 -0+52 C.07
ee 4 .16 ~Qel -0 39 0.03
23 3.00 -00A4 =005 0 .00
24 8,77 ~0.10 0446 Ga 06
23 11.83 -~ 09 -0 ¢33 ~0 D2
20 4422 =Ce02 -0.28 0-01
2? G419 "'0-11 “0.32 0.01
28 4. 80 -0.07 -0+45 ~De 01
29 11.83 =0 .03 ' ~0 o554 D12
10 3.00 bl * AL Qe 01 0.00
3t 4 23 -0.07 ~N.23 0.C2
32 e 39 - 0,09 - 0458 Os1a
33 11 .85 =007 —0.56 Ca05
34 3. 02 =006 O.40 -0.14
35 3.03 “'0.05 "0016 0.00
36 11.33 -0004 -014? 0.09
37 11.87 -0 .05 ~Qe it 0. 28
332 T2 -0a06 -0a606 0. 06
49 1187 =005 ~0e 75 Ca:45

STA = WATER SURFACE DEVIATION FROM NMSL
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RISULTS OF THE MODEL AT 10.3 HOURS AFTER HIGH TIDE

MKS UNITYS
WATER * u v
NODE DERPTH ETA VELOCITY VELOCITY
41 7«30 -0.05 -0.12 0. 17
42 Te 32 -0.03 ~0«51 0420
43 llogd 0.0! "0.89 0.25
44 T332 -0.03 =0 a5 0.36
45 7.38 C.03 — 0. 39 019
46 11.92 0.00 ~Q0+97 .36
a7 7.&1 0006 "'0.28 0. [o]¥}
44 T.32 "‘0.03 0027 -0-04
49 11.97 0.05 —~ Qe 84 022
0 736 C .01 ""'0-91 0,09
51 Tad?2 0.07 =-0. 72 -0.26
52 11 .96 0,04 ~-0.,486 -0, 30
53 Te 46 0.11 =0, 86 ~0s33
94 7 +aC Ca05 =0.79 -0+ 38
55 12,03 Call ~0.H3 =-0.40
35 7 .38 0.03 -1.01 ~0. 85
57 Ted 2 007 -0+ 31 ~0ett?}
o3 12.09 Q17 ~0.85 -0e37
Lo T+.51 Oel & =074 -0 .54
&0 Ted 4 0.09 ~0.95 —0e48
61 12.07 O.15 =0 .78 ~0.5H1
be 7s51 O+l - 0463 -0. 38
b3 T 56 D.21 ~0 083 "“0 ca?.
b4 1:2.1" 0c29 “O. 90 —C- 19
(533 .24 C.16 -0 493 -0 .23
66 Tea?7 0012 -1014 —0045
&7 1220 D.248 —0.86 —0+32
68 3., 31 0423 =0« 78 =071
B9 3434 D.26 -0.23 0«24
70 T-61 Q.26 ~1«18 =-0. 36
71 12«16 0?4 ~0.86 “~0a P
72 .23 Ce 36 -0.33 -0,23
73 3433 Q.25 ~0479 -0.14
T4 765 0e30 - Q496 ~0e24
75 12021 0.29 "0.73 ""0.50
‘76 1371 Qe2V -0e 4 4 Q.04
77 3.52 0.4"4 0.(]5 "‘0-36
783 7.63 0.28 -OQS? ‘-0'06
73 12.2Y9 Ce37 ~Qe36 Qe 26
89 Tab2 Ce27 =072 0.48

£ .
STA = WATZ SURFACE DEVIATION FROM MSL
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IISULTS OF THE MODEL AT 10.3 HOUKRS AFTER

NJDE

81

az
a4
84
85
143
87
o
89
J0
)

92
93
4

WATER
DERPTH

759
1i2.30
Ta6 R
TebH
12.31
Te72
Te 7]
16.34
Te 74
773
164 35
P76
Te 76
52 435

MKS UNITS

*
ETA

0.24
0.38
0433
0.34
C.39
0,37
Oe36
Ca.a2
0. 39
0 .38
Ced 3
0 a4
.4}
Q.42

u
VELQCITY

~0.49
~-1.12
"0.25
-0 .62
=-1.02

Q.22
"0.2?
~-0.77

Q.25
-0.21
—Ju 73

0.08

039
-Calg

AATER SURFACE DLV IAT ION FrOM MSL

71

HIGH TIDE

v
VELOCITY

C. 09
Qe29
0.01
028
O« 46
-0005
O« 16
0«34
~Del3
0.17
0e42
—0.0Q
~0e 39
021
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APPENDIX X
GREAT BAY MODEL RESULTS

AZSULTS UOF THE MNDEL AT 349 HOULRS AFTFR HIGH TIDE

MKS UNITS
wWATER % U L'

NI1DZ NDE2TH ETA VELOCITY VELOCITY
i 157 QD +07 =-0.08 -0,05
2 167 Qe 17 -0.02 Cel5
4 165 Q15 Q001 - 0. 00
+ 1.564 O0.14 =001 01
3 1055 0.05 0.01 -0.01
o le6d Uelé -0.12 0.00
? l-d? 0-07 —0003 -OtOI
3 1a97 017 -0 .09 0.01
< 1.64 C.173 Qs C3 ~J.03
10 155 0.05 ~0 14 O.11
ll 227 C-lﬁ -O-C-O -0000
12 2+ 52 Gell =0 +05 G.02
13 2. 18 N0.07 Qe 02 O 04
14 1e665 QOa15 ~04la o N1 1.1
liJ‘ 1.93 0.13 _0012 0-07
i6 J.10 Q.08 ~0.CE Ga00Q
14 4,70 Qel S =003 Qe 0O
18 1.63 W 0,13 ~0e13 -04Q2
19 led? CeD7 ~0as11 0. 05
20 3e47 0014 "‘0.05 0.05
21 2573 Na12 -0+ 05 D06
22 1 aHb 0.05 -0el4 -0.03
2.4 1«15 O.13 -0a. 07 D.03
2% Te71 Q.08 D01 O 12
23 2eB7 [+ I 85 -0« 20 Da21
26 1e92 0«12 Ca03 0,08
et 1.61 Qell ~0e01 0+31
£3 1655 Q05 -0119 "0003
2'9 4.08 Cel 4 Q.11 =000
33 ;fo_73 O.lC “'0.16 0.10
31 2+80 0.08 Q.04 Q.20
32 J oeBY 0«09 "0. 00 Q.25
33 10'.')7 0.07 "0.25 0016
34 le b6 Q.16 0. 04 0.01
A5 1,672 Cel? 0.03 Cel1
Jo latd? Q07 Q. 03 0,09
37 5428 Oel2 -0.C3 Qe 20
38 7T.10 O.11 0.09 0. 14
39 10-71 007 -0.07 0.’.3
490 13, 70 0.0} Del3 .22

*
ITA = WATEY SURFACE DEVIATION FROM wNSL

81



TIRULTS OF THE MODEL

NATER

HATER
DEATH

15.548
P04
1.90
1,88
T.45
Se27
et

13475
7+ 07

SURFACE

AT 3.0 HUOURS AFTER HIGH TIDE |

MKS UNLITS

*
FTA

D086
006
OalD
0008
Oel2
Oell
Del6
Oe11
Ca07
C A
C. 06
N«0R
Q.15
Nel?2
D07
Oels?
Cel
007
CelN
0006
Q.14
Nal2
Q.07
O.14
Os11
007
Cey
0e0%
Oelty
Oel4a
0 .08
Gl S
D13
GOV
Qel4
0.13
C.0R
Csla
0.12
0.07

U
VELOCITY

.12
Q24
=0. 0%
0.06
D. 08
0.07
Qe 08
0.36
De 25
027
0.03
Oe13
0«03
0.15
OeN4%
Oe«24
el
0el3
0.23
Co 26
Qel2
-0002
009
0. 02
Q.11
0«10
=-0.08
010
-0010
Qe 04
Q.02
0, 08
0.08
Q.08
0.19
“0s 07
0.08
-0.01
Qe 09
0.01

DEVIATION FROM MSE

82

v
VELOCITY

Je 22
Osda
-0.01
005
0. 04
sl
Oald
Q.20
Oe 30
O.21
032
0. 02
0.05
Oa. 06
Cela
0.01
015
Oe21
Q.08
Je 25
001
0. 07
0.00
D.03
0.02
Ce 06
-0al2
0.0S
~0.07
0.03
-0.05
005
0,03
0.07
Qa0
Q.03
Ca04
C.05
001
.02
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lalal

150

101

200

APPENDIX XI
PROGRAM FOR CALCULATING NORMAL
ANGLES FOR LAND BOUNDARY ANGLES

CAFE {(CIRCULATIDN ANALYSIS BY FINITE ELEMENTS) DATA ASSIST PROGRAM
PROGRAM CALCULATES NORMAL ANGLES FCR L AND BOUNOARY NODES

INFUT I CARD GROUP 1 {1 CARD) NUMBFR OF NODE POINTS NMNE (110}
CARD GROUP 2 (NMNP CARDS) NODE DATA CARCS AS USED IN CAFE
CARD GROUP 3 LAND BOUNDARY DATA AS USED [N CAFE

QUTPUT I NODE NUMPER. NORMAL ANGLE, ANGLE FORMED 8Y NCDS AND
PRECEDING NODE., ANGLF FORMED BY NODE AND FOLLOWING NODE

DIMENSTION NE1Q) WNCORS(160) «X(200) Y0200}

DIMENSION ANGLE(200),CERPTHI200) 2 L1{200).[2(200})
OPEN{UNIT=5,DEVICE=*DSK? , ACCESS=tSEGINY FILE='PORT.DAT? )
OPENIUNIT=7.DEVICE=1DSK "'y ACCESS='"SEQOUT '+ FILE=*PORTS.DAT?)

