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The growing concern over the possible impacts of oil spills on aquatic

environments has led to the development of a large number of computer models

for simulating the transport and spreading of oil slicks in surface water

bodies. Almost all of these models were developed for coastal environments.

With the increase in inland navigation activities, oil slick simulation models

Ifor rivers and aIker Are needed.

In this study, two computer models named as ROSS and LROSS are developed

for simulating oil slick transport in rivers and lakes, respectively. The

study was originated by the Detroit District, U.S. Army Corps of Engineers in

relation to the Great Lakes limited navigation season extension study. The

oil slick transformation processes considered in these models include

advection. spreading, evaporation and dissolution. These models can be used

for slicks ;f any shape originated from instantaneous or continuous spills in

rivers and lakes with or without ice covers. Although developed for the need

of the connecting channels in the upper Great Lakes, including the Detroit

River, Lake St. Clair, St. Clai-, P er, and St. Mary's River, these models are

site independent and can be used 7 jther rivers and lakes.

The programs are written in FORTRAN programming language to be compatible

with FORTRAN77 compiler. In addition, a user-friendly, menu driven program

with graphics capability is developed for the IBM-PC AT computer, so that

3 these models can be easily used to assist the oil spill cleanup action in the

connecting channels should a spill occur.

This report series is organized in four volumes, to provide a complete

3 description of the analytical formulation of the models, the logic and

structures of the computer programs, and the instructions for using the

i models. The title of these volume are:

Ii
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Volume I: Theory and Model Formulation

Volume II: User's Manual for the River Oil Spill Simulation3 Model (ROSS)

Volume III: User's Manual for the Lake-River Oil Spill3 Simulation Model (LROSS)

Volume IV: User's Manual for the Microcomputer-Based
Interactive Program
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CHAPTER II

INTRODUCTION

In this volume the computer model LROSS for lake-river oil spill

simulation is presented along with instructions for using the computer model.

IThe model simulates the transport of oil slick in a lake and traces this

*transport process as the slick moves into and along a river. This model is an

extension of the model ROSS presented in Volume II. The analytical

formulation of the computer model is presented in Volume I. Formulations on

the oil slick transformation and river current distribution is the same as

Ithose developed in the model ROSS. The lake current distribution is computed

using the rigid-lid lake circulation model (Schwab. et al., 1981 and 1984;

Bennet, et al., 1983). The flow chart presented in Fig. 1 outlines the

l structure of the model. Discissions on some of the computer logic and

techniques which were not discussed in Volumes I and II will be given in the

following sections. Detailed presentations of the computer model, input data

files and model output are given in later chapters.

1.1 Initial Input

Grid Control Data and River Geonetry

UThe variables which govern the size and number of lake and river grids

are first read into the program. Those dealing primarily with the lake are

used to determine whether a point is located in either the lake or the river.

This is extremely important since the correct grid size must be used when

performing specific calculations. Again, it is emphasized that the

!1



Read grid control
parameters and
river geometry data.

i Read grid boxes
with zero velocity.

Read spill location,
constants and
spreading coefficients.

Determine if spill is I
instantaneous or continuous.

Read half lifes

for shore and
assign rejection rates.

DO for flow condition
udpate interval.

Read stage and discharge
at node points set up in
river unsteady flow model.

Call NDCONV to configure I

node data to branch data.

Read ice data for river
cross sections and surface
ice regions.

Figure 1. Block diagram of computer simulation model
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I

I Call RLID to compute

streamfunction values.

i Read bathymetry of lake
(RGRID) and set to current

i depths. Current stage and
discharge come from NDCONV.

Read initial streamfunction
values (INIT) and set toi current discharge.

DO for 20 one hour time steps.Calculate streamfunctions.

OUTP writes last set of
streamfunctions to file.

I
gall PARTIC to compute

corners.

U Read bathymetry of lake
(RGRID) and et to current
depths.

Call UPDATE to read current
stream function from file.

Compute velocities for all
grids with streamfunctions.

Call VELDIS to compute

river velocities.

!3

Figure 1. Block diagram of computer simulation model
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D O for each time step in I

oil spill simulation.

Read wind speed and direction._

31

Call PRELSE if continuous
spill and release particles

if all particles not yet
released.

