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1. INTROBUCTION

The present report discusses the establishment of a numerical model
of the Apalachicola system consisting of the River, its tributaries and
the biologically highly productive Apalachicola Bay. Much of the material
has been published elsewhere in the form of reports (e.g., Graham, DeCosta,
and Christensen, 1978), scientific papers (e.g., Christensen, 1979, Graham
and Christensen, 1978) and bulletins of a more general nature {e.g., Hill
and Graham, 1980).

The present report should therefore be considered as a review of the
progress made with special emphasis on the final results that are presented
in the form of an atlas depicting the hydrodynamics and pollutant migration
in the Apalachicola Bay during an "average" year taking tidal flushing as
well as wind and river flow into consideration. This atlas will allow the
reader to determine water velocity, orientation of water velocity, water
quality corresponding to any known water quality in the river, and salinity
of the bay waters. The atlas is attached to the present report.as Appendix
A. The complete verified numerical model is attached as Appendix B on

computer tape.

1.1 Logistics of Model Approach

Man's development of drainage basins draining to estuarine waters
will always have an impact on the quality of these waters and therefore
also on the biological system of the esfuary in question. In the case of
Apalachicola Bay this has clearly been demonstrated by Livingston
(Livingston etal., 1981). A further impact on the economy depending on
the estuarine biosystem and the ocean biosystemits supports must therefore

be expected and should be considered by the responsible developer.



BIOMASS PRODUCTION

Such a consideration is certainly justified when it is recalled that
our estuarine systems are among the most productive areas as far as biomass
is concerned. Figure 1.1 shows a comparison of biomass production in ton
per acre per year for typical areas. It should be noted that the estuarine

production is two to four times that of our best agricultural land areas
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Figure 1.1. Comparisom of Biomass Production Rates. {Source: Teal and
Teal, 1969).

that,by the way,only can sustain their high production rates by extensive

use of fossil fuel based fertilizers.



It is therefore recommended that the impact of development is evalu-
ated and that the results of the evaluation is fed back to the developers
or developing agencies to insure optimum utilization of our coastal
resources,

Figure 1.2 is a flow chart showing the logistics of optimum land
utilization by use of computer models. It is noted how the development's
impact on the riverine system is evaluated by a predictive model and the
output from this model serves as input to the estuarine model. The output
from the estuarine model will again provide information enough in the form
of water velocities, pollutant concentrations and salinities to enable the
marine biologist to evaluate the impact on the estuary's biosystem. From
these thé economists may draw their conclusions as to the impact on the
region's economical system which will serve as a foundation for further
action in the political system providing the feedback to the planners and

developers. A slighly more detailed flow chart is given in Figure 1.3.

LANDSAT INPUT

e 280 U5 F—p={(1)RIVER BASIN PREDICTIVE MODEL

LANDSAT INPUT (2)ESTUARINE PREDICTIVE MODEL -

VERIFICATION

('3)CORRELATION FROM BIOLOGICAL
DATA COLLECTION

DESIRED
OPTIMIZATION

ECONOMICAL ANALYSIS

(5 )PLANNING

(B )POLITICAL SYSTEM

Figure 1.2. Logistics of Model Approach.
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The utilization of computer models in this scheme is of course quite
obvious since physical models or full scale experimentation would be
economically unrealistic if not completely impossible.

Since this work deals with large areas of land and sea,it is logical to
utilize satellite imagery as input to the models and for verification of
the results obtained by the models, This is indicated in Figurel.2. Input
from the LANDSAT system is suggested in the river model. For instance the
LANDSAT images will give information about the present utilization of the
1and by colors as shown in the example of Figure 1.4 indicating how the
drainage basin is used for silviculture in the neighborhood of Apalachicola

Bay.

10 km
Figure 1.4. Computer Enhanced LANDSAT Image of Area North of Apalachicola
Bay Showing Silvicultural Activities. August 19, 1976.



In Figure 1.4 white indicates sand or urban development while the
color green shows marsh, swamp or natural forest. Purple areas are clearcut
forest that has been harvested within one year of the date of the image.
Orange is showing revegetated forest areas.

LANDSAT images enhanced for coler (quality} of surface waters are
used for verification by pattern recognition of water quality as discussed

later in this report and by Graham, Hi1l and Christensen (1978).

R O R PR

Figure 1.5. LANDSAT Image of Apalachicola Bay Computer Enhanced for Water
Quality. Outgoing Tide.



Verification data are of course also obtained by direct observation

of velocities and salinities in the bay.

1.2 The Apalachicola Basin/Estuary System

The Apalachicola Basin and Estuary system was selected for the
modeling effort described in this report because of its relative simplicity
as far as pollution and polliution sources go. Pollution of the river and
bay waters is at the present time generally limited to a lowering of the pH
probably caused by clearcutting of areas around East Bay. This phenomenon
has been extensively studied and recorded by Livingston {Livingston, 1981)
during the last decade. Information relating the increased acidity of the
waters to the silvicultural activities is scarce and has not been available
to the writers.

Although the model developed and verified in this report is specifi-
cally dealing with the Apalachicola system it should be emphasized that
the general methodology applied may be used in other river-bay systems.

As shown in Figure 1.6 the water entering the Apalachicola Bay may
originate as far away as from the Atlanta, Georgia, region from where it
enters the Apalachicola River primarily through the Chattahoochee and

2 in area and the

Flint rivers. Briefly, the basin is about 50,500 km
Apalachicola River proper is considered to begin at the Florida line and
flows about 170 km to the Gulf of Mexico. The river has been improved by
the U.S. Army Corps of Engineers to Bainbridge, Georgia, and a large
reservoir has been established at the Florida line.

The Apalachicola River has very good hydrclegic data. The mean
yearly hydrograph for the decade 1967 through 1976 is shown in Figure 1.7.
371,

The yearly average discharge is about 700 m This is a substantial
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Figure 1.6. The Apalachicola River/Bay System with Tributaries.

discharge. However, compared to the rate of tidal exchange of waters in the
bay it is very small. The river is therefore having only a limited
influence on the hydrodynamics of the Apalachicola Bay.

Apalachicola Bay, shown in Figure 1.8, is a barrier island-contained
estuary on the Florida Panhandle. It is geomorphically typical of such
systems, but is significant because of the importance of its waters to
marine life (Livingston, 1981). At present, it suffers relatively low
tevels of point-source pollution,

2 in area, depending upon where the boundaries

The bay is about 550 Km
are drawn. Mean depth is about 2 meters and is everywhere iess than 3

meters except in West Pass. As expected the system is dominated by the
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Figure 1.7. Mean Yearly Hydrograph for Apalachicola River for
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Apalachicola River whose mean annual discharge is about 700 m3/5. The
mean tidal range at Apalachicola is 0.40 m. The tidal prism is thus
220 million m3 on the average and the mean residence time per river water
about 17 days.

In general the bay is shallow, well-mixed and prone to being wind-
driven. Little else is known about its hydrography. It is quite remarkable
that the entire literature on the hydrography of one of the largest
estuaries on the Gulf Coast can be easily read in about fifteen minutes.
Most of the hydrographic data has been collected by biologists and is not

readily useful for engineering or oceanographic purposes, nor has it been



interpreted in a physically rigorous manner. Figure 1.8 shows the major
points of hydraulic interest in the modeling effort. These are, beginning
at the east side and proceeding in a clockwise manner, East Pass between
St. George Island and Dog Island, Sikes Cut penetrating St. George Island,
West Pass between Sand Island and St. Vincent Island, Indian Pass between
St. Vincent Island and the Florida Panhandle, the Apalachicola River
entering the bay north of the city of Apalachicola, and East Bay receiving
much of the runoff from the land areas used for silviculture in Franklin
County.

The following Figures 1.9 through 1.21 are aerial photos of these
points taken from the flight path in Figure 1.8 at the Tocations marked

A through M,

10
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Figure 1.9. Apalachicola Bay. VIEW A: East Pass Seen from South.
Left: St. George Island. Right: Dog Island.

Figure 1.10. Apalachicola Bay. VIEW B: St. George Island at Rattlesnake
Cove and Goose Island Seen from South.

12



Figure 1.12.

Figure 1.11. Apalachicola Bay.
VIEW C. St. George
Island at Causeway
Seen from South.

Apatachicola Bay.
VIEW 0. St. George
[sland between
Causeway and Sikes
Cut Seen from South.

13



Figure 1.13. Apalachicola Bay. VIEW E. Sikes Cut Seen from the Mexican
Gulf.

Figure 1.14. Apalachicola Bay. VIEW F. West Pass Seen from Southwest.
Left: St. Vincent Island. Right: St. George Island
{Sand Island).

14



Figure 1.15. Apalachicola Bay. VIEW G. Indian Pass Seen from Southwest.
Right: St. Vincent Island.

Figure 1.16. Apalachicola Bay. VIEW H. Indian Pass Seen from Southwest..
Left: St. Vincent Island.

15



Figure 1.17. Apalachicola Bay. VIEW I. North Shore of Bay at Green Point
Seen from Northwest.

Figure 1.18. Apalachicola Bay. VIEW J. The Apalachicola River Entering
Bay at City of Apalachicola (Right) Seen from Northwest.
John Gorrie Memorial Bridge.

16



Figure 1.19.

Figure 1.20.

Apalachicola Bay. VIEW K. East Bay Seen from Southeast.

e o

Apalachicola Bay. VIEW L. St. George Island Causeway Seen
from North.

17



Figure 1.21. Apalachicola Bay. VIEW M. East Pass Seen from West. Left:
Dog Island. Right: St. George Island.

1.3 (lassification of Apalachicola Bay

Estuaries are often classifed according to the degree and manner in
which they are stratified. Stratification is a function of river flow,
tidal prism, volume, depth-wide ratio, density difference, hydraulic rough-
ness and so forth. Classification schemes have been propaosed (Pritchard,

1970, 1973) which are based on several dimensionless parameters:

P27 % o or (1)
TQ’ 2 ,L,D

where
T = tidal period (12.42 hr)

P = tidal prism
Q = rmiver discharge
FpsPy = characteristic extreme densities
L = estuary length
D = average estuary depth

R = tidal range
18



If o corresponds to s (salinity) = 0 and 0 to s = 32% (ocean value)
and R is (almost) constant, then any classification scheme must be a function
of at least 2 parameters - one expressing inertial mixing ability and the
other reflecting geometry. For a given estuary, geometry and hydraulic

characteristics are fixed so a classification scheme 1is primarily based on

P
1] (1.2)

and, since T is also fixed, it can be seen to be a simple function of
retention time providing the estuary depth is not greatly dependent upon
river discharge.

The foregoing analysis has not considered wind shear, which is a very
important mixing mechanism for small D/L.

Considering the above and Pritchard's estuarine classification scheme
shown in Figure 1.22 the Apalachicola Bay may be characterized as a width
dominant estuary controlled by tidal currents originating from astronomical
as well as wind tides. It is a type D estuary.

1.4 The Apalachicola Bay Numerical Model and Atlas of Hydrodynamics
and Water Quality

Since the Apalachicola Bay is only slightly influenced by the river
discharge as far as the bay's hydrodynamics goes it was decided to use the
mean yearly hydrograph for Apalachicola River shown in Figure 1.7 as river
model input to the hydrodynamic estuarine model.

Water velocities, their orientation and water surface elevations are
modeled by use of the Wang-Connor CAFE-1 model {Wang and Connor, 1975).

This is a vertically integrated finite element model.

19
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Water quality is modeled by use of the Wang-Connor DISPER-1 model
(Wang and Connor, 1975) and the output from the CAFE-1 model. DISPER-1
is also a finite element model.

Since very 1ittle is known about the present and future water quality
of the river an arbitrary pollution concentration of 100 units have been
used in the quality model. This, together with a fairly simple formula for
conversion of the computer printout will allow the user of the reported re-
sults to compute the water quality at any location and time in the bay
corresponding to any pollutant concentration in the river. At the present
time the quality model is limited to conservative pollutants. However,
later introduction of decay and generation terms in the governing equation
will allow extention to nonconservative substances.

The final results are given for the 12 months of the typical year
during which average tides, winds and river flow are presumed to prevail.
The conditions are given for the typical tidal cycle for each month.
Velocity, net velocity as well as water quality corresponding to river
concentration 100 are given. Conditions are given for time increments
equal to one-eighth of a tidal cycle beginning at Tow tide. Thus each month
will be represented by 8 velocity maps, 1 net velocity map, and 8 water
quality maps. The total of these 204 maps makes up the atlas given at the

end of this report.

21



2. SELECTION OF MODELS
A short discussion of the selection of the model is given in this chapter.
For a more compiete discussion the reader is referred to an earlier report

to Sea Grant (Graham, DeCosta and Christensen, 1978).

2.1 Criteria for Selection

The primary criterion for selection of any model must of course be
their ability to accurately reflect existing and projected behavior in the
water body of interest. The basic characteristics of behavior of
Apalachicola Bay are described briefly in Section 1 of this report and in
more detail by Graham, DeCosta and Christensen (1978). It was concluded
that a two-dimensional vertically, averaged numerical model was appropriate
for Apalachicola Bay due to its generally well-mixed body of water. It is
1ikely that Apalachicola Bay would represent the case in Florida where
this assumption is most marginal, so that application to most other florida
estuaries would be justified.

It was felt that a real-time hydrodynamic capability was required to
properly simulate transient velocities and quality in the bay, since tidal
flow dominates and stormwater inflow is transient by definition. Since
many of the concentration terms (of the form U'c') in the equations are
nonlinear, it is not justified to use tidally-average net-flow models.

A primary goal was to reduce the sub-grid scale eddy diffusivity so
that the quality model will be as predictive as possible.

While the real-time 2-D hydrodynamic and dispersion models are
definitely state-of-the-art, 3-0 and multi-Tayer models are not (in the
author's opinion}. While promising results are being made with Z-layer

and multi-layer models, they must still be considered to be in a development

22



phase at least in terms of the capabilities of most potential users in

Florida.

Data requirements for loading a multilayer model are formidable,

so the 1ikelihood of reliable applications is even further removed.

To summarize, the selection criteria used were:

1)
2)
3)

4)

5}

7)
8)

10)

model must be a least two-dimensional

model must simulate transient conditions

model must be sophisticated, yet readily available,
praven, and tested

model must be nonproprietary, or documented to the
extent that it is effectively nonproprietary

model must be "state-of-the-art", but past the
research phase

model must be able to be run by users with reasonable

proficiency

model must be able to be run at a reasonable cost

model must be flexible, not site-specific, in its

applicability

model must be compatible with a water quality package

model must be able to simulate conditions typical of

the Apalachicola, and most other Florida estuaries, viz.:
a) shallow

b) influenced by freshwater inflow, tides and wind.

2.2 Models Considered

farlier reports and papers describe the several models considered

for application to Apalachicola Bay according to the criteria in Section

2.1. The strategy was to select a model for the hydrodynamics first.

23



After this model was chosen, a compatible water quality model could be
selected.

Among models considered were the following, with more detail given
by Graham (1977), Graham, DeCosta and Christensen (1978), and Graham,

Daniels and Christensen (1979).

1. Hydroscience Estuary Model (Hydroscience, 1977).

2. Dynamic Estuary Model! (also forms the receiving water model, RECEIV,
for the EPA Storm Water Management Model (SWMM) - (Feigner and
Harris, 1970)). See also Huber et al. (1975).

3. Leendertse Finite-Difference Model (Leendertse, 1967).

4. Masch Gulf Coast Model (Masch et al., 1969).

5. M.I.T. Finite Element Models

CAFE-]1 for hydrodynamics (Wang and Connor (1975), Pagenkapf
et al. (1976))

DISPER-1 for water quality (Leimkuhler, et al. {1975), and
Pagenkopf et al. (1976))

A number of other models were considered and discarded at an early
stage, especially those with no real time tidal characteristics {which is
also true of model 1 above). Extensive reviews are provided elsewhere and

will not be repeated here.

2.3 Models Selected

Based on a review of available models, coupled with the criteria
presented in Section 2.1, it was decided that one package, the CAFE-1,
DISPER-1 system developed at M.I.T. (also for Sea Grant) seemed overwhelmingly
superior. In addition to tecgnicalandverification advantages, it was
deemed important to select this finite element model for several reasons:

1} 1t provides more flexibility in discretizing the spatial

net,

24



2) nodes can be placed at known measurement stations,

3) finite element models were recommended by Dr. Frank Masch,
formerly of WRE, and Dr. John Wang of the University of
Miami, both recognized experts in the field,

4} Wang and Connor's (1975) finite element model has
recently been applied by Swakon and Wang {1977} to
Biscayne Bay with good results,

and 5) tapes and advice are available from Dr. Wang at the

University of Miami.