PI=3.1415%

DEG=2604/(2e*P 1)

RE &D NUMBER OF NODES
READIS.100} HNMNP

00 10 I=1,NMNP
ANGLE(L1¥=0.0

READ X AND ¥ COCRDINATES OF NODES
READUS150) (T1CT3eT2C13aX01) oYL} . DEPTHITI 171 ,NMNP)
FORMAT(Z2IS+3F10.0)

READ NUMBER OF LAND BOUNDARY STRINGS (NUM) AMD NUMBER OF NODES
IN EACH STRING {N{L)}

READ(S, 100} NUM, IN(T) I1=1,NUM)

FOFMAT {8110}

DO 99 K=1)NUM
IEND=NIK)

READ NCDES IN STRING (K}
READ(S,101) (NODES{1).I=1,IEND)
FORMAT (2014}

JEND=TEND=1

WRITE{S5.200)

FORMAT 1M1 +5%, "NCRMAL ANGLES FOR LAND BOUNDARY *//11X, *NODE ' 410X,
1 PANGLE® » 99X "ANGLEL " 49X, *ANGLEZ* /)

SET UP LOOF TO CALCULATE NORMAL ANGLES FOR ALL NODES EXCEPT
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C FIRST AND LAST
DO €0 J=2,.,JEND

C
NP 1=NODES(J=1)
NP O=NODES ( J)
NP2=NODES {J+1)
YISYUNPL)=-Y(NPO)
Y2=Y(NF2}-Y{NPO)
X1 =X{NR1)=X{NFD)
X2=X{NF2 I —X(NFPO)

C

c CALCULATE PRECEDING ANGLE {ANGL1)
ANGI=ATANC{YL/Xt }*DEG

C

c CALCULATE FOLLOWING ANGLE (ANGZ2)
ANG2=ATANL{Y2/X2)*DEG

C
IFEX] &L Ts040) ANGLI=1B0.+ANGL
IFIX2.LTa0.01 ANG2=180. +ANG2
IFIANG1 4L T+0.,0) ANGL=ANG]+360.
IFIANGZ.LT.0.0) ANGZ=ANGR2+360,

C

c CALCUL ATE NORIMAL ANGLE
ANG={ANG2+ANGL )}/ 2.

s

= COPPECT ANGILE TO OUTWARD NORMAL [F NECESSARY
IF{ANGL.GTAANG2) ANG=ANG+1B0.

C
IFLANG .GT .360.) ANGZANG-360,
NODE J=NODE S{J)
ANGLE (NDDEJ}=ANG

a0 WRTITELEy201) NODES(J) »ANG,ANG] » ANG2

201 FORMATISX ,110,3{5X,F10.4])

a9 CONTINUF

WRITECT7:2021F (TLLL)T2CT) o XCTha¥{ 1) sDEPTHIT)+ ANGLE(T) s E21 . NMNP)
202 FORMAT(215,3F10.2,10X+F10.2)

sTYOP

END
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[a el aTa RS

320

APPENDYX XIT

PROGRAM FOR CALCULATING NORMAL ANGLES FOR LAND BOUNDARY ANGLES

DIMENSTON TITLE(ZOY »TEXTI( 242V eTEXTZ(2e2)s TEXTI(2:2),

D@ > h bt

1

ICONT IR0 3 AT190,33.480190,3) AREALIGO) .

MEXT (1351 sNINTUI35) 4 XORO({ 135} YORDI13S),0ERTHI135),N8C{135),
SYSUH{135,12) (SYSMAL270+24),

H{E35) s GI2T0) e HPREVII3IS ) QPREVIZ 70} HDLD(L35) ,QOLD( 270}
H2{135},02(270Y45YSFH{13S),SYSFA{270 43YSFHBR{135}.SYSFAB(270),
SYSBMHE1 2, 12)+5YSEMOL 1 12:+24) JNHNE2SY ,NENIL 3G}, NYNE{135),

HEL25)» ALAGIZ2S) +0R(135) +GBANGIL135) 4y TAUWX(LIIS) +TAUWYI135),
PSPLUS(135) CFL1Q0) +EDXX(190) ,EDYY{ [0},

EOXY(140)s NFLUX(ID) ,FLUXT{IO)

DIMENSTON STA(135) UL 135)¥{13S5).ETAPRV({135),

NMLBNI3 T, TCONLE 3270 )+ NMHNPR (3}, TCONR( 3, 70)

EQUIVALENCEIHPREVIL1IETAPRVI1})
COMMON/SORTNOZKL JK2,K3
COMMON/CGR IDANMNE y NMNP 2 yNBANDH, NBANDQ y MAXNOD s MAXMQ , MAXBWH ,

1
2

MAXBWQy NMHBN NMGENs NMYBN MAXHBN: MAXOENs MAXEL s NMEL »
MAXQSOM y MAXHEM

COMMON/COUTP/NOUT
COMUON /CINTEG/ TIMEZsTINC RKFACTY ,RKFAC ISTEP ,PHASE, ITIME
COMMONSICRTY TORFPLIC,IDEPTH, IEDVIS, LCNVEC, IWIND, EVERSN

COMPIAN/CPROP/GRAVT s CORIODENSTY

1

DATR TEXTI TEXT2.TEXT 3/4HVARY , 4aHCONS s IMHING: AHTANT s AHSET 1 4HREAD S

GMT0 0 3H [NAHIGNOs4HINCL , 4HRED ,4HUDED/

MAXHE N=NMHAN

M2 HOB N=MMGAN

MAXE s GE 2 MAXI{NMLEN]) § MAXDWGE«MAX{NMHNPR)

OIMENEIQON SYSMH{MAXNOD MAXBWHY ,SYSMA{ MAXMG , MAXANDG )},

SYSEMHIMAXHEM« MAXBWM) » SYSBMOIMAXOBM s MAXBWQA) o TCONL (I MAXLY 3 TCONB( 3,

OPEN(UNT T=S5,ACCESSS ' SEOQIN® JDEVICEStDSK? ,FILES 'PORTSHY )
OPEN(UNIT=E,DEVICE='DSK Y ACCESS=SEQOUT ! ,DI SPOSE-'RENAME ¢,
FILE=*'PDORTSH.LPTY)
CHENIUNIT=8+DEVICE=TOSK Y JACCESS=*SEQOUT ' yFILE=*PHOUT ')
OFEN(UNTIT=4 +DEVICE=tUSK Y  ACCESS=1SEQLIN? F ILE='CONDINT'}

MAXO=T0O

MAXL=T0O
MAXNOD=135
MAXEL=190

MA XBwH=12

MANBW Q=24
MAXHENMN=&
MAXQUMN=5&

MA XMQ=2% M A XNQD
MAXGEM=MA XQBN#2
MAXHBM=MAXHBN® 2
NBANDH=0
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1001

1003

1902

1074

1013 FORMATUIHO,6X, "NODEY ,8X ,* X~"
"TIDALY sSXs " TIME' 45X, *LOCAL X1,6X: FFLUXY 3 SX " LOCAL Y*ed X»
'SOURCE' /1K .SX"NUNBER'.BK.'CUGRDINATE'-3Xo'COOPDINATE'p4Xo
'(MHLI'-QX-'CUDE'-SXo'AMPLlTUDE'.4X|'LAG'-GX.'FLUX'-?X.'ANGLE'-
TXCFLUXY 27X PR LU F1H tlSX.'lMi'olOXa'lNl'-BK-'(Ml'nlSXn
'(M)'-é!.'(SEC)'-3X-'(M2/SEC}'.3K-'(DEGREES)'-BX-'(MZ/SEC!';

1005

READ[S.IOOIIIVEPSN-NMEL'NMNpulBFRICaIDEPTH-IEDVIS.IUIND.INPUTH.