Call ADVECT if not first
release of continuous spill
and advect particles.I
Call ORIENT to determine if
spill treated as axisymmetrical

or one dimensional.

Call SPRDAX if spreading

particles with axisymmetrical
equations.

Call SPRDID if spreading particles
with one dimensional equations.

Call EVAPOR,DISOLU to compute
-lossese due-to evaporation

and dissolution.

Figure 1. Block diagram of computer simulation model
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information describing the lake and river grid schemes is found in Chapter II

(with variable definitions in Chapter III).I
Next, the data describing the river geometry is read. This information

i includes: 1) branch start and end cross sections, 2) cross section locations,

orientation and connection sequence, 3) points describing cross section

geometry, and 4) boundary grid boxes for river and lake shorelines.

The detailed procedure for creating and organizing the river data can be

I found in Volume II. It is important to realize that the river is organized

into a series of branches. Each branch covers a specified stretch of the

river and contains a number of cross sections depending upon available field

* data and accuracy requirements of this computer model.

I Spill Data and Spill Type

The information which describes the actual spill is now provided. This

3 data controls the size of the spill, the number of particles used to represent

the spill, and the time scales for both the duration of oil spill simulation

I and spill duration. Also, the coefficients and constants used in the

u spreading, evaporation and dissolution phases are read. All of this data is

user dependent. This implies that the user has the option of locating a

hypothetical or real spill anywhere in the lake or river system with the

desired physical properties. The spill simulation time step and spill

I duration are used to establish the spill type. If the spill duration is

i greater than half of the simulation time step, the spill will be considered

continuous. Otherwise, the spill will be considered as an instantaneous

3 spill. Details for releasing particles as a continuous spill will be

I5



discussed shortly.

1.2 River and Lake Computations

Updating Flow Conditions

The computer model has the capability to re-compute the depth-averaged

surface velocities in both the lake and river at a specified time interval.

The interval is the time step used in the river unsteady flow model. Its

magnitude is dependent upon the need for updated flow conditions over the

course of the spill simulation. For example, the flow conditions may be

updated every 3 hours in a total simulation of 24 hours. At the time

interval, stage and discharge conditions for all nodes in the unsteady river

model (Thomas. 1984) are read. Subroutine NDCONV converts this information

into the stage and discharge boundary conditions for each branch of the

river. The lake circulation model requires the stage and discharge at the

beginning of the first river branch (the lake-river interface) as boundary

conditions for computing the correct stream function values.

Lake Circulation

Subroutine RLID is next called to calculate the stream function values.

p. at the grid corners of the lake grids. The lake depths, initial stream

function values, and meteorological data (wind speed, direction and location

of meteorological station) are required input into this routine. The depths

are given for all grids comprising the lake and are read in through subroutine

RGRID along with various additional parameters (Chapter III). Initial stream

function values are read using subroutine INIT for these same grids in

6



I
addition to the grids needed to maintain the "no-flow" into the shoreline

boundary condition (Chapter IV). Finally, the wind data must be supplied at

the unsteady flow model time interval.

Ice Data

Data describing the location and extent of ice in both the river and lake

is read in next. In the river, the cross section ice information is used to

calculate the ice cover effects when computing the st ube velocities by

increasing the hydraulic radius. In the lake, the ice region data serves as

an index for handling the shear stress term in the governing equations. For

both the river and the lake, this information describes the regions where ice

is encountered in order that the proper spreading and advection equations may

be applied.

Ice Stress and Wind StressI
If an ice cover is present, there will be no wind stress. However, an

I additional shear Ptress is present due to friction on the underside of the

cover. To index the presenc of an ice cover, two arrays are initialized in

RLID for each grid box in the lake. One array ZWND (IJ), is set to either

one or zero depending upon whether the ice cover is or is not present. The

other array. FR(I.J). represents the drag coefficient in the quadratic drag

law. Without an ice cover, the drag coefficient equals the bed drag

coefficient only. With an ice cover, the ice drag coefficiewnt is added to

the bed drag coefficient.

17



Lake Boundary and Initial Conditions

The stream function values and depths are initially set in the model for

a reference discharge with the condition that inflow equals outflow. If the

initial stage and discharge read from the river unsteady flow model is

different from these reference values, the stream functions and depths must be

changed to reflect the change. The depths merely require the increase or

decrease in size depending upon whether the new stage is higher or lower.