25



3. SPECIFIC FEATURES OF MODELS USED

In the following, only sufficient model detail will be presented to enable
understanding model features and limitations. More detail can be found in
the basic references and in earlier Sea Grant reports on this work. (See,

for example, Graham, Daniels and Christensen, 1979).

3.1 The CAFE-1 Model

3.1.1 General Description

The CAFE-1 (standing for 1-layer Circulation Analysis by Finite
Elements) model was developed and tested by M.I.T. (Wang and Conner, 1975).
It has the following general properties:

1) Real time, i.e., describing velocities and depths through

the tidal cycle.
2) Finite-element formulation.
3) Implicit time stepping.

4) One-layer, i.e., it is vertically integrated.

The model differs from other popular ones based on the Leendertse
finite-difference format in that a finite element computation scheme is
used. This computational scheme is more complicated, but has two very
significant advantages:

1) The elements can be of different size.

2) The elements can assume almost any configuration, providing

a triangular network is used.

Thus, the-fimite element grid can very closely approximate the geo-
metrical boundaries of the body of water being modeled, while a finite

difference scheme must approximate the boundary as the edges of squares.
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Since the finite element grid sizes can be of arbitrary size {usually
finite difference meshes are of one size), the grid can be made finer in
narrow enclosed areas as well as in areas of interest. Conversely, the
grid size can be made more coarse in large open areas, and in areas outside
of the region of interest. The advantage of having finer resolution only
in the region of interest is that computing costs, which are proportional
to number of elements, are reduced. The advantage of closely approximating
the boundary geometry in a hydrodynamic model is also quite important for
obvious reasons. Since pressure terms dominate, and these are easy to
measure and/or obtain from published data, for instance from tide tables,
and since the results are not greatly sensitive to reasonable value

choices of bottom roughness (Manning's n) and internal stress coefficients
it follows that a very good approximation to the circulation can be com-
puted with very 1ittle {(and inexpensively acquired) input data. Since
verification and calibration of numerical models can be guite expensive,
one which is intrinsically quite accurate can reduce total modeling costs
substantially by minimizing the empirical modification requirements.

During the study period, several grids were utilized to model
Apalachicola Bay. Each was generally characterized by finer grid (higher
resolution) in the East and West Bayou areas and in the East Bay region,
with moderate refinement in the Sikes Cut area and coarser grid elsawhere.
Other specialized grids could easily be developed to study other features
in the bay, although experience has shown that each new grid has special
problems in model stability and convergence to be overcome. These problems
will be discussed in more detail later.

Inputs to CAFE-T1 include
1) a grid, which requires nodes and elements to be defined

2} depths at each node
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3) boundary orientations

4) wave amplitude, phase and/or flux at boundaries
5) latitude |

6) wind speed and direction

7) Manning roughness

operator controlled
8} internal stress

These are relatively easy to come by, at least for the United States.
Qutputs include
1) unit discharge vectors and/or velocities

2) heights above mean Tow water

for every node point for every timestep. In this case, the unit discharge
vaiues (qx and qy) and a height were output for each node for a tidal
cycle of 744 minutes.

For preliminary purposes the water level was initially set to zero
and the model run until a periodic steady state was achieved (by 3 tidal
cycles). The output data for a steady tidal cycle were then written on a
disk. The data on the disk could then be manipulated and/or called for
graphical display, or used as input to the dispersion model DISPER-1. For
sinusoidal tides, repeating over each cycle, and use of a single cycle called
from memory to drive DISPER-1 resulit in considerable savings. The CAFE-I
program results presented later for the gridwith 28] nodes and 439 elements,
shown in Figure 3.1, typically took about 450 seconds CPU time at a cost of
about $25.00 on the University's IBM 3033 System for simulation of four tidal
cycles.

The CAFE-1 model, as mentioned, was originally developed at the R.M.

Parsons Laboratory at M.I.T. It has been applied to
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1) Massachusetts Bay - (Briggs and Madsen, 1973); (Christodoulou
etal., 1974); (Connor etal., 1973); and (Parker and Pearce,
1975).

2) Narragansett Bay - (Connor and Wang, 1974); (Swansorn and
Spaulding, undated).

3) Great Bay, N.H. - {Callikol and Reichard, 1976); (Swanson
et al., 1977).

4) Mareton Bay, Australia - (Steele etal., 1977).

5) Biscayne Bay, Florida -(Sengupta et al., 1978); (Swakon
and Wang, 1977).

6) Lake Pontchartrain - done at Louisiana State

University.

A1l of the known successful applications appear to have been made by M.I.T.
trained personnel, with the exceptions of the Lake Pontchartrain study
and this University of Florida study.

.These Tatter two studies, therefore, reflect the degree to which the
models are available to the public. Both LSU and UF personnel have been
able to run the programs, but it was concurred in private communications
that the package is, as yet, somewhat underdocumented for most users.

In some instances, the lack of documentation merely forces the user to
better understand the model before using it. In some cases, however,
required units or other items are unclearly specified and can cause consi-
derable confusion. In any event, current model use requires personnel
knowledge in both hydrodynamics and computer programming. Based, again,

on a comparison of respective pfogress at LSU and UF, it appears that a
training period of 6 to 8 moaths full time is necessary before satisfactory

results and progress can be obtained with this model package. This is not
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inherently unreasonable, but it should underline the necessity of establishing
continuity in terms of personnel capability.

An excellent outline of model properties and capabilities at a lay
level, including potential user applications, is given in an M.I.T. Marine
Industry Advisory Services Opportunity Brief.

The models are currently available from the Parsons Laboratory,
Oepartment of Civil Engineering at M.I.T., and from Dr. John Wang, Department
of Ocean Engineering at the University of Miami. Users manuals are also
available from M.I.T. Acquisition costs for both models (CAFE and DISPER},
(not debugged) were about $70.00. This reasonably covers cost in 1978
dollars. |

The tape containing the CAFE-1 and DISPER-1 models modified for the
Apalachicola Bay is available from the Hydraulic Laboratory, University of
Florida. A copy of this tape is attached as Appendix B to this report in

its original copy submitted to the Florida Sea Grant.

3.1.2 Equations for CAFE-]

Wang and Connor (1975) present the most complete derivation of the
equations. In the process of equation development, averaging over time
(to remove turbulence terms) and space (to reduce the eguations to two
dimensions) occurs. Such averaging always introduces additional coefficients
into the equations and changes the meaning of many terms. For example,
dispersion coefficients will include effects of depth averaging as well as
turbulent diffusion. Graham, Daniels, and Christensen (1979} follow the
outline of Swakon and Wang (1977) to present the basic equations. Several
variables must be introduced, including vertically integrated discharges
per unit width (qx and qy) in the two coordinate directions (x and y) and

surface displacement above mean low water, n.
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The total depth, H, is then given by

in which
vertical coordinate

™~
i

=
]

depth at mean low water (MLW)

The basic equations can be written as follows:

Conservation of mass:

n éq 8q
ot X 4 ok =
) * X * ay 9

Conservation of momentum in x-direction:

3q, 3(uq )} 5(ug )
AX - X + Y- _ fq
ot ax ay y
+l[in pdz - S.B_H_ bg.h_]
erax ) P ax P 3
¢ G -1 T
S (Fy) - (R )+ S LW = 0
Conservation of momentum in y-direction:
&, alva,} 3(va,)
4 X Y
m o Ty Ty
+l[—3-fn pdz - p* &1 - pP 30
p -3y -q 3y sy
S b
..._3..._ - _3__ + I -1 M =
oy (ny) ay (Fyy) P My 0
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in which
f = i ] = . . i Q
Coriolis pa’r‘ameter 2 mearth sin 29

corresponding to the latitude of Apalachicola Bay
p = pressure
ps = atmospheric pressure
p’ = bottom pressure
t° = surface stress
T = bottom stress
p = Tocal density of water in the bay

q; = volume addition rate

t = time
u = qx/H = local mean velocity in x-direction (3.5)
v s qy/H = local mean velocity in y-direction (3.6)
%,y = Cartesian coordinates (horizontal)
Fx ,F. . = internal specific stress terms (stress/density),
Y Y¥  sometimes termed "turbulent eddy viscosity
coefficients"

M.,M = momentum addition per unit horizontal area

A Bouissinesg approximation is used in the pressure terms, viz:

n 3
3 s an b ah N gy
ax J-h pAz - P75 P o~ f M Y P
1 w2 32p
+ T on? 2L (3.7)

in the x-direction. A similar equation is derived for the y-direction.

Here
o{xsy,t) = 0, + dplx,y,t) {3.8)

with the usual definitions. For practical purposes the effect of

the atmospheric pressure usually induces a 1 cm change 1in
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sea level; this may not be readily justified. The reason for doing so is
simply that these data are not available. Since most estuaries are small
in scale compared to weather systems, only a constant error results. If
the MLW is assumed to be a flat arbitrary datum (which, again, for
practical purposes is a necessary assumption in most cases}, then no
detectable error results.

The term % g H2 %%? is also often ignored. Based on the premise
that most passive pollutants do not change the density field. An exception,
of course is salinity.

The internal stress coefficients, can be written as

O IS I (3.9)
where Eij are the turbulent eddy viscosity coefficients, which can be

manipulated. In practice, the terms Eij serve several functions, including:
1} Expressing "true" turbulent eddy viscosity {assuming the
validity of a mixing length analogy).
2) "Internalize" Reynolds stress terms lost in averaging over
the depth. |
-3) "Internalize" horizontal Reynolds stress terms of such scale
that the grid cannot resolve them.
4) Expressing true molecular viscosity. This component is of
course of negligible importance at these scales.
5) An adjustment coefficient to calibrate the model.

6) Help stabilize the model.

Addition of the Fij terms essentially adds some elegance to the model.
Leendertse's (1967) 2-D finite-difference model negiected these terms.

They were included by Wang and Connor {1975) because
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"We feel that the inclusion of Fij has several attractive

properties. It allows for internal friction and thereby
energy dissipation, provided Eij is positive; it does

represent actual physical processes (although not accurately)

and it is particularly suitable for damping short wave noise

generated by numerical methods."

Note that no explicit stability criteria have yet been developed for
CAFE-1, at least as reported by Wang and Connor (1975), so inclusion of a
damping term for high-frequency noise is very useful. In comparison,
explicit stability criteria are known for a finite-difference grid of
constant element size. |

The model does not seem particularly sensitive to values of Fij as
noted by Connor and Wang (1975). A comparison of Eij values will be pre-
sented shortly. A significant test to determine whether a numerical model
application is credible and predictive lies in the values given the
"adjustment coefficients"”, such as Eij and n (Manning roughness coefficient)
in CAFE-1, and the dispersion coefficient Dij in DISPER-1. If these
coefficients have values which are reasonable in relation to values used
in analytic hydrodynamic approximations (taking the grid size into consi-
deration), then some confidence can be placed in the predictability of the
model. If extraordinary values of "adjustment coefficients" have to be
used to match the model output to measured data, then the application is
1ikely unique (or incorrect). This comparison may be a more valid "bottom
line" test than a comparison of model output to measured data.

Note that the gradient terms (aqi/axj, ...) in Equation (3.9) are
approximated by finite values onthe grid, and error results if the grid is
non-zero in size. The values of F,; and E,. are therefore functions of the

1] J
Tocal grid scale as well as hydrodynamics.
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The bottom stress terms in Equations (3.3) and (3.4) use the generally

accepted quadratic approximation:

q
b . 2 2.\1/2 X4
Txi Ce Py (qxi * qxj) ];f' (3.10)

in which

2
Ce =;“1—/9§ (3.11)

n = Manning's "n"
and g = acceieration due to gravity.
Therefore,
Tgi - ?‘/—3 (3.12)

For shaliow estuaries then, significant improvement in the output
quality is achieved by computing the velocities using instantaneous values
of total depth, since the tidal range is a significant proportion of totai
depth. Note that Manning's "n" is another "adjustment coefficient".
Reasonable values are well known however, and lie in the range 0.020 to
0.040. [Most values of n have been computed for rivers. However, some study
is required to find appropriate values for flow over oyster bars and shell-
Tittered bottoms.]

The wind stress term Ts/p warrants qualitative discussion. Recent
oceanographic studies have indicated that wind is a far more important
energy input source to estuaries then had heretofore been surmised (Weisberg,
1976). Most Florida estuaries can be considered to be wind dominated. Work

at the University of Florida in coastal canals indicates wind is much more
influential in flushing than tidal action (see Morris, Walton, and

Christensen, 1978). Tidal measurements by Hydraulic Lab persconnel show

that wind-set up can be up to about 3 times the tidal range.
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The wind stress term in CAFE-1 is of the accepted quadratic form:

s _ 2
T = Bip CD UTO (3.13)
where
Paip = air density
CD = a dimensionless drag coefficient

= air velocity at 10 meters above water surface,

U
10 R

inms
The form given for CD is
= (1.1 + 0.0536 Uy ) x 10-3 (3.14)

This is based essentially on empirical data. Oiscussion of development
and validity of Equation {3.14) and (3.15) is given by Briggs and Madsen (1973).
Properly setting the boundaries may be a problem when there is a significant
wind setup. This usually requires an independent study of setup properties.
One approach is to run the model with no tide and adjust the boundaries so
@ smooth setup is established and then superpose tides on the MLW level.
Alternatively, real-time wind and tidal data can be input.

Final forms of Equations {3.2) to (3.4} are developed by inserting
these approximations:

Conservation of mass:

b, 9
oH . X L Y -
sttty O (3.15)

Conservation of momentum in x-direction:

2(a 7H)  ala,a /M)

+
+
i

0



L. SN L (3.16)

Conservation of momentum in y-direction:

2
aq, alq.q./H} 3(q “/H)
y Xy y
3t % F syt fa

X

S 2

oY p Y 2p 3y

Pair

24 g Q172 9y
p
[s]

* Cp IUrgl Urgy = C¢ (9" + 9, 2

oF af
SRR, AU A A =
X % M} 0 (3.17)

Numerical approximation procedures used in CAFE-1 will not be discussed

in detail here. For details see Wang and Commor (1975).

3.1.3 Turbuient Eddy Viscosity Coefficient Eij

The eddy viscosity coefficient Eij is the major variable parameter by
which the engineer can adjust the model results to fit a data set. For
this reason a separate section is devoted to this parameter here. Model
validity and predictability therefore hinge on the credibility of the
values assigned to Fij' A brief literature review was made to determine
what reasonable values might be. [t has been shown that Fij is a function
both of the velocity field and characteristics of the numerical solution

grid,
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A "rough" formula for estimating Exx is given by Wang and Connor

(1978), as

- i
u.
i
where
a=x 0.1 te 0.0
g =981 ms2 (3.19)
fi = expected tidal range

=>
il

expected velocity

A% = characteristic grid Tength

For @ < 0.02 the only effect of this term is to dampen short wave noise.
Note that ., 2;, E,; refer to components in direction i. A better
approximation for the velocity field contribution might be the difference
in characteristic velocities across AL;.

Few authors have provided any insight into the rational for choosing
the eddy viscosity coefficient values they have used. Some sample values

are produced in Table 3.1. Since grid sizes varied so greatly in different

applications, a nondimensicnalized value, E?i’ defined by

* =
BYi = —— (3.20)
Aﬁi

is introduced as more appropriate for comparison. It can be seen in the
table that values for this parameter range from .0025 to .002, with credible
values being in the range .001 to .05 (depending on the value of a used).
As noted by Wang and Connor (1975), jdeally Eii should be minimized with a
having a highest practical value for damping of about 0.02. High values of

E?i indicate the modeler may have forced stability on the system, although

many other factors may also be important in such cases.
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Table 3.1. Values of Turbulent Eddy Viscosity Coefficients for

Numerical Models.

t.

=>
-

E*

825> i ii i1
Source m sec m m més™]

(Steele et al., 250-500 100 2 0.5 500 0.2-0.8
1977)

Great Bay, N.H. 250 10 1.2 1.5 36 0.0057
{Cellikol and

Reichard, 1976)

Portsmouth 150-250 8 1.25 0.5 20 0.0016-
Harbor, N.H. 0.0044
(Cellikol and

Reichard, 1976)
Massachusetts Bay 5000 100 2 0.2 10,000 0.04

(Connor and Wang,
1977)
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For the Apalachicola grid some reasonable estimates are, for the

smallest element, with low velocities

o = 0,02
-2
g=98ms
A~1m
a~0.1m 5-1
Aii ~ 350 m at least
£,5 ¥ (0.02) (34335) = 686.7 mes™!
and
Bi1 4% _ 686.7:60 , 4 33
7 T80 .
%5

For the largest elements, with highest velocities,

1

G~0.5ms

321 ~ 3000 m
~ ~ 2 -1

E,i,i = {0.02) (58860) = 1177 m"s

and

7 > = U

A21 3000

In fact, values of E._ =E =40 mzs"‘| and E = 2- mzs'] were
? XX vy XYy

selected for subsequent model runs to minimize impact of this parameter
and assure a search to define the important physical variables in the

system. Values of E?i for these values of E;; are

1) smallest of elements

E?i = .02

2} largest elements

E?i = .0002
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In general the personnel on this project preferred grid manipulation
to increasing Eii as a means to achieve stability in CAFE-1. The decision
was made to use the Towest appropriate values found in the literature and
design a stable grid around these. The procedures used to obtain a stable

grid will be discussed in the next section.

