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1 . I NTRODUCT ION

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 Hay. 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 6ay 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 i4'n 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 S on

computer tape.

1.1 Lo istics of Model A roach

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 estuary in question. In the case of

Apalachicola 6ay this has clearly been demonstrated by L~vingston

 Livings.onetal., 1981!. A further impact on the economy depending on

the estuarine biosystem and the ocean biosystem its supports must therefore

be expected and should be considered by the responsible developer.



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. Compartsce af Biommass 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 devetopers

or developing agencies to insure optimum util~zation 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 ~mpact on the estuary's biosystem. From

these the 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.

RIVER BASIN PREDICTIVE MODEI

ESTUARINE PREDI CTIVE MODEL

CORRELATION FROM 8IOLOG I CAL
DATA COLLECTION

ECONOMICAL ANALYSIS

PLANNING

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 Figure 1.2. 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

land 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.

Figure 1.4. Computer Enhanced LANOSAT Image of Area Not th 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.

I.ANDSAT images enhanced for color  quality! of surface waters are

used for verification by pattern recognition of water quality as discussed

later in this report and by Graham, Hill and Christensen �978!.

Figure 1.5. LANDSAT Image of Apalachicola Bay Computer Enhanced for 'theater
equal ity. Outgoing Ti de.



Verification data are of course also obtained by direct observation

of velocities and salinities in the bay.

1.2 The A alachicola Basin/Estuar S stem

The Apalachicola Basin and Estuary system was selected for the

modeling effort described in this report because of its relative simp1icity

as far as pollution and pollution 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 Iast 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 Hay may

originate as far away as from the Atlanta, Georgia, region from where it

enters the Apalachicola River primarily through the Chattahoochee and

Flint rivers. Briefly, the basin is about 50,500 km in area and the2

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 hydrologic data. The mean

yearly hydrograph for the decade 1967 through 1976 is shown in Figure 1.7.
3 -1The year1y average discharge is about 700 m s . This is a substantial



Figure 1.6. The Apalachicola River/Bay System with Tributaries.

d1scharge. However, compared to the rate of tidal exchange of waters in the

bay it 1s very small. The river is therefore having only a 11mited

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 signif1cant because of the 1mportance of its waters to

marine life  Livingrtcm, l9B1!. At present, it suffers relatively low

levels of point-source pollution.

The bay is about 550 Km in area, depending upon where the boundaries2

are drawn. Mean depth is about 2 meters and is everywhere less than 3

meters except in West Pass. As expected the system is dominated by the
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Figure 1.7. Mean Year'ly Hydrograph for Apalachicola River for
1961 - 1976.

Apa1achicola River whose mean annual discharge is about 700 m js. The3

mean tidal range at Apalachicola is 0.40 m. The tidal prism is thus

220 million m on the average and the mean residence time per river water3

about 17 days,

In general the bay is shallow, well -mixed and prone to being wind-

driven. Litt1e else is known about its hydrography. It i s 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 penetrati ng 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 af 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 aeria1 photos of these

points taken from the flight path in Figure 1.8 at the locations marked

A through M.

10
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Figure 1.9. Apalachicola Bay. VIEN 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 1.11. Apalachicola Bay,
VIEW C. St. George
Island at Causeway
Seen from South.

Figure 1.12. Apalachicola Bay.
VIEW 0. St. George
Island between
Causeway and Sikes
Cut Seen from South.



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

Figure 1.14. Apalachicola Bay. VIEW F. Nest Pass Seen from Southwest.
Left: St. Vincent Island. Right: St. George Island
 Sand Is1andj.

14



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

Fi gure 1.16. Apal achi cola Bay. VIEW H. Indi an Pass Seen from Southwest.
Left: St. Vincent Island.



Figure 1.17. Apalachicola Bay. VIER I. North Shore of Bay at Green Point
Seen fram Northwest.

Figure 1.18. Apalachicola Bay. VIE'H J. The Apalachicola River Entering
Bay at City of Apalachicola  Right! Seen from Northwest.
John Gorrie Memorial Bridge.



Figure 1.19. Apalachicola Bay. VIEW K. East Bay Seen from Southeast.

Figure 1.20. Apalachicola Bay. VIEW L. St. George Island Causeway Seen
from North.



Figure 1.21. Apalachicola Bay. VIEW M. East Pass Seen from West. Left:
Dog Island. Right: St. George Is1and.

1. 3 Classification of A al achi col a Ba

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 proposed  Pritchard,

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

P 2 1 D R
TQ 2

'I D

where
T = tidal period �2.42 hr!

P = tidal prism

Q river discharge

p ,p2 = characteristic extreme densities

L = estuary length

D = average estuary depth

R = tidal range

18



If p corresponds to s  salinity! = 0 and o to s = 32K  ocean value!
1 2

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 is primarily based on

�.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 f' or small 0/L.

Considering the above and Pritchard's estuari ne classification scheme

shown in Figure 1.22 the Apalachicola Bay may be characterized as a width

dominant estuary controlled by ti dal currents originating from astronomical

as well as wind tides. It is a type D estuary.

1.4 The A alachicola Ba NumericaI Yodel and Atlas of k drod namics
an ater ua i

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

mode1ed by use of the Hang-Connor CAFE-1 model  Wang and Connor, 1975!.

This is a vertically integrated finite element model.

19





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 'little is known about the present and future water quality

of the ri ver 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 nonconservati ve substances.

The final results are given for the 12 months of the typical year

during which average tides, winds and ri ver flow are presumed to prevai l.

The conditions are given for the typical tidal cycle for each month.

Yelocity, 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 low tide. Thus each month

wi11 be represented by 8 velocity maps, 'l 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,



2. SELECTION OF MODELS

A short discussion of the selection of the model is given in this chapter.

For a more complete 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 tor select~on 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 �978!. It was concluded

that a two-dimensional vertically, averaged numerical model was appropriate

for Apalachicola Hay due to its generally well-mixed body of water. It is

likely that Apa'Iachicola 8ay would represent the case in Florida where

this assumption is most marginal, so that application to most other Florida

estuaries wou1d 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 just~f~ed 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-crt 3-D and multi-1ayer models are not  in the

author's opinion!. While promising results are being made with 2-'Iayer

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 mul tilayer model are formidable,

so the likelihood of re1iable applications is even further removed.

To summarize, the selection criteria used were:

1! model must be a least two-dimensional

2! model must simulate transient conditions

3! model must be sophisticated, yet readily available,

proven, and tested

4! model must be nonproprietary, or documented to the

extent that it is effectively nonproprietary

5! model must be "state-of-the-art", but past the

research phase

6 ! model must be ab1e to be run by users with reasonable

proficiency

7! model must be able to be run at a reasonable cost

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

applicabi1ity

9! model must be compatible with a water quality package

10! 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

Earlier reports and papers descri be the several models considered

f' or application to Apalachicola Bay according to the criteria in Section

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



After this model was chosen, a compatible water quality model could he

selected.

Among models considered were the following, wi th more detail given

by Graham �977!, Graham, DeCosta and Christensen �978!, and Graham,

Daniels and Christensen �979!.

Kydroscience Estuary Nodel  Hydroscience, 1977!.

2. Dynamic Estuary Model  also forms the recei ving water model, RECEIV,

for the EPA Storm Water Nanagement Model  SWNM! �  Feigner and

Harris, 1970!!. See also Huber et al. �975!.

3. Leendertse Finite-Difference Model  Leender tse, 1967!.

4. Masch Gulf Coast Model  Masch et al., 1969!.

5. M. I.T. Finite Element Models

CAFE-1 for hydrodynamics  Wang and Connor �975!, Pagenkopf
et al. �976!!

DISPER-1 for water quality  Leimkuhler, et al. �975!, and
Pagenkopf et a'l. �976!!

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

Hased on a review of available models, coupled with the criteria

presented in Section 2.1, it was decided that one package, the CAFE-l,

DISPER-1 system develaped at M. I.T.  also for Sea Grant! seemed overwhelmingly

superior. In addition to technica'I and verification advantages, it was

deemed important to select this fi nite element model for several reasons:

1! it provides more flexibility in di scretizing 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

hami, both recognized experts in the field,

4! Wang and Connor's  l975! finite element model has

recently been applied by Swakon and Wang �977! to

Biscayne Bay with good resuIts,

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 sufficientmodel detail will be presented to enable

understanding model features and limitations. More detai"l 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 Descri tion

The CAFE-1  standing for 1-layer Circulation Analysis by Finite

Elements! nedeI was developed and tested by M.I.T.  Hang and Conner, 1975!.

It has the following general properties:

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

the tidal cycle.

2! Fini te-el ement formulation.

3! Impl i ci t 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

si gni fi cant advantages:

1! The elements can be of different size.

2! The elements can assume almost any configuration, prov~ding

a triangular network is used.

Thus, the.Amte elemnt 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.

26



Since the finite element grid sizes can be of arbitrary size  usually

finite di fference 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 1 arge 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 wi th very little  and inexpensively acquired! i nput data. Since

verification and calibration of numerical models can be quite 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 elsewhere.

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-1 include

1! a grid, which requires nodes and elements to be defined

2! depths at each node

27



3! boundary orientations

4! wave amplitude, phase and/or flux at boundaries

5! lati tude

6! wind speed and direction

7! Nanni ng mughnes

8! internal stress
operator controlled

These are relatively easy to come by, at least for the United States.

Outputs include

1! uni t discharge vectors and/or velocities

2! hei ghts above mean low water

for every node point for every timestep. In this case, the unit discharge

values  q and q ! and a hei ght were output for each node for a tidal
X

cycle of 744 minutes.

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

28

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-l. For

sinusoidal tides, repeating over each cycle, and use of a single cycle called

from memory to drive DISPER-1 resul t in considerable savings. The CAfE-1

program results presented later for the gridwith 281 nodes and 439 elements,

shown in Figure 3.1, typically took about 450 seconds CPU time at a cost of
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1! Massachusetts Bay �  Briggs and Madsen, 1973!;  Christodoulou

et al., 1974!;  Connor et al., 1973!; and  Parker and Pearce,

1975!.

2! Narragansett Bay -  Connor and Wang, 1974!;  Swanson and

Spaulding, undated!.

3! Great Bay, N.H. -  Cellikol and Reichard, 1976!;  Swanson

et al., 1977}.

4! Mareton Bay, Australia -  Steele et al., 1977!.

5! Biscayne Bay, Florida - Sengupta et al., 1978!;  Swakon

and Wang, 1977!.

6! Lake Pontchartrain - done at Louisiana State

Uni versi ty.

A'Il 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 latter two studies, therefore, reflect the degree to which the

models are available to the public. Both LSU and VF 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 progress at I SU and UF, it appears that a

training period of 6 to 8 mcrnths 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 N. I.T. Marine

Industry Advisory Services Opportunity Brief.