However, even after a quick adjustment to the stream function values, the

circulation model is run for a minimum of twenty, one-hour time steps to
Si

obtain the quasi-steady state stream function distribution at the initial flow

condition.

These quasi-steady state stream function values are saved for later

computation ol lake velocities for the initial period. The stream function

output is controlled by subroutine OUTP. When the boundary conditions for the

river branches are again updated by the river unsteady flow model time

interval, the stream function values must be updated as well according to the

new boundary condition at the lake-river interface. However, a smaller number

of one-hour time steps in the update interval (3 to 6 hours) is needed instead

of 20 hours.

Figure 2 gives a clearer interpretation of the method of 1) reading

initial stream function values, 2) running the lake circulation model for

twenty, one-hour time steps, 3) using the last set of stream functions,

calculate the lake velocities and use them from initial spill time up to the

first update of flow conditions, 4) re-reading boundary conditions at the

update interval, and 5) re-computing stream functions and velocities to be

8
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Figure 2 Time line for computing and re-computing stream
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used up to the next update of flow conditions.

Lake Velocities

Once the stream function values are known for each grid box, the grid box

velocity is computed in subroutine PARTIC. It is necessary to reread the

bathymetric data to update the depth array before use in PARTIC. Subroutine

UPDATE reads the current stream function values prior to calculation of lake

velocities. Depth-averaged velocities are calculated for every grid

containing a stream function value. The model first computes the transports M

and N between adjacent values of stream functions as shown in Figure 3. Then,

the velocity components are computed at the transport points and shifted back

to the defined stream function point for that grid. Finally, a four point

average is taken using velocities at all corners of the grid and assigned to

the grid tenter.

River Velocities

The depth-averaged velocities for the river are calculated in subroutine

VELDIS. Using the streamtube approach, velocities are calculated and assigned

coordinates corresponding to the center of each streamtube. A velocity is

then assigned to the grid box in which the coordinates lie. This procedure is

carried out from one branch to the next for each cross section in a branch. A

predetermined number of interpolated velocities are next calculated at

equidistant points between consecutive cross sections in the same streamtube.

These velocities are assigned to the grid boxes in which they lie. Once the

interpolations have been completed for all stre,-ni"o- bet-wecn all cross

sections, the river is scanned for grid boxes requiring a velocity. Starting

10
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from the beginning of the river, velocities in the adjoining grid boxes above,

below, and on either side of a grid' without velocities, are averaged and

assigned to that grid.

1.3 Slick Transformation

Wind Component of Drift Velocity

The wind component of the drift velocity is considered to have the same

magnitude and direction over the entire lake-river region. However, the wind

data is input for every time step in the spill simulation thus providing more

flexibility in its use. By inputting the predicted or expected wind

conditions along the path of the slick, the wind information is used only in

the area in which it pertains despite its overall constancy.

Continuous Spills

If the spill is determined to be continuous, subroutine PRELSE is called

to control the release of oil particles. The logic in PRELSE used to model a

continuous spill considers the total spill as a series of particle releases.

In this way, the oil can be released in the model continuously but the volume

of oil released up to a point in time can be spread as if it were an

instantaneous spill. The number of releases is equal to the spill duration

divided by the simulation time step. The release of particles is done

uniformly in time over the spill simulation time step.

The actual sequence used is as follows. At the first time step of the

oil spill simulation, a group of particles are released uniformly in time,

12 1



advected (in PRELSE) and then spread according to the total volume they

represent. When the subsequent calculations are completed for that time step,

3 another group of particles is released and advected (in PRELSE) for the next

time step. The particles which were released prior to this time must be

3 advected as well. This is done using another subroutine (ADVECT) which will

eventually be the sole means of advecting the particles once the entire

continuous spill has been released. Furthermore, when the spreading is

3 computed, the entire spilled volume up to that time is used, not just the

volume of the particles released last.I
Advect ion

3 Open Water

3 The source of the advective wind velocity has already been described.

The appropriate water velocity to use depends in which grid a particle is

currently located. All points in a grid are considered to experience the

I velocity assigned to that grid so if a particle is situated anywhere inside of

a grid, that grids' velocity is used when computing the overall drift velocity

3 for the particle.

m Ice Covered Region

I
If a particle is in an ice covered region, the first condition for

I advection under ice to occur, is that the threshold velocity be exceeded.