3.1.4 Application and Debugging of CAFE-]1 Model for Apalachicola
Bay

Application of the CAFE-1 model to Apalachicola Bay turned out to be

a trial and error process which took somewhat Tonger than anticipated. A
finite learning curve exists however, since it is now possible to change the
grid in a timespan of 2-3 days, whereas it took about 4 months to get the
first successful run.

Apalachicola Bay is complicated by the fact that there are several
tidal inlets and several river inflow locations. The application was further
co&ﬁ1€éatéﬁ by the fact that the dispersion model required good resolution
of East Bay and East and West Bayous. This required an extreme range of
element sizes, which tends to make the model unstable.

Finding a stable grid is something which was found best learned by
trail. It becomes intuitive to some degree, and this is a drawback of the
model in its current form. An initial "ideal" grid proved to be completely
unstable. Then a grid was made in which elements were made more equilateral,
and element sizes varied sTowly. This was gradually modified to the working
grid by changing several unstable areas. To accomplish this the graphics
routines were found very helpful.

Unlike DISPER-1, CAFE-1 tends to die quite rapidly when an instability
occurs. The initiationof the instabilities could be traced by reviewing

velocities at all points for time steps leading up to the instability. This
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is, however, very inefficient. Therefore, graphics routines for the Gould
(essentially the same as CALCOMP) plotter were developed to enabie plotting
velocity vectors at desired time steps. It was then very easy to see
where instabilities occurred. The problem was usually one of the following
items:

1) improper node or element definition

2} total depth less than about 1 dm at low water

3) grid changed size too rapidly

4) dirregular triangle shape

5) grid elements too large in zone of rapid velocity change

6) too rapid change of depth.

Since instabilities tended to occur sequentially, the procedure
usually consisted of fixing one problem at a time. As the total number of
potential instabilities was not known, the process was discouraging at
times.

Despite the fact that an implicit time step routine is used in CAFE-1,
there appears to be a 1imit on the time step imposed by stability
considerations. This criterion seems to take the form of the Courant-
Friedrichs-Lewy (CFL) condition. The two-dimensional form of the Courant

number is given by Cunge (1977) as

_At e
Cr = A g {3.21)

In theory, an implicit scheme should be stable for any value of Cr’ aven
considerably greater than 1, although the accuracy af the solution will
generally decrease as Cr approaches higher values. The theoretical
stability of the model is, however, tempered by real physical features.
For example, Cunge (1977) discusses the Leendertse (1967} scheme, which is

considered a strictly non-dissipative, second-order accuracy scheme. This
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means that no numerical damping of wave amplitudes will occur, which is
desirable for real waves. However, this also means that discontinuities,
perturbations, rough geometry (rapid depth changes, etc.) will create
numerical waves which are not damped. Therefore, a theoretically stable
scheme may become unstable in some applications. [t should also be noted
that the theoretical stability limits are always obtained by a linear
stability analysis of the von Neumann type which can best be considered a
guide to stability of the nonlinear equation system.

Considerable numerical experimentation led to the adoption of a

practical CFL-type criterion given by
At < 0.7 Ax0/¥29 Ho - (3.22)

for this model in which Xo and H0 refer to the grid location giving the
critical value for At.

It was found- that for. all grids thus far used, Equation (3.22) yielded
values close to 60 seconds, and a time step of 60 seconds for CAFE-] runs
was in fact found acceptable and will be used for ail results presented in

this report.

3.2 The DISPER-1 Model

The selection of DISPER-1 was rather direct once CAFE-] was
selected as the hydrodynamics model. It is 2-D, real-time, finite-element,
compatible with CAFE-1, and readily available. Because advection dominates
dispersion in tidal systems, a real-time model is required. This need is
particularly stromg given the transient character of stormwater quality and
quantity. Avai1abﬁ1ity of real-time capability will be extremely beneficial
when any biological, chemical, or other time-dependent constituent changes

and interactions are added to the model at a later date.
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DISPER-1 is a real-time, 2-D, vertically-averaged finite element model
for sclution of the convective-diffusion eguation given hydrodynamic inputs
from another source {in this case from CAFE-1). The model is described by
Christodoulou et al. (1976), Leimkuhler et al. (1975), and in a user's

manual by Pagenkopf et al. (1976).

3.2.1 Equations and Boundary Conditions for DISPER-]

The model solves the classicial convective-diffusion equations:

Following Leimkuhler et al, (1976)

%*%(UC)‘"%(Vc}’"%x‘%%*Pc’ (3.23)
in which 6 =g ’ Uxx %ﬁ" o H ny %5 (3.24)
AR LTS (3.25)
c=pcCH - (3.26)
where _
¢ = average concentration of a constituent

'H = total depth
p = density of water

u,v = vertically averaged velocities in x and y
directions, respectively

c = vertically integrated concentrations

P = sources and sinks of mass

=
[t}

dispersion coefficient

Note that Equation {3.23) expresses conservation of mass of the constituent

of interest. Values of u and v came from CAFE-1.
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Either a fixed concentration or a fixed mass flux can be specified as
a boundary condition. These may be specified on elements or nodes or some
combination thereof.

It is important to bear in mind that this is a finite element scheme
when loading the boundaries. Linear interpolation functions are used, so if

1

a smooth unit load of 1 kg s~ ' is to be placed across 3 points, then loading

1

will have to be assigned as 0.25 kg s ' on each of the outer points and 0.50

! on the central point of the three. Also, if the grid has a depth

kg s
of 2 m, then the initial concentration of the above scheme will be 1/2 that
for a grid of 1 m depth. This is because the model solves for depth-
intergrated values, as noted in Equation (3.26).

At the present time boundary conditions may vary in DISPER, but only
if they are specified explicitly over the tidal cycle or over time. This
is inconvenient for many probiems (and especially for the determination of
salinity} since the solution at the boundary must be specified before it
is known. Known applications avoid this problem by assigning a decay value,
or by having the source sufficiently weak that complete dilution occurs, so
that ¢ is equal to zero at all times at the boundary. Another useful
approach is the floating boundary condition developed by Dailey and Harleman
(1972) which sets the boundary concentrations at ocean value during flood

tide, and specifies that the gradient of the dispersive flux during ebb

tide remains constant.

3.2.2 Stability and Convergence of DISPER-I

The best work in the areaof stability and convergence of DISPER-1 has
been done by Christodoulou et al. {1976), and experience at the University
of Florida has helped strengthen their findings for appiication of DISPER-]

to Apalachicola Bay. In the dispersion model, three factors combine to

46



change constituent concentrations. These are advection (represented by
the velocity, u), dispersion {represented by the dispersion coefficient,
Dii)’ and decay (represented by the appropriate decay or reaction cgeffi-
cients). It has been found that typical decay terms create slower changes
than the other two terms and can generally be neglected in stability
analyses. Christodoulou et al. (1976) found that the total effect of
advection and dispersion could be represented in defining a "safe" region
given by the following inequality.

(1.22 “M—M)2 + (8 Eg;i)z <1 (3.27)
It should be noted that Equation (3.27) is based on a theoretical analysis
assuming very regular and equilateral triangies and verification has
occurred only on moderately irreqular grids. For highly irregular grids,
the allowable time step may be considerably below that given by Equation

{3.27). Equation (3.27) can be converted to

2 1.2
at < [(1.22 + (8 =5 ] (3.28)

U
&X)

As an example, for element sizes of about 400 mm, D.. of 100 mzs'], and a

1

ii
maximum velocity of about 1.5 m s~ ', Equation (3.28) yields a value of
147 s. This, too, may need to be further reduced due to other problems.
However, in general it is true that DISPER-1 is stable at Tonger time steps
than CAFE-1.

Once the models have been made stable for a given grid, then one
must turn to the question of accuracy of the solution or convergence to the

true solution. MNo specific c¢riteria have been developed in this regard

for CAFE-1, although it is generally believed that a stable solution is
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also accurate unless unexplained oscillations persist in any portion of the
flow region.
Christodouiou et al. (1976) proposed an accuracy criterion for

DISPER-1, given by inequality (3.29)

2 0,.

ij
AX < — {3.29)

Inaccuracies in DISPER-1 exhibit themselves as negative concentrations and

1

as ocillating values of concentrations. For Dii = 100 mzs‘ and a maximum

], it can be seen that Equation {3.29) yields a

velocity of u = 1.5 m s~
very small element size of about 130 m. If in fact such a small element
size were chosen, thern values of the time increment would be drastically
Towered, as shown by Equation (3.29) for DISPER-1 and Equation (3.22) for
CAFE-1.

Fortunately, Equation (3.29) applies primarily in areas of high con-
centration gradients and high concentrations. In regions far from the
sources, where concentrations remain Tower, a larger length scale may
function satisfactorily. It should be realized, however, that the grid
size may have to be modified, and hence the time step, to eliminate oscil-
lations and non-negligible negative concentrations.

Several other features may play a role in determining model behavior
but have not been cast in any quantitative criterion. A few of interest
here will be mentioned. It has been shown that the schematization of the
source(s) in DISPER-1 is very important. In one example given by
Christodoulou et al. {1976), the criteria given by Equations (3.28) and
(3.29) were both met. In two runs, all parameters were the same except
that the source was distributed over two elements in one run and aver eight

elements in the other run. The run with eight elements for the source gave
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completely satisfactory results, while those from the other runs exhibited
excessive oscillation. Therefore sources should be distributed over
several elements, but it should be realized that this often means that model
predictions very near the source may be less valid.

The element shapes and gradation of element sizes have been observed
by Hydraulic Laboratory personnel to pe very important also. Elements too
different from an equilaterial triangle may cause problems. In addition,
oroblems may occur where element sizes change too rapidly. This also
includes too rapid a change in depth, even where element sizes and shapes
are fajrly regular.

A factor in stability and accuracy is the initial condition chosen for
the bay. A common approach used in earlier Apalachicola Bay runs is the
so-called cold-start, with zero concentrations, e.g., specified in DISPER-1.
The model can, however, be operated in a hot-start mode, where concentrations
are specified throughout the grid at time zero. Of course, in either case,
the model is run sufficiently long {through several tidal cycles) to remove
any bias provided by the assumed initial conditions. However, instabilities
or inaccuracies could occur due to the extreme gradient of concentration
setup at the onset of model operation. If this occurs, it may be more
economical to specify a realistic initial concentration field as opposed

to severely restricting element size and time increment.
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4, MODEL VERIFICATION

As noted in Section 3, the two mpdels being used have been verified
by application to other waterbodies and comparing resulis to measured data.
Of course, as is always the case, verification may be in the eye of the
beholder. In the following,verifications of the models as used in the

Apalachicola area will be discussed.

4.1 Verification of CAFE-I1

4,1.1 Field Data

Two primary types of data were obtained from the field: (1) tidal
information at various points in the bay and (2) water velocity measurements.
In addition, the wind velocity was measured several times during the data
collection process.

Most of the field data to be discussed in this report were gathered
from September 15 through September 26, 1980, and from November 7 through
November 9, 1980,

4.1.1.1 Tide Recordings. Tide gages were place at each of the four

ocean boundaries: East Pass, Sikes Cut, West Pass, and Indian Pass. The
tides recorded at these gages were used as input boundary information to the
mode] .

In addition, tide gages were installed at two internal points in the
bay (points A and B in Figure 4.1). The recordings from these two tide
gates were used as a comparison with the model results. Figure 4.2 shows.a
tide gage and recorder in place on a private dock at Indian Pass. A sample
recording of the tide at East Pass is shown in Figure 4.3.

Additional tidal information was obtained from NOAA.
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4.1.1.2 Velocity Measurements. All velocity measurements were

taken from a boat using a V "Arkansas" Ott Meter (see Figures 4.4 and 4.5).
Logarithmic velocity profiles were assumed, so the velocity readings to
be compared with the model output were taken at 36.8% of the total depth
from the bottom (which is the location of the spatial mean velocity for a
Toghrithmic velocity profile). Velocities were also recorded at ather
depths so that velocity profiles could be plotted and the assumption of
logarithmic velocity profile checked.

At points C and D (Figure 4.1) measurements were taken at short
intervals for periods of about four hours. These values were used as a
comparison with the model results. Velocity profiles were also measured
at several other points in the bay.

Flow direction was measured with a compass after hoisting the Ott
Meter to an elevation where it could be seen (see Figure 4.6). It is
assumed that the flow direction is the same at all depths below-ihe wéter

surface.

4.1,2 Model Input for Verification Runs

4.1.2.1 Grid Configuration. The finite element grid shown in

Figure 3.1 was used for all of the computer runs to be discussed in this
report. It contains 281 nodes and 439 elements.

This particular grid was chosen after experimentation with several
grids because of its many desirable characteristics. First, the element
size 1s small enough to provide an accurate representation of the bay.
Second, most of the triangles are approximately equilateral and there is
no rapid change in element size. This is of particular importance because
rapid change in element size as well as irregular triangles, tends to produce
instabilities which cannot be predicted by quantifiable stability criteria as

discussed earlier.
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Figure 4.6. Observation of Direction of Water Flow.
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The remaining reasons for choosing this grid are related to the cost
of running the model. This cost is roughly proportional to the number of
elements and inversely proportional to the timestep.

The timestep was chosen to be 60 seconds in accordance with the earlier
discussed stability criteria. In addition, the output from CAFE-1 is used
as input to a water quality model and 60 seconds is a convenient interval

for transferring this information.

4.1.2.2 Turbulent Eddy Viscosity Coefficients. As stated earlier,

intefnal stresses from turbulence and velocity shear are represented in
the model in the form of Equation (3.9}, Since there is no way to actually
measure these stresses, the literature review provided reasonabie values
for theeddy viscosity coefficients. The values currently being used are

the following:

3 -1

ax = 40,0 m"s
3 -1
= 40,
Eyy 0.0 mzs ]
Exy = 20.0 m"s

The sensitivity of the model to these coefficients was not known.
A single computer run was made with each of these values cut in half. The
rasultant change in velocities was only about 1-2%. The turbulent eddy
viscosity coefficients are parameters that can be easily manipulated by
the operator for the purpose of calibrating the model. Therefore, a more
detailed study on the effects of making larger changes in these parameters

may easily be undertaken if necessary.
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4.1.2.3 Manning's n. The first set of computer runs was made with
n =0.045. This value was calculated in accordance with the method pro-
posed by Christensen (1975) from a few scattered velocity profiles obtained
in the field. From the velocity profiles that were logarithmic (surprisingly
few of them were not), an average of the n values was taken. This average
was input as a constant value for the entire bay.

Since the first set of runs yielded velocities that were too small, a
second set of runs was made with n equal to a constant 0.030 throughout the
bay. The result of this change will be discussed in more detail in the
next section.

It is also possible to input varying values of Manning's n throughout
the bay. Although this is more time consuming than simply supplying a
constant value, it is the only way to account for di fferences in bottom
friction at various locations. This type of input can be used as a final

step in "fine-tuning" the model.

4.1.2.4 River Flow. Although river flow is a physical characteristic
of the bay, the exact river discharges are not known for the periods during
which data was taken. However, average monthly flows for the Apalachicola
River (1961 - 1976) were available from the U.S.G.S. so these values were
used (see Table 4.1 and Figure 1.7). Fortunately, errors in the river
flow do not significantly affect the owerall hydrodynamics of the bay, because
the river flow constitutes a very small part of the total amount of water
entering the bay. This is illustrated in the following calculation showing
the ratio of river flow (Q = 705 nﬁs'] for the Apalachicola River) during a

half tidal cycle to a mean tidal prism height of 0.5 m:
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Table 4.1. Average Monthly Flows for the Apalachicola River for Period

1961-1976,
Mean
Disghf{ge Ratio to Mean

Month m-s Annual Discharge

0 387 .55

N 391 .56

D 617 .88

J 985 1.40

F 1131 1.60

M 1209 1.72

A 1082 1.54

M 687 .97

J 580 .82

J 505 A

A 496 .70

S 392 .56
Mean Annual Discharge 705 1.00

These values correspond to the hydrograph given in Figure 1.7.