1 INPUTG s [CNVEC 4 IPLGT
FORMAT[16I5)

IF{IVERSN LNE. 2) STOP
LENGT H=MAXNOD*MAXBWH
CALL AMATZR{SYSMH,LENGTH)
LENGTH=MAXMA:MAXBWG

CALL AMATZR{SYSMG,LENGTH])
LENGTH=MAXHBM*MAXBWH
CALL AMATYZR{SYSHMH I LENGTH)
LENGTH=MAXOBM*MAX BWQ

CALL AMATZRISYSEMQ,LENGTH)
CALL AMATZR{PSPLUS, NMNE)
CALL AMATZRIETA ,MAXNOD)
CALL AMAYTZR{Q:+MAXMQ)

CALL AMATZR{QPREV,MAXMQ)
TURI=6.28318

NMHEN=0

NMVYEN=0

NMOBN=0

IFLUX=0

READIS,1003) TITLE
FORMAT(20A8)
WRITELS6,41002) TITLE
FORMAT(1H1//1H- , 25X +20A4 )
CALL SLIMF{356)

WQITE(E.l004lNMEL.NMNP.IVERSN.(TEXTI(IEFPiCnIl-I=l.21v
1 (TEXTI[!DEDTH.I}-I=1-EI¢(TEXT1{lEDV[S-IJ.I=i-2,.
2 (TEKTlliNiND-I‘uI=1oEJ|ITEXT2IINPUTH.I)|I=InZIn
3 (TFXTE(INPUTG|11'1=1023.{TEXTE(ICNVEC.II;I=I-2)
FORMAT{IHOWS5X+ ' THIS PROBLEM HAS THE FOLLOWING CHARACTERISTICS ¢/

40X, 'BOTTOM FRICTION 1S

L s s R

CALL SLINE(3S)
NMNP2 = NMNP* 2

CALL AMAT ZRIETA NMNP)Y
CALL AMATZIR{Q.NMMP2)
WRITE(&.1010)

~ PP oo

X8 {M/SECHY F/1HO)
00 10 I=1.,NMNP

IHO. 10X« '"NUMBER OF ELEMENTS, NMEL = TWIS70H
10X+ *NUMBER OF NODES, NMNP
10X+ *THE MDDEL APPLIED Is VERSIQON ",I1/1H ,
10X, *IT TS ASSUMED THAT SPATIALLY,*/1H ,
Pa2A471H

40X, *MEAN 1LOW WATER DEPTH IS "Z2AA/1H

AOX, *EDDY VISCOSITY IS ' ,2A4/1H .

40X, 'WIND STRESS [S ¢ ,2A8/1H ,

10X, *INITIAL VALUES CF H ARE "»ZA8S1H

LOX " INITIAL VALUES 0OF Q ARE P 2A471H

10X, "CONVECTI VE ACCELERATIDNS ARE "e2AA/1H )

= *,IS/1H ,

nlan'Y-'oBKn'DEPTH'.dX.'NGDE'.5X-

READ(SplOOSINEXTlIloNBC[ll.XORD(II-YDRD{I’uDEPTHlI)nDUMl.OUHZo

1 DUM3,DUM4
FORMAT(2IS.7F10.0)
NINTINEXT{1))}=1
T1=NBC{I})
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M=NEXT(1}
IFLIDERTH 4EQ. 1) GO TO &0
DEPTH{II=DEPTH( 1)
&0 [F{I1 +EQ. 0} GO TO 70
[IF(It .EQ. 1) GO TO BO
IF{I1 EQ. 2} GO TO 90
IF(11 +EQ. 3) GO TO 100
IF(11 .EQ. &) GO TO 50
IFLI1 «EQGe 4} GO TO 110
NMHBN=NMHEBN+1
NMAAN=NMAOBN+1
NMYBN=NMY BN+
MHN{ MMHBNY=T
NON{NMORN =1
NVN{NMYBN) =1
HB (NMHEN)=DUME
ALAGINMHBH) =DUMZ
QB I(NMMGEN)DUM3
ABANG (NMAQBAN}=DUMA
DUMA=0.
WRITE{(G6:1006) NeXORDCT).YOROU{TI)sDEPTHC I}, NBCI 1) HBINMHBN} 5
1 ALAGUNMHBENY OB (NMOBNY s QBANGINMABNT . DUMS
12006 FORMAT{IH +SX s 105X eF10u2s 3N F104243XaFB.233X31648%sFS.2+8X%,
1 FEaDradXvFHs B 1 SXIFhe 196X sFIal)
QBANG (NMOBN )I=QBAMG{NMQEN)}*3 . 14159/180,
GO0 TO 10
110 NMGBN=NMOBN+]
NMYBN=NMVON®1
NONENMEBN) =1
NYH{NMYBMY=T
GBINMOEN)=DUM1
QABANG [ NMOQBNY=DUM2 -
WRITE(S,100BINs XORD (I}« YORD(I}4DERTH{ T} sNBC{T) QB INMABN]),
1 CBANGINMGQEN] yDUM3
1008 FORMATOIH 1 BXeTAsSXsF 102,30 F 10,2330 sF6a243X,15424%X,F8.4,
1 SKeFBa1wBKWyF3ul}
Go TO 10
162 NMHBN=NMHEIN+]
NMORAN=NMQBN+1
NHN{NMHBNY=1
NQN{NMOBN =1
HB {NMHBN ) =DuUML
ALAGINMHBHN) =DUMZ
QAB{NMGEN1=0UM3
OBANG{ NMOBNI =DUMS
WRITE(S.1D12IN+XORD(T }y YORDUTIYWDEPTH{ 1) +NBCI{T }+HBINMHENY,
1 ALAGINMHBN) » JOINMABN) ;QBANGINMABN)
1012 FORMAT{1LH 13BN 1AL Fl0.2 43X e FLlO. 233X sF B, 23 AN 106X sFS, 28X,
1 FEaO AN FBead15SX1FSel)
QBANG(NMOBN)}=OBANGINMOBN) £3.14159/180.
GO TO 10O
Q0 NMHBN=NMHEBN+ 1
NHN(NMHBN =T
HB{NMHBN} =DUM1
ALAGIMNNHBN) =DLIMZ
NRITE(6v1014lN|XDRD(I’OYORDII,iDEpTH(I’lNﬂC{I‘tHH‘N“HBN)!
i ALAG(NMHBN)
1014 FORMATIELIH 15X eld SN iF 102 33X 1F1042 33X iF6aZ2,03X 13, 7XeF5,.2,8XFhe0)
GO TO 10
50 NMOBN=NMOBN¥1
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NAN{NMGBN =T
QBENMABN)=DUMY
ABANG [ NMOBN)Y2DUM2
WRITEI6.1016FN|XURDtI).YURDIII.DEPTH{II.NBC(I)-QB(NMQBN).
t QBAMGINMOBEM)
1216 FORMATI(IH .Sx.[4.SX.F10.2.3K.F10.2.BX.F6.2.SK.12.27X.F8.4.
1 GX+FEa11}
QBANG { NMOUN)I=QBANG(NMOBEN) *3.14159/180.
GO TO 10
70 WRITE(6,1018B) N, XORD{E).YORDI1) JDEPTYHI{TI}+NBCLT)
101A FORMAT(LH r X e TG s ONsF 10w 29 AR F L0424+ XFHEL2,3X,111)
GO TO 1Q
50 ITFLUX=1FLUX+]
NFLUX CIFLUXY=I
FLUXTIFLUXY=DUM])
NPITE(G.IQEO)N.XCPD(I1.YDRD(!I.DEPTH(Il-NBC(ll.FLUXllFLUX)
1020 FORMAT(IH .SX-l#.SK.FlO.2-3X.F!O.2n3x|F6.2.3X-IG.SGK.FB-#I
10 CONTINUE
CALL SLIMEL1S)
WRITE(E21030)NMHBN, NMCEBN. NMVEN, [FLUX
1037 FORMATLLIHG,SX,*MUMBER OF PRESCRIBED BOUNDARY AND INTERNAL FLUX NOD
TES*/1HO, 10X+ 'PRESCRIBED HEIGHTS s NMHEN =*,I5/1H 210X,
2 YPRESCRIPBED LOCAL X FLUX. NMOBN =% ,15/1H 10X,
3 'PRESCRIBED X AND Y FLUXs NMVBN =1,15/1H 10X,
4 TINTERNAL FLUX NOUODES, IFLUX =v,t5})
CALL SLINEL36) .
nEAD(5.1007)!N.(ICON{N-JI:J=1u3).CF(NI-EDXX(N).EDYY(N).EDXY(NJ.
1 L=1,KMEL)
1007 FORMATI(4T10,4F10.0)
WRITE(E,1022)
1022 FORMAT [1HO ,5X 4 tELEMENT CONNECTIVITIES'/IHO 10X, "ELEMENT NUMBER"®,
1 A% 'NODE 173X, "NODE 2*,3X,"NODE 274, 3X,'FRICTION COEFFICIENTY,
2 3AXLTEDDY XX ,3X,TEDDY YY® IR, 1EDDY XY1/1HO)
IFCIBFRIC LEQs 1Y GO TO 130
Q0 120 [=2.NMEL
CFITI=CFLEL )
125 CONTINUE
130 IF{ IVERSN +FQs 1 +0ORe [EOVIS +EQs 1) GO TO 200
00 210 I=2,MNMMEL
EDXXL 1)Y=EDXx{1})
EDYY( T}=EDYY (1}
EDXYI 1)=EDXY(1)
210 CONTINUE
200 00 220 I=1,NMEL
wﬁlTEtﬁolozall.(ICON(I.JI.J=I-3).CF(IlvEDxx(llpEDYY(ll.EDxY(I)
1024 FORMATILIH A 1EX I3 IO LB ebX a3 436X, 13, 12X, FLOL6,3X.FR.2,
1 1XeF9.2.1%F9.2)
220 CONTINUE
CALL SLINECL3s)
CALL GEOM{NINT, ICONs A, B, AREA, XORD,YOORD, SYSMH)
NBANDQ=2%NBANDH '
CALL QMATI{SYSMQ,SYSMH)
IF (NMABN 4GTe 0O} CALL ROTMO({SYSMQ  NOMN , QBRANG)
READ(S.1009) ALATT.OMEGA.GRAVT;PERIODDENSTY
L0099 FORMATI(FGe 1 4FE11aS4F7a2sF 11 el sFGel}
CORIO=2 HOMEGAS IN{ALATT*3,14159/180,}
PHASE=TURP] /PERI OD
WRiTEl6.1026IALATToCURlD.GRAVT.DMEGA.PERIGD.DENSTY
1026 FORMAT(IHO.5X ' SYSTEM PROFPERTIES*/1HO 10X,
1 VAVERAGE LATITUDE. ALATT = PeFT7.242Xy "(DEGREES N} '/1H ,
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2 10X."CORIOLIS PARAMETER, CORIO = 240MEGA*SINIALATTY = *,El0.3,
3 2X+'(SEC-11'/1H 10X, GRAVITATIONAL ACCELERATION. GRAVT = 1,F6.3
S, 2ZXLVIM/SEC21'/1H J10X,"ANGULAR VELOCITY OF FARTH ROTAT ION. OME
EGA = "4E10¢392X2"{SEC-1)1*/1H 10X,
7 T'PERIOD OF HAWMONIC T{DAL EXCITATION, PERIOD = *,F6.0:2X,
8 Y{SEC)I"/1H 10X+ 'DENSITY OF WATERs DENSTY = "3F72,' {(KG/M3)')
CALL SLINE(36)
READ(S+1011)S5TRTIMENDTIMy FINCsNO +BOUND IDT»NOUT
1011 FORMAT(2FSe]l «FBal +4XeT104F641+4X4+2110)
IF{IDT.EQ.1) GOYO 4S50
450 IF{NMHENEQ«0Q) GOTO 400
CALL STORNO{MAXNDODs MAXEWH s MAXHBM,; MAXBWH s NBANDH s NMHBN + 1 »
1 SYSMH ) NHN, SYSBMH 0}
Aap0 IFINMVEN .EG. 0} GO TOD ALO
CALL STURNOT{MAXMO MAXBWA MAXQBM(MAXBWGQ  NBANDG, NMVEBN, 2sSYSMG 1 NVN
1 SYSBMGs1L)
LENGTH=MAXQBN*MAXB WA
CALL AMATZR({SYSBMQ,LENGTH}
410 IFLNMGEN LEC. 0) GO TO 170
CALL STORND(MAXMA,MAXBWO, MAXQEM . MAXBWO: NBEANDO s NMABN 2 s S¥YSMG 4
1 NANSYSEMG,0)
170 CALL DECOMP{NMNP ,MAXNOD,MAXBWH, NBANDH;SYSMH)
CALL DECOMP{NMND2 , MAXMO+MAXBWG: NBANDGQ, SYSMQ)
TINC2=TINC/2
IF{ INPUTQ.EQ,2) READ(4:9940) STRTIM
9940 FORMATIF10.90)
TIME=STRTIM .
WRITE(G 1 02BISTRTIMMENDTTIM  TINC ¢ NO oBCUND, [TEXT1I{IDT »J)eJ=132)
1 NOUT,IPLOT
1028 FORMAT{LHO,SX, " INTEGRATION PARAMETERS,'/1HO 10X,
"START TIME OF INTEGRATION, STRTIM = ",FS.l2Xy'SEC'/
1H +10Xs"END TIME OF INTEGRATI[{N, ENDYIM = ", F9.142X, "SEC*/
1H 10X+ 'CONSTANT TIME INCREMENT. TINC = "4F7e142Xs?SEC'/1H 410X
S TEXTERNAL NODE AT WHICH VARIATION 1S BOUNDED 8Y BOUND, NO = 1,
18/1H 410X, 'CRUDE STABILITY CONTROL «BOUND = '4F64271H 10X
FTHE TIME [NCREMENT IS ASSUMED ':2A4/1H 110X,
'‘OUTPUT WILL BE PRINTED FOR EVERY ',13,' TIMESTEPS®Y,
TQUTPUT WILL BE STORED FOR EVERY '.13,.,!' TIMESTEPS')
NO=NINT{NO}
CALL SLIMEL{36])
READ(S1015) NMLB, {NMLBN(L)}., L=1,NMLEB)
DO 350 1=1.NMLB
JEND=NMLESNL T}
READI(S. 1013 ICONL(L,4), J=1,JEND)
1015 FORMATI(BI10)
350 CONT INUE
00 360 1=1.NMLB
WRITE(S)»10S2) 1+NMLBNLI)+{ICONLIIsJ)s J=1+JEND)
1052 FORMATCIHOSX s LAND SEGMENT *,02,5X+'# NODES, NMLBEN = *,12/71H ,5X,
1 'EXTERNAL NIDE NUMBERSS: 1,425{I3.'«11/1H +20X:25{13?="))
DY 370 J=1.JEND
TCONLL I+ JISNINTLICONLCL v J) )
370 CONTINUE
WRITE(&,1054) (ICONL{I,J}, J=1,.JEND)
1054 FORMATUIH 5%, * INTERNAL NODE NUMBERS: '+25(13+.'—*)¥/1H
120X,25(13, 7=}
360 CONTIMNUE
CALL SLINE(3SG)
IF{IVERSN +FEQ, 1) GO TO 20
READIS+1015) NSEGMT+{NMHNPB(1): [=1,NSEGMT)