[
I
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Spreading in Open Water

Axisymmetrical Spreading

If the criteria for using axisymmetrical spreading are met, subroutine

SPRDAX will perform the necessary computations for this type of spreading.

Use of the axisymmetrical equations is accomplished by first dividing the

slick into eight segments each encompassing n/4 radians. This allows for the

probable distortion in the slick from a truly circular slick. Each pie

segment will contain a number of particles depending upon the location of the

particles in the slick. The particles in each segment will be spread radially

according to a computer spreading rate. Since the spreading equations are

based upon a circular slick, the volume used to compute the spreading rate

equals eight times the volume 6f oil in the segment. In this way, the correct

magnitude of the spreading rate is computed.

The spreading rates computed are considered directly applicable to

particles at the mean radius of the segment. The magnitude of the spreading

rate for other particles is weighted according to the ratio of the particles

position relative to the slick centroid and the distance to the mean segment

radius.

One Dimensional Spreading

If the criteria for using one dimensional spreading are met, subroutine

SPRDlD will perform the necessary computations for this type of spreading.

The technique used to model the one dimensional case is similar to the

14



axisymmetrical case except that the slick is broken up into strips instead of

circular segments. These strips lie perpendicular to the major axis of the

3 slick. The major axis is found by using the moments of inertia. Each strip

is one grid box long in the direction of the major axis and as many grid boxes

3 wide in the direction of the minor axis to accommodate the particles in the

strip.

3 Spreading rates are computed independently on each side of the strip

centroid. Since the one dimensional equations apply to a symmetrically shaped

strip, the volume used to calculate one sides spreading rate equals twice the

volume actually present. In this way, the correct magnitude of the spreading

rate is computed and deviations, in the slick shape from a symmetric shape

3 along the entire slick centroid, can be accounted for. Again, the spreading

rate is applicable to particles at the mean strip width on one side of the

5 slick. The spreading rate for the remainder of the particles is weighted

according to the ratio of the distance of the particle from the strip centroid

and the mean (upper or lower side) strip width.

Spreading Under Ice CoverI
When an ice region is encountered, the choice of using open water

Ispreading or spreading under an ice cover first depends upon whether or not

5the oil is still leaking from its source. No spreading under the ice cover

will occur for an instantaneous spill or once the continuous leak stops. If

3the leak is in progress and conforms to an axisymmetrical shape, the segments

under ice will spread.

I
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Weathering Effects

Oil losses due to evaporation and dissolution are computed in subroutine

EVAPOR and DISOLU respectively. Once the evaporative loss has been computed.

the representative oil volume of each particle is reduced. The amount of oil

losses due to dissolution are small compared to those from evaporation and

this loss neither significantly changes the oil volume nor significantly

changes the computed spreading rates. However, the amount of dissolved oil is

calculated and accumlated for use in assessing the impact of the oil on the

marine environment.

1.4 Shoreline Conditions

During the advection and spreading phases, oil particles can be moved

beyond the boundary grids desdribing the river and island shorelines.

Therefore, after completion of either phase, a check is made to determine if a

particle has been moved onto a land grid. Arrays are used to keep track of

land trapped particles so that upon entry into subroutine BOUNDR, the reaction

of the oil with the shoreline can be assessed.

The logic behind BOUNDR is rather straightforward. Referring to Fig. 4,

if a land trapped particle is found below shore 1 or above shore 2, it is

moved to the first land grid on the appropriate side of the river. If the

land trapped particle does not meet the above condition, it must be on an

island. In that case it will be moved to the closest island boundary grid.

Once all particles are moved to the river and/or island boundary, the

rejection rate is used to re-entrain excess particles into the river. All

rejected particles are assigned to the centroid of the closest water grid.

16
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I lAndi

Although not given special attention up to this point, the overall model

does have the capability to deal with islands as follows:

1. Island grids in the lake are treated as shallow water since RLID does

not have the capability to handle the proper boundary contraints.

2. The streamtube method employed in the river can handle the main

channel division around one island when computing the river

velocities. Additional islands which would cause the main channel to

further divide into sub-channels will be treated as shallow water and

later have their corresponding grid box velocities set to zero.