60



(oog) - 205.m%s™!) (60 s min™') (60 min h1) (6.21h) _; -
(550 kn®) (0.5 m) (1,000,000 m° km °)

4.1.2.5 Wind Velocity. The model does not provide for the input of

time-varying wind velocity, so average velocities were used. For the run

used as - a comparison with the internal water surface fluctuations:
wind velocity = 2.24 m s"] (5 mph) at 207° clockwise from North
For the two runs used as comparisons with water velocities:
wind velocity = 2.24 m s"] (5 mph} at 0° clockwise from North

4,1,2.6 Tide Information at Boundaries. The tidal curves at the

boundaries are input to the model as a set of amplitudes and times. The
model then approximates the tides as a series of sinusoidal curves. It is
important that the first half tide curve input to the model is one of in-
creasing water elevation (i.e., from low tide to high tide) since the
initial depths in the model are at MLW.

Complete tidal information at all boundaries was available for the
run used as a comparison with the internal water surface fluctuations.
However, for the two runs used as comparisons with the water velocities,
only partial boundary data was available. (Tide gages were only set-up at
Fast Pass and Indian River Pass when the velocity data were gathered.)
Correction factors for both amplitude and time lag were established from
the complete set of curves and used to estimate the tidal curves at West

Pass and Sikes Cut for the remaining runs from the information at East Pass.

4.1.2.7 Depthsat MLW. The depths input at each node were obtained

from a Navigational Chart published by NOAA. The depths input at West Pass

61



and Sikes Cut are siightly Tower than the actual values, because the latter
causes instabilities in the model with the 60 second time step. Using a
time step small enough to permit the input of actual depths would make the
cost of running the model prohibitive. To compensate for the smaller
depths, larger than actual widths were input so that the cross-sectional

area of the outlets remained the same.

4.1.3 Comparison of Model Results with Fieid Data

Figures 4.7 and 4.8 show field measurements and mode]l results for the
water surface fluctuations at two points,B and A,in the bay. Computer
results are shown for n = 0.045 and n = 0.030. At point B, both computer
runs are extremely close to the range and phase lag of the actual curve.
The change in Manning's n produced only about a 5 percent change in the
tidal range and almost no difference in the phase lag. This is important
to note, since the same change induced a much larger difference in
velocities. The difference between the range of the computer run with

0.030 and the actual measured range is only about 7 percent.

n

At point A, there is almost exact correlation between the range of the

n = 0.030 computer run and the range of the recorded curve. However, there
appears to be a slight phase lag difference between the two (about 10
percent).

Similar correlations between measured and computed velocity and
velocity orientation are obtained with the model. Figure 4.9 shows the
comparison at point C as an example. OCbserved and computed values
of the vertically averaged velocities at points A through B show
similar satisfactory agreement. The predicted model velocities are

often lower than the observed velocities. However, Wang (1978) reports

that a comparison of current velocities measured by portable current
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meters from boats with those measured by recording current meters mounted
on fixed structures showed that the former tend to be inflated due to wave
motion. Hence, the agreement between observed and model predicted

velocities may be even better than the observations indicate.

4.1.4 Comparison with Wang's Verification

Figures 4.10 and 4.11 show field and preliminary model results
obtained by Wang (1978) using the CAFE-1 model at Biscayne Bay. Wang
considers his results to be good for an initial computer run with no
adjustments. A1l of the results for Apalachicola Bay discussed in the
previous section fall well within the errors illustrated in the two
figures. Therefore, it may be assumed that CAFE-1 correctly predicts the
principal physical processes in Apalachicola Bay. However, further refine-

ment is stil) possible as more detailed data in specific areas are obtained,

4.1.5 Further Calibration

Because of the Targe change in velocities occurring when n was de-
creased from 0.045 to 0.030, it was estimated that further decreasing n
to 0.015 would cause the model to output velocities of magnitudes approxi-
mately equal to those measured in the field. However, use of n = 0.015
results stability problems, presumably because the larger velocities
produced violated the stability criterion. Since the instabilities occurred
early in the run (about halfway through the first tidal cycle}, it is
possible that the velocities causing the stability problems are produced
only as a result of the "cold-start” (i.e., all initial velocities and
water surface elevations set equal to zero). Assuming that the steady-
state velocities are smailer in magnitude than these initial velocities,

it may be possible to eliminate the instabilities by inputting initiail
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Figure 4.10. Surface Displacement Verification by Wang for a Model of
Biscayne Bay Using CAFE-1 (Wang, 1978b).
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Figure 4.11. Hodograph Comparison by Wang for a Model of Biscayne Bay
Using Cafe-1 (Wang, 1978b).
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vatues for the velocities and water-surface elevations. These values can
be estimated by using the model output from past runs. Although it will
take some time to input these values initially, this change will probably
decrease computer cost because less computer time will be required for the
model to reach a steady-state. (The model is currently being run for

three to five tidal cycles before the final information is output).

4.2 Verification of DISPER-1

The verification of a transport model can take many forms. Field
data can be obtained for releases of a dye or other tracer from the river
mouth or other sources. In an estuary of this size, the problems with such
measurements can be simply too great in terms of time and manpower. A
reasonable alternative is to model some naturally occurring substance which
can be monitored by point samples through the bay, rather than following a
tracer cloud. The best choice is salinity. While large amounts of salinity
data exist on the bay, unfortunately concurrent tidal and velocity are data

rarely available. Therefore, additional data was obtained for this study.

4.2,1 Field Data for Qua]jty Verification

The specific set of salinity data to be treated here was taken in
September, 1980, by a field crew from the Hydraulic Laboratory at the
University of Florida and analyzed in Gainesville. The data are reported
in Table 4.2.

A review of the data in Table 4.2 indicates both spatial and temporal
variation of salinity; see, for example, the values at East Pass at two
different times. Notice also some apparent small anomalies in the data
which evidently reflect measurement error, symptomatic of difficulties of
sampling in such an environment. It is also interesting that samples 22 to

26 at East Pass are inverted from that expected, indicating possible
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Table 4.2. Salinities in Apalachicola Bay, September 1980.

Hydraulic Laboratory, University of Florida.

Observed by

Sample Approximate Salinity Date, Time
No. Location ppt of Sample
1 Apalachicola River Mouth 1.6° 9-18-80, 1010
2 Apalachicola River Mouth 21.2 9-18-80, 1010
3 Center of Bay 30.4° 9-18-80, 1100
4 Center of Bay 30.0 9-18-80, 1100
5 Center of Bay 31.6 9-18-80, 1100
6 Center of Bay 28.3 9-18-80, 1100
7 Center of Bay 31.20 9-18-80, 1100
8 West Pass 33.2% 9-18-80, 1630
9 West Pass 3.0 9-18-80, 1630
10 West Pass 29.2 9-18-8G, 1630
i1 West Pass 33.8 9-18-80, 1630
12 West Pass 32.4° 9-18-80, 1630
13 Sikes Cut 29.8° 9-18-80, 1730
14 Sikes Cut 30.0 9-18-80, 1730
15 Sikes Cut 31.8 9-18-80, 1730
16 Sikes Cut 32.0 9-18-80, 1730
17 Sikes Cut 33, 0P 9-18-80, 1730
18 East Pass 35.0° 9-19-80, 1140
19 East Pass 35.0 9-19-80, 1140
20 East Pass 34.4 9-19-80, 1140
21 East Pass 34.8P 9-19-80, 1140
22 East Pass 36.8° 9-26-80, 1500
23 East Pass 35.8 9-26-80, 1500
24 East Pass 38.2 9-26-80, 1500
25 East Pass 44.3 9-26-80, 1500
26 East Pass 43.5° 9-26-80, 1500
27 New River 28.7 9-26-80, 1600
28 South Span-Causeway 34,9% 9-26-80, 1820
s = surface
b = bottom
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Table 4.2 - continued.

Sample Approximate Salinity Date, Time
No. Location ppt of Sampie
29 South Span-Causeway 36.1 9-26-80, 1820
30 South Span-Causeway 35.0 9-26-80, 1820
31 South Span-Causeway 37.8 9-26-80, 1820
32 South Span-Causeway 36.5° 9-26-80, 1820
33 South Span-Causeway 37.5° 9-26-80, 1820
34 . North Span 30.4° 9-27-80, 1150
35 North Span 34.4 9-27-80, 1150
36 North Span 34.8° 9-27-80, 1150
37 S5t. George Sound 38.45 9.27~80, 1300
38 St. George Sound 37.4 9-27-80, 1300
39 St. George Sound 37.8 9-27-80, 1300
40 St. George Sound 38.6 9-27-80, 1300
41 St. George Sound 41.1b 9-27-80, 1300
42 St. Vincent Sound 25.0% 9-28-80, 1200
43 St. Vincent Sound 22.6 . 9-28-80, 1200
44 St. Vincent Sound 24.1° 9-28-80, 1200

s = surface

b = bottom
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upwelling or local disturbances. This sort of variability should be recalled
when assessing model agreement with the data. It should further be noted
that the model, being two-dimensional, yields a depth-averaged concentration

value.

4.2.2 Model Input for Verification Runs

Due to the time span in salinity measurements, typical tides and
winds for that period were specified for a CAFE run to form hydrodynamic
input to DISPER. While this of course may lead to some inadequacies in the
simulation, it was perceived as a good test, for uncertainity in these
mode] parameters often exists. The 439 element, 281 node general grid shown
in Figure 3.1 was used again for the simulation. Salinities of 36 ppt were
specified at the external passes and inlets, with 10 ppt and 5 ppt at appro-
priate elements for the river mouth. River flow was taken at 337 mas']
during this period, based on USGS records.

Some oscillations of concentrations were observed in the early simu-
lation. As noted earlier, both the spatial increment, Ax, and the time
increment, at, bear on this problem. Changing ax means a change in the
grid, locating critical areas and then refining the grid there.

Oscillations in the results caused some experimentation with the dis-
persion coefficient, Dii’ resulting in specifying input values which
typically yield maximum values of D,, of 150-300 mes™! in the bay.

These values are within the range of reported values for estuaries.
Further accuracy considerations resulted in selection of a time step, at,
of 60 seconds. These steps were chosen first in the verification process

as they represent reasonable options for the typical user.
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4,2.3 Results of DISPER-1 Verification Runs

Results of one verification run are shown in Figure 4.12. Values
shown in the elements are salinities in parts per thousand. [t can be seen
by comparison with Table 4.2 that there is reasonable agreement with
measured values in the East and West Pass regions, in St. Vincent Sound,
and in the East Bay - East Point region where the freshwater input from the
Apalachicola River is so important. There are, however, some regions where
values are too low, especially near the causeway island and slightly east
of that region.

There are several possible explanations for these low values in the
regions noted. First, it shouid be observed that the figures shows a
synoptic view of the bay, i.e., at a single time, while the observations in
Table 4.2 were taken over a range of times and therefore occur at different
parts of the tidal cycle. What is more important, however, is the fact that
measurements spanned such a long time that varying wind, tides, and other
conditions can significantly influence bay behavior. The run pictured here
is based on a constant wind speed and direction. In addition, no attempts
have been made to fine-tune CAFE results by varying Manning's n across the
bay and other such steps which might help resolve some localized errors,

It appears that verification is easier against data taken synoptically,
such as in enhanced LANDSAT photographs. Comparison of predicted and
observed shapes and extents of plumes, i.e., pattern recognition, can provide
a good assessment of model performance. Graham, Hill and Christensen
(1978) and Hi1l and Graham (1980) reported on use of such data for this

verification.

In conclusion, it can be stated that an attempt at model verification

with no fine-tuning yielded acceptable results over much of the bay.
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However, some changes in element arrangement would be necessary to remove

some locally low values near the causeway island.

4,3 Satellite Verification of DISPER-I

Use of LANDSAT imagery computer enhanced for surface water color may
be utilized for verification of the DISPER-1 model, since surface water
color and water quality (e.g., acidity expressed by pH)} may be related.
Since the satellite images only reveal what is going on in the upper inches
of the water column,it may be difficult to let the images relate to the
vertically averaged water quality. However, the general pattern of the
dispersion of a poilutant at the surface may be observed and compared to
the print-out of the DISPER-1 model. Assuming a well-mixed bay, the surface
water quality should indeed be indicative of the vertically average quality
parameter.

Verification by such pattern recognition from LANDSAT images has given
surprisingly good results.

Figure 4.13 shows an example of the color enhanced pictures used.
Note the red colored water in East Bay and at Carrabelle. This color indi-
cates Tow pH water. The pattern shown in Figure 4.13 is in almost perfect
agreement with computer printouts. The plume at Sikes Cut is also note-

worthy. Also this phenomenon may be reproduced by the model.
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Figqure 4.13, Computer Enhanced LANDSAT Image Showing Water Quality
Patterns in Apalachicola Bay.
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5. THE ATLAS. SELECTION OF CONDITIONS FOR A TYPICAL YEAR

To illustrate more clearly behavior in the bay, model solutions
demonstrating variation through a typical year were sought. The objective
is to provide an overview of possible behavior,with the expectation that
specific problems will still require running the model for conditions
appropriate to those problems. The material generated for the average
year is presented in the form of an atlas at the end of this report,

There are several sets of physical parameters to be selected to

provide a view of bay behavior. Major ones include the following:

1) Tides - amplitude and phase lag.
2) River flows.
3) Wind speed and direction.

4} Source location and loading.

To provide a reasonable view of expected bay behavior and yet keep the
size of this report reasonable, it was decided to produce runs for each
month, or twelve in all. Therefore, parameter values selected should be

expected to represent monthly average values.

5.1 River Flows
The average monthly river flows shown in Table 4.1 were used for the

CAFE-1 simutations.

5.2 Tides

Tidal data was obtained from the National Ocean Survey for the five-
year period from 1975-1980, Tide tables and the tidal data discussed in
Section 4.1.1.1 were used toestimate expected tidal height variations from
points of measured values to other boundary points and time (phase} lag

between tidal peaks.
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The tide at Apalachicola is considered diurnal, in that two highs or
two lows may occur on the same day with different amplitudes. This is
clearly indicated in Figure 4.3. There are difficulties and uncertainities
associated with selecting a "typical" tide pattern for each month of the
form in Figure 4.3. In addition, the runs of interest, and many problems
of practical interest, occur over several tidal cycles. This tends to
average out the influence of tidal amplitude variation. Therefore, given
the objective of providing an overview of bay behavior, it was decided to
simply use mean tidal amplitudes to drive the model, with a respecting
sinusoidal tide specified. This should reproduce the general structure
well, although there may be small local differences at individual times
within a tidal cycle.

A review of the tidal data from 1975-1980 showed mean tidal ranges at
the Apalachicola gage rather close to one foot for all months. The lowest
value obtained was 0.86 ft-and the highest 1.10 ft. No consistent trend
appeared by month, at least for the five years reviewed. It was therefore
decided to simply use a single-value of 1.0 ft (or a tidal amplitude of
0.50 ft = 0.155 m). Review of tide tables and UF measured data then led to

the tides at the bay boundaries, as shown in Table 5.1.

Table 5.1. Tidal Amplitudes and Phase Lags for Model Runs.

Tidal Phase
Location amplitude, m lag, s
East Pass 0.23 0
Sikes Cut 0.18 2520
West Pass 0.13 3780
Indian Pass ¢.10 5400
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Again, these values are taken as typical and should not be interpreted

as representing any specific case.

5.3 MWinds

Wind is an extremely important factor in bay behavior. Wind data from
1975 through early 1981 was obtained from the Apalachicola office of the
National Weather Service in the form of monthly summaries of Local
Climatological Data, with wind speed and direction reported at three-hour
intervals, as well as daily and monthly average speeds and directions.
A review of the data Ted to selection of the montly average wind values
shown in Table 5.2.

Table 5.2. Monthly Average Yalues of Wind Speed and Direction Used in
Model Runs.

Wind

] Wind ) direction, a
Location Speed, mi/hr deg. from N
January 8.4 030
February 8.2 073
March 8.4 186
April 7.9 192
May 7.4 182
June 7.0 197
July 5.3 217
August 6.1 130
September 6.7 110
October 7.15 063
November 7.3 078
December 7.4 045

a: for example, 090 is a wind from the East, 180 from
the South, etc.
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Variation in wind speed shown in Table 5.2 seems less significant
than direction. MNote the tendency of the wind to be from slightly west of
south during March-July, but more like easterly to northeasterly during

the rest of the year.

5.4 Generated Results

The model CAFE-1 is run with the grid shown in Figure 4.7 for each of
the twelve months, utilizing river flows from Table 4.7, tidal information
from Table 5.1 (the same for all months), and the wind data from Table 5.2.
The results will be presented as views of the velocity field throughout
a tidal cycle and the net velocity field over a cycle. Output from CAFE-1
runs for each of the twelve months will then be used to drive a DISPER-I1
run representing a continuous discharge concentration of 100 units {ppm,
eg.) in the river water.