The models are currently avai lable from the Parsons Laboratory,

Department of Civil Engineering at N. 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

dol1ars.

The tape containing the CAFE-1 and DISPER-1 models modified for the

Apalachicola Bay is available from the kydrau'Iic 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. l. Z E uati ons for CAFE-1

Wang and Connor �975! 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 equations 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 �979! follow the

outline of Swakon and Wang �977! to present the basic equations. Several

variables must be introduced, including vertically integrated discharges

per unit width  q and q ! in the two coordinate directions  x and y! and
x y

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

y!
H= dz=h+q

-h

in which
z = vertical coordinate

h = depth at mean low water  MLW!

Conservation of mass:

+�+~=q
Bt Bx ay I

Conservation of momentum in x-direction:

qq X uq ! q uq !
+ + - fqax xy qy

q s BH bBh+ � [ � pdz - p � � p � ]
P Bx -h Bx Bx

s b
 F ! - �  F !+ M =0

Bx xx By xy P x

Conservation of momentum in y-direction:

X uqx! > yq !
ax xy qx

n s BH bBh+ I. Pdz-P -p � B7p By g By By

s b

 F ! - �  F ! + M�= 0
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The basic equations can be written as follows:



in which
Coriolis parameter = 2 ~ ~ ~ sin 29'

earth
corresponding to the latitude of Apalachicola Bay

pressure

atmospheric pressure

bottom pressure

surface stress

bottom stress

local density of water in the bay

volume addition rate

p s b
T

5

time

q /H = local mean velocity in x-direction
X

q /H = local mean velocity in y-direction
y

Cartesian coordinates  horizontal!x,y

internal specific stress terms  stress/density!,
sometimes termed "turbulent eddy viscosity
coeffi cients"

F,F
xy' yy

M,Mx' y momentum addition per unit horizontal area

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

pdz-p � p � - c 9H � +H~a s > bah a~ ~a'
ax ax ax o ax -.x

1 H2 ~Bh �. 7!

Here

o x,y,t! = p + hp x,y,t!

with the usual definitions. For practical purposes the effect of

the atmospheric pressure usually induces a 1 cm change in

33

in the x-direction. A simi1ar equation is derived for the y-direction.



sea level; this may not, be readi'iy 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 resu1ts. If

the NLW 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 H ~ is also often ignored. 8ased on the premise1 2 Ba~ .

2 Bx

that most passive pollutants do not change the density field. An exception,

of course is salinity.

The internal stress coefficients, can be written as

E Bq. Bq.

ij 26 .. Bx, Bx-i j i i
where E.. are the turbulent eddy viscosity coefficients, which can be

1J

manipulated. In practice, the terms E.. serve several functions, including:
ij

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 F.. terms essentially adds some elegance to the model.
iJ

Leendertse's �967! 2-D finite-difference model neglected these terms.

They were included by Wang and Connor �975! because



"We feel that the inclusion of F.. has several attractive
iJ

properties. It a1lows for internal friction and thereby
energy dissipation, provided E.. is positive; it does

lj
represent actual physical processes  al though 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-3, at least as reported by Wang and Connor �975!, 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 sensi tive to values of F.. as
iJ

noted by Connor and Wang �975!. A comparison of E.. va1ues will be pre-
1J

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 E. and n  Manning roughness coefficient!
1J

in CAFE-1, and the dispersion coefficient D-. in DISPER-l. If these
iJ

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  8qijbx , ...! in Equation �.9! areJ'

approximated by finite values on the grid, and error results if the grid is

non-zero in size. The values of F. - and E.. are therefore functions of the
1J iJ

1ocal grid scale as well as hydrodynamics.
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The bottom stress terms in Equations �.3! and �.4! use the generally

accepted quadratic approximation:

Cf p  q + q !
i j H

in which

�.11!

n = Manning's "n"

and 9 = acceleration due to gravity.

Therefore,

b 1

'x,. ~H/3 �.12!

For shallow 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 total

depth. i%ate 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-

littered bottoms.]

The wind stress term x /p warrants qualitative discussion. Recent
s

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 as~ries can be considered to be wind dominated. Work

at the University of Florida in coastal canals indicates wind is much more

inf1uential in flushing than tidal action  see Morris, Walton, and

Christensen, 1978!. Tidal measurements by Hydraulic Lab personnel show

that wind-set up can be up to about 3 times the tidal range.



The wind stress term in CAFE-1 is of the accepted quadratic form:

air D 10

where
p . = air density

C = a dimensionless drag coefficient
D

U = air velocity at 10 meters above water surface,

inms

The form given for CD is

Cp � 1 + 0 0536 U10! x 10

aq Bq
+ � "+~= 0

at ax Sy
�.1 5!

Conservation of momentum in x-direction:

ao sic /H! a!q a i!!i
fq

+ g H Bn e M ~~ + ~M ~d5
Bx p Bx 2p ~x
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This is based essentially on empirical data. Oiscussion of development

and validity of Equation �.14! and �.15! is given by Hriggs and Madsen �973!.

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

a 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 �.2! to �.4! are developed by inserting

these approximations:

Conservation of mass:



CD ! U10 f U10�- Cf  q�+ q'air 2 21/2 q

BF BF
xx ~x g 0

Px ax x
�.16!

Conservation of momentum in y-direction:

s s�q /~! s q '/>!

H ~8 H ~a BH ~36s 2

' g ' ~y ' o ay ' 2p Sy

+ � C iU f U -C  q +q !
P

p D 10 10y f x y 2

aF� aF
= 0

Px 3y y
�.1>!

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

in detai 1 here. For details see Hang and Connor �975!.

3.1.3 Turbulent Eddy Yiscosity Coefficient E..
i

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 F... A brief literature review was made to determine
1J

what reasonabIe values might be. It has been shown that F,. is a function
1J

both of the velocity field and characteristics of the numerical solution

grid.
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The eddy viscosity coefficient Ei. is the major variable parameter by

which the engineer can adjust the model results to fit a data set. For



A "rough" formula for estimating E is given by llang and Canna<
xx

�975!, as

E,,- g ~6k,.
u

�.18!

where

a. = 0.1 to 0.01

g = 9.81 m s �.19!

Ti = expected tidal range

u = expected velocity

hR = characteristic grid length

For a < 0.02 the only effect of this term is to dampen short wave noise.

Note that u., a-, E.. refer to components in direction i. A better
i i ll

approximation for the velocity field contribution might be the difference

in characteristic velocities across 5k;.

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 nondimensianalized value, E» , defined by
ii

Eii St
E»

il
�.20!
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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 an the value of a used!.

As noted by blang and Connor �975!, ideally E.. should be minimized wi th ~
il

having a highest practical value for damping of about 0.02. High values af

E», indicate the modeler may have forced stability an the system, although
ii

many other factors may also be important in such cases.



Table 3.1. Values of Turbulent Eddy Viscosity Coefficients for
Numerical Model s.



For the Apalachicola grid some reasonable estimates are, for the

SmalleSt element, wl th lOw VelOCitieS

a = 0.02

g ~ 9.81 m s

1 m

-1
0.1 m sU

M,. - 350 m at least
1

�.02! �433S! = 686.7 m s

and il 686.7 60
� ~ 0 33

35CI

For the largest elements, with highest ve1ocities,

-1
u-OSms

zx,. - 3000 m
1

E,i = �.02! �8860! = 1177 m s

and E.. bt
ii 177 60

Dki 3000

In fact, values of E = E = 40 m s and E = 2- m s were
2 -1 2 -1

xx yy xy

selected f' or 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»- for these values of E.. are
ll ll

1! smallest of elements

E» = .02
ii

2! 1argest elements

E». = .0002
ll
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In general the personnel on this project preferred grid manipulation

to increasing E i as a means to achieve stability in CAFE-1. The decision
11

was made to use the lowest appropriate va1ues found in the literature and

design a stable grid around these. The procedures used to obtain a stable

grid wi11 be discussed in the next section.

3.1.4 A lication and Debu in of CAFE-1 Model for A alachicola

~Ba

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

a trial and error process which took somewhat longer 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 app1ication was further

complicated by the fact that the dispersion model required good resolution

of East Bay and East and Hest Bayous. This required an extreme range of

element sizes, which tends to make the model unstab1e.

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 e1ements were made more equilateral,

and element sizes varied slowly. This was gradually modified to the working

grid by changing several unstable areas. To accomplish this the graphics

routines were found very helpful.

Unlike DISPKQ-1 CAFE-1 tends to die quite rapidly when an instability

occurs. The initiation of the instabilities could be traced by reviewing

velocities at a'll points for time steps leading up to the instabi1ity. This



is, however, very inefficient. Therefore, graphics routines for the Gould

 essentially the same as CALCQNP! plotter were developed to enable 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:

C = � i2ggT5t

r hx
�.21!

In theory, an implicit scheme should be stable for any value of C , even

considerably greater than 1, although the accuracy of the solution will

generally decrease as C approaches higher values. The theoretical
r

stability of the model is, however, tempered by real physical features.

For example, Cunge �977! discusses the Leendertse �967! scheme, which is

considered a strictly non-dissipative, second-order accuracy scheme. This

1! improper node or element definition

2! total depth less than about 1 dm at 1 ow water

3! gri 1 changed si ze too rapi dl y

4! i rregul ar tri angl e s hape

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 ot 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 routi ne is used in CAFE-l,

there appears to be a limit 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 �977! as



means that no numeri cal damping of wave amplitudes wi11 occur, which i s

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 theoretical1y stable

scheme may become unstable in some applications. It 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

Dt < 0.7 hxo/1299> � 22!

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. Hecause advection dominates

dispersion in tidal systems, a real-time model is required. This need is

particularly stmog given the transient character af stormwater quality and

quantity. Availability 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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for this model in which x and H refer to the grid location giving the
0 0

critical value for Gt.

It was found-- that for- all grids thus far used, Equation �.22! yielded

values close to 60 seconds, and a time step of 60 seconds for CAFE-I runs

was in fact found acceptable and will be used for all results presented in

thi s report.



3.2.1 E uations and 8oundar Conditions for DISPER-1

The model solves the classicial convective-diffusion equations:

Following Leimkuhler et al, �976!

� + �  uc! + �  vc! - � - � q + Pac 3 8 3

at ax 3y ax x ay y
� 23!

in which
=- pHD � - pHDac 3c

X xx Sx xy 3y
�.24!

pHD � - pHD
3c 3c

Y xy Bx xy 3y

c= pcH �.26!

where c = 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
0

0.. = dispersion coefficient
11

Nate that Equation �.23! expresses conservation of mass of the constituent

of interest. Values of u and v came from CAFE-1.
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DISPER-1 is a rea'1-time, 2-I3, vertically-averaged finite element model

for solution of' the convective-diffusion equation given hydrodynamic inputs

from another source  in this case from CAFE-1!. The model is described by

Christodoulou et al. �976!, Leimkuhler et al. �975!, and in a user 's

manual by Pagenkopf et al. �976!.