NN AN~
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1013 FORMAT (2014}
WRITE(&,10868) NSEGMT
1046 FORMAT (1HCW10X, YMODEL VERSION 2 CHOSEN. THE ADDIT TONAL*,
1 ' BOUNDARY INFORMATION 1S:i"/1HO.15X,
2 NUMBER OF BOUNDARY SEGMENTS, NSEGMT = 1,15/1H0)
IFINSEGMT .EGa 0} GO TD 40
DO 30 I=1.NSEGMT
JYISNMHNPBLL )
READ(Ss 1013){ICONB s JYs Jm14J1}
WRITE(G,1048)1 . NMHNPBII) 4 (ICONB(1eJds J=1,J1)
1048 FORMATOIH 45X *SEGMENT 1,13,%, NUMBER DF NUDES. NMHNPB = ¥,
1 13,'s EXTERNAL NODE NUMBERS: ¥ ,15(*-9,[3}))
00 140 J=1.,41
[CONBIT,J)=NINT[ICONBL{T.0))
140 CONTINUE
WRITE(G6,1050) (ICONB(T+JYs J=1401)
1050 FORMAT(IH .SIX,'INTERNAL NODE NUMBERS: *alS(t -, I33/1H0)
39 CONT TNUE
aQ CALL SLINE(36)
20 ITIME=D
IFUINPUTH .EG. 1)} GO TO 230
CALL READX(ETA,NMMP}
WRITE{6,.1082)
1042 FORMAT (1HO, 'INITIAL VALUES DF SURFACE ELEVATIONS AREI"Z1H )
WRITETG.10401(ETA(L) s I=1 (NMNP)
1084C FORMATIIH 4w 10(2X«E1Q0+3))
CALL SLINE(40)
23¢ IF(INPUTQ LEG. 1) GO TO 270
CALL READXIOPREV,NMNP2}
0O 190 I=1.NMNP2
Q(L)=QPREVILI]}
196 CAONTINUE
IF INMOBN 40T 0) CALL LOCGLO(QBANG,NQN, GPREV, 1.)
WREITE(6,1044)
1044 FORMAT (1HO 10X, "INITIAL VALUES OF THE FLUXES ARE: "/1H )
WRITE(E,1040) (QLT), T=t,NMNP2A)
CALL SLINELaD)
270 TIME=TIME+TINC2
240 CALL STETABL{ETA,FBE+NHNsALAG)
CALL CETA{H,DEPTH,ETA)
CALL INTIME{ETALETAPRV,NMNP s SYSFQ,NMNP 2}
ITIME =SITIME+Y
TIME=TIME+TINC2
CALL FURCEotH.o.TAuux.TAUNY.DEPTH.AREA.CF.EDxx.Ean.Eva.ICGN-
1 A8, ,PSPLUS:SYSFO.ETA)
IFUIVERSN +EQ. 1) GO TO 250
CALL BCUNDF(SYSFQ.XDRD.YURD.NMLB-NMLBN-lCQNLoETA-DEPTH.MAKL)
[F{NSEGMT +E£Qs 0) GO TO 250
CALL BUUNDF(SYSFQ.XDPO.YORD.NSEGMT-NMHNPE.ICDNB-ETA.DEPTH-MAXD)
250 IF{NMGEN .GTs 01 CALL LCCGLOCQBANG,NOM,SYSFQ, 1)
CALL SOLVX(o.SVSFo.aanv.svsna.Nmupz.NBANDQ.MaxMG.MAXBUQI
IF {NMQEN .EQ. 0) GO TO 180
CALL STOB(Q QB ,NGNsNVN)
180 DO 150 I=s1.NMNP2
QPREVLIII=G(I)
150 COUONTINUVE
IF(NMGEN +GTa 0) CALL LUCGLO{ABANG,NQON,Q,-1.}
CALL DUTPUT{H+QusETAsUyV4DEPTH, ESTAT)
GO TO (330,300),1STAT
260 IFIIDTeNE«1] CALL VARTIM{TIME)
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TINCZ=TINC/ 2.
TIME=T IME+T tNC2
CALL AMATZR{SYSFH ,NMNP)
CALL FCRCEH{Q+:SYSFH A +8, ICON)
IFENMHBN +EGe 0) GO TO 160
CALL STETAB(ETA,FB+NHNL+ALAG)
CALL SUBOUMINMHBEN NHNNBANDH SYSFH+SYSEMHETA, ETAPRY » NMNS,
1 MAXHDM,MAXBWH,.1}
C CALL NOFLOWI(Q,0B+QBANG XORD,YORDSYSFH  NMLENs ICONL + NML B
C 1 MMNP  NMNP 2, NMGE N, MAXL) ;
160 CALL SOLVXIETA,SYSFH,ETAPRV (SYSWH s NMNP ( NBANDH, MAXNOD, MAXBWH)
G0 Ta 240
300 CALL STETAB{ETA.H2.NHN,ALAG)
CALL CETA(HDEPTHLETA)
CALL VOLUMELET AsAREA. ICCN.VOL)
WRITE(6,1034) TIME.TINC,ITIME,VOL