The results from the conservative pollutant can be scaled directly
to salinity by assuming an average salinity at the river mouth of 7.5 ppt
(typical) with 36 ppt at the ocean boundary. Then any reported concentration

can be converted to salinity by

s =36 - 0.285 ¢ (5.1)
in which ¢ = concentration projected by model
s = salinity in ppt

Full results are presented in the attached Atlas in 204 maps depicting

hydrodynamics as well as water quality during the "average" year.
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6. DETERMINATION OF POLLUTANT CONCENTRATION (AND SALINITY) AT AN ARBITRARY
LOCATION FOR OTHER RIVER CONCENTRATIONS AND OCEAN CONCENTRATIONS

The computer prepared maps, given in the atlas showing the distribution
of conservative pollutant concentrations ¢ in the Apalachicola Bay, are based
on the river concentration cp = 100 (e.g., ppm) and the ocean (Gulf of
Mexico) concentration ¢, = 0.

PoTlutant concentrations,cl,corresponding to other river and ocean
concentrations may be found from these maps by use of a simple conversion
formula to be established in the following.

Since the c distribution,shown in the maps and schematically in the
upper part of Figure 6.1,1s a solution to the differential equations governing
the migration of conservative pollutants in the Apalachicola Bay, it is

easily proven that the concentration Cy given by the Tinear expression

Gp=ac+ b SRR (6.1)

also must be a solution. In Equation (6.7) a and b are constants.
A special case of Equation {6.1) is
CR"C

= Q

in which Cr and c, are arbitrary pollutant concentrations in the river and
ocean, respectively.

This equation satisfies the boundary conditions

¢ ¢ for Cq = 100 and o = 0 corresponding

to the original c-mapping,
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POLLUTANT
SITUATION

INDIAN PASS
¢=s0

SALINITY
SITUATION

Figure 6.1. Schematic Maps Showing Boundary Conditions Used in Concentration
Conversion Formulas.
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c] = c0 forc =10
¢y = ¢y for Cp = €4
and ¢y = Cq for ¢y = 100

Equation (6.2) will therefore give the pollutant concentration at any
point where ¢, based on Cp = 100 and € = 0, is known when the river and
ocean pollutant levels are known. The maps presented in the attached atlas
will therefore, when combined with Equation (6.2), yield the vertical
average of the pollutant concentration at any location in the bay and at any
time during the tidal c¢ycle for any values of Cr and Co

In the same way the maps may be used to predict the salinity at any
point and at any time during the average tidal cycle.

The equation

s = (1 - 1—33) Sq (6.3)

“in which s = the salinity at {x,y) at time t and S, = salinity of the Gulf
of Mexico waters is of the same form as Equation (6.1). s is therefore a
solution to the equations governing the water quality of the bay. Since it

furthermore satisfies the boundary conditions

s =0 for c = 100

and S So for ¢ = 0

it must represent the bay's salinity distribution. These boundary conditions

are indicated in the lower part of Figure 6.1.
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8. LIST QF

SYMBOLS

The symbols used in this report are defined where they first appear

in the text
a

b

ny ’Dyy

*
i

Ve
XX

and in the following list of symbols.

= dimensionless constant

= dimensionless constant

= vertically averaged pollutant concentration at point (x,y),
at time t corresponding to cp = 100. HMote in Secton 3 ¢
stands for the vertically integrated concentration while
the vertically averaged concentration there is denoted ¢

= vertically averaged pollutant concentration at point (x,y)
at time t corresponding to cp + 100

= vertically averaged pollutant concentration in Gulf of
Mexico and entrances to the bay

= pollutant concentration of river water entering the bay
= dimensionless friction coefficient

= average estuary depth

= dispersion coefficient

= dispersion coefficients

= dimensionless turbulent eddy viscosity coefficients
= turbulent eddy viscosity coefficients

= Coriolis parameter

= internal specific stress terms (stress/density)

- 9.806 m s~ = acceleration due to gravity

= water depth below mean lowwater (MLW) at point (x,y)
= h +n = total depth at point (x,y) at time t

= refer to grid location giving critical At ~ value

k = Nikuradse's equivalent sand roughness

= estuary length

= momentum addition per unit horizontal area
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=3
1t

2
L]

- + O
it

o >
L}

{u,v)

=
«
]

Greek Letters

a:

1]

At

At

It

AX

o
n =

=
1]

= air velocity at 10 m above the water surface inm s~

Manning's n = k1/6/(8.25/§) {metric)

pressure

pressure at the bottom

pressure at the water surface

tidal prism

sources and sinks of mass

discharge per unit width in x- and y-direction, respectively
volume addition rate

river discharge

tidal range

salinity at point {x,y) at time t

salinity in Gulf of Mexico at entrances to the bay
time

tidal period = 12.42 hr

expected velocity

vertically averaged velocity components in the x- and y-
direction, respectively, at point (x,y) at time t

]
horizontal Cartesian coordinates

vertical coordinate

dimensionless coefficient

characteristic grid length

time increment

refer to grid location giving critical At - value
elevation of water surface above mean low water (MLW)

expected tidal range
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density of water
density of air

reference value of p

= characteristic extreme densities

bottom shear stress

surface shear stress

= angular velocity of earth = 27/(24 - 3600)
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FOREWORD

This somewhat unconventional atlas is intended to give the reader
detailed information about velocity conditions, pollutant concentrations
and salinity in the Apalachicola Bay System during an average year taking
typical astronomical tides, wind intensities and river flow into consi-
deration.

It covers the entire bay from Dog Island and East Pass in the East
to St. Vincent Island and West Pass in the West and is based on the CAFE
and DISPER finite element models applied to a grid system consisting of
489 elements and 281 nodes representing this bay area. The models have
been verified by direct observations of salinities and velocities in the bay
and by pattern recognition in LANDSAT pictures computer enhanced to show
ocean and bay water quality by colors.

The Apalachicola Bay may be classified as a tide dominated well
mixed estuarine system with only sporadic and unsignificantly small areas
of strat%fication. Consequently, the river flow is of minor importance to
the hydrodynamics of the bay. A hydrograph representing the monthly
discharges averaged from 1971 to 1976 has therefore been used in the model
to represent rates of freshwater flow into the bay.

While the river discharge is of minor importance to the hydrodynamics
of the bay the same can not be said for pollutants brought into the bay
by the river., This influence must be and is modeled in detail and the
results are presented in such a way that the influence of any numerical
value of the river water's pollutant concentration may be evaluated at any
location in the system. As represented in this atlas the water quality

predictions are limited to conservative pollutants, however, the numerical



mode] may be extended to consider nonconservative substances transported
by the water.

The at]as shows conditions during a typical tidal cycle representing
each of the twelve months of the year. Each month's events are shown on
seventeen individual sheets. The first eight show the distribution of the
vertically averaged water velocities and their circulation during that
tidal cycle in eight time increments of equal lengths beginming at low tide.
These eight sheets are marked by the name of the month and number 1 through
8.

The ninth sheet, marked by name of the month and 9, represents the
velocities from the first eight sheets averaged over the tidal cycle. In
other words this is the net vertically averaged water velocity.

The remaining eight sheets, marked by the name of the month and
numbers 1C through 17, are reserved for water quality. They show the
distribution of the vertically averaged pollutant concentration ¢ at the
same times during the tidal cycle the vertically averaged horizontal
velocities are given in sheets No. 1 through 8. The shown concentrations c
are based on a concentration c, of the same poilutant in the river discharge
equal to 100 (e.g., ppm) and ¢, = 0 pollutant concentration at all inlets
to the bay from the Mexican Gulf. Simple formuias for the calculation of
c-values corresponding to other Cp- and co-values and for determination
of the vertically averaged salinity s from the salinity So at the inlets
to the bay are given on the individual water quality sheets.

While this atlas will answer most questions concerning velocities,
their orientation, pollutant concentrations and salinities it is limited
inasmuch as it is prepared for average conditions during the year. Data
corresponding to extreme conditions such as tropical storms or periodic
excessive pollutant loads must be generated'separate1y by use of the detailed com-

puter model. This model is stored on tape and attached to this report,
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JAN 1 through JAN 8:

JAN 9:

JAN 10 through JAN 17:

JANUARY

Vertically averaged velocities Vo

given at time increments equal to
one eighth of the tidal period
beginning at low tide.

Net values of vertically averaged
velocities., Time averaged over one
tidal cycle.

Vertically averaged pollutant
concentration corresponding to
river concentration Cp = 100 and

concentration co e O at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at Tow
tide.
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FEB 1 through FEB 8:

FEB G9:

FEB 10 through FEB 17:

FEBRUARY

Vertically averaged velocities Vo

given at time increments equal to
one eighth of the tidal period
beginning at Tow tide.

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle.

Vertically averaged pollutant
concentration corresponding to

river concentration Cq = 100 and
concentration Co = 0 at all inlets
to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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MAR 1 through MAR 8:

MAR 9:

MAR 10 through MAR 17:

MARCH

Vertically averaged velocities Vo

given at time increments equal to
one eighth of the tidal period
beginning at Tow tide,

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle.

Vertically averaged pollutant
concentration corresponding to
river concentration Cq = 100 and

concentration Co * 0 at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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APR 1 through APR 8:

APR 9:

APR 10 through APR 17:

APRIL

Vertically averaged velocities Vi

given at time increments equal to
one eighth of the tidal period
beginning at low tide.

Net values of vertically averaged
velocities. Time averaged over one

.. tidal cycle.

Vertically averaged pollutant
concentration corrasponding to
river concentration Cp = 100 and

concentration €y = 0 at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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MAY 1 through M&Y 8:

MAY 9:

MAY 10 through MAY 17:

MAY

Vertically averaged velocities Vi

given at time increments equal to
one eighth of the tidal period
beginning at JTow tide.

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle.

Vertically averaged pollutant
concentration corresponding to
river concentration Cp = 100 and

concentration c0 = 0 at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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APALACHICOLA BAY
Franklin County, Florida
HYDRODYNAMIC MODEL

Mean Velocity Field

Time After
Low Tide:
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JUN 1 through JUN 8:

JUN 9

JUN 10 through JUN 17:

JUNE

Vertically averaged velocities Vi

given at time increments equal to
one eighth of the tidal period
beginning at tow tide.

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle.

Vertically averaged pb11utant_

concentration corresponding to
river concentration Cp = 100 and

concentration ¢ = 0 at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.



T NOP
( 20TX)1SHT SHILIW .

Qo als Qa-a1ig 00~ 2%h 00" heE D0 D2E ao-ase A0~ 261 nn-azy oc.d@ 0n°q,
i et = { ! + . } ! 1 t .
-5 W = UL | :a 205 A1100|3p =
w QP9 = UL | 131035 yjbua
- . fApPLL MO
J314Yy Bull 2
plald A1100ap ueay D
T300W I TWYNACGOYGAH 04
epLao|{ ‘Ajuno] ulquedq _HH
AVE Y I102THIV IYdY rn
2=
N g
—
—
T
@ <
I SE
o0
o
n
(53]
&
=2
[}

00028



( 201%)1SH3 SHILINW

R 1ha 0976 on° 215 N0 - ehh 00°heS 00" 02f 00- 952 00761 an-ezi IR E 00°Q,
e —- — | ; — “ i } =
[-S W =uy :31edg A310013A o
W oop9 = ut | :3|e0s y3buay
8y | ., 19pLL MO
L 4934y dwL) o

[~ H—

PLo1d ARL1O0|p uedy z

700N I TWYNACDYOAH =
ePLAO|{ *AJune) upyuedd

AV YI0DTHIV VAV

L

.h.

]

z =

-

o

mna

T u

>

Lo ]

—




i

o
b4
- o
= H]
L o T -
>—OLA-IE
== 8
L=+ z“—
-
>
a2 &
o e =
= S5 % g
ro = 2
) OO = g
. = o Y
S, él: E
R LY —
RS- F1Y Q_,_Qg
\:4{‘ ‘:Jé?.: '} E
“\\. » ftl—z-l-'ﬂ.l
Yo, 1 Y=
U
E X
—
[

in = 6400 m

in

1
1

Length Scale:

=1ms-}

Velocity Scale:

1 L 4

AL

0o nes

00952

00261 00821 0079
2O0TXIHLE0N SH3 L3N

thiy

.00

GY0.

.00

| =y
5

S12.00

uys._ oo

19200

‘8.0n

[

b,

1

64.01

3su. 00

JUN 3



b NOF

( 20TX¥Y1SHI SHYILIH
“0H9 m-9.6 nn-21s 00 8%A 00" hRE on=n2g nn-9s? no-za61 an-g21 n{r m9 ::.Fu
I y I J ' — { + i F

[-S W | uL | ”w—mum‘xa_uc_m>
w povy9

Xg -3 :apL] Mo
4333y BuwLy

PL2t4 A3100]3p ueay
TI00W ITWYNAQOUAAH

epLao]4 “A3uno) utyuedy
AY8 VI0D1HIVY Ivdy

an

T Ll

oo’

UL | :a|e3s yrbua

e

No°H9

00"821

3
=

26
20T AIHLYON

oo

Qo-3s2

B070ZE

43 LN

<



( 201X11S63 SHIL3W

“ha an- 95 gn-els 00°2nk 00 - hak an-oee 00" 95¢ 00°261 0a°az oc.do‘

i L

e T ' | L

ut —. Mw_mum £IL20|3A

p—
1
W
—
=
—
Il

ut | :9eas yibua

8 .. . TopLy MO
L Xv=3 4333y L]

PLaLd A1LD0|37 ueay
7300W JTWYNAQOYGAH

epLAOL4 “AJUNO) Ut uRL4
AV VI03IHOY TudY

=
Q
=
=
w

n




9 NP
( 201X11SHT SHILIN .

0o 0ha (LI T an-gus QN " 2%h 00" hAE ()] LA Y LY 00" 2Rt Qo Rel (LILES 1 nn-q,
b — — } <+ } { } } o
(-S W =uLy 19 e25 AJLD0LIA " = o
oK by Ty
w = 13pen Bua - sl \
0op9 = ut | Le2S yjouaT A2 ﬂu.¥\a}w|;|+fuu Ay
mxm -1 :9pLL MO LU ._.v uv .u.a -
1 - 4314y Bwi) na ﬂ PR -7 o
pPLat4 A31D20(3p ue3y i ¥ M\,a \_.\.\a uu P \W \.\ M.
' Y x . AR o
TI00W DTWYNAGOUTAN LIRS T b R
. T xw pn Par, e e
BpLJAO] S hucsou ulpyuesd o &._T “ uﬁ}. e .u....._\.a » %Y bk N~ .m.n A * (w.h. . +.—.x P 1qﬂ|...w#1|1 dﬁ.«
Avd V0D THIVvdY ‘TR RAA T %_a + 4.”_, A *»&& 4t ,vl_.n..L.i. P e %=
. ¥ & A . | % R IR " N + . ..I'...\rw. - 4
a4 r\P\K xk *# muk\;ﬁ -f.ﬁ & ;.a.. 4 M/ ,—.‘ e 2 2,0 +.~.|uv\—.'w.xa .,nv.“
L RS~ SN - , o
-~ Ra\ Yoo ww ww g AR R =
N A i S S g M7
(o ®% HeT aw oy Mo
s Kk\\ LA g L&'y el r
.\..mﬂ.\r\ oK TN ey LI —
e .~ | Pt T®
G
o e
o Wk
R-ﬁ«..\ .-.

0n-
( 20TXIHLHON SH3 L3N

00-9s¢

00-02¢



( 201X)1SHT SYIL TN

2 NI

:D.cdm ag.umm ao.m__m ac.md: c:.:m.m an-02e go-ase 6" 26 g a0°hy o,
. -5 W [ = ut L 291035 K120 2A _ _ X ' _ " ' m
w 00y9 = ut | apeas yibua
g 19plL) mo7
1¥9=1 RENIET
PL814 A3LIO|3A ueay ) T
) o
T300W JIWYNAQOHAAH - -- S5
epLAO]] “Ajuno] ul|juedd ¥
AVE YT0DTHOY IVdY e RS
" x =
N e 4 __\\.nw\«
(T
\\\K \\.\\\b\ﬁ“\\k
(%4 \.mvk %\a\ﬁl\ o ~
5 W E AT wk +w
L T e o n
R~ o
g
* 2
TN
-.U.J
w
[¥a]
=
o

%= ERREY

s
3

JTAIHLHON

-
[

(



[ 201X)1SHY SHILINW

N ~aLs :c.mﬂ_m I ] 08" haE no nge 00 “9se UL R A L= 00" 19 go°q,
- — } _ - I } { ¢ .
|-S W[ =ub| :a1eds A31201aA |- X =
X A
W oYY = ut | ta(eds y3bual | Roget 0 % aux JRAR
T -
- 9pl] Mo 8 ﬁﬂ nﬁ = - I.v?f._a__-%
Ay 2wt] aa ﬂ.w ol b \..u - o
pPLaLd A3LD0|3) uesy ) A 34 ﬂﬂ + s 5 \W u.\a T+
: N X m
1300H I TWYNAGOYTAH L Ty o Tt =
et o A, 3 x
BPLAO|4 AIUNO) UL |YuBY T e KRt gt LTRSS — o
AVE YI0DTHIV IVdY R WAL Y pat P st TR LSS
: IR AL 25 S Y I L I A R i
gl b..\f LAk Y LN ,N»ﬂ .ﬂ S L 8 r o
A ™ S W L — g o0
[ 4 - . 4— .
S K\R\ L' K\?\\ %k N o
N A W T\ e Ty g
m-\\ . Y o o s Wﬂ »7
¢ R OE N 8275
ek \&.\m\ TA‘W\ oL ALY, —
o N T N ﬂx?ﬁi i R
#.-.\p\m X A ki et a
ax K S wk o o "
LIy o'y oyt =2
Ky < .