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

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

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

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

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 �.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 problems  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 c is equal to zero at all times at the boundary. Another useful

approach is the floating boundary condition developed by Dailey and Harleman

 l972! 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 Stabilit and Conver ence of DISPER-1

The best work in the area of stability and convergence of DISPER-'I has

been done by Christodoulou et al. �976!, and experience at the University

of Florida has helped strengthen their findings for application of DISPER-1

to Apa1achicola Bay. In the dispersion model, three factors combine to



change constituent concentrations. These are advection  represented by

the velocity, u!, dispersion  represented by the d1spersion coefficient,

0,,!, and decay  represented by the appropriate decay or reaction coeff1-
ll

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. �976! found that the total effect of

advection and dispersion could be represented in defining a "safe" region

given by the following inequality.

t 2 0,.1st 2
�.22 ~ ! +  8 ~I

hx

�.27!

It should be noted that Equation �.27! 1s based on a theoretical analysis

assuming very regular and equilateral triangles and verification has

occurred only on moderately irregular grids. For highly irregular grids,

the allowable time step may be considerably below that given by Equation

�.27!. Equat1on �.27! can be converted to

, 2 0�.2-"
�.22 hx! +  8 2! j

5x

�.28!

2 -1As an example, for element sizes of about 400 mn, D,, of 100 m s , and a
-1

maximum velocity of about 1.5 m s, Equation �.28! yields a value of
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147 s. This, too, may need to be further reduced due to other problems.

However, in general 1t is true that OISPER-1 is stable at longer time steps

than CAFE-l,

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. No specific criteria have been developed in this regard

for CAFE-1, although it is generally believed that a stable solut1on is



also accurate unless unexplained oscillations persist in any portion of the

flow region.

Christodoulou et al. �976! proposed an accuracy criterion for

DISPER-l, given by inequality �.29!

2 D..
dx  

u
�.29!

Inaccuracies in OISPER-1 exhibit themselves as negative concentrations and
2 -1

as ocillating values of concentrations. For D.. = 100 m s and a maximum
11

velocity of u = 1.5 m s, it can be seen that Equation �.29! yields a
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very small element size of about 130 m. If in fact such a small element

size were chosen, then values of the time increment would be drastically

lowered, as shown by Equation �.29! for OISPER-1 and Equation �.22! for

CAFE-1.

Fortunately, Equation �.29! applies primarily i n areas of hi gh con-

centration gradients and high concentrations. In regions far from the

sources, where concentrations remain lower, 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

Chri stodoulou et al. �976!, the cri teria given by Equations �.28! and

�.29! were both net. Ie two runs, all parameters were the same except

that the source was distributed over two elements in one run and over eight

elements in the other run. The run with eight elements for the source gave



completely satisfactory results, while those from the other runs exhibited

excessive oscil1ation. 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 be very important also. Elements too

different from an equilaterial triangle may cause problems. In addition,

problems may occur where element sizes change too rapidly. This also

includes too rapid a change in depth, even where element sizes and shapes

are fairly regular.

A factor in stability and accuracy is the initial condi tion 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-l.

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.

49



4. NODEL VERIFICATION

As noted in Section 3, the two rmdels being used have been verified

by application to other waterbodies and comoaring results 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-1

4.1.1 Field Data

Two primary types of data were obtained from the field: �! tidal

information at various points in the bay and �! water ve1ocity measurements.

In addition, the wind velocity was measured several times during the data

collection process.

Host 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.

ocean boundaries: East Pass, Sikes Cut, Hest Pass, and Indian Pass. The

tides recorded at these gages were used as input boundary information to the

model .

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 resuIts. Figure 4.2 shows a

tide gage and recorder iz 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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Figure 4.3. Samp1e Recording from Tide Gage at East Pass.
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4.1.1. 2 Yeloci t Measurements. Al 1 vel oc1ty measurements were

taken from a boat using a Y "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 36.8X of the total depth

from the bottom  which is the location of the spatial mean velocity for a

logarithmic veloc1ty profile!. Velocit1es were also recorded at other

depths so that velocity profiles could be plotted and the assumption of

1ogarithmic velocity prof11e checked.

At points C and 0  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 the water

surface.

4.1.2 Model In ut for Yerification Runs

4.1.2.1 l!rid Confi uration. The f1nite 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

s1ze is small enough to provide an accurate representation of the bay.

Second, most of Che tr1angles are approx1mately 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 triangtes, tends to produce

instabilities which cannot be predicted by quantifiable stability criteria as

discussed cartier.
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Figure 4.6. Observation of Oirection af Rater 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 transferri ng this information.

4.1.2.2 Turbulent Edd Viscosit Coefficients. As stated earlier,

internal stresses from turbulence and velocity shear are represented in

the model in the form of Equation �.9!. Since there is no way to actually

measure these stresses, the literature review provided reasonable values

for the eddy viscosity coefficients. The values currently being used are

the following:

E = 40.0 m s
XX

E =40.0ms
yy

E = 20.0ms
xy

The sensitivity of the model to these coeffic~ents was not known.

A single computer run was made with each of these values cut in hal f. The

resultant 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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n = O.C45. This value was calculated in accordance with the method pro-

posed by Christensen �975! from a few scattered velocity profiles obtained

in the field. From the velocity profiles that were 1ogarithmic  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 a1so possible to input varyi ng values of Panning's n throughout

the bay. Although this is more time consuming than simply supp'iying a

constant value, it is the only way to account for di fferences in bottom

friction at various locations. This type of i nput can be used as a final

step in "fine-tuning" the fidel.

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 �961 - 1976! were available from the U.S.G.S. so these va1ues were

used  see Table 4.1 and Figure 1.7!. Fortunately, errors in the river

flow do not significantly affect the overall hydrodynamics of the bay, because

the r~ver 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  g = 705 m s for the Apalachicola River! during a3 -1

half tidal cycle to a mean tida1 prism height of' 0.5 m:
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Table 4.1. Average Monthly Flows for the Apalachicola River for Period
1961-1976.

These values correspond to the hydrograph given in Figure 1.7.
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  1ppg! �05 m s 60 s min 60 min h 6. 21 h!3 -1 -1

�50 km ! �. 5 m! �,000,000 m km !

41.. ~i« . p

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 � mph! at 207' clockwise from North

For the two runs used as comparisons with water velocities:

wind velocity = 2.24 m s � rrph! 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 tldel are at HLW.

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

East Pass and Indian River Pass when the velocity data were gathered.!

Cor~ection 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.

The depths input at each node were obtained4.1.2.7

from a Navigational Chart published by NOAA. The depths input at West Pass
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and Sikes Cut are slightly lower 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 Com ari son of Model Results with Field Data

Figures 4.7 and 4.8 show field measurements and model results for the

water surface fluctuations at two points, 8 and A,in the bay. Computer

results are shown for n = 0.045 and n = 0.030. At point 8, both computer

runs are extremely c'Jose 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 i n 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

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

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. Observed and computed values

of the vertically avenged velocities at points A through 8 show

similar satisfactory agreement. The predicted model velocities are

often lower than the observed velocities. However, Wang �978! 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 Corn a ri son wi th Wan ' s Veri f i ca ti on

Figures 4.10 and 4.11 show field and preliminary model results

obtained by Wang �978 ! us ing the CAFE-1 model at Bi scayne Bay. Wang

considers his resu1ts to be good for an initial computer run with no

adjustments. All of the results for Apa1achicola Bay discussed in the

previous section fa11 well within the errors illustrated in the two

figures. Therefore, it may be assumed that CAFE-1 correctIy predicts the

principal physical processes in Apa1achicola Bay. However, further refine-

ment is still possible as more detailed data in specific areas are obtained.

4.1.5 Fur ther Ca1ibration

Because of the large change in ve1ocities occurring when n was de-

creased fry 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

resu'Its stabi1ity prob'tems, 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 initia1 velocities and

water surface elevations sit equal to zero!. Assuming that the steady-

state velocities are sma11er in magnitude than these initial velocities,

it may be possible to eliminate the instabilities by inputting initial
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Figure 4.10. Surface Displacement Yerification by Wang for a iModel of
Biscayne Bay Using CAFE-1  Wang, 1978b!.

Figure 4.ll. Hodograph Comparison by Wang for a Model of Biscayne Bay
Using Cafe-1  Wang, 1978b!.
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va1ues 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 va1 ues i nitia11y, this change wi1 1 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. Fie1d

data can be obtained for releases ot 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 a'Iternative 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 ualit Verification

The specific set of salinity data to be treated here was taken in

September, 1980, by a field crew from the Hydrau1ic 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 temporaI

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, sympto~atic of difficul ties 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. Salini ties in Apalachicola Bay, September 1980. Observed by
Hydraulic Laboratory, University of Florida.

21. 2

30. 4Center of Bay

Center of Bay

Center of Bay

Center of Bay

Center of Bay

West Pass

30.0

31.6

28.8

31.2

33.2'

34. 0

29. 2

33 ~ 8

32.4

29.8

30.0

31,8

West Pass

West Pass

West Pass

West Pass

Sikes Cut

Sikes Cut

32. 0

33. 0

35.0

35.0

34,4

34.8

36.8

35. 8

38. 2

44. 3

43. 5

28. 7

34,9

s = surface

b = bottom
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3

4 5
6 7
8 9

10

12

13

14

15

16

']7

'l8

19

20

21

22

23

24

25

26

27

28

Sikes Cut

Sikes Cut

Sikes Cut

East Pass

East Pass

East Pass

East Pass

East Pass

East Pass

East Pass

East Pass

East Pass

New River

South Span-Causeway

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80,

9-18-80

9-18-80,

9-18-80,

9-19-80,

9-19-80,

9-19-80,

9-19-80,

9-26-80,

9-26-80,

9-26-80,

9-26-80,

9-26-80,

9-26-80,

9-26-80,

1100

1100

1100

1100

1100

1630

1630

1630

1630

1630

1730

1730

1730

1730

1730

1140

1140

1140 '

1140

1500

1500

1500

1500

1500

1600

1820



Table 4.2 - continued.

Sa1ini ty Date, Time
of Sample

Samp'le
No.
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29

30

31

32

33

34-

35

36

37

38

39

40

41

42

43

44

s = surface
b = bottom

Approximate
Location

South Span-Causeway

South Span-Causeway

South Span-Causeway

South Span-Causeway

South Span-Causeway

North Span

North Span

North Span

St. George Sound

St. George Sound

St. George Sound

St. George Sound

St. George Sound

St. Vincent Sound

St. Vincent Sound

St. Vincent Sound

36.1

35.0

37.8

35.5

37.5

30. 4

34.4

34.8

38.4

37, 4.