1034 FOFRMATCIHO 10X *TIME = *4F12.2+"' SEC*+SXA'DELTA T WAS, TINC = ',
1 FO.2+ 1IN 'SECa*sSXs*TIME STEP, ITIME = *,[5/1H0,10X,
2 'NET VOLUME ABOVE MLW., VOL = '.E13.6)

CALL SLINE{1S)
WRITE{6:.1021)
1021 FORMATCLHO,*INTERNAL® s2X o *EXTERNAL® +6X s "HY 511 X "OX* 10X, "QY 410X,
1 IETAT 1O U S 1IN, V", 99X, "SYSFHT,8X,"SYSFOQ'8Xs 'SYSFQ'/1H +2X:'N
2 OEtWOX "NIDET/IH J1X "NUMBER'Y 44X, ' NUMBER'/1H }
DO 310 I=1,NMNP
WRITE(E,1032)L yNEXTIEI,HOD) oQUE2%T=1),QI2% 1} ETACTI FaULT)}VITI),
1 SYSFH{I))»SYSFOU2%I-1).SYSFQ{2%]1)
10322 FORMATELH +2XaTA,6X [448X6(FLl0e512X)2(E112442X) 1 EL144)
310 CONTINUE
CALL SLINEL36)
CALL GRAPHIUXORD:YORD,ETA;NMNP)
330 CALL CHECKS(H{NO ) yDERPTHINO } 4 BOUND, [CHECKY)
IF[ ICHECK .EA.1) GAOTD 320
IFITIME+TINC .GTe ENDTIM40.001) GO TO 320
IF{IPLOT.EQ.D}Y GOTOD 260
IF(ITIME/TPLOTX[RLOT.NEL.ITIME) GOTO 260
CALL PLOTOTLETA,U,V)
CALL INITCD{ETA,Q)
GO TD 260
END

SUBROUTINE AMATZRUAMAT (N}
OIMENS ION AMAT (N)
DO 10 I=14.N
AMAT(TII=O.
10 CONTINUE
RETURN
END

SUBROUTINE BAKSUB(NE,INDX1 « INDX2:NBAND, By X)
DIMENSION B{INOX1.,INDX2}, X(INDX1)
X(NEY=XINE}/B(NE1r}

NDIF=NBANDC-I

DO 10 N=1 ,NDIF

JzNE-N

Ji=J+1

A=0s

DO 20 K=J1,NE
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KJR=K-J+1

AZA+B{ J.KIR) ®X (K)
CONTINUE
X(J)={X[(JY-AM/BlJs11)
CONTI NUE

NE1=NE~-1{

DO 30 N:=NBAND.,NE]
J=NE-N

Jl=041

A=0e

KT=J+NDIF

D0 A0 K=J1.,KT
KJdR=K=-J+1

A=A+B( JHKJR)I®XIK)
CONTINUE

X{ 2=t X{J)=-A)/B(J,1)
CONTINUE

RETURN

END

SUBROUTINE BOUNGCF{SYSFQ4+XORD.YORDyNMBE+NMN, ICONB.ETA+DEPTH MAX}

COMMUON/CPROP/GRAVT . CORIO ,DENSTY

COMMON/CGRED/MNMNP s NMNP 2 s NEANDH , NBANDG s MAXNOD s MAXMO s MAXBWH o
MAXBWG s NMHBN s NMOPN s NMYBHN ¢ MAXHBN MAXQBRN, MAXEL , NMEL
MAXQBM , MAXHEM

DIMENSLINN SYSFQ{NMNP2) s XOROINMNP} , YORD{NMNFP) , NMH{NMB} ,
ICONB(3I,MAX}+ETA(NMNP ) yDEPTH{NMNP)

00 10 I=1,NMB

JEND=NMN{ T}

DO 20 J=22,JEND

KI=TCONB(T.Jd=1)

K2=ICONB(I,4J}

ANX=[{ YORD (K2 )=~YDORD(K1 ) )¥GRAVT /1 2.

ANY=(XORO(K11~-XORD{K2) }I*GRAVT/12,

DEFCGHMT=DEPTH(KL)+DEPTH{K2)

ESEGMT=FETA(KI)+ETA{KZ)

VARI=DEEGMT*ESEGMTHESEGMT *%2 /2,

VARZ=2 ,xDFPTH{K L }*E TA(KI)I+ETAIKL }%%2

VARIZ=Z2:*DEPTHIKZ ) *ETAIKZI+ETA{K2) ®x¥2

SYSFQU2*K1—-11=SYSFQ{ 2*K1-1)-ANX*{VAR1+VARZ}

SYSFRQU24K1)I=SYSFO(22K1 ) —ANY*(VAR] +VAR2)

SYSFOQU2*K2-1)=SYSFQ{2%K2—1)-ANX*(VAR1+VAR3)

SYSFQ{2*KZ)=SYSFOQ[2XK2)-ANY*[VARLI+VARZ)

CONTINUE

CONT INUEE

RETURN

END

SUBROUTINE CETA{H.DEPTH,ETA}

COMMON/CZGRIDZNMNP s NMNPZ , NEANDH. NBARDCO, MAXNDOD, MAXMQ , MAXBWH,
MAXBWD o NMHBNy KMCBN + NMVBN 3 MAXHENy MAX QBN+ MAXEL » NMEL §
MAXQEM , MAXHBM

DIMENS TUON HINMNP) DEP THINMNP ) 4ETALNMNP)

00 10 I:=21,NMNP

H{I)=DEPTH(I}I+ETAL{L)

CONTINUE

RE TURN

END
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SUBROUTINE CHECKS{HD+BOUND, ICHECK]}
ICHECK=0

[FLABS(H-D) LT, BOUNC} RETURN
ICHKECK=1

WRITE(&41002) H.D,BOUND

1002 FORMAT(1HO, 15X, '"STABLILITY CHECK: BOUND EXCEEDED AT NOOE ',/

70

an

30

a0
30

10
1002

20

1 1H +SXy*HEIGHT WAS *sE1144¢SX 4 "DEPTH "2F 625Xy *OOUND =
RETURN
END

SUBROUTINE DECOMPINEQT s+ INOX1 4+ INDX24KDAND A)
DIMENSION ACINDX1 ,INDX2)

I=1

DIAG=A[T.+1)

IF{DIAG LY. 1.E=-30) GO TO 10

DIAG =SAQRT(DIAG)

DO 20 K=1 ,NBAND

ALL +R1=AL1 K} DLAG

CONTINUE

I=1+1

IFLT «GT« NEQT) RETURMN

LIM=NBAND-1

[a=1-LI#

13=1-1

DO 30 J=1.,LIM

IF{I+J 3T NEQT+1) GO TO 70
I12=144J~1

IF{I «LT+ MNBAND) I221}

DO 490 11=12,13

[FCI=~11+4 +GT« NBAND) GO TO 40
K=1-I1

ALT 3% ACL ) =A(11,K+1)%A(T) ,KeD)
CONTINUE

CONTINUE

G0 TO 70

WRITE(&,.19G2Y

FORMAT (1=, EX+ "STNGULAP ELEMENT [N RDOW',13)
STOP

END

SUPROUTINE FORCEH{Q+SYSFH.A+B,1CON)

COMMON/CGRID/ NMNP 3 MMNPZ s NEANDH: NBANDGQ, MAXNOD s MAXMG - MAXBWH .
1 MAXBAWO,NMHEN, NMOBNy NMVBN, MAXHBN ; MAXGBNy MAXEL ¢ NMEL »
2 MAXGBM  MAXHBM

COMMON/SORTNO/X( 3}

DIMERSION G{NMNPZ) 4SYSFH(NMNP ) s ICON{MAXELs3),AIMAXEL s 3},
1 D{MAXEL .3}

DO 13 1I=1,NMEL

VARZ=0e

DO 20 J=l.3

K{J)I=STICON(I + )