. - )
[ &
™
Lo ]
0
A
=

LENRE’

cOTXIHLHUN 5

[



6 NI

oo hy cc.nu

( 207TX1LSHI SHILIW
00 Oha 307975 an- 215 00" 2hh 00" has 00" 028 00°9s2 00"261 n

R | I — i =

=

B

Pl

-
—

o’

1-s W n;b_ 1 1a|eag A3LD0137
@ 00y3 = Ul { :g|eds yibuai
3124) (Ep1] L JaAQ pabeaany
pLetd A312019) uedW I3N
71300W D 1WYNAGOUQAH

PPLAO|4 *AIUNOY uULjueRd]
A8 VI0DIHOY TYdY

DD‘ﬁB




01 NAr

( 20TIX1isdld SHI1 AN ,
no " nges a: mwm 00" hah a0 ~90a% a0 -g%nE L1t ga9it na-es ooq,
S— — e 1 } } } “ S
’ w 008s = Ul _ 191e25 yjbuay =
18, :3pLl Mo
110 FEEVIACTIN)
0="2 19
o0l = % =
1300W ALITYND o635 228
epLJO4 “A3UNnD} ugyuedy 2909 |
A¥8 VI0IIHIV TVdY EACC I dﬂﬂ?rlﬁ\n.\fu.\ |—=
§1°5¢ - >
S
-l
i
"41n9 uedLxay auy 01 |+ 55
burydauuod sassed e AjLutjes = % aaym “Unlm
: ex
Abloulp - 1) -
(5]
WOJJ PUNOS JAB S SDLFLULLRS .-m
3
Oy 4 =00l 5. 1,
o d
2 -7 wa.y
punoy ate g 4 % - %> pue o) } |t g
03 buipuodsasJsod L5 suorreaausdsuoy |
L)
-0 = % pue got = ¥
031 puodsaduod 3 suO13RAJUIDUOD PIaJRILpU] ﬁ

10°3hE



TT NP
[ 201X)1SH3 SHILIW .

Qo -oeg no-226 A" hah noan QR ehe 00°0R2 gn-oed A0°hil oa-muﬁ a0-es n- g,
LI i ! =} } i “ i t ¥ 1 . -
[ wooosg = UL L :3LRds yibual 2

:9pLL Mo .
m xL=3 4913y euL] I arese
0h e 95 *0h .
0 91°0h .
0= 2 2o lE £2°Lh la
001 = 4, - 1"k . m
H—ﬂ-nmﬂ- _Dmihﬂﬂ
| 7300W ALITWND hecs so-en 62725
epldo]4 A3uno) uppyuedy WhEL T 19°03 26709

AvE YI0JIHIY WAV 209 /ﬂ_.mm 53-8k tete 0059 ==
L5t mdmu
208 e 16784 2m
)
L
=
_ "$(N9 uRILXAN ANF 03 |1 a'
Bbuijo2uuos sassed e A3luL]es = % IJAYM MM
e
0 —
s (Lo -s =
ra [A3)
WO} pUNO4 BJ4e S SALJLUL|RS [T

3

1 OU + ﬂl@lc|_.|~_| J = _.U
}-0 wod J
punoj auae Q % % - % pue 00| $ 4, . ¥ -W_
01 bBurpuodsaddod L, SUO 1] BAJUIIUD) m

0
"0 = 2 pue QQ| = U,
03 puodsaJaod J SuUOL]1PAIUBIUCD pIIRILPU]

Q0 "R%E



¢t NP

( 207TX)LSHY SHIL3IW
(L1101 1S (L}) R 0N~ hah 30" 90h (10"8hE NN o62 ooeee D0 hel 00311 g es ne g
W pORS = ut { :3yeds yibuay o
g . 19ptLy Mo
et 4813y awy
0g="2 Lo
oot = % =
1300W ALTTWND <" etz zecom .
BpL40|4 AUR0) uL{yuedy 167¢l T 29°19
498 ¥I0D1HIY TVdY L L. — e .
—~ 15
=
=
‘3L uedIXay Yy 03 |+,
buriosauuod sassed e AL3tuyyes = O auaayn |l =
=
O¢ (BOL _ y
s S ) =5
WO4S PUNOS 3R § SBLILUL|ES l-m
3
22 wouay
punoy aae g 4 % = % pue go 4 U = ¥ T2
03 BuLpuodsasaod L, SU013LAIUAIUD) m

0
‘0 = 2 pue pQ| = 4,
01 puodsaJuod 3 SUOLIRAIUIIUOD PITRILpU]

oo - ane

20TXIHLYON SYI L3N

(



( 201X3LSHT SHIL3N

10 7085 226 00" hah 00" 9rh 00" 8%e 00" 062 (U1 it o 0o hid anrali an-as 6e'q,
™ i “ N ||...Ii“ “ “ “ “ “ “ “ D
W QRS = ul | :apess yibua -
8 _ :9pti MO7
e=13 4934y awe)
Q = OU |l”01-5..
oot = 3> =
J300W ALIWND =7, ©oT0z  oree .
Eplaol4 *Auno) uiyued4 BB LS 0E"19
AV VI02IHIV vdY 12=
e ffm
C
=
Y]
w
=
"3Ln9 uedxay By 03 [+ S
0 =
bulydauuod sassed je AJLui|es = S adaym muMm
(o}
0 =
s(Qt- 0= -
o
[ %]

WoJ4 punoy ade s sapjiulpes

0, , .00l

—
+ 2= "2
UIN_U

_ 0
WoJa

puncy aJe g 3} % .9 pue oot # 4 _ Y,
071 Buipuodsaddaod Ly SU0L3eAIUIIUDY

-0 = % pue oot = %

0} puodsaJdod 2 SUOL}R4FUIIV0D PIJeILPU]

go-cee
{

G0 "0e2

Qo0 "Bhe



( 201X)15SH3 SHIL I

HT NOP

no-nes an-a¢ 80" h9h 00" ath 0N~R/HE 0o 062 on-gg 0o°q,
Dar 1 —r———— | ! ] } .
W8S = UL | :21eas yibusq o
8 13pL] MO
1xv=13 Ja14y au)
0
0= 2 :lm.u_
oot = % o
L ]
7300W AL WND
; 2Lar  hhUSE
epLaol{ AJunold uijue.dy th 0l : 12735 29°09 ;z;;f/fmlfjlr
AVY VI001HIV IVdY 1£°h - 6h' 0L w2 "he . e I T
. . 6719 . : ——
,nqm o 1§70L Y s a1|rs\\\ Tam
‘& v
.UHU
(A
T g uedixeN et 03|12
0 4
butjioeuuos sassed e A3LUL[PS = TS DAIYM S
<
0 —
S Ammh -1y =-°5 —
[a¥)

WOAS pUNOS ade s ssLLuL|es

OU +rII..D_b[_.I|| 3 = _.U
Oo - m_u
woa g

0 |

punoy aJe 9 & 3 = % pue pgo| 4 4
01 Burpuodsasdod b SUOt3PATUIIUOGY)

2

00" 0ee

)
‘0 = % pue gy = 9
01 puodsaudod > SU0LFRAFUIIUCD PIEILPU]

n_l g

ag - sh



ST NAP

( 201X315683 SHILIW

no-oes U [Py no -~ hah cc.mm._: UERS 3 00062 0p-eed 00°ned 0n=a11 an-eg 00 q,
T } —+ ! } } — ; { f } .
W 0085 = Ul | (81835 y3bual a
g 1apL] MO
P xs=1? 4334y BWLY oo
2661 LG TUEE N
0 : 8¢ "6 )
0= 2 AT fh " Sk e
§5°8E . .
001 = 4, 762 £0°Lh o
965°ER ) -
. TI00W ALITYAD ol 08-he 05°€5
BPLIOL] “AIUND) Ul |juedq a0l Zh-ss 22709
AYE ¥I001HIVIVdY nz't ey 90°2€ 88769 L =19 [EET I ——
‘s 4@ ! 5L ¢L27eL d CYREE 42 43 \'\ Tom
it ¢f6°A 26 LE T3 gq° .\El\\\l\ ..H—_l[dl__
Sh'ag g
56725 SLTRL 0
=
— 2
319 uedLxay sy3 o3 [T Eo
0 v
bui3oauuod sassed 31® AJLULLRS = S Jd3ym ==
o, 001 >
s A|mu1| - _.v = § m
n
WOA) pUNDS AR $ SBLYLUL|RS{T N
e
0 ]
24—l 5 _ 1t
0 - 4,
wo.4 .
1 rJ
. punoj aue g 4 ®5 = % pue 001 4 4, _ ¥ re
0} buipuodsaaurod L, suorjeajuaouo] || 5
0
‘0 = 7o pue goy = 9o
- 03 puodsaduod 3 suo13RJIUIdU0D patedstpu] ||
= =
n
=



( 201X11SH3 SHILINW
0°R%E

9t NAP

::-Qm_m 3205 0n -~ h4h ca..w_”__: a0~ 2% 00 06e 1] E s o B0 hil pnTalt 00 a5 ao°q,
T - ) P—————— i f —1 - } } } } T
W Qpgs = Ut | :91eI5 y3buay =
q TapL] MO
1%9=13 4334y aun) :
0= La
00l = e =
1300W ALTTVAD " sh'st  i9°8E
eptao|4 “AJuno) urpyuedy 96701 :
AVE V100 THOY WY 29°n T 82763 08 o T TEte e
\ 4,w 1 L1ea £0'29 \,\ ToE
® w1 52799 [:% mwmu
)
N
=
"31ng uedtxay syl 03|+
BU1199UU0D 5355ed 18 AJIULLES = US SayM i
=
0 sl
s (W-y=s =
. ny ™
Wo1y punoy BJe 5 SBLILULLPS |1 53
. =
OU + q@l_.lml J = —.U
2= 2 oA}
punog ase o & °o = %o pue gol 4 4 . ¥, JW
01 Guipuodsaaton o suoijeaguasuoy 9
‘0 = %2 pue go| = %
07 puodsauL0d 5 SUGLIBAIUIOUCD PAIRILPU] |

00" 8he



LT NOP

( 201X271SH3 SHALIN
Da.cmm nn-cas :c.:m: ca.@@m 00" ehe Ag 062 G dea Q0" hid (IR an-eg o',
Lt T -|-[-L_||. _ [P E— T “ “ “ “ } “ *
[am]
w Qogs = Ut | 31925 Y3bua] o
2 B TapL] MO
LXE=0 4233y aut]
0 o
= ) " 4-
O Y f5758 1§°&n oF "&h M
- “og
0ot = 72 SE°Lh . “hetan =
7300W ALITVND 0z 6w 96°5g .
EPLAC|{ “AJUno) uiyueady S1785 19703
AYE YI02IHIVIVAY EnS z-ay 98°1h 280 S5 pneeg e 73 519 -
. /4 ! 8¢ "L 197he _ 25703 \,\ 15
5679 gy . .
6108 hs 99 a m
“Jng uedtxay ay1 01f =
Bui3oeuuod sassed e AJLUL(ES = % 34 3UM m
S, (00L _ _
sk =s
. (€04} PUNOS IJE S SILILUL|PS tww_
o
o
1 o.u + _0oL = _.0
9, . H,
woay .
: ™y
punoy ade g # % - % pue ool 4 4 . 4 B
03 SuipuvodsadJdod Ly sugLjeajusouo) |} 3
. 0 Y
0= 2pue gpl = "2
03 Pu0dsa440d 3 SUOLIRAIUDIU0D pajeatpu] ||

QC°8ht

e TXTHLYON SY3I L3N

(



JUL 1 through JUL 8:

JuL 9:

JUL 10 through JUL 17:

JULY

Yertically averaged velocities Vo

given at time increments equal to
one eighth of the tidal period
beginning at low tide.

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle,

Vertically averaged pollutant
concentration corresponding to
river concentration Cp =100 and

concentration €y = 0 at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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AUG 1 through AUG 8:

AlG 9:

AUG 10 through AUG 17:

AUGUST

Vertically averaged velocities Vo

given at time increments equal to
one eighth of the tidal periocd
beginning at Tow tide.

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle.

Vertically averaged pollutant
concentration corresponding to
river concentration Cp ® 100 and

concentration c0 = {0 at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at Tow
tide.
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SEP 1 through SEP 8:

SEP 9:

SEP 10 through SEP 17:

SEPTEMBER

Vertically averaged velogities o

given at time increments equal to
one eighth of the tidal period
beginning at low tide.

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle,

Vertically averaged po]lhtant
concentration corresponding to
river concentration Cp = 100 and

concentration €y = 0 at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide. .
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0CT 1 through OCT 8:

oCT 9:

0CT 10 through OCT 17:

OCTOBER

VYertically averaged velocities Vo

given at time increments equal to
one eighth of the tidal period
beginning at low tide.

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle,

Vertically averaged pollutant
concentration corresponding to

river concentration Co = 100 and
concentration ¢ = 0 at all inlets
to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at Tow
tide.
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APALACHICOLA BAY
Franklin County, Florida

Mean Velocity Field

Time After
Low Tide
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NOV 1 through NOV 8:

NOV 9:

N0V 10 through NOV 17:

NOVEMBER

Vertically averaged velocities Vi

given at time increments equal to
one eighth of the tidal period
beginning at Tow tide.

Net values of vertically averaged
velocities. Time averaged over one
tidal cycle.

Vertically averaged pollutant
concentration corresponding to
river concentration Cp = 100 and

concentration c0 = J at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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DECEMBER

DEC 1 through DEC 8: Vertically averaged velocities Vo

given at time increments equal to
one eighth of the tidal period
beginning at Tow tide.

DEC 9: Net values of vertically averaged
velocities. Time averaged over one
tidal cycle.

DEC 10 through DEC 17: Vertically averaged pollutant
concentration corresponding to
river concentration Cp = 100 and

concentration Cy = 0 at all inlets

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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APPENDIX 8

A MAGNETIC TAPE OF THE COMPUTER PROGRAMS USED
FOR THIS REPORT ALONG WITH EXPLANATIONS AND
INSTRUCTIONS COMPRISE APPENDIX B



The tape contains FORTRAN programs constituting the hydrodynamic
features model, the dispersion model and a plotting routine. The Hydraulics

Laboratory used the following parameters to create the tape.

Tracks 9

Record Format Fixed Block
Block Length 6160 Bytes
Record Length 20 Bytes
Density 6250 BP1
Labels IBM Standard

A map of the tape follows.

Files 1, 2,3, and 4 contain programs needed to prepare the data for
use in the hydrodynamic features model. Files 5, 6, 7, and 8 represent
the hydrodynamic features model, and files 3, 10, and 11 contain the
dispersion model. File 12 comprises a Gould 5100 Electrostatic Plotter
routine which can plot grid and element geometry, water surface elevation,
velocity vectors and concentrations. The program files are a size con-
venient for storage in interactive terminal files.

The Hydraulics Laboratory user's instructions and sahp1e job control
used by the Hydraulics Laboratory for the two models and the plotting
program on the University of Florida's Amdahl 470 V/6-11 under 0S MVS/SE

and JES2/NJE system control also follow.

B-1



Cha Tw beaamra s sea oo
lLLE s MOAUNUAL MOR O E

SOURCE: Massachusetts Institute of Technology Report No. 200

The program iz designs=d to rua without ovevrlays. Al arraye
have cbject tirme dimensions aund thus cniy the actual dimensiovns in
the main program need to be changed. The variables used to determine

the correct dimensions must be gpecified in main program. Thev are:

MAXNOD : maxizun pumber of nodes that prugram cust handle
MAXEL: " " " elezents that program must handle
MAXL: " " " ncdes per land boundary

MAXO: " "roon " " ocean "

MAY KWH M band width. The program will print out the

required bandwidth. Usually MAXDEWH = . 1-MAXNOD,
MANEBW: 2+ MANBWH

MAXKEL: maxinum number of elezent sides inm total boundary
MANHBW maximum number of prescribed surface elevation nodes
MAXQBN: " " v ! flow nodes

" L2 Lal

MANHTO half tide curves times two

The wimensions should be assigned as {ollows:
DIMENSTION TITLE(20) TENTL(2,2),TEXT2(2 .20 TExT3(2,2),
i TCON CAXEL, 3) , A (MAXEL, 3) B (MANEL, 3) \AREAMANELY, NELM (MAXELY .