37.8

38.6

41. 1

25.0

22.6

24.1

9-26-80, 1820

9-26-80, 1820

9-26-80, 1820

9-26-80, 1820

9-26-80, 1820

9-27-80, 1150

9-27-80, 1150

9-27-80, 1150

9-27-80, 1300

9-27-80, 1300

9-27-80, 1300

9-27-80, 1300

9-27-80, 1300

9-28-80, 1200

9.-28-80, 1200

9-28-80, 1200



upwelling or local disturbances. This sort of variability should be recalled

when assessi ng model agreement with the data. It shou1d further be noted

that the model, bei ng two-dimensional, yields a depth-averaged concentration

value.

4.2.2 Model In ut for Verification Runs

Due to the time span in salinity measurements, typical tides and

wi nds for that peri od 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

model parameters often exists. The 439 element, 281 node general grid shown

in Fi gure 3.1 was used again for the simulation. Salini ties of 36 ppt. were

specified at the external passes and inlets, with 10 ppt and 5 ppt at appro-
3 -1

priate elements for the river mouth. River flow was taken at 337 m s

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, D. , resulting in specifyin g input values whichll'

typica1ly yield maximum values of D.i of 150-300 m s in the bay.2 -1

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 Resu1ts of OISPER-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. It can be seen

by comparison with Tab1e 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, especiaIly 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 should 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 Nanning'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

�978! and Hill and Graham �980! 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 ~local 1 low values near the causeway island.

4.3 Satellite Verification of DISPER-1

Use of LANDSAT imagery computer enhanced for surface water color may

be utilized for verification of the DISPER-1 aedel, 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 pollutant 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 shouId indeed be indicative of the vertica1ly 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 low 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.



Figure 4.13. Computer Enhanced LANDSAT Image Showing Water equality
Patterns in Apalachico'la Bay.



5. THE ATLAS, SELECTION OF CONDITIONS FOR A TYPICAL YEAR

To illustr'ate 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 f'lows.

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 simulations.

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 to estimate expected tidal height variations from

points of measured values to other boundary paints and time  phase! lag

between tidal peaks.
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The tide at Apalachicala 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 man tidal amplitudes to drive the model, with a respecting

sinusoidal tide specified. This should reproduce the general structure

well, although there may be sma11 local differences at individual times

within a tidal cycle.

A review of the tidal data fram 1975-1980 showed mean tidal ranges at

the Apalachicola gage rather close to one faot far 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 therefare

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.
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Again, these values are taken as typical and should not be interpreted

as representing any specific case.

5. 3 Winds

Wind is an extremely important factor in bay behavior. Wind data from

1975 through early 1981 was obtained from the Apa1achicola office of the

National Weather Service in the form of monthly surmaries 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 led to selection of the mont1y average wind values

shown in Table 5.2.

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

a: For example, 090 is a wind from the East, 180 from
the South, etc.
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Yariation in wind speed shown in Table 5.2 seems less significant

than di rection. Note the tendency of the wind to be from slightly west of

south duri ng 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 4.1, tidal information

from Table 5.1  the same for all months!, and the wi nd 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-1

run representi ng 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 af 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 c

in which c = 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 c in the Apalachicola Bay, are based

on the river concentration cR = 100  e.g., ppm! and the ocean  Gulf of

Mexico! concentration c = 0.
0

Pollutant 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, is a solution to the differential equations governing

the migration of conservative pollutants in the Apalachicola Bay> it is

easily proven that the concentration cl given by the linear expression

c =ac+b

also must be a solution. In Equation �.1! a and b are constants.

A special case of Equation �.1! is

cR - c
100 o

in which cR and c are arbitrary pollutant concentrations in the river and
0

ocean, respecti vely.

This equation satisfies the boundary conditions

c = c for c = 100 and c = 0 corresponding
1 R 0

to the original c-mapping,
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Figure 6.l. Schematic Maps Showing Boundary Conditions Used in Concentration
Conversion Formulas.



c =c fore=0
1 o

c = c for c = c
1 o R o

and c = c f' or c =100
1 R o

Equation �.2! will therefore give the pollutant concentration at any

point; where c, based on cR = 100 and c = 0, is known when the river and
0

ocean pollutant levels are known. The maps presented in the attached atlas

will therefore, when co&ined with Equation �.2!, yield the vertical

average of the pollutant concentration at any location in the bay and at any

time during the tidal cycle for any values of cR and c .
0

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

  100! '0 � 3!

in which s = the salinity at  x,y! at time t and s = salinity of the Gul f

of Mexico waters is of the same form as Equation �.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 fore=100

s=s fore~0
0

and
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are indicated in the lower part of Figure 6.1.
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B. LIST OF SYMBOL S

in the text and in the following list of symbols.

dimensi onl ess constant

dimensionless constant

vertically averaged pollutant concentration at point  x,y!,
at time t corresponding to cR = 100. Note in Secton 3 c
stands for the vertically integrated concentration while
the vertically averaged concentration there i s denoted c

vertically averaged pollutant concentration at point  x,y!
at time t corresponding to cR $ 100cl

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

c
0

pollutant concentration of river water entering the bay

dimensionless friction coefficient

average estuary depth

dispersion coeff~cient

dispersion coefficients

dimensionless turbulent eddy viscosity coefficients

turbulent eddy viscosity coefficients

Coriolis parameter

R

Cf

D ,D ,Dxx' xy' yy

11

lJ

f

internal specitic stress terms  stress jdensity!

9.806 m s = acceleration due to gravity

F ,F ,Fxx' xy' yy

water depth below mean lowwater  MLW! at point  x,y!

h + q = total depth at point  x,y! at time t

refer to grid location giving critical Dt - value

Nikuradse's equivalent sand roughness

estuary length

momentum addition per. uni t horizontal area

H

M,M
X

T' he symbols used in this report are defined where they first appear



Panning's n = k / 8.25&g!  metric!I/6

pressure

n =

p = pressure at the bottomb

p = pressure at the water surface5

ti dal pri sm

tidal rangeR =

s ~ salinity at point  x,y! at time t

s salinity in  gulf of Mexico at entrances to the bay
0

time

tidal period = 12.42 hr

expected velocity
A
U

 u,v! = vertically averaged velocity components in the x- and y-
di rection, respectively, at point  x,y! at time t

air velocity at 10 m above the water surface in m s"lO =

x,y = horizontal Cartesian coordinates

vertical coordinate

Greek Letters

dimensionless coefficient

6 R = characteristic grid length

ht = time increment

ax = refer to grid location giving critical ht - value
0

elevation of water surface above mean low water  NLN!

expected tidal range

85

P = sources and sinks of mass
0

q,q = discharge per unit width in x- and y-direction, respectivelyx' y

q = volume addition rate
I

0 = river discharge



density of water

density of air

reference value of p

characteristic extreme densities

b
bottom shear stress

surface shear stress

angular velocity of earth = 2~/�4 ~ 3600!
earth
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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-

derationn.

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 gri d system consisting of

489 elements and 281 nodes representing this bay area. The models have

been verified by di rect observations of sali nities 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 we11

mixed estuarine system with only sporadic and unsignificantly small areas

of stratification. Consequently, the river flow is of minor importance to

the hydrodynamics of the bay. A hydrograph representi ng 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 po11utants, however, the numerical



model may be extended to consider nonconservative substances transported

by the water .

The atlas shows conditions during a typical tidal cycle representi ng

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 beginning 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 10 through 17, are reserved for water quality. They show the

distribution of the vertically averaged pollutant concentration c 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 cR of the same pollutant in the river discharge

equal to 100  e.g., ppm! and c = 0 pollutant concentration at all inlets
0

to the bay from the Mexican Gulf. Simple formulas for the calculation of

c-values corresponding to other c - and c -values and f' or determination
R o

of the vertically averaged salinity s from the salinity s 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 separately by use of the detailed com-

puter model. This model is stored on tape and attached to this report.
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JANUARY

Vertically averaged velocities v

given at time increments equa1 to
one eighth of the tidal period
beginning at low tide.

JAN 1 through JAN 8:

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

JAN 9:

JAN 10 through JAN 17: Verti cal ly averaged pol 1 utant
concentration corresponding to
river concentration cR = 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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FEBRUARY

FEB 1 thr ough FEB 8:

FEB 10 through FEB 17:

Vertically averaged velocities v

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 pol lutant
co n centra ti on corres pondi ng to
river concentration cR = 100 and
concentration c = 0 at all inlets

0

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

NAR 1 through NAR 8: Yertically averaged velocities v
m

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

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

MAR 10 through NAR 17: Vertica11y averaged pollutant
concentration corresponding to
river concentration cR = 100 and
concentration c = 0 at aI1 inlets

0
to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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APRl1

APR 1 through APR 8: Vertically averaged velocities v

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.

APR 9:

APR 10 through APR 17: Vertically averaged pollutant
concentration corresponding to
river concentration c = 100 and

R
concentration c = 0 at all inlets

0

to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginni ng at low
tide.
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MAY 1 through Y0Y 8: Vertica11y averaged velocities v
m

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.

MAY 9:

MAY 10 through MAY 17: Vertically averaged pollutant
concentration corresponding to
river concentration cR = 100 and
concentration c = 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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JUN 1 through JUN 8; Vertica11y averaged velocities v
m

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

Net values of vertically averaged
ve1ocities. Time averaged over one
tidal cycle.

JUN 9:

JUN 10 through JUN 17: Vertically averaged pollutant
concentration corresponding to
river concentration c< = 100 and
concentration c ~ 0 at al1 inlets

0
to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at 1ow
tide.
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JUL 1 through JUL 8: Ver t i ca 1 1 y ave raged velocities v

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

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

JUL 9:

JUL 10 through JUL 17: Vertically averaged pollutant
concentration corresponding to
river concentration c = 100 and

R

concentration c 0 at all inlets
0

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

AUG 1 through AUG 8: Vertically averaged velocities v

given at time increments equa1 to
one eighth of the tidal period
beginning at 1ow tide.

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

AUG 9:

AUG 10 through AUG 17: Vertically averaged pollutant
concentration corresponding to
river concentration cR = 100 and
concentration c = 0 at all inlets

0
to bay. Concentrations given at
time increments equal to one eighth
of the tidal ~eriod beginning at low
tide.
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SEPTEMBER

Vertically averaged velocities v
m

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

SEP 1 through SEP 8:

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

SEP 9:

SEP 10 through SEP 17: Vertically averaged pollutant
concentration corresponding to
river concentration c = 100 and

R
concentration c = 0 at all inlets

0
to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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OCTOBER

OCT 1 through OCT 8. Vertically averaged ve'tocities v
m

gi ven at time i ncr ements equal to
one eighth of the tidal period
beginning at low tide.