VAR=VAR+S( I, J) #Q(24KI I} -1 I +ALT  JI*Q{2%K{JI) ]} -

CONTINUE

VAR==VAR/ G,

DO 30 J=1.3

SYSFHIK(J) ISVAR+SYSFHIK( D))
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CONTINUE
CONTINUE
RETURN
END

SURFOUTINE FORCEQ{HG: TAUWX , TAUNY :DERPTHAREA L CF:EOXXVEDYY
EDXY s [CONyAs By PSPLUS,SYSFQ,LETA)
COMMON/CPROP/GRAVT . CORIDDENSTY
COMMONZCGRID/NMNE s NMNP2 s NEANDHy NBANDQ« MAXNOD » MAXMG  MA XB WH »
MAXPBWO . NMHEN , NMGBN s NMVBN  MAXHBN : MAXQBHN, MAXEL s NMEL »
MAXQBM, MAXHBM
COMMONZCOPT/ TBFRICVIDEPTH . IEDVIS, [CNVEC, IWING, IVERSN
DIMENS ION HINMNPY, GINMNPZ2) s TAUNXINMNP ) s TAUWY{NMNP ) 4 DEPTHINMNP )
AREA(NMEL )} yCF (NMELY sEDXX[NMEL ) +EDYY (NMEL )} » EDXY{NMEL ), [CONIMAXEL ,
A) s ACMANEL 1 3) +BIMAXEL +3)4PSPLUSTNMNPY ;SYSFQINMNP2I,ETA(NMNP} .

1
2
3 SX[200].SY{200},CXX(200) ,CYY{200},CXY{200}:K(3),
4

1

SRX{200)Y,3BY (2001}
CALL WINDS{ TAUWX.TAUWY)
00 10 I=1.NMNP
SX(IY=TAUNRX (1Y 4+CORLO*Q(2*>1)
SY(I)=TAUWY{ [}-CORIO*Q(2%]I—1)
VARSSORTLO{2%] —1)*%2+Q(2% 1 ) %¥2) /H{ [ %%
SAXCI)I=QU2%]+1)2VAR
SBY{I1)=VAR®Q({2*[)
CONTINUE
IFLICNVEC «EQe 1) GO TD 40
0O 90 [=1.NMNP
CXX{TI=Q{2*][-1)*%2/,H{ 1)
CYyYi I)=QC2%T)®x%x2/H{1)
CAYLI I=AE2%xI1+Q(2%1-1)/H( 1)
CONTINUE
00 20 I=1:NMEL
AL2=AREA(1)}/12.
ETAEMT=0.
DEMT=0.
BOEMT=0.
EDEMT=0.
E2EMT=0,
FXX=0,.
FXY¥Y=0a
FYY=0.
DO 30 J=1+3
K{JY=TCON(TsJ}
ETAEMT=ETAEMT+ETA(K{J})
DEMT=DEMT+DEPTH(K{(J)}
BOEMT=BOEMT+B{ [, J)*DEPTHI{K{J})
EREMT=EDEMTHETA{K (J)Y Y *DEPTHIK(J)})
EZEMTE2EMTH+ETA(K{ J) ¥ hx2
FXX=F XX+Q{2#4K(J)=1)y%B{L+J}
FXY=FXY+O(2*K{J)-1)%AL1 , ) +0{(2%K(J})%BLI,I)
FYYSFYY+Q (23X (JY)£A( 1 +J)
CONTINUE
PRESS=({DEMTAETACMTHEDEMT Y A2+ ETAEMT*H24E2EMTI *GRAVT /48,
VAR=({E(I s 1)*0EPTHIK (1)) +8{ 1., 2)2DEPTHIK{2))4B( [, 3Y*DERTHIKI 3)}}

*GRAVT/ 24,
SXX=(SX(K{1)F+SXIK[2)I+SX(K(3)})*A12
SAXX=-{SBXIK{1})+SBXI{KI{2}I4SBX(K(I)}IXALZ2CF{]1}
CONVEC=0,
DO S0 J=1,3
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COLL=PRESS*B[I . JI+SXA+SBXX+ALZ2F¥SXIK{J)I-A1Z2*SAX{KIJII*CF(T)
1 +VARFETAEMTHVAR*ETA(KI J})-{EOXX(I)*F XX%B(1, J)
2 +EDYY[I)®FYYXA( L, J) )/ AREA(I)/ 4,
SYSFQ(2%K{J)—-1)=SYSFQI{2*K(J)—-1)+COLL
IF{ICNVEC +EG. 1} GO TOD S0
CONVEC=CONVECH+BL(I ) JIRCAXIKC(III+ALT o JIREXYIKII) )
50 CONTINUE
IF{ ICNVEC +EG. '} GO TO &0
CONVEC=-CONVEC/ 6.
opg 70 J=1.,3 :
SYSFO{2%K(J)~1 I =SYSFQ(2%K (J)=1}+CONVEC
TO CONTINUE
&0 CONVEC=0,
VAR=S(A( I 1 )*DEPTHIKEL I I+ A(L s 2)*0EPTHIKI{2) }J+A( 1,3 )}+DEPTHIKI{Z)))
1 *GRAVT/28,
SXA{SYLR (L) I+ SYIKI2) +SY(K(3)))*A12
SAXX=—{SOY{K(1))+SEYI{K(2)I+SHBY(K{I})I*A12%CF(T}
DO 80 J=1,3
COLL=PREGS®ALT + J) +SKEX4+SEXX+ALI24SYIRK{ I I-AL2KSBY(K{I)I*CF(]}
1 +VARXE TAEMTAHVARSETAIK (D) J~(EDXY( T)IRFXYRB (I, J)}
2 FECKY{ LI RFRY*A{ [, J) I/AREA(L )/ 4.
SYSFOQ(2%K (J))=SYSFQI(2%K[J) ) +COLL
IF{ICNVEC EQ. 1) GO TO a6
CONVEC=CONVECHB (] yJIRCXY(K{IIIHALT, DI RCYY(KII D))
80 CONT INUE
IFITCNVEDL «CQs 1) GO TO 20
CONVEC=—CONVEC/ 5.
DO 100 J=1,3
SYSFQI2*K (J))=SYSFQE2*K{J) Y+CONVEC
100 CONTINUE
20 CONTINUE
FETURN
END

SUBROUTINE FORSUB(KE INDX1 + INDX2  NBAND,B,C}
DIMENSION BLINDX: . INDX2},C{INDXL)
COLY=C1 ) 7BL1,1)
D0 10 J=2 ,NBAND
A=0.
J1=Jd=1
bn 20 L=1.,J1
LJR=J-L+1
A=A+B{LLJRYXCIL)
20 CONTINUE
Cl{II=(C{Jr=-A}rBLULY
10 CONTINUE
NDEF=NBAND-1
NN=NBAKDH]
DO 30 J=NN,; NE
A=0.
Jl=J=-1
LT=J~KDIF
00 40 L=L_T.J1
LJR=J-L+1
A=A+BL{L, LJRI*C (L)
a0 CONTINUE
COII=(ClI}~-A)/BLULY)
30 CONTINUE
RE TURN
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SURRDUTINE GEOM{NINT. ICCN) AyB+AREA; XORD, YORD s SYSMH)
COMMON/CGRID/NNNE (NMNPZ2 yNBANDE+ NBAKDG , MAXNDD s MAXMG s MAXBWH,
1 MAXEWQ s NMHBN s NMOBN « NMVBN s MAXHEN s MAXGQBN . MAXEL 4 NMEL »
2 MAXCEM, MAXHAM

COMMON/SORTHOAK { 3)

DIMENSION NINT (NMNP) o ICONIMAXEL y3) ) A{MAXEL»3) B (MAXEL 3},
1 AREA(MNMEL ), SYSMH{MAXNOD (MAXBWH) , XORD{ NMNP ) , YORD {NMNP)
DIMENSTON IPERM{3,2)}

DATA [PERM/3,1,2:2,3,41/

WRITE(6,1002)

FORMAT(IHO,5X, *GEOMETRICAL. RELATIONS'/LH 10X,

2 "ELEMENT'"/1H 410X« *"NUMBER®,8X,'Al",8X,'Bi",

3 BX.'A2Y,BK, B2 10X« TASZY 48X 'B3Y X TAREA' /I )
00 10 I=1.NMEL

0O 20 J=1,3

K{JISNINT (TCONCT 4 I}

ICONCT o+ J) =K S)

CONTINUE

DO 40 J=1 .43

A(T JI=XORD(KCIPERM{J+1}) }=-XORDIK{[FERMIJ+2)1))
Bl «J)=YORDIK{IPERM{J,2}¥)-YODRODIK(IPERM{J,11}))
CONTINUE
AREA{T}=0.5%(BIL+1Y*A(L,2)-B{l+2V%ALTL,1))
IFLAREALT) .GT. 0.} GO TQ 30

WRITE(6,4,1004) 1

FORMAT{1HO+SX, "NEGATIVE AREA IN ELEMENT:',I4)
sSTOR

VAR=APEA({I)/12.