3. The method used in BOUNDR to move particles into land boundary grids

is limited to four shorelines. This means that when there are several

islands in the same river cross section, only one island can be

correctly modeled. There is no limitation if islands are in series

with regards to the x axis. So, when assigning boundary grids, the

most significant island should be selected for shores three and four.

4. Using oil particles is convenient since the slick can easily divide

when proceeding around an island. However, the model will only spread

one slick at a time. Therefore, if the slick does separate into two

patches around an island, prior to termination of spreading, oil

particles will be shifted to one side of the island where the

appropriate spreading techniques can be used. Afterwards. the oil

particles are shifted back again.

18



I
5 CAPTER II

5 THE GRID SYTE

I
5 Since the model tracks the movement of oil on the water surface, it is

necessary to have the capability for quick identification of the slick

position. Both river and lake have their corresponding surfaces limited by

finite boundaries. The computer must be able to recognize these limits for

purposes of determining where to assign current velocities, where the oil will

3 move, and when it will hit the shoreline.

3 A systematic technique was developed to reference any location on the two

dimensional surfaces of either the lake or river. This technique requires

I that a fixed grid network be superimposed over both water bodies. The gtids

3 in the lake and river serve both similar and dissimilar functions. The

similarity is velocities will be assigned to the grid centers for use in

computing the advection of the slick and indexing the grid boxes controls

where oil will hit the boundaries. The dissimilarity is due to separate

I computations and model structure of the lake circulation model when compared

* to the calculation of river currents.

5 II.1 The Coordinate System

IThe grid network is laid out according to a Cartesian system. The

3 placement of the grids follows the x and y axis of the Cartesian plane. As

shown in Fig. 5, for the Lake St. Clair-Detroit River System, these axes are

originated from a pre-selected plane where the lake and river connect. The

. i19



Lake St. Clair and Detroit River

Y

0 x
(1-) 1+)

Figure 5 Location of axes in lake-river system
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I
lake will be to the left of the y axis and the river will be to the right. If

any shoreline is visualized as a string of x.y coordinates, the scheme used

3 here will make all x coordinates for the lake negative and all x coordinates

for the river positive. In either case, the y coordinates are always kept

3 positive since the computer logic dictates the x axis as the lower reference

line. The river is used to set the orientation of the Cartesian plane. The x

I axis follows the major orientation along the length of the river. The

relative position of the x axis along the y axis is established by leaving one

row of grid boxes above the x axis before reaching the lake as shown in Fig.

6.

I An important distinction must be emphasized between the lake and the

3 river, since the lake circulation is computed separately from the river

currents. The lake circulation model actually requires at least one layer of

grid boxes all the way around the lake which are not in any way part of the

lake shoreline. These boxes must border on the x axis at the bottom row and

extend one column beyond the y axis at the far right side as indicated in Fig.

3 6. The result is an overlap in river versus lake grid boxes at the lake-river

interface. This will not cause any confusion in the model because the extra

3 column of boxes past the y axis is only used for computational purposes in the

lake circulation model. They will not have assigned velocities or serve as

I any part of the lake during the oil spill simulation.

II
11.2 Grid Sizes

The grids must be square and for purposes of maintaining flexibility, the

size of the lake grid must be exactly divisible (to a whole number) by the

3 size of the river grid. The implication here is that a-lake grid and a river
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I
grid can be different in sizes as long as the lake grid is equal or larger in

dimension than the river grid. The qualification of grid sizes is needed due

3 to the logic used for determining whether a grid is located in the lake or the

river and due to the fact that the lake grids are typically larger due to the

3 I greater surface area covered.

1 11.3 Grid Indices

Generally, both the lake and the river are described by grids in the same

3 manner. Once the shoreline configuration for each water body is established

and the grid is superimposed over them, simple counting is all that is

required to identify any particular grid. Counting the x grids starts from

3 one column to the left of the lake and continues until the end of the river is

reached. All y grids are counted upwards from the x axis regardless of

U . whether they fall in the river or lake. The grid index figures used.in the

Lake St. Clair-Detroit River area are supplied in Figures 7 through 14, for

references. Figure 7 defines the grid system for the lake. Figure 8 is the

3 index to Figures 9 through 14, which in turn defines the grid system for the

river. These figures shall be used when attempting to locate the site of the

3 oil slick as well as locations of oil contaminated from the output.