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

ocr 9:

OCT 10 through OCT 17: Vertically averaged pollutant
concentration corresponding to
river concentration cR = 100 and
concentration c = 0 at all inlets

0
to bay. Concentrations given at
time increments equal to one eighth
of the tidal period beginning at low
tide.
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NOV 1 through NOV 8: Vertically averaged vel oci ties v

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.

NOV 9:

NOV 10 through NOV 17: Vertically averaged pollutant
concentration corresponding to
river concentration c = 100 and

concentration c = 0 at all inlets

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



t

, LJ

ill

pm

O ~

CZ

J

'D

00 'c61 Ul! 82 I OQ '�

;Q 7,','! HL,9QN ':833.ZIS
QI3 02m,. 00 '9SZ



r~

CD
I

',1J

I

ng
V!

a C!

GG 02 Olj 9SZ QO 26[ Di!"-t GQ'!9

;inst",jHL'30Il ~831.3II

CD

'73,

C'J

~ t

CC

rj�



O
O



r

I

LO

PrQ

CC
o~

el�
CQ

Q j
CD

L J

C3

O

QO l32= 00 BS2 QD'00 26t 00 32I QQ %9
 :-«t'",i~~uaN 'zSzZt~

Al

oX

~ L

LLJ



I
rn

l

I

CD

l

GQ 022 QO 95Z 00 ~61 DO'-Zl QD'i9
� t'<!HL'PQ/l '-.HBLRl,l

rg

a,»

 ~

CO
~w

~ ~

la

OG'0



00'00 02'= 00'ZG t 00':;- t 00'Il~
~0 1 'ilHL'36Il .=.~d3l,3N



I

I

OQ

CD
CD

I

CQ

I
' J

l~

 ~1

O

GU Qc.- OL1 352 00 BID't 06'8 t QO'l9
  ~0 t'',<3 kI'E'EN '.='8 jl3N

CV
CZ

~ l
CD ~
m CC

J
Q:

~w
il�

EtD ~
lib ~



00 3S2 00 26< GQ'BZl QO'%9
:.0 l:<! HJ.'39K '."~33A3H



r

I

I

f

I

0 J

C3

00'OG GZc. oo "sc oo'sar ao os

:0 l X! HLRG'il =43L3ll

r,.i

o~

~ ~
CJ~u!

LLJ

~J J

C3
~ ~

W
AJ +



I
~l

t
J
J

g l

PJ

CD

aa'dQO '062QQ 'BW'- OU 222 QG O' 1 GO'9l t

t z0lX! H~GDN 'd3L;t>

IQ pg
m~

I�

a~

C7 ~'27
~j CC'

UJ

LU



=l

I
'J

P,t

~l
ij

<Yl

CO
0 z

I
BQ '062,

I
OG'8500 ZWE QQ " QQ Oct QQ Gtl

:QIX! Hi'~ON Sd~l.Bled

I�
rgb

W

cia

l~

nq
%J



D

CD

00 00 GGZ. QG'OPGQ ZE:- QG hat GO Gr[

I ~<3 7 ~'IHLGLIN:-33.3t<

~t J
x'~

~x

CL

I
;  ,h
r;J Q

I�

C J
CV



C,
0 0.
QP

0 V

V!
C
0'I

4 O
II

0
CJ

OM
CJ C

IIJ O
wO

II
0

CC
O

n



LI+

I

l

I
t 8

r

n

Pr

 D

00 BT:- 00 062. 00'3~00 'ZZc. 00 ' hL1 OG 911
� t'~lj HA'3~2N ~H3 f.3ll

n + f'J

<t7 ~

o~

I�
LLJ

C!
%J

AI





LPl

8 J
'J l

I

I
rQrI

Ifl

CO

BO 84K QQ 062 go ni-00 Zc~Z 00 hL I OU Bt 1

I <atxj<SSGN;>>i>Z

CD
CD PJ
~O

E

V r

UJ

UJ

':IJ

fV



ao ~

00 BB
1

QI3 DCD 30'h� QG Bl t
:"i3 t XIHLBUN '.83IZL~

I�

CL
CD W

I�

CD

m



DEC 1 through OEC 8: Vertically averaged velocities v
m

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

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

DEC 9:

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

R

concentration c = 0 at all inlets
0

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



I

r--
1

PJ

I

i I�
r~

AJ

T

CD

00 952OI.' 02'= 00'c6~ 06 6c[ 00'4S

 :C TXj~>.~~ ~

I

i J
L/I



~l

t JD

CD

93

C!
CD

CD

QG I32E 00 95. OD'P6t OQ'8- I QQ'09
z0 t ,'<.' HL 8 GI j < H3 2 3 I 1

PJ

a <

s
  q

C~
Q:
LU

~ j-
r~



I

I

I
i'J

I

J

g I

o

Gi! 02'=. 00'0oj! 95' 06 '6 t 00 P~ t Qm! '09

~G t xjHA,3Gtl i3323N

PJ

I ~
P� i1

'J J

CD
cL



t
Ig

I
00

4

'X J

rQ

J

'J

t
C3

OQ Bi:-00 Qc.h. OQ Ztt Go "'7 OQ 09
pQ l,'''! HLGQl'J ."33 138

CV

~ f-
p� r1
h3

 Q

~ l�
'+ 4J



L J

CD
I

~J

::O
J



 C3

CD
I

I

92+I
4>

CD
CD

i'



t
I

l~

C3
I

W.J
l

t
rn

J

I +I

UJ
.A

00 '3~c.00'02=. 00 26< HG'8-1 QLl'%9

zOLX! HLHQN Kd3: 311

~l
l~

n-i

  J
C3

~ ~
5' r nPJ-

CC

s I
~n ~
U3 ~
ru ~



QQ QZK, QQ BS2 QQ'QG -=ht QQ GZ'f QQ'>9

{ rQt XjHLHG/l '=83 i 3N



CD

uD

CD

CQ,
iH

PJ

~ OC
CD ~

~ f�

<>J ~ ~l
FJ J
CC

CD
CD ~

~ ~

ao az;-.



o
A



o
A

oo'azQG BEE



ui

f~f
I

oodaa aaz, gg 'QIClQ'2CZ 00 hL? CIQ 9I I

  zQE x! Hl".'r!bl "83LZH

CD
+N

CL

4
O ~Q1

tU
I�
LU

CD
ID

CU



I
I
;T l
u5

'. J

U>

 

W

00 G5E l30 362 nr00 2KZ OI3 hi.L OG 9tt

<OLXI H J.8UN '=d'3i:8

LD
'~ vst
im ~

> Yl

I�
r~
CL

I�
U '

IY1
PJ



I

.Q

:I

'. J
<N I
u>

I

~l

C!

A

OU SIC OQ 062, GI3 'SS00 262 00'hZI 06 9> I

~ <ot.~~~~;~a~i s~s~zi~

P�
V!

a~ ~

PJ IX
LLJ
I�
LJJ

FJ



J
L~

�

LU
Cl

00'6500 GNC QQ OGZ. oa -.-s~ ca ~~~ ao.xr

t ~0 t x! H189N z83i 3I~

I�
cn

~W

ix K

I
� PI





QQ SW'= 00'SS00 2K2 00 War 00 91'

2GtX! HLEQI'l S83J.3LI



APPENDIX B

A MAGNETIC TAPE QF THE COMPUTER PROGRAMS USED
FOR THIS REPORT ALONG WITH EXPLANATIONS AND

INSTRUCTIONS COMPRISE APPENDIX B



Tracks

Record Format

Block Length

Record Length

Densi ty

Labels

Fi xed Bl ock

6160 Bytes

80 Bytes

6250 BPI

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 9, 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 sample job control

used by the Hydraulics Labor atory for the two models and the plotting

program on the University of Florida's Amdahl 470 V/6-II under QS MVS/SE

and JES2/NJE system control also follow.

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.



SOURCE: Massachusetts Institute of Techno1ogy Report No. 200

Thu program is de ign.iI to ri, ii ' '. uut uvur lays. Al J ly:I

pbj ect time dimeiisions and thus .nly =he a tual d'meiisioiis in

main program need to be changed. The;a.ia!'le- used to determine

the correct dimensions must be specif'ed in m.iin pro"ram. Thei

FLTLYi;QD: maximuti number of no 'es thar pruyram must handle

ele-ents r hat program must hand lr

nodes per land boundary

MAXEL =

I'IAXL:

ocean

band vidth. The proi'ram T.ill print oiit theM Ti. v b WI I .'

required bandwidth. Usually Ti!AXl'I! 6 � . l ~ %~i'OD.

!OYBWi1: 2 i'Li~:BWH

yAXBEI.: maximum nu~ber of ele=ent sides in total boundary

!TIAXHBV: maximum number of prescribed sur face elevation nod,-

flo~ nodes! IAXQB.:

.'<Ti XHTL:: half tide cirrves times two

The u,;;;eusions should b assigned as foIlows

DI;'EVTS!OV TTTI E  TO! T~i TI� 2 > -' � ! 'r '; 3  " !

ICO!I  !Ii'UiEL T 3 !, A  H iXEI, 3!, II ~ <i L, 3!,TUBAL'A .".MYEL!, ilEL.'"!  ~L>iYEL >

2 Ij!'XT  i!A:QlOD!,.':I VT  IiL~ iVIO! i!,XOF'>  ."~.:POD > YGHD  i9'CIOD>, DEPT!I  I'T V V T i! .
y, BC  if,i yi,;i!>!

3 S YSHH  i!JiXNOI>, K'iXBWI! !, SY!I'IQ � a." ' i2lOD,,'! AX i7I4 l!,

!i  .'emOD!, Q�*Ma,'Oi>!, HPF~ZV iT=;iiOD!, <>PP Ev�~«LCW~QD!,

S YSk'H  'IAXVOD! I SYSEQ �+.'Lk> NOD!,

6 SYSB~PH�"ILV'HB! IXiB!TTT'H! SYSB."g�>'<<YOB'ii "<XBWQ! ! Nf5   TV;15'j >
;lQy  MAXQBN!KA"TI  iO!,

'i ! i/! {! AX!! B."!,T' LA T  ! ~' .HBV!, QB  ." i'i '"' ",, iig~~,'  ii'-4 QBN!, TAUWX  i! LYNi>i>!,
TAQi Y  iLVZlOD !,

8 PSPLTUS  '"<<'QD', CP  '">;s YEL!,H! ' '' '.'' ' YELT'J, EDD'''  ii Vl L!,4i'ILil  i' 'Tie~.!
ij Bil   3 *MT +YB E i

T> Ei! YY !!.'.XEI.!,!f!'C  .'!,'::i! ".,."',X!!'. ' i, IIT:Z  .".x.'.! I 'ii!,liFLUX�0!, r LU i �O!,
S  «KXIIPii!