CALL SCRTN

K1=K{1]}

K2=K({2)

K3=K(3)

SYSMHIK] o L )=SYSMH{K],1)+2,%VAR

K21=K2-K1+1

SYSMH(KLK21)1=3YSMH{K1:K21)}+VAR

K31=KI~K1+1

SYSMHC(K1 +KI1)I=SYSMH{K]1 K31 )+VAR
SYSMH({K2,1)=SYSMH{K2,1)+2 ,%VAR

K32=K3-K2+1

SYSMHIK2 s KIZI=SYSMHIK 2,.K32)+VAR
SYSMH(K3,1)=5YSMHI(K3, 1)+2.%VAR

WRITE(GE 4100611+ ATT 1) B(L.124A0T42)3B(l+2)sA{T+3)4Bl1:+3),AREA(T)
FCRMATI(IH s X166 ,2X 0 (FIul ) 1X)sFl2a.1)

[F{X31 LT« NBANDHY GO TD 10

NEANDH=¥31

CONT[NUE

WRITE(&:1010) NBANDH

FORMAT (IHO. 10X, TEANDWIDTH DOF THIS GRID 15, NBANDH = V,14)
CALL SLINEI(36)

IF{NEANDH .LEa. MAXBWH) RETURM

WRITE(6,1008) NEANDH

FORMATL1HO « SX» 'BANDWIDTH IS TOO LARGE. NBANDH = ',15)
STOR

END

SUBROUTINE GRAPH (XORD YORD ET A+ NMNP)
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DIMENSION XORD(1).YORD(1).ETALL)
RE TURN
END

SUBROUTINE INITCD(ETA,Q}

COMMONSCGRID/ NMNP ¢ NMNP2  NBANDH, NEANDQ , MAXNOD « MAXMG , MAXBWH ,
1 MAXBWG 2 NMNBN, NMGBN s NMYV SN+ MAXHBN s MAXQBNy MAXEL s NMEL + MAX QDM

COMMON/CINTEG/TEME s TINC s RKFACT s RKFAC, ISTEP, PHASE, ITIME

DIMENSION ETACNMNPY G INMNEZ)

OPEN(UNI T=9.,DEVICESIDSK ! , ACCESS=1'SEQQUT " ,FILE=¢ INCOND*}

WRITE(3,200) TIME

WRITE{%:200) (ETAL{L}sI=1,NMNP)

WRITE(D,200) (QUI).I=1.NMNPZ)

FORMAT(BF10.4)

RETURN

END

SUBROUTINE INTIMEC(ET AsETAPRY s NMNP s SYSFQeNMNP2)
DIMENSION ETAINMNP) ,ETAPRVINMNRE) , SYSFQ(NMNP2)
00 10 TI=1,NMNP

ETAPRVIII=ETA(I?

SYSFQ{L)=0,

CONTINUE

I1=NVMNP+E

0N 20 I=[t.NMNP2

SYSFO(1)Y=0.

CONTINUE

RETURN

ENO

SUBRDUTINE LCCGLO{QHAMG yNAN.G.GLTOLC)
COMMON/ANGLE/S &
COMMONSCIRID/NMNP s NMNP2 s NBAND Fy NBANDO ) MAXNOD, MAXMQ s MAXBWH,
1 MAXEWG s NMHBNs NMGBN s NMVYBN s MAXHBN+ MAXQBN s MAXEL ¢ NMEL. 4
2 MAXQEM, MAXHEM

DIMENSTON QBANG{MAXNOOD}»G{NMNP2] . NGN{MAXNOD)

DO 10 I=1+«NM@BN

I[1=NaNIT)

ANG=GLTCOLE*GRANG(I)

CALL TRIGO(ANG)

CALL ROTVIQE2%[1=1),Q(2%511}])

CONTINUE

RETURN

END

SUBRDUTINE CQUTPUT(H+QG.ETAU .V DEPTH, [STAT} :
COMMONACINTEG/TIME » T INC REFACT+ RKFAC , ISTEP,PHASEs ITIME
COMMON/COUTP/NOUT
COMMODN/CGRID/NMNP s NMNP 2 y NB ANDH s NBANDQy MAXNCD s MAXMQ , MAXEWH ,
1 MAXBWG s NMHBN s NMGBN o NMYV BN s MAXHEN s MAX GBEN. MAXEL a NMEL »
2 MAXQBM,MAXHBM

DIMENSTION HONMNF) s GINMNPZ2) s ETATNMNRE } (U TNMNP) 4 VINMNE ) , CEPTH { NMNP )
ISTAT=1

IF(LTIME/NOUT*NCUT .EQ. ITIME) GO TN 190

IF{ITIMNE LEQ. 2} GO TO 10

IFUITIME .EQ. S) GO TO 10
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RETURN

CALL CETA[H+DEPTHsETA}
CALL VELIH.G,U,V)
IsTAT=2

RETURN

EMND

SUBROUTINE PLCTOTL{ETAsU.V)
DIMENSION ETACNMNP)Y U [MMNP) ,V (NMNP )
COMMONZ CGRID/NMNP s NMNP2 s NEANDH s NBANDG s MAXNDD s MA XM« MAXEWH »
1 MAXBWO, NMNEN, NMGEN  NMVBN , MAXHEN, MAX CBN, MAXEL  NMEL s MAXQBM ; MAXHEM
COMMOMNACIMTEG/TIME s TINC s RKFACT W RKFAC, [STEP, PHASE, I TIKE
WRITE(8,200) TIME
WRITE(S8,200) (ETA{T}rI=1 +NMNP)
WRITE(BS,200) {UL{L)»¥(I).1I=1.NMNR)
FORMAT{BF10.24)
RETURN
END

SUBPOQUTINE POSTTT(A:8,C,D)
COMMCN/ANGLEZ/SIN,COS
Al=A*COG+B*SIN
B=—A¥*LTN+BE*C0OS
C1=C*CO5FD*S5IN

D=~C*5 IM+D*COS

A=hl

c=C1

RE FURN

EMD

SUAPQUTINE PRET{(AWB,C,0)
COMMDNSANGLES S TN, COS
Al=ARCOS+CRSTN

Bl =B*xCCS+0%SIN
C=—A¥SIM+C*COS
D=-B¥%SIM+0D*CDS

A=Al

B=81

RFE TURN

END

SUBROUTINE QMAT{SYSMGQ,S5YS5MH)

COMMON/ CGRIDANMRNE 3 NMNP2 s NBANDF, NBANDQ, MAXNOD ,MAXMQ . MAXBWH »
1 MAXE WUy NMHDBN » NMQB™N « NMVBN s MAXHBN , MAX QBN s MAXEL » NMEL ,
2 MAXQEM, MAXHRM

DIMENSION SYSMOIMAXMQ,MAXBWQ) ,SYSMH{MAXNOD  MAXBNWH }

HDIF=NMMP—-MBANDH+1

00 10 IR=1.NDLF

00 20 IC=14+NBANDH

SYSMO{2*%TIR~1,2% IC-] }=SYSMH(IR,IC)

SYSMQU2%IR 4+ 2*IC=1)=SYSMH{IR,IC)

COMNTINUE

CONT INUE

NI=NDIF+1

J1=0

DO 30 IR=N1:NMNP
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=0

J1=J1+1

LIM=NEANDH~J1

D0 40 IC=1.,LIM
SYSMA(2%2IR-1,2%JC-1)=SYSMH{IR,.IC)
SYSMO{ 2% TR, 2*TC—1)=SYSMHIIR,IC}
CONTINUE

CONT I NUE

RE TURN

END

SUBROUTINE READXIX :NMN)
DIMERS[ON X{NMN)
READ{4,1001)X
FORMAT(SF10,0)

RETURN

END

SUBROUTINE ROTMGQ (SYSMG . NGN «GBANG)

COMMDNZ ANGLEZS . C
CONNMON/CGRIDANMNP (NMNP2 s NBANDH,; NEBANDOQ, MAXNOD y MAXMG s MAXBWH,
1 MAXBWO s NMHENNMOBNs NMVBN; MAXHEN, MAXQBMN « MAXEL s NMEL &
2 MAXQBM,MAXHAM

DIMENRSION SYSMO(MAXMO MAXBWOY NOQN{NMGBH ¥+ GEANG { NMQBN )
LIMI=NBANDG/2-1

0O 18 1:=1,NMQBN

TR=NaGN{T]}

LIN=LIML

IF{IR LLE. LIM) GO TO 20

CALL TRIGR{GBANG(L))

DO 30 IC=1,LIM

IR1=IR=1IC

CALL POSTTT(SYSMOQI2H*[R1—-1,2%IC+1),SYSMO(2%IR1=1,.2%[C+2),
1 SYSMO{2RKIRL+2*FIC) SYSHQ{2*IR1 2% 1C+1})

CONTINUE

GO TD 10

IFUIR +EGs 1Y GC TO 10

CALL TRIGO{QBANG(I)}

LIM=IR=~1

GO TO 40

CONT INLE

NDIF={ AMNP2-NBANDG+2) /2

LIME=NFANDQYr2

DO 50 I=1,.NMASN

IR=NGNI(T)

LI NSLIM

IF{IR GT. NDIF} GO TOQ 60

CALL TRIGOIQRANG{1))