I II * A Shoreline Boundaries

The shorelines are schematized according to grid boxes described above.

5 For every grid in the x direction, there are two corresponding y. grids on the

water side; one establishes the upper shoreline and the other establishes the

lower shoreline as shown in Figure 15. Island shore grids are counted on the

3 land side using the same method to denote upper and lower .limits. All grid
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boxes contained between these limits, excluding those between island grids,

U constitute the lake or river water surface area. The data files set up for

Lake St. Clair and the Detroit River are further deta.led in Chapter III.

3 Indexing the shorelines as described requires some preliminary work.

Once the axes are established on appropriate charts (National Oceanic and

Atmospheric Administration. National Ocean Survey, Chart 14853, 8th Ed., April

3 14, 1979 for Detroit River and Chart 14850, 41st Ed.. December 24, 1983 for

Lake St. Clair), a scaled grid sheet can be placed over the charts and grids

3 can be counted accordingly to locate the shoreline. This is sufficient for

acquisition of the boundary grids, yet for graphical purposes and to

facilitate easier interpretation of the oil spill model output, grid index

3 figures of the type shown in figure 8 and figures 9 through 14 should be

created. These figures are produced using a software (Petroski and Glebas,

3 1985) developed: to record shoreline coordinates directly from the charts. The

axes must still be established on the charts, although such problems as

I scaling, multiple charts (Chart 14853, No;'s 2-14), and translation and

3 rotation from one chart to the next, can easily be handled by the computer.

Furthermore, permanent indexing figures can be drawn by plotting the shoreline

3 coordinates and the grid system together.

II
I
I
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CHAPR III

INM DATA FILES

There are three categories of input; the first is data for the

computation of lake currents, the second is data for the computation of river

currents and the third is miscellaneous data describing oil slick

characteristics. Some of these categories overlap to a certain degree, as

will be pointed out, although for the most part they are rather distinct. The

river data is more explicitly explained in Volume II so it is only broken down

into its components in conjunction with a complete sample data set in this

chapter. The lake data will briefly be discussed here in Chapter IV, since

most details are covered in the report by Schwab and Sellars (1980).

Miscellaneous data will simply be defined as the need arises.

A data file may or may not contain a mixture of some river, some lake,

and some miscellaneous data. The resason for this is to break the data up

into fixed data which the user need never touch and data which must be

adjusted from one spill to the next. The following is a list of the required

input files with their contents.

/ Filename / Type / Unit / Contents

LDETR.GEO FIXED 1. River geometry, cross sections and
branch geometry

LDETR.ICE ADJUST 5 Ice parameters, ice regions and lake ice
thickness.

LDETR.FLW ADJUST 7 Water level and discharge from unsteady
flow model.

LDETR.BND BOTH 8 Half life assignments to shore grids.
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LDETR.SPL ADJUST 12 Oil parameters, spill location and wind5 component of advection.

LAKEWIND.DAT ADJUST 10 Meteorological data for lake.

LAKEBATH.DAT FIXED 13 Lake bathymetry and parameters.

LAKEINIT.PSI FIXED 14 Initial streamfunction values in lake.

3 The files are generally broken up into blocks and cards. A block covers

a broad classification of data which may contain one or more card types. A

card type is one line of specific data which is sometimes repeated.

(Example: Block 5 in LDETR.GEO has Cards 1 and 2 where Card 2 is repeated as

I many times as needed.) By inspecting the example of a card and comparing it

3 to the complete sample data set at the end of this chapter it is easy to see

how the entire file comes together.I
Most of the data read into the model is in list directed I/O (free

format). If column numbers are shown, the data must be formatted accordingly.

3 otherwise it is necessary to put only one space or comma between each number

in a card.I
II1.1 River Data Files

II3 LDBTR. GEO

5 The LDETR.GEO file contains the complete geometric description of the

river. This also includes shoreline grid boxes and grid control parameters

for the lake. The file consists of five blocks of information. All blocks

3 are listed below with descriptions and corresponding components.

3
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None of the data in this file needs to be adjusted from one spill to the

next. The user may choose to add additional cross sections. change the number

of branches, relocate shore grids. etc. However, the user is cautioned to

consult Volume II before making the attempt.