2 KT (MASNOD) ,MINT (;L‘\\"JDL‘) XORD (MAXNOD )Y L TORD (MAXNOD)Y , DEPTH (MAXNOD)
NBC (MAXNOD)

3 SUSMHQUAAMNOL, MAXBWLE) |, SYSMQ {2 #2L0INOD  MAXENG)
4 H(MAXNOD), Q(2AMANRIOD) ,HPREV{MANNGD) , ()PREV/2*MANNOD) ,
5 SYSFH{MAXNOD) ,SYSFQ(2*MAXNOD) ,

6 SYSBMH(2*MAXHEN ,MANBWH), SYSBM7J(2*MAXTBY , MAXBWQ) , NHN (MAXUBN) ,
NQN (MAXQBN)MNVN (10)

oo (MAXERN) JALAG (FANHEN) (OB (AL X3EN) | QUANG (MAXQEN) , TAUWR (MANXNDD),
TAUWY (MANNOD) ,

8 PSPLUS(MAXNOD) ,CF{MAXEL) ,ED:< 0laXIL)  EDEY {MAXEL) ,NILM{MANELY .
NBN(3*MANBELY .

G EDMY(MAZEL)  HTC IAMHBR MAXUT ) TPWT (MANHENY  NFLUX (30} ,FLUX (34},
VS (MANHBY)

DIMENSLON ETA(MALION] , UMANROL) , YV (MAXMOD) , ETAPRY (MU LWOD) ,DELRO (MAXNCD) ,
1 MLEN(3), TCONL (3 MANL) NMENDE (313, TCONB (1, MAX0) ,DISCHS {MAX0) ,CBDIS(4)

For specoal tidal ol wind forcing the s routines STETAB and WINDS
cun Lo oodified,
ALTER DIMENSIQNS Il SUBROUTINE FORCEQ
B-2




input:
LUpUL -

CARD GROUPA Parzowters wund Uptions. wae Cacd (leil)
IVERSE =1
KHEL number of elements
NMNP nuber of node peoints

= 1, VYarialle bottom friction coefficient, vaiues to

he read for each element, see card group 4

IBFRIC
= 2, econstant bottor friction coefficient, velue of

L
first element used, see card group &
= ], variable depth, values to he read for each node,
see card group 3
IDEPTH ) - 2, constant depth, value of first node used, see
card group 3
LEDVIS { = 1, variable viscasity ”effiCie“t}-value as for TIFRIC
2, constant viscosity .. iTicient
o { = 1, variable wind scres
{ = 2, constant wind stre:
E 2 ], ETA gnt to zero, (cc.d start)
= 2, ETA te be read in, (ot start)
f =1, Q sel to zutugSuid start)
L = 2, 0 to be read in, (hor start) -
LCNVEC { = 1, Cenvective terms ignored
= 2, Convective terms included -~
KSTART = time step at which output will begin to

be written on disc

KSTPR = interval {in time steps) between output to
disc of velocities
FDISC = Not used
=1 uSubroutine SETMWS is called to establish MWS
T™MWS i ! v
= 7, mpan low water 1ig same as datum
T { 7, -ides specifim! wizh half tide curves
w il " . . ..l
. 7. rides sinusoidal
TR Tl cremoe datn b WMWS w1
CARD GRoOUP 1 Title. Une Card (lUas]
CARD GRouP 4 Nodal Information.  SMIP OCo-Ge (TS, FVINLD;
T =1, XM8P,
MEXT(I}  exieraal nod:. oo aes. 128T{I)} should be input =0 that

8-3 NEAND, the bandwidth is minimized



HBAND ! we over ot oelorente (0= 10 oMLY of ) plus
maxicum internal node nunber of eloment T minus the
minjuunm foternal node mumber of element 1, where
the internal node number, WINT(I), 1s determined by
the ordering during read in: NIﬂT(NEHf(I)) = 1,

I =1, ¥MYP,
NBC(1) node code
= 0 internal node
= 1 prescribed normal flow
= 2 prescribed height
= 3 prescribed height and normal flow
= 4 prescribed normal and tangential flow (=0)
= 3 prescribed height and both flows
= 6 source/sink node
= 7 source/sink node with prescribed normal {low
= 8 source/sink node with both flows ser to zero
XORD(T) X - coordinate
TORD(I) y - coordinate
DEPTH(I) bottom depth referred to datum (usually MLW). Positive
if bottom is below datum, negative if ahove.
DML
Dum2 dumny variables used to i;put preseribed values
DUM3 according to NBC as deucribed below:
LUM4
MBC = 7 vt uscd
SUML = 00 BUMD = OB
AUMT = HE L DUM2 = 2CAl
QUM B DMy AlaG, DUM3 = OB, DUML = QBANG
DU OR, DMl = ZALC
5 DUMLI = WB DIM2 = ALAG, DIM3 = Qn, DUML = QRANG
5 MMl = FLUX
7 DuMi FLUK, Bimi2 0 OB, DUMI = QRANG
9 MM = VLUK
where: 08 i1a local x flow
GBANG is tha uﬂ!ie Irom =-nris to outward nermal at
aode. The directica ¢f th: normal is determined by
requiring net {low scross adioining segments to vanish.

B-4



FiUX s source flux, =7 /sec
CARD GROUP A Element DJuta. RMEL Cards, [<FL0, 4F10.0)
I =1, NMEL, 1

NELM(I) external element jumuer

IcoN (1,1 external node numbers el, e2, &3 in sense from

TeoN (1,2 toward y.

TCON (F,3) '

C¥(1) bottom fricrion coefficient, noce: if CF(l) » L. anti 170 10 - !
then CF(1l) ~ 1. is taker #~ MM.nnings
n througheout.

EDYX(I)

EDYY(I) eddv viscosities

EDXY(T)

CARD gRovp § Svstem Propertics. One Curd {(§710.0, E10.3, 3F10.0)
ALATT latitude narzh
QMESA phase velocity of earth's rocztion = 72722 = 10 N sec ~
GRAVT  gravitational ascceleration (=%.31 m{aocz)
PERIOD period of tide, (rot used iI I{TC = 1)
DENSTY average density of warer
CARD Gecup @. lntegration Parameters. (ne da-d(39Wi0.0, 110, F10.G, Z110Y
STRTIM start time of integration -
ENDTIM  cend time ol integration
TINC time increment
NO external node number for which stability 1s checked
(g = zero)
BOUND bound on height variation at node N3
10T parameter to be used for variable time stepping, use
1 since this has not yet mearn implenented
NOUT hard copy outpub Lor every NGUT time steps
NMHTC max number of half tide curves + 1
CARD Gecvp T Land Boundary Data. duce Card (8{10) .
MLE numbar of land boundarice

L, MMLE) nouber o0 podes ou eqch land houndary,

i

(NMLBN(T), 1
1

including flrsc and last



Card group 8: Segmeni connmectiviiv. Oue Zard per Scundary (Z0I4)
I =1, MMLB
(ICONL{(I,J), J = 1, MMLEN(I) external node neebers on boundary
in sequential order such thac area is to left of direction of
agvance

Card group 9: Ocean Boundary Data. One Card (8110)
NSEGMT number of ocean boundaries
(MMHNPB (I), I = 1, NSEGMT) number of height nodes on ocean
boundary, including firsc and last

Card group lO: Segment Connectivity. One Card per'Boundary (2014)
1 = 1, NSEGMT
(ICONB(I,J), J = 1, NMHNPB(I)) external node numbers on ocean
boundary in sequential order such that area is ro left of
dirennian af o wdvanee

“ard group ll: Boundary glements
First card (110)

NM3EL number of sides of total boundary

Next cards {20I4)

NEN(I) I = 1, 3I*NMBEL, element and two node numbers corresponding

to each side. .

Card group 12: Wind information. One card (27r10.90)
WINDSP Wind speed in [m/sec]. ‘Note: che wind drag
coefficient assumes WINDSP is in [m/sec].
WDIRC Wind direction (blowing from!} relative to x-axis

in degrees.

Card group 13: Mass storage file specifications., - ae car’ {BILC)
IUNLITQ = File unit number for discharges
MRECH = Number of tecords iu file IUNIVQ -
NSIZEQ = Record size in file ICENITG
IPOINT = Record peinter in file LUNITQ (usually = 1)

(Ex. DEFI!Y FILE TUNITQ (KECO, NSIZEQ, U, IPOWNT)
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IUoNITE = File unit nimber for depihs
NRECH = Nuitber of rerords in file IUNITH

NSIZEH = Record size in file IUNITH

KPOINT = Record pointer in file IUNTITQ (usually = 1)

(Ex. DEFINE FILE TUNITH (NRECH, NSIZEH, U, XPOINT)

Only if
INTC = 1 1include data for each ocean boundary node in the sequance that
the boundary nodes appear in the group 3 cards consisting
of 2&(MMHTC} values. The first two values should be
zero., {(8F10.0)
{I = 1, 20HY)
HTC(f,7) J = 1,24(GITC)  consist of pairs af amplitude
and time.
Oaly if
INPUTIL = 2 Include data for initial values of heighes
( (NP - 1)/8 + 1) cards (8F10.0)
(ETA(I), I = 1, NMNP) {nitial surface elevations,
internal in role ordering.
Only if

INPUTQ = 2 include data for initial values of flows
((2NMHP - 1)/8 + 1) cards (8F10.0)
(Q(I), T = 1, 2+NMNP) initial flows in patrs of x- ard -

cootonenis.  Internal pede ordering,
Card group l4: Termination Card. OQOne Card (1615)

IVERSY = Q
Insteud of cerminaticn card, waich will stop the executilon,
input for o now problem mav he ingerted (repeat card groups

I throush 11;.



User's Manval for DISPER
SOURCE: Massachusetts Institute of Technology Report No. 218
The following describes the raquirements of the 2-D vertically
integrated dispersion model, DISPER. The model predicts contaminant
concentration at the nodal points of a two dizensional finite element

grid representing the solution field given the following information:

i} the geometry of the solution field in the form of a finite

element grid, including the depth of each node.

ii) direct input, functionmal relations, or auxiliary program
describing the circulation field over time, dispersion values

and decay coefficients.

i{i) location, duration, and strength of scurce and sink noduos,

elements or sides.

iv} location, duration, and magnitude at prescribed concentraticn

nodes {(boundary conditiomns).
v) initial concentrations at each node {(initial conditiocuns).

The user may choose whatever units he wants to work with, as long as
they are maintained in all the input. Units of mass (M), length (L),
and time (T) are indicated in the input description.

"The user must ascertailn that the dimensioned arrays are
sufficiently large. TFor this purpose and for transferring arrays to

subroutines the following variables must be defined:

MAXNP Maximum number of nodes that can be handled
by program.Cl, C2, C3, F1, F2, P, XCRD, YORD,
DEDPTH, SYSM, SY3B, NINT, NEXT, U, H, V, COE,
P2

')



MAXEL Maximum number of elements that can be handled

by program, ICON, AREL, A, B, ED, NELM, NILM.

MAXES Maximun nuzber of element sides with prescribed

load, 1B, Q%.

MAXBN Maximurm nusber of nodes with prescribed con-

centration,CNODE, X¥B.

MAXFE Maximum number of element with prescribed
load. IPE, PE.

MAXFN Maximum number of nodes with prescribed

load, IPN, PN.

MAXBW Maxinmum bandwidth of coefficisnt. The model will
comput Ciae neoaary bandwideh for a given problem.

See also card group 3.  S5Y8M, biza,

MAXLE Maximum nunber of land boundarles.

NLBN, ICONTU
MAXLBN Maximum number of nodes per land boundary. ICONTU
The arrays associated with each variable have beén listed. In addition
the following array should be dimensioned:
Q(2xMAXNP)

All arrays are transferred to subroutine as argusents and need
only be dimensioned in the main program. Note, if the above maximun
values exceed the values needed for a given problem no changes ara

necessary.
The follcwing describes the specific input data requirements.

Card group 1: Title. One card {184a4)
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Card group 2: Parameters and Opriens. One card {8I10)

NUMEL  Number of elements (not eoc excood MAXEL sct
in main program)

NUMNP  nuober of nodes {(mot to exceed MAXNE)

HBSIDE nucber of boundary sides with specified flux
{not to cxceed MAXBS)

NBRODE naumber of nodes with specified concentration
(not to exceed MAXEBN)

NFLXE number of scurce/sink elements (not to exceed
MAXFE)

NFLXN number of source/sink nodes (not to exceed
MAXFN)

NFLAG ?'-O constant boundary conditions over time

=1 varying boundary conditlons over time

Card group 3: Nodal Information. NUMNF cards (I5, 5X, 3F10.0)
M= 1, NUMNP

NEXT{M)} external node number

The order in which these values are entered is important. The
order must be such that the band width of the grid doas mnot exceed the
maximum specified value, MAXBW, in the main progran. Intarnal node
nuobers are assigned to each noﬁe in the order in which they are read

in. The band width ies calculared as the maximur value of the differeace

between the highest and lowest internal node nusbers {or each element.

For efficiency of sterage, this value should be kept small.

XORD (M) =x-coordinate of external node NEXT(M) (L)
YORD (M) y-coordinate of external node NENTQM) {L)
DEPTH(M) d.nth a2t node WEXT(M: (L)



Card group 4: Element Data. NUMEL cards (4110}
I =1, NUMEL

N(L) element number (in ascending order)

ICON(N,1))
external node numbers of the element giv-n
q 2 h
ICOL(Nt-) in sense of x toward Y
ICON(N,3)

Card group 5: Land boundaries. One card (8I10).

NMLB number ot land boundaries

{NLBN(I), I = 1, ¥MLB) number of nodas in each boundary

For each boundary (I = 1, HMLB) (201I4)

ICONTU(J,I) nodes of boundary I in successive order
when prograssing such that the domain is

to the left at the boundary. (J = 1, NLBN(I) )

Card group 6: Prescribed loads and concentratinns.
Quly if NBSIDE > 0: Side Boundary Data. NBSIDE cards (2113, F10.5)
1 =1 NBSIDE

IB{I1,l)} external ncde numbers at end points of sidc
I13(I,2) boundary 1 given so that ares of intevrest is
’ to left of direction of advance

Q5 (I) inward flux per unit length (ML—ZT-I)

tnly 4f NENODE-T: Node Boundary Data. NBNODE cards {Il0, F10.0)
1 =1, MUNQL:

NB{I) external node number at vhich concentration
is specified

CNODE(I) specified conceprrarion a* axtasrnal node
NB(I) (M/L2)

Only if NFIXE » 9O: Scurce/sink lllenenzs. NFLXE eards (ILC, =°°
I =1, NFLXE
IPE{I) sourcefsic: cuternal node number
PE(I) specified inrflow per uwult standard area

el



Onl: il NFLXN > 0:  See-cfaink YMode o 200N -wvds (110, E10.4)

IPN(I) source/sinx external node numbar

-1
PN(T) specified inflow at external node IPN(I) (MT )
Card group 7: Inctegration Parameters and Options. One eard (2F13.0 F15.0,

5, F10.5, 813)

STRTIM scart time of incegracion

ENDTIM end tinme of integration

DT Lime increment

MAXIT .woimum number of allowable iterations (should be
1% in wost cases) -

TOL tolerance for convergence (this is the nommalized

RME error, .U0L used in Jovelopment work with sat-
isfactory results)

NQUT hard copy oucput for every NOUT timesteps

IRUN run identifications number

= 1 coanstant uniform velecity ficld
= 2 uniform velocity field with sinuscidal
IVEL component
= . welociey field re.i from direct neross file.
uner should adjust subroutine VELSET {or his
OWN purposes. .
= 1 ronstant dispersion eccefficlent with uniform
IS given value
= 2 wvarlable dispersion cocefficient deternined in
subroutine DISCOC
THOT = 1 wvalues of initial concentration to bae read in
1L =0 1iniltial concentration set to zero



= 1 wvalues of concentration will be punched
iterati
LCARD after last it tion
= 0 values of concentratien will not be

punched atfter last iteration

Card group 8A _

Only if IVEL # 3 include data for initial values ef the velocity,.tidal
amplitude and tidal velocity angular frequency.
One card (4F10.3) -
VIDMY velocity in x direction

VID42 velocity in y direction

~

Gnly if IVEL = AMP tidal velocity amplitude

OMEG tidal velocity angular frequency

Card group 8B
Only if IDIS = L: One card (3F10.J, E10.3)
EXX
. 2.-1
EYY Ydispersion ccefficients (L°T )
XY

WDECAY decay ('r'l)

Card group U
Only if IDIS - 2: One card {2r10.3, E10.3)

CONl1 longitudinal dispersion constant (Lzr-l)
(ON2  lateral dispersion constant (LZT_I)
MECAY decay (T71)

Tard ogrooas

July it «aUf = 1@ o oeomr (NUMNP/?) cards (7ELL.4)
C1{Ilx), i i - 1, I"2MNP 1in‘tlal concentrstion

vector, in internal rumbering order (l.e., the

same order in which the nodes are read in)



Card group 9: Termination Card (F10.0)
STRTIM = -1,
Instead of a termination card, which will gtop the
execution, Input for a new variation of card group 7

may be inserted (repeat Cavd groups 7 through 7D).