DD 70 IC=2.,LIM

CALL PRETISYSMAQ(2*TR—1,2*[C~1),S5YSMO(2*IR=1,2*[C),
1 SYSMOLZ¥IR 2% IC=-2) s SYSMO{Z2*IR,Z%[C~1)}

CONT INUE

GO TO 50

IF(IF ,EGe NMNP) GO TO S50

CALL TRIGO(QBANGII))

LINMZLIM=({IR~NDIF)

GO TO 80

CONT [NUE

RETURN
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END

SUERDUTINE RQTV(A.8)
COMMUN/ANGLE/ S.C
K=A+C+BOg
B=—A%ES4H*C

A=X

RETURM

END

SUBROUTINE SLINE(N}

DATA STAR/IH* */

WRITE{6.1002)(STAR[=14+N)
1002 FORMAT{IHOs5X+42A3}

RETURN

END

SUSBROUTINE SOLVX{X, SYSFX XPREVSYSMX s NMNy NBAND  INOEX L, INDEX2)

COMMONZCGRIDSNMANE s NMNP2 s NBANDF, NEANDO « MAXNOD s MAXMQ s MAXB WH +

1 MAXE WG s NMHBN NMAGAN s NMYBN, MAXHEN MAX QBN , MAXEL , NMEL ,

2 MANOBM , MAXHEBM

COMMON/CINTEG/ TIME,TINCyRKFACT yRKFAC, [STEP,PHASE, ITIME

CIMENS TON X{HMN] sSYSFX{NMNI (SYSMXC INDEXT+ [NDEX2),

1 XERENV[MMN Y}

DO 10 T=1NMN

XUI)=TINC*SYSFX{])
17 CONTINUE

CALL FCRSURB({NMNITNDEX] s INDEX2 sNBAND  SYSHX,X)

CALL BAKSUB{NMN, [NCEX1s INDEX2NBAND SYSMX 4 X}

DO 20 [:=1 +NMN

X{L)=XUI)+XPREVII]
20 CONTINUE

RETURN

EMD

SUBPOUT INE SORTN
COMMON/SORTNO/K 12K2 K3
IF{KL «LT. K3) GO TO 10
K=K3
K3=Kk|
Kl =K

10 [F{K2 LT, K3} GO TO 20
K=K3
K3=x2
K2=K

20 IFEKT +LT. K2} RETURN
K=K2
K2 =K1
Kl=K
RETURN
END

SUBROUTINE STETAB(ETA ¢HB ,NHN,ALAG)
COMMUN/CGRID/NMND-NMNP?-NBANCF.NBANDG.M#KNUD.MAXMO.M&KBWH.
1 MAXEWQ s NMHEN NMGEN ¢ NMV BN s MAXHBNs MAXORN MAXEL s NMEL 4
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2 MAXQBEM s MAXHAM

COMMOMACINTEG /TIME o TINC,RKFACT 4 RKFAC s ISTER,PHASE, ITIME
DIMERSION ETAUNMNP) » HECNMHBN) s NHN(NMHBN 3+ ALAG(NMHBN)
DO 10 I=1.NMHEN

TI=NHNIT)

ETALT1)=HBIII*SINIPHASE*(TIME-ALAG(TI})}

CONTINUE

RETURN

END

SUBRAUTINE STORMOG(INDX1 « INDX2, INDX3 2 INDX4 s NBAND s NMBM: NNy AsNB Y C)
1 Nv ]
COMMOM/CINTEG/YIME, TINC ,RKFACT , RKFAC s ISTEP sPHASE s ITIME
DIMERSTON A(INDX1.INDX2)+C{INDX3y INDXA ) NBINMBN }
ND {F=NBAND-1

00 19 I=1+HMBEN

ITR=NBL{I)}

IRI=NN*{IR-1)+14+NV

IF{IR1 LEG. 1} GO TO 20

IF{IP1 «LE. NDIF)} NDIF=NN*{IR~-1}+NV

DO 30 ICZ1.NDIF

IR2=1R1-1IC

ClL2x[=1,[Cr==A( LR2, EC+1 W/ TINC

ALIRZ2.EIC+13=0.,

CONT [NUE

NDIF=MNBAND—1

DO 40 [C=1.NOIF

Cl2%L, [C)=-ACLIR1,IC#1I/TINC

A(IRLs1C+11=04

CONTINUE

ATIRL11=1,

CONTINUE

RE TURN

EMD

SUBRNDUTINE STABTG QB yNOMNsNVN)
COMMON/CGRID/NMNE , MNP 2 , NBANDH, NBANDQs MAYNOD» MA XM s MAXBWH
TMAXBWO s NMHEN y NMGEN o NMYBN s MAXHBN y MAXQEN, MAXEL » NMEL »
2MA XM 4y MAXHBM
COMMOMACINTEG/TIME » TINC ,RKFACT 4 RKFAC s ISTEPsPHASE ITIME
DIMENSION GINMNP2) ,4B(MAXNOD) s NGN{MAXNOD) + NVN{MAXNOD}
DO 10 T==1,NMJEN

TL=2%NAN{I}~-1

(F(ll1LE.O) [1=1

a{11)=a89(1)

CONT INUE

IF {(MMVBN.EQ.0} GO TO 30

DO 20 I=1NMVON

T1=2%NVNII}

ISARE]L M

CONTI NUE

CONTINUE

RE TURN

END

SUBROUTINE SUBOUN(NMBN«NNNBAND.SYSEXE + SYSEMX ¢ Xe XPREY »
1 NEQTINOX1 s TMNDX2NV)
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32

20

40
10

10

DIMENSION SYSAMX{INCX1, INDX2),NNINMAN) « SYSFXBINEQT) X {NEQGT }»
1 XPREVINEQT)

DO 10 I=1.NMBN

T1=NVEANIT ) -1

[IFEIl.LTl)It=1

NOIF=NBAND-1

IF(11.,LE=.1)GO TO 20

IF{It oL.Te NBAKND) NDIF=11-%

0D 30 J=14,NDIF
SYSFXBIIL~JI=SYSFXBII1=J)+3YSBMXI2%T~1,} ¥ {X{11)-XPREV(I1})
CONTINUE

ND [F =NEAND=1

IF{I1+NDIF +GT. NEQT) NDIF=NEGT-IL

DO A0 J=1.NOIF
SYSFxB(!1+JJ=5YSPXB(11+J)+5Y58Mx(a*l-J)*(x(tl)-XFREV(II))
CONTINUE

CONTINUE

RE TURN

END

SUBRDUTINE TIMEN
COMMON/CINTEG/TIMESsTINC,RKFACT  RKFAC + ISTEP,PHASE. ITIME
TIME=TIME +TINC

RETUNRMN

END

SUBROUTINE TRIGOLA)
CONMMON/ANGLEZS . C
S=SIN(A}

C=C0Os{A)

RETURN

END

SUBROUTINE VARTINC(TIME)
RETURN
END

SUBROUTINE VELIH,GsUsV)
COMMOMN/CGRID/NMNE s NMNP 2 3 NBANDOH, NBANDQ, MAXNOD s MAXMQ s MAX BWH,
1 MAXAWA , NMHB N, NVCBN, NMVEN, MAXHBN, MAXQBN: MAXEL o NMEL »
2 MAXQEM, MAXHBEM
DINENS TON H{NMNP) , GINMNP2 1 UTNMNP } o ¥V INMNP )
D0 10 1=1,.NMNP
UCII=Q2*I-11/H{L)
VEII=GL2*I ) /HIT)
CONTINUE
RETURN
END

SURRAQUTINE VOLUME{ETA+AREA. [CON.VOL)
COMMON/CGRID/NMNP s NMNP2 yNBANCH; NBARDO,y MAXNDD, MBAXMG s MAXBWH,
1 MAXBWEs NMMBN, KMOBNs NMVENs MAXHBN ¢ MAXQGBN s MAXEL » NMEL 4
2  MAXQBM,MAXHOM

DIMENSION ETA(NMNP) s AREACNMEL)Y s ICONIMAXEL + 3)

VoL =0.
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20

10

10

CO 10 [=1.NMEL

SUM=0,

DO 20 J=1.3
SUM=SUMAETACTCONIT +J})
CONT INUE
VOL=AREA{I)*SUM/ 3. +VOL
CONT INUE ’

RE TURN

END

SUBPROUTINE WINDS(TAUWX, TAUWY)
COMMOR/CINTEG/T IME T INCsRKFACT + RKFAC, [STEP PHASE, ITIME
COMMONZCORTZ IBFRIC,IDEPTH, IEDVIS , TCNVEC, TWIND,: IVERSHN
CONMMON/CGRIDANMNP, NMNPZ  NBANDH NBANDG, MAXNODs MAXMO ¢MAXBWH
1 MAXPEWQsNMHEN, NMGON,NMYBEN, MAXHBN, MAXOBN, MAXEL s NMEL 4
2 MAXOQAMMAXHBM

DIMENSION TAUWX{NMNP) » TAUWY {NMNP)

1IFCIWIND .E0. 43 RETURN

DR 10 I=1 sNMNP

TAUWX(TY¥=0.

TAUWY(1)=0.

CONTINUE

IWIND=4

RETURN

END
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