DI'-I~ VS '! 0;; ~*A H 'T.~'lO!>1, U  ~g'i..iQLi!

I; ..! I.II!I �!, ICOijL �.'. i.'XL!, i,FIF:VP3

Pnr l pi'i' a t i do i',' ' 'i ii i iir in, r,ir.i,i'.i' riiu t inuS STZi AB aniI Wl~ii 5

T,T Pi, 'i f I   ~ I'

ALTER VII'qENSIONS IN SUBROUTINE FORCEO

, '<'  '."DVOD!, ETAP RV  ." "~GOD!,D" LRQ  ii~hCIGD!,

  ~', ICOS'5  !,~"I YO!,DISCHS F'CXO!,CBDIS�!



Input'.

CARa r~kouP 0 P=z "..-,. e ' u,'!d pt ior!>.

numoez u; 0 1 en!en t 5

numi-e or node porous

1, '.raziahle bottom fr i" tion coefficient, va' ues to

be read for each element, see card group
IBFRIC l 2, constant bottor. 'riction coefficient, value of

first element used, see cazd group

1, variable depth, values to be read for each node,

see card group 3

IDi:.PT11 2, constant depth, value or. first node used, see

IEDVIS

f 1, variable wind st.e
cons tant w lr92d

1'K i. "13

1, ETA s. t to -ero,  c!..J ~t ~rt!

2, ETA t~ be read i-,  ..at start!

1, Q set Lo LuKu» ~co~u start!

2,  ! to be read in,  'r!o t start!
I,"i P UTO

1, Convec t ive terr s i<«ozcd

2, Convective terms included
ICNVEC

time step at which output will begin to

be written on disc

interval  in time steps! between output to

disc of velocities

Hot:rsed

KSTART

KSTPR

VJ! ISC

.:ubzoutine SETtf".S is call ed to establish '.",.'5

r can low water i same as datur�

ides specif'in! ' i=h h, lf tide cuzv'es

i d os s i»! lsn ir! a 1
r ETC

CARa 4RovP' < Title.  lr!e Car' { ' !A-',

B-3

1 V F.-;.'.r'

1»", XL

f<I P P

card group 3

1, variable vise"..s ity

2, constant viscosity

ef f icl ent �1, f zgpqIC
.ii '. ' icient

::-':,T{T1 sl!ould be input so that

Nf'.AND, the band 'idth is minimis



!;. '' '.'',!!", oy cr ', ',-1. --. tc i' < '.,'.L.' a ~ i <i! uf,

;;a.:.; ...ua i;iterna' node n<-..'oer a: e' «i",.ent ' -...in s the

mini!um i<!te< na' nadp '1!'i. "t: of e ' eplcn ' > ''h'.'re

the internal node;iamb r, BI  I!, is deter...ined by

the ordering dur'ng read ;n: NI'.:T�Z:*:T I!!

I~ l,

node code

0 internal node

VBC I!

I prescribed nor;wl flo .

2 prescribed height

3 prescribed height and normal flow

4 prescribed nagual and tangential flow  :-0!

prescribed height and bath flaws

5 source/sink node

7 source/sink node with prescribed normal ! Iow

8 saurce/s'nk node with bath ilo ~s set to =ero

XORD Z!

fORZ  I!

DEPTH I!

DUN2 duw<!y variables !ised to < iiput prescribe<< values

according to i!BC as d< '=ribed below:
DVN3

DVH4

I'l5C - ' i 't us <.d

! i I1kf+VlI. "l

'L~H

'J L<lA!

DL.i2

::8, DL<",.

~ ~ W

DL~3 QB, DL~!! " QBANG

tl ~ 'I w'!IB, DL'!I '

Defi � !<B DPt2 = .;, 'C, <J!><3 OB, D .!' QP !,

5 Dl~l = FLV'2

i<LV X Di" '. ' -'-' OB, DL~<3 OP%'i'G

T

DPi! I

<< D1'&1

«h r ~!: -!."', i;;i c al v. fla"

QBAY.;; is th.- an;:! o fro..-.::,-". ': ta outward normal at

no '~ . Th<' d i re" t i! ii o: t1:: normal is determined bv

regni lng net '". w .:.eros,; *d< 'air inc segmen s ta vanish

x � coordinate

y � coordinate

bottom depth referred o datum  usuallv NLV!. Positive

if bottom is be'ow datura, negat've if above.



Ii Li! I I,! I, l tu

-3lX � /SeI.".JIX . s sol!r e il

CARD QROgp 4 E1!~er.t D.I ca,,'j.'I};L ca , '-'710, '; ' 0. 0!

I=1, Nm',1

Ntby I! extr rna1 eiemen t »lt..!;or

ICON  I,l!
exterr>al;!ode numbers

ICON  I, 2!
in sense f rom

to-a=d y.
o>e e-r eJ

ICON   I, 3!

CF I! boctom friction coefficiel!t, note: if CF�! ~ 1,

E"Y" I!

EDIFY I! edciy viscosities

KDXY I!

>PgQ pe:P 5' Sys te>r. ProPert i.:». Onl. C: . d  !'10. 0, F10. 3, 3F10. 0!

1;!r it«de n~r h
I.

phase velo itV of eL!rth'S r qt;t la = ., $7~2

gravitational aCCelerl>tion  =""..31 � , /Sc'C !

1
sec

pERTOD period of tide,  not «sed i. ih C = 1>

DFNKT'I aver age dens i ty of L;a t er

CAkQ QggiJP &. Integration Parametera. O-.e L.J « l' 1!'; ll. 0, 110, F10. 0,

STRTIH start t i!gaL. of integer;> t i!>n

K iDI is I !' >d t ill>» L>I lntl'gri>L !LIll

TIVC time increment

NPJ eXternal nod» nl»nber for I~hi»:. st;Ll>ility iS CheCked

 9 zero!

30>JND bound on height vari >tion ar. -.. de '. !

IDT parameter to be used for variable tir.;e stepping,, use

1 since this has»ot yet be. r. implemented

NOUT hard COp" Out,»>t fOr every NC.'I time s tees

WHTC max number of hJlf tide r urves

CAQQ GRCuP 7 Land BOL>»dary Dara. I',"ll '.!rd  9 [10!

I&LB rl!!mbel O' I allli bI»ln;i; r i L <,

 NIILBN   I!, I = l NviLi !

inclvl! l ng flrsL r«!ri i ast

o I 1 lnd ?Iou«gq-i

AI '

QV !.

GRAS"I

then CF�! - 1. is taker. ' -..'!. l>ni>!;;;=.

n th.o ghout.



Segmenr connect ''v i:; . One =. -.=.= "c;:ecarte  :Oli!Card gr sup 8:

1, '4'NLB

 IC0%  ! > J!, J = 12 MBN I! externa node nu bars on boundary
in sequential order such that area is to lef t of direction of

advance

Card group 9: 0"can Boundary Data. One Card  8llQ!
NSEGHT number of ocean boundaries

ard group ll: Bounder; elc".rents

Firsr card ~�10

t NBK' number of sides of total 'ooundary

!:axc cards �0?4!

'.4BH I! I = 1, 3*&~iBFL, clem!ent and two node numbers corresponding

to each side.

Card group 12: Wind information. One card �710.0!
WINDSP Mind speed in [m/sec j. Note: the wind dra.

coeff icient ass1mes WI.':DBP is in [m,l sec! .

Wind direction  blowing f rc ! ! rely '.ve to x--.vis

in degrees.

WD IRC

Card group 1 3. !4'.!ss storage file specifications. ne ca-. '  811O!

IUNITQ = File unit number for discharges

Ndu:rber of reCOrda '. u i i le I LAI"4'Q

Ri card size in f ile IU>;!TO

IPQINT Record po inter in i i. lr !Us,'IT   usual' v l!

 Ex. DFFI.'r".", FILE IU."'IT   .'r.u".CC, iSI."'.EQ, U, IPO!aNT!

B-6

 !N< KlPB  I!, I ~ 1, NSEGMT! number of height no4!es on ocean

boundary, including first and last

Card group 10: Segment Connectivity, One Card per Boundary �012'!
I = 1, VSEG~T

 ICONB I,J! > J ~ 1, %HN?B I!! external node numbers on ocean

boundary in sequential orde such that area is to left of
~ r



1 'Ntlg = ." ' e:I . t n'i ..bet' for Gu"�

Number of =e" o i Bs in f ile '0',i IT.l

Record size in lie IU'~ITY.

QI; T = Record pointer in f ' le IUNITQ  usually I.!

 Ex. DEFINE FILE IUNITH  HACH, HS IZEH, U, KPOIhT!

On ly i f

zero.  SF10.0!

 I ~ 1,:~~K-N!

HTC f J! 3 = 1,2* BKLTC!
and time.

consist of pairs of amplitude

Qnl; if

INP»T'! = 2 'nclude data for initial. values uf heights

   MP � 1!/8 + 1! cards  8F10.0!

 ETA I!, I ~ 1, h~!Np! initial sur face elevat'ons,
internal i.. r: t or" or1-..c,

Only if

INPUT/ 2 include data for initial values of flows

 �+%fNP - 1!/8 + 1! cards  BF10.0!

 g I!, I ~ 1, 2*MA! initial flows in pai.s

comr in' nt~. Internal:.< de orde

Card group 14: Termination Card. One Card �6I5!

IVERS = 0

Inst e=d of =ertnination card, .uicb -ill stop the execution,

for a new proble.-,. may be !n.,c rEed  repeat carl groupsi r.put

! throu:ih ll',

8-7

I!ZC 1 include data for each ocean boundary node in the sequence thar.

the boundary nodes appear ''n the group 3 cards corsisting
of 2~ f21HTC! values. The f irst two va1ues should be



User 's ".-nial 'or DIS?E.";

SOURCE: Massachusetts Institute of Technology Report No. 2l8

The following describes the requirements of the 2-D vertically

integrated dispersion model, DlSPrZ, The ~odel predicts contaminant

concentration at the nodal points of a twa di-ensional finite elemont

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, functional elations, ot' auxiliary program

describing the circulation field aver time, dispersion values

and decay coefficients.

iii! location, duration, and strength of source and sink nodes,

elements or sides.

iv! location, duration, and magnitude at prescribed concentration

nodes  boundary conditions!.

v! initial concentrations at each node  initial conditions!.

The user may choose whatever units he wants to work. with, a~ long

they are maintained in all the input. Units of mass  N!, length  L!,

and time  T! are indicated in the input descr'ption.