CAFE DATA PREFARATION PRCLRAMS

These programs were written to assist tne user in preparing the input

data for CAFE. Their use will not only reduie the setup time for a new grid,

but wiil ensure greater accuracy in the resuits. This set of pregrams
includes:
8OUNDELM - This program computes the toundary element data for

CAFE (Card Group 2).

(QBANG - Computes values of QBANG for ail land boundary nodes

(in Card Group 3).
NBAND - Computes internal nuode numbaring for mininum band width.
QBCOMP - Allows user to specify system inflows in units of cubic

meters per second. QBCCMP +i11 convert these units into

-

those required by CAFE (m° sac™l).



geUnoELH
This program will determine the boundar; =lement Gate required as input
to CAFE. Inputs are: number of nodes, numzer of elements, element connectivity,
and boundary data. The boundary element data are sutput in a form suitable for
input tc CAFE.
DIMENSIONING:

NMEL number of elements

NMNP

number of nodes

FBNDS = number of separate boundary strings, 'and anzd water

MAX#NQODS = mamimum number of nodes on any one boundary
#ONDELMS = maximum number of boundary elemencs
#0CNBNDS = number of ocean boundaries

Dimensions should be at least
NELM - (NMEL)
ICON - (NMEL, 3)
MEMEL = (NMNP, 8)
NMEM - (NMNP)
ICONG - (#BNDS. MAX#NODS )
NMEN - (#BNDS)

BNDARY - (#BNDELMS)

]

BNDELM - {#BNDELMS)
BNDNOY - (#BADELMS)

BNDNO2

(#BNDELMS)

MHEND - (£0CHBNDS)

Input Data:

Card Groun 1: NMOL, NMNP fve Card (215)



Card Group 2: Element Conectivily

Same as Card Group 5 in CAFE ilsar's Manual.

Card Group 3: Boundary Data

Same as Card Groups 8, 3, 10 ard 11 in CAFE User's Manual.



QUANG
This program will, upon input of the nodal and boundary information from
CAFE, compute all values of QBANG and output correctly formatted CAFE node

input data with values of NEXT, NBC, X, Y, DEPTH, and QBANG.

Dimensioning:
NMNP - number of node points

NMLB - number of Tand boundaries

NMLBN - maximum number of nodes on any land boundary

Inputs:
Card Group 1: 1 Card NMNP {# of node points) (I10)

Card Group 2: HNMNP Cards (215, 2F10.0)

(NEXT(I), MBC(NEXT(I)), X{3EXT(1), Y{(MEXT(I}), DEPTH(NEXT(I)),
1 =1, NMNP)

Card Group 3: Land Boundary Dat:  (3I1C) OQne Card

NMLB, (NMLBN(I), I = 1, NML3)

Card Group 4: Segment Connsctivity (23f4)

(ICONL{I,J), J = T, NMLBN(I))



NBAND
Unon entering of the number of noges, tne number of elements, the CAFE
nodal data, and the element interconnectiviiy matrix, this program will reaorder
the nodes in such a way as to provide the lowest possible bandwidth for the
element configuration.

Dimensioning:

Dimension Variables:
NMEL - number of elements
NMNP - number of node points
DIMENICN ICON1(MMEL), ICONZ2(NMEL), ICOn3(MMEL), ICOM({3*NMEL),
MEMIT (B*HMNPY, JMEM(NMNP), JNT(NMNFP), NIWJTOMNPY, JOINT(NMNR),

JPO(NNNPY, MEXT(NMNP), NBC(NMNP), X(hunp). VOG4R), D(NMNP),
DT (NMNOPY, D2{nMNP), D3(NMNP), D4(nMN©

-

Input Data:
Card Group 1: NMNP, NMEL One Card (215}

Card Group 2: MNodal Information

Same as Card Group 3 in CAFZ User's Manual

Card Group 3: Element Connectivity

-
b
v

Same as Card Group 4 in CAFZ User‘s Manual

Program Qutput:

The program will output the nadal information in its reordered

form, it will aiso output the bandsidth of the grid configuraticn.



D2
In CAFE, specified inflows to the sys5%=r are given in units of
neterse-sec”) (velocity x depth}. QBCOMP «+i1 zonvert units of metersB-sec']
(discharge} into the CAFE units. (Note: This orogram is used most easily in

intaractive WATFIV, but can be run in batch if desired.)

Dimensioning:

NMNP - number of node points
NMLB « number of land boundaries
NMLBN - maximum number of nodas -4 21y land boundary

DIMENTON NEXT{NMMNP), X{NMNP)}, Y{NMNLP;, 50MLP), [S{OURP), JS(NMNP),
ICONL(NMLB, NMLBN}, NMLBN(MMLB)

Input Data:
Card Group 1: NMNP . One Card (IS5}

Card Group 2: Nodal Informacicr

Same as Card Group 3 in CAFZ Usar’'s Manual.

Card Group 3: Land Boundary Data

Same as Card Group 8 and 9 in CAFZ User's Manual.

Card Group 4: NNODES One Card (15}

NNODES is the number of nodes “ar which inflow computation
is desired,

Card Group £: Inflow Data “KODES Cards (IS, F10.2)
a) Nnde - external node n.='-- 2F node far which inflow

computation is z2.- o,

by 0 - specified infigw i~ =73 37 -32:
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MISCELLAILY

Define File Statements - The defire fil- statements in the main program

{ctatement numbers 27, 28, and 32) must be ~indified to correspond to the direct-
access files being read. (For an explanation of the define file statement, see
"IBM System 360/370 FORTPAM IV Language, ¢. 72.) File 17 contains discharge
information, File 11 contains heights, anc File 12 has concentrations. The
number of records, and the length of these records, should be specified as they
were in the CAFE or DISPER run which generated the output to be plaotted. If
problems with reading the direct-access files are encountered, these statements

are the first places to check.

Met VYelocity Plots - When producing a net velgcity olot (IVEL = 2), the

“time information" card {Card Group 2c) should be coded:
NPLOTS = 2
NTIME(1)

NTIME at which veloeity averaaing is to start

NTIME{2) = NTIME at which velocity averaging is to 3top

When plotting net velocities over one tidal cvcle, care must be taken
to ensure that NTIME(1) and NTIME(2) define 2xactly one tidal cycle. ISince
the magnitude af instantaneious velocities is jJenerally much greater than the
magnitude of the net velocities, and since tu2 nz. velocities are genmerated by
vector addition, omission of even z smali part 2f & tidal cycle wiil lead to

largy errgrs in the plot.

Dimensioninyg - [f dimensioning protlems ur» cncountered in one of the

subroutines, check the dimersion variadio iritisTization in the block data

suprautine.
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- CAFGRAPH -

This program will graphicaily display the ocutputs generated by CAFE and

DISPER. [t will:

Piot element geometry with optional element numbering.
Plot element grid boundaries.

Plot velocity vectors generated by CAFE.

Generate and plot net velocities.

Plot concentrations generated by DISPER.

Plot water surface elevations generated by DISPER.

The nodal coordinates may be any real value; the grid will be drawn properly
located with respect to a pair of labeled x and y axes. The line thicknesses
of the elements, grid boundaries, and velocity vectors are user-specified
options. Inputs for velocity, water surface elevation, and concentration are

taken from the directaccess files generated by CAFE or DISPER.

NOTE: A1l references to the CAFE User's Manual refer to Wang's version.
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Dimensioning

Dimension Variables:

NMNP - number of node pgints
NMEL - number of elements
NMLB - number of land boundaries
NMLBN - maximum number of nodes on any land boundary
NMOB - number of ocean boundaries
MMOBN - maximum number of nodes on any ocean boundary
NPLOTS - number of plots in a time sequence (see card group 2)

Dimension Statement: (M/PROG)

DIMENSION NEXT (NMNP), NINT(NMNP), X(NMHP), Y{NMNP), NELM(NMEL),
ICON(NMEL, 3}, XC(NMEL), YC(NMEL), NMLBU{NMLB), ICOML(NMLB, NMLBN},
NMOBN (NMOB), ICONO(NMOB, NMOSN), C(NMNP), ARRAY{NMNP), U{NMNP), V(NMNP),
H{NMNP), Q(NMNP*2), A(3), TITLE(14), XT(18), YT(18), NTIME{NPLOTS),
BS(10), D(NMNP)
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Program Inputs

Card Group 1: Options One Card (712)

a) IELM = 0 - no plot of element geometry
1 - produces plot of element geometry

2 - element geometry with numbered elements

b} IBOUND = 0 - no plot of land or ocean boundaries

1 - plots 1and and ocean boundaries

c) IVEL =Q

no plot of velocities
- 1 - produces plot of velocity field generated by CAFE
2 - produces plot of net velocity field (averaged from
NTIME(1) to NTIME(2))
d) ICONC = 0 - no caoncentration plot

1 - produces a plot of element concentrations generated by DISPER

e} IETA = 0 - no plot of water surface elevation

1 - produces a plot of water surface efevation above MLY

f) IQUTPUT= 0 - no listing of input data
1 - produces a Tisting of input data in the printed output
data set

g) NCOPY = Enter the number of copies of each plot desired. If only one copy
is desired, this may be left blank.

Card Group 2  Seguenced Plot Data: (Use Card Graup 2 cnly if _IYFl + ICONC
+ 1ETA = Q)

2a) Title {14A4) enter a title of up to 56 characters. The frant should be
padded with blanks as necessary to center the text in the 56 spaces.

2b) BS (10A4) this is another space'?or entering notes in the titte block.

This space is useful for recording the data set name(s) of the disk(s)
being used.
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2¢) Time Information (2015)
NPLOTS, (NTIME(I), I = 1,NPLOTS})
Where each NTIME(I) is a fortran direct-access record number for which a plat

is desired, and NPLOTS is the number of these.

Card Group 3: Scale Parameters One Card [4F10.2)

a} GSCALE - scale of plot (GSCALE units/i--.h of plot)
b} VSCALE - scale of velocity vectors

c) CFACT - concentrations to be plotted will be multiplied by this
factor to aid in plot interpretation

d) TSC - scale factor for title block. This is useful when producing
plots which will be reduced. TSC = 1.0 yields a title block
4.0" x 1.6". TSC > 1.0 yields a proportionately large title
block.

Card Group 4: Lineweights One Card (415}

An explanation of allowable values_far the Tine weight parameters can be

found in the Gould Plot Package Programming Manual, Sec. 2.4.

a) LWl - element geometry
b} LW2 - land boundaries
¢} LW3 - ocean boundaries
- d} LW4 - velocity vector arvows
Card Group 5: NMEL, NMNP One Card {215,

a) NMEL - number of elements

b) HMNP - number of node points

Card Group 6: Nodal Coordinates

This is the same as "Card Group 3" in the CAFZ User’s Manual.

Card Group 7: Element Data

This is the same as "Card Group 4" in the (MFE User's Manual.
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Card Group 8: Land Boundary Data

Card Group 3: Segment Connectivity

Card Group 10: QOcean Boundary Data

Card Group 11: Segment Connectivity

Card Groups 8-11 are identical to Card Groups 7-10 in the CAFE Users's

Manual. If IBOUND = 0, these cards may be omitted.
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HSC&FE Jﬂ&(l%&.#%&;iﬁbﬁ;ﬁ.@)a ‘CAROL COXNER', CLASS=1,REGIUN=T00K

MMTE Pi.‘IHT LB\'.&L
// EKEC FORTXCG, IRTIONT = - 0FT =2, L PARN= “STZE 500K /

A/FURT SYSTH 00 #

HIH:LUQE SSPACES 100£66¢4.2
/MIRCLIME CAFEZ 19060604, I
/MINCLUBE CAFET 1004000¢, 3
AIRCLUGE CAF T 1004085¢. 3
//FUIS'I'SD! Dgs;

1 2 2 2 2 2.3
APALACHTCOLA oY CRID 86 - WALF TIDE ClRVE Rex - GO
/ATRCLDE RODES 1064000¢. 3
/XINCLIBE ELERG 10040604, &

SRR 1025.
216000 é0. 275 1 1
ATRCLIOE PR 10340604, h
- /THCLUDE EMDELNS 10060904,
2.4 DA _
10 lus 342 1 1 iuek
AHTHCLIDE HTIDEGL 10040564,2
/ATHCLIDE HETE 100668061

HGI] FIOTF¢o1 CD SYSILT=A

S0 FILCFG01 D DSN=F AJ040304 . HTLER,
/¢ INIF=SYSOA, SPACESCTRE, (33,2), PLSE),
/¢ DISP=(, LATLE), DCB=(D STIR= DR
//6R.FI13F¢01 DD DSN=F .ACI4CE04. HTCLH,
/1 INT{=5¥508, IPACE=(TRE, (24,2}, RLSE).
/¢ DISP=(,LATLSY, DCB={DSORL=DR)

1
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//DISPER JTB (1004,0804,3500.30,0), 'APALACHICTLA BAY’, CLASS=1
/UPASSEORD 001, HINE
ARGUTE PRINT LICAL
¢/ EXEC FORTXCG, TINS =TT =2/
//FERT SYSIN O o
MINCLIDE SISDING 106éoged.2
AINCLIE STSPERA 10069604,3
/KINCLIDE DISPER2 10060604.3
/781, SYSTR 05
S 44 - CINSMT RIDE COLEATRATICHS, L FORS

39 81 ¢

/!Iih.LK.'DE #IDE4 10050804, 3

AAERCLUDE ELENS 10040804, 4
AINCLUDE DISENDS 10069206,4
AIRCLUDE FORODEF 16069806,4
9.0 ¢51200 180. 10 0.901 ¢ 1 3
1509.92 13990, 90 CERL
f!II‘CLI.la')[ HATTINE 10060864.

//CII FIORFAL BD SYI@IT=A

A/B0.FTICFGOL DD DSR=UF AQR4004, HTIAG,
/¢ DLSP=(OLD, KEEF)

/R0, FILIFS01 0D DSH=iF . AGG4 4004, HTCAR,
/¢ DISP=(OLD, KEEF)

(/GE.FI12F ¢01 DD DN . 100G 0808, CONCRS.
/4 UNIT=SYShA, SPACE=(TRK, (35,1),RLSE),
/¢ BISP=(,CATLE), DCB=DERE~D6
//GO.FT13rd01 DO Dibwt!



JICATCRAF AR (1004.4807.10,2.9). ‘ANN LMY/, CLASS=A
/HPASSURD 1,

/PRQUTE PRIAT TOP

/4 EXEC FORTECE,PLOT=

</FORT SYSPRIAT DD DIMKY

Z/FORAT SYSIN DD w

HINCLUDE GRAFTORT

/T SYSTIN BD

0ioteel

1 it
. 3
o 2o

’HIMUQE MIDES 10¢4iB6H, 1
;hIi"bL!.Trt EI..EM IOW% ’
f{:g_thgE %HN 10060804,
z;cg{;ﬁo&?&owf _AOB4CA0R . HTCAQ,
/ (
/Nglgg%ggix%gw AS0S0308 . HTCAH .,
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HUR0G IYSTERS - TRPT UTILIVY reackad DECERBER 1L, 1981 - IHTRUTIL UER 2.7 - PaCE
FILE MAR OF UGLUME LFLART

dfe wewer o Ukh G OB mem REEES WD MR
1 BEBEHL fb $,140 gl I 4E5h-EFT 12/10/81
2 HBRW F& 1160 £0 2 £E54-8PI 12/10/81
ERE L F& 4,140 24 1 4254-8B1 1271081
Y QECTHA FE 180 80 §  4IS6-HRL 1210781
3 SERER FB 8,140 £d 1 €259-8p1 12/10/81
4  Cart? Fib 4,140 50 é  4130-401 12/16/81
7 CHE3 ik éilc 2 4 4259-4AL 12710781
g CaFEh 3 é:140 Bd 4 4250-8PT 12/14/81
5  DISHING 1] 6,140 &0 1 4256-6P1 12/16/81
16 DIsPERa F& 4,140 30 §  ATT0-4FL 12/10/81
11 MISFR? 17 4,164 £ d  4250-4P1 12/16/81
12 GRAFFORT FB 4,160 80 I 4250-8P1 12/16/81

ExD OF UOLLRE ENCOUNTERED .
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