The user must asceztain that rhe dimensioned arrays eze

sufficiently large For this purpose and for transferring arrays to

subroutines the following variables must be defined:

~MXNP i~faximum number of nodes that can be handled

by program. C', CZ, C3, Fl, F2, 7, XORD, YORD,

DEPTH. SYS~I, SY:- B, VTY, iVi.'iT, U, H, V, Co',
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~V.EL t!aximum number of ele-ents that can be handled

bv proc ram,!CON, AR~<, A, B, KD, ?'EL'N, YZL~.

MAXBS Maxim m nu"bcr of element sfdes with prescribed

load. '.B QS.

5'cXBN Haxiz=um number of nodes with prescribed con-

centration.CNODE, X3.

MAXEK F~imum number of element with prescribed

load. IPE, PE.

"L<XFN Naximum number of nodes with prescribed

load. ZPN, PN.

!VABW Haximum bandwidth of coef f icient. The model will

compute tue ni " . ~r - b.-:n3width for a ctv< n n:.~bk"-..

See also card group 3. SY2!

HAXLB Maximum nunber of la;.d boundaries.

HLBN, ZCONTL'

NA;cLGN Maximum number oi nodes per land boundary. ?CO~;U

The arrays associated with each variable have been listed. Zn addition

the following array should be dimensioned:

Q �*MAXNP !

All arrays are transferred to subroutine as arguments and need

only be dimensioned in the main program. Note, if the above maximum

values exceed the values needed for a given problem no changes are

necessary.

The following describes the specific input data r quire~< nts.

Card ~roup l: Title. Onc card c.lSA4!



Card g oup 2; Parameter and Options. One card  BT10!

NtJ'ML Number of elements  not eo exceed MAX' set

in main program!

NV2QP number of nodes  not to exceed MAXNP!

NBSIDF. nu=ber of boundary sides it h specified flux

{no to exceed ~CYBS!

NBNODF. number af noues with specif ied concentration

 not to exceed MX3N!

NFLXE number of source/sink ele ants  not to exceed

MAYFE!

NFLZV number of source/sink nodes  not to exceed

NFLAG ~0 constant boundary conditions over time

1 varying boundary conditions over time

Card group 3: Nodal information. i~7 cards  ?5, 5X, 3F10.0!

N~1, KMNP

NKKT M! external node number

The. order in which these values are entered is important. Thc

order must be such that the band width of the grid does not exceed the

maximum specified value, MAXBW, in the main program. Internal node

numbers are assigned to each node in the order in ~hich they ere read

in. The band width is calculated as the maxim value of the difference

between th" highest and lowest internal node ru=-bars for each element.

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

XORD Y! x-coordinate of external node NWT N!  L!

YORD H! y-coord inate of external node N'os H!  L!

 !i! d.-pth r nod.e 'YT .".;  ' !



Card group 4; Element Data. NU ~ ca ds �110!

I ~ 1, Nl~i~~

N I! element number  in ascending ord r!

ICON  N, 1!
external rode numbers. of the eIement c

in sense of x toward y
ICON N,3!

Card group 5: Land boundaries. On« card  8110~

number of lund boundariesh.fLB

 NLBN I!, I ~ 1, MLB! number of nodes in each boundary

For each boundary  I 1, MQ.B! �014!

ICONTU J, I! nodes of boundary I in successive order

when progr~~sing such that the domain is

to the le f t at the boundar y. � 1, NLBN   I! !

I = 1 NBSIDE

13�,1! external node slumbers at end points of sid»
boundary I given so that arwa of interest is
to left of direction of advance

-2 -3.
QS I! inward flux per unit length 9B. 7 !

~.'nly if N"."rl!E. 6: Node Boundary Data. NBHODE cards  I10, F10.0!

r - 1, N:.NOD=

NB I! external node number at which concentra 'on
is specif fed

CNODK I! s ecified con

NB  I! <~l/L>!
nal nod»

Only if NFIZE > 'J. Source/sink l:1». en-s. NF'ZE cards  IIC,

I = 1, brLXE

IPE !! ourc»,'sic.. c' ternal node n"zbcr

PE I! specified inflow per «»it standard area

 ~Z I !
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Card group 6: Prescribed Iosds .ind concentrations.

Only if NBSIDE > 0: Side Boundary Data..:BSIDE card. �110, F10.5!



�10, El' 4!

I = I, .'4FLXa

IPN I! source/sin;. external node nu!r:bor
-1

PN I! specified nf lou at external no" e IPit I!  .".T !

5, 710.5, 615!

STETS start time of integration

EÃDTIM end time of integration

ime increment

iVZIT ..:iz!!um number of Mlo'»'ab3.e iterations  should be

iG in most cases!

tolerance for convergence  this is the non»..aiired

<fS erz'oz', .001 used 'n .', velopment vork vi h sat-

isfactory results!

hard copy output foz every NOUT timosteps

run identifications nuzzber

Toj

ARUN

constant uniform velocity field

uniform velocity field vith sinusoidal

:component

oc jty f'eld r.. i f rom direct ncross F j! e

;;.",er should ad!ust subroutine Vl'.i.SFT '..'.. his

o -n purposes.

constant disper - jon coef ficient w jth uniform

given value
IQ IS

2 variable dispersion conj Cjcjent determined in

subroutine DISCO

values of initial concentration to be read 'n

initial concentrat jon sot to r~~ro

I iiOT

Card group 7: Integration Parw~eters and Options. Qne card �F10.0 FL5.0,



values of can" entration will be punched

atter l.ast iteration

values of concentration will not be

punched after last iteration

XCABD

0

amplitude and tidal velocity angular frequency.

One card �Fl0.3!

VTVQ. velocitv in x d'rec ion

VTZ<2 velocity in y direction

Only if VfKL = 2 AMP t idal ve1oc i ty amplitude

Oi'iEG tidal velocity angular frequency

Card group SB

Only if ZDXS One card �F10.3, E10.3!

EXX
2 -1

dispersion cceff icients  L T !

VDECAY d ecay  T !

Card group ' C

Only if XQIS .� 2: One card �F10. 3, E10.3!
2 -1

COH1 longitudinal dispersion constant  L T !
2 -1

:OH2 lateral dispersion constant  L T !

"!EC.'! Y decay  I 1!

.',:;L".;";P! 2! cards �El1 -4!Iuly it x! I !l

Cl XZ'!. !.' ', .'...'4P in'tial concentrstio.,

vector, in ir!ternal rumbering order  i.e., t!

same order in which the nodes are read in!

B-1 3

Card group 8A

Only if IVEL 9 3 include data for initial values of the velocity, tidal



Car d group 9: Terninat on Card  F10. 0!

STRT IN -3. ~

Instead of a termlnat 'on card, which ~ill stop the

execution, input for a new variation of card group 7

may be inserted  repea Card groups 7 thrnug't> 7D! .
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CAFE DATA I'REi APAT10' P?C'.>i<.',.'tS

These programs were written to assist ~.;e user in preparing the input

aata for CAFE, Their use will not only redo.e tne setup .ime for a new grid,

but will ensure greater accuracy in the res.its. This set of programs

includes:

i30UNDELi'l � This program computes the .'sunder ! element data for

CAFE  Card Group 2!.

QBANG - Computes values of QBANG for all land boundary nodes

 in Card Group 3!.

NBAND - Computes internal node numbe ing for minimum band width.

QHCOHP � Allows user to specify systen inflows in units of cubic

meters per second. QBCG~'1P::il 1 convert these units into

those required by CAFE  m sec ! .

6-15



,his program ivi11 determine the bourdar,- i~~ant data required as input

to <'AFE. Inputs are: number of nodes, nu<-,=~r of e1ements, element connectivity,

a<id boundary data. The boundary element data a<-e:utput in a form suitable for

input to CAFE.

0 IMENS ION ING:

NHEL = number of elements

NMNP = number of nodes

='BIIDS = number of separate boundary str',ngs, 'and and wat r

hNX~N005 = mamimum number of nodes on any o»e boundary

¹BNDEL.'IS = maximum number of boundary eieinen:s

eOCNB<LDS = number of ocean boundaries

D imens io ns s haul d be at 1 eas t

NELM -  NhIEL!

ICON �  <<hiEL, a!

MEMEL =  NMNP, 8!

NhIEM -  .NMNV!

ICQNB -  ¹BNDS, I+XX¹N005!

NMBN -  =BNDS!

BiNIDARY -  ¹BND LMS!

B<'<D L~'I -  =.BNDELHS!

Bi'D:<<Ql �  . 8:<DELlIS!

B"lD<'102 �  ~ HNDELMS !

ilh:B'IQ -  -'OC;IB,",DS!

lnp.;t Da 'a

Card Group 1: Nh'lit, lIMNP



Card Group Z: E1ement Conectivi Ly

Same as Card Group 5 in CAFE leaser 's .".anuaI

Card Group 3: Boundary Oata

Same as Card Groups 8, 9, ]0 and 11 in CAFE Llser's l~anuaI

B-I 7



P ~A 'G

This program wi11, upon input of the noda1 and boundary information from

CAFE, compute a11 values of !BANG and output correct l y formatted CAFE node

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

NMNP - number of node points

NliLB - number of' 1and boundaries

NMLBN - maximum number of nodes on any 1and boundary

1 Card NMNP  =' of node po ints!  I10!

 NEXT I!, NK NEXT I! !, X ,"=X   I!, Y HEX, I!!, DEPTH NEXT I! !,
I = 1, NNNP!

0

NMLB,  NMLBN I!, I = 1, NMLB!

Segment Connectivi:y �3I4!

 ICONL I,J!, J = 1, NtlLBI'l I! !

B-18



Dimension Variables.

NM'L � number of elements

NMNP - number of node poir ts

DII'IENION ICDNl  NMEL!, ICONZ NMEL!, IC' 3 !MME~ !, IC'.3,'I� NMEL!,
HEMJT d- NMNP!, JMEM I<MNP!, JNT NNNF'!, ':-NJ~,"<III'IP!, JOINT NMNP!,
JPD !,',~�",P!, NEXT NnNP!, NBC NMNP!, X ';;::.>l. r!rl;:.'IP!, D ;I.'IHIP!,
D1  NMNOP!, DZ NÃNP!, D3 NMNP!, 04 lli �'I. !

One Card �15!Card Group 1: NMNP, NMEL

~Cd

Same as Card Group 3 in CAP= User's Manual

3'.

Same as Card Group 4 in A=- Us~ ~ 's Ilanual

Pro

The program wi'll output:he i vu.', infor ation in its reordered

for~a, it will also output the b n l.i"ith of tne grid configuration.

B-19

NBANO

Upon entering of the number of nooes, t".= ;.umber of elements, the CAFE

nodal data, ana the element interconnecciv.-.y -,atrix, tnis program will reorder

the nodes in such a way as to provide the 'iowest oossible bandwidth for the

el e;-en. = 'nf igur at-an.



In CAFE, specified inflows to the sos'=- are given in units of

! 3meters -sec  velocity x depth!. C!BCO,'lP ~-'ll convert units of meters -sec

NMNP � number of node points

NMLH - number of land boundaries

NMLBN � maximum number of nodes '" ..y land boundary

0IMENION NEXT Ni'll'lP!, X  NMNP!, Y NMl'P!, 'll".. P!, IS H'VlP,, JS NMNP!,
ICONL NMLB, NMLBV!, Nl'iLBN NMLB!

~ln ut Data:

One Ca r d   I5!NMNP

Nodal Informa t'.c~

Same as Card Group 3 in CAF= Us r'; 'lanual

Same as Card Group S and 9 ',n CAFE User's Manual

One Card  I5!Card Group 4: NNODES

NNODES is the number nf node�...or Ihich in, low computation
is de ired.

'<i'ODES Co rds  I5, F10.2!Card Group '.: Inflow Data

a! .',nd» - external no'e
computation is:=

node for wh ch inflow

b! '! - specified inf iow i.
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 d'.scharge! into the CAFE units.  Note. Thi s program is used most easily in

interactive MATFIV, but can be run in batch if desired.!



Define File St atements � The def i,;e fil- s .atLments in ".he !!!ain p! ogram

,';;,atement numbers 7, 2B, and 32! must be 'i03111ed to correspond 'o the d',rect-

access files being read.  For an explanar.-vn of the derine fi!e sta teraent, see

BM System 360/370 FQRTPAN IV Languag,:. 2. ! F; 1 e 1 3 con ta ins di scharge

in ormation, File 11 contains heights, anc:.il e 12 has concentrations. The

number of records, and the length of these records, should be specified as they

were in the CAFE or OISPER run which generated the output to be plotted. If

problems with reading the direct-access files are encountered, these statements

a re the f irs t pl aces to check.

Net Yelocit Plots � 1!then producing a net velocity allot  IVEL = 2!, the

"time information" card  Card Group 2c! should be coded:

NPLOTS = 2

NTIME l ! = HTIHE at which velocity averaging is to start

CTIME�! = NTINE at which velocity aver aoi!g is to stop

'Hhen plotting net velocities over one tidal cy-le, care must be taken

to ensure that NTIME l! and NTIME�! define exac~tl one tidal cycle. Since

:he magr,itude of instantaneious velocities '.; g !,erally much greater than the

magnitude of the ne'. velocities, and since t re ~ ve1ocities are generated by

vector addition, omission of even a srral1 o:-t =f a tidal cycle will lead to

la! g. e!.!.ors in the plot.

Dir!!ensioni!!~ - 1 f dimensioning !!robl e;.s,i,-' i!!countered in or!e of the

sub'.outines, check the dimer "ion varia';i ~ .. I i.'i ation in the bloc.'. data
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- CAFGRAPH-

This program will graphically display the outputs generated by CAFE and

DISPER. It will:

Plot element geometry with optional element numbering.

Plot element grid boundaries.

Plot veloci ty vector s generated by CAFE.

Generate and plot net velocities.

Plot concentrations generated by DISPER.

Plot water surface elevations generated by DISPER.

The noda1 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: All references to the CAFE User's Nanua1 refer to Wang's version.
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Dimensionin

Dimension Yariables:

number of node points

number of elements

number of land boundari es

maximum number of nodes on any land boundary

number of ocean boundaries

NMLB

NML BN

NMOB

maximum number of nodes on any ocean boundaryNMOBN

number of plots in a time sequence  see card group 2!Npl OTS

Dimension Statement:  M/PROG!

H-23

DIMENSION NEXT  NMNP!, MINT NMNP!, X NMNP!, Y NMNP!, NELM NMEL!,
ICON NMEL, 3!, XC NMEL!. YC NMEL!, NMLBN NMLe!, ICONL NMl.B, NML'BN!,
NMOBN NMOB!, ICONO NMOB, NMOBN!, C NMNP!, ARRAY NNNP!, 'J NMNP!, V NMNP!,
H NMNP!, Q NMNP~Z!, A�!, TITLE l4!, XT�8!, YT l8!, NTIME NPLOTS!,
BS la!, D NMNP!



Pro ram In uts

Card Grou 1: 0 tions One Card �I2!

a! IELIi = 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 boun"aries

- plots land and ocean boundaries

c} IYEL = 0 � no plot of velocities

1 - produces plot of velocity field generated by CAFE

2 � produces plot of net velocity field  averaged from
NT INE � ! to NT INE �! !

d! ICONC = 0 � no concentration 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 elevation above MLH

f! IOUTPUT= 0 � no listing of input data

1 - produces a listing of input data in the printed output
data set

g! NCOPY = Enter the number of ~co ies of each plot desired, If only one copy
is desired, this may be left blank.

Card Grou 2 Se uenced Plot Data:  Use Gas:4 Gramp 2 oa~~Y~+~<C
+ I ETrE '- 0 !

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

2b! BS �0A4! this is another space for entering notes in the title block.
This space is useful for recording the data set name s! of the disk s!
being used.
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2c! Time Information  ZQI5!

NPLOTS,  NTINE I!, I = l,NPLOTS!

Card Gr ou 3: Seal e Par ameters One Car d �F> IJ, 2!

a! GSCALE - scale of plot  GSCALE unitsl~- .'~ of plot!

b! VSCAIE - 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 Grou 4: Linewei hts One Card �I5!

An explanation of allowable values<or the line weight parameters can be

found in the Gould Plot Package Programming Ilanual, Sec, 2,4.

a! LWl - element geometry

b! LW2 - land boundaries

c! LW3 � ocean boundaries

d! LW4 � velocity vector ar!ows

One Cara ,'Z!5ICard Grou 5; NNEL NHNP

a! NNEL - number of elements

b! NNNP � number of node points

Card Grou 6: Nodal Coordinates

This is the same as "Card Group 3" in t:",e CAF:- User's Manual

Card Grou 7: Element Oata

This is the same as "Card Group 4" in t " C ".~. User's Manual

Where each NTINE !! is a fortran direct-a:cess;ecord number for which a plot

is desired, and NPLOTS is the number of these.



Card Grou 8: Land Boundar Data

Card Grou 9: Se ment Connectivit

Card Grou 10: Ocean Boundar Data

Card Grou ll: Se ment Connectivit

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.

8-26



ii 1464 281

//KNIFE A8�00di08M 1000 28i0!i 'CRRUL GRlKF.'i QR$$=1,REDRY=%{4
PPRSSUDRO 001.KBK
6%RUTE FRIHT LKRL
// DEC f DRTRCC,DPTIf!HS~'UPT~2' LAN*'SI2E~'
//FORT.SVSIU % ~
AIRCLUK SSPRCKS 10060606.2
/MIlKUPJE CRFE2 10060806 3
/MIHCLUK CRFE3 1006080di 3
 >IN.Ul!E CRFE4 1004P0/ 3
//CD.SVSI!i Ui! ~

1 4=8 2% 1 I 2 2 2 2 22136 1 0 1 1 11
hPRLRCHICQLR BRY CRIi! 06 - HRLF TICE CUNE RL'li - CDC
/Mlb,LUi!E HUi!Ed l04Ai4 3
/>IHCUJK ELEM 1006060dr 4

2'l.. 7272K% R. 81 44640. 1025.
0. 21 jtt00. 60. 270 3. 1 200 ii

4IKUSE %Hied 10060806i4
' /%IHCLUf! E 8ieQJM 1006080d. 3

2. 24 107.
10 Isd4 562 1 1

 ~MLSE HTIKoC 10060@6 2
/xIM.Ui!E 98EThd 100dfCCdi1

0
//OD.Ff0'fF00i 55 SPUTA
//CU.F fiCF001 N OQKf,h006M06. HTCCRi
// UHIf~SYSOhiSPACENTRK. <8 2! RLSE!
// CRISP  iCRTLP i!C8 �QlS iN
//CQ.f' iiF001 M 0 Nf .R006080d. HTCCU,
// IPGf=SYSOR.SPRCEHTN. <26 BiRLSE!.
// DISPEL iCRTLG! jUCB  USUlh'-UR!
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ICV A BAY',CLASS~I

10 0.001 60 1 3 2 I

//DISPLR JL'8 <1006.0iC6i3504 RiO! 'APAUOI
APASSIBRD OOI, HINE
/<ROUTE I%IHT LOCAL
// EXEC FORTXCC GPTIUHR='OPT=2'
//F6RT,SYSIH 00 ~
/~I!tCLI'j!E DISDIH6 10060806 2
/<I@LURE DISPERA 10060.46 3
/~IHCLUDE DISPER2 10060804 3
//CU.SYSIH UU M

QUO 06 � CURD fNT HNE CUHI.'
43't 2UI 0 23

AIHCLNE HUDE4 10060856. 3
/MIHCLNE ELEIN 1006ONd,4
>IHCLUUE DISRHM 10460806 4
&IHCL49E PZ+Of!EF I006ON6<4
0. 0 CR1200. 180. 0
IAO. 00 1500. 00 O,OEOI
ixIHCLL0!E KlTMM 1006084 4,3
-1. 0
//CO.Ff0%'i%1 DD SVSRiTW
//CU, F FIOFOOI N DSH=UF . A006C806, HTCNi
// DISP=<ULD, KEEP!
//CU.F fIIF001 DD 0$WF.A0060806. HTCAHi
// DISP* ULD, IXEP!
//CU. F fI2F 00I DR DQKF . A0060006. CUHC85.
// UkIr=SVSOA,SPACE=<TRi,  X, I! RLSE!,
// DISP=  CATLC! iDCB=DSNiCA
//CO.Ff'13' 001 jw 9UNFif

MRATIOHS> HEN f'C4NS
0 0 0



//W'CRhf R8 <N}di090'I,40.2 0!. 'hIIH 4%NIY'iCLhCCQ
/<PhVMURO 041 N&E
ARGUTE PRIRT TCP
// EXEC FQRTKC>PLHT-"
//f URT.7T PRItIT DD NIP.Y
//FGRT, $ VS' DO N
/MTHCLRE NIFFGRT
//CU.SHIH N x
010109I

1 il
5000 ,5 1. 0.

-1 2 0

'«LWIlOE NOES' 10Cdih0~.1
/M1i'.%ME ELE% IONNK<~ 1
/«TKCLLOE SNIRN 1N4o8H 3
ATKLUDE QNQ
//CG. F710F 001 OO 0~$.h004tAN. IITM.
// HSP  ULD,IXPi
//CG.FT11F001 OO OQHf .h4044N.IITCNI.
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