LDETR.GEO: Block 1 (Branch and grid information)

Card 1 (Identification)

Example:

DETR Lake St. Clair and Detroit River

/ Variable / Type and / Column / Definition
Name Length Number

------------------------------------- --------------------

WORD A4 1-4 key word identifying river

TEXT 19A4 5-80 any text to describe the 'purpose of
computer run

Card 2 (Grid control paramters for lake and river)

Example:

16 35 285 4000 500 7 -1.4E+05

/ Variable / Type and / Column / Definition
Name Length Number

---------------------------------------------------------------------

NBRNCH Integer number of branches

LGRIDX Integer number of x grids along lake

NGRIDX Integer total number of x grid boxes

DXL Real size of lake grid (ft)

DXR Real -- size of river grid (ft)

KINTM Integer -- number of velocity interpolations between
cross sections in a streamtube

BEGLK Real x coordinate of lake grid origin (ft)
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3 Card 3 (Division of cross sections into branches)

Example:

S2 5 8 10 15 18 22 27 29 31 33 35 41 44 50 52

/ Variable / Type and / Column / Definition /
Name Length Number

LCSTSQ(I) Integer -- last cross section in each branch. LastU branch - use second last cross section.
There must be NBRNCH numbers (one for each
branch.) If line is not long enough.
continue on another card.

U mLDETR.GEO; Block 2 (Cross section location and connection information)
I Card 1 (I card for each cross section)

Example:

1 (250.,30500) 1.57079630 11 11 2 0

3 / Variable /Type and / Column / Definition /
Name Length Number

m J Integer -- cross sectibn number (for checking)

CORDLB(I) Complex complex variable giving x and y coordinates
locating cross section on reference shore
(ft~ft)

3 SCTANG(I) Real angle (radians) cross section makes with
positive x-axis

NSTUBE(I) Integer number of streamtubes at current cross
section

NUMCON(I) Integer if all streamtubes continue to next cross
section undivided = 11, if streamtubes
divide into two channels from main channel
= 12. if streamtubes from divided channel
connect back to main channel 21.

NFIRCOCI) Integer next cross section connecting to current
cross section. For a divided channel
around an island, this represents the first
cross section connected to in the lower
division from the main channel cross
section.
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NSECO(I) Integer for a divided channel around an island.
this represents the first section connected
to in the upper division from the main
channel cross section (if no island = 0, if
lower division complete and returning to
upper division = 888. if both divisions
complete and resuming main channel = 999.)

LDETR.GEO; Block 3 (Cross section geometry)

Card 1 (1 card for each cross section)

'Example:

1 17 571.71

/ Variable / Type and / Column / Definition
Name Length Number

J Integer cross section number (for checking)

NSLSCT(J) Integer number of sounding depths used to describe
the cross section geometry i

ZD(J) Real reference datum for cross section J from
which the sounding depth is evaluated (ft)

Card 2 (as many cards as required to input NSLSCT(J) sets of YWIDZ)

Example:

1375.0 6.0 1675.0 24.0 3000.0 21.0 3575.0 16.0 4000.0 23.0

/ Variable / Type and / Column / Definition
Name Length Number

YWID(I,J) F8.2 distance from the reference shore to the

Jth sounding depth in the Ith cross section
(ft)

Z(IJ) F8.2 -- Jth sounding depth for the I section (ft)

NOTE: Block 3 must be repeated LCSTSQ (NBRNCH) times (i.e. = no. of cross
sections defined)
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I'
LDETR.GEO; Block 4 (Boundary grid boxes in lake and river)

Card 1 (1 card for each grid in x-direction)

Example:

7 4 12 10 11

I / Variable / Type and / Column / Definition
Name Length Number

Integer -- x-grid box number

3 IGRILB(J) Integer y-direction grid box number of lower river

boundary for Jth x-grid (water side grid3 box)

IGRIUB(J) Integer y-direction grid box number of upper river

boundary for Jth x-grid (wate side grid
box)

IGRILB1(J) Integer y-direction grid box number of lower island

boundary for Jth x-grid (land side grid
box)

3 IRGIUB1(J) Integer - y-direction grid box number of upper island

boundary for Jth x-grid (land side grid
I box)

3 LDETR.GEO; Block 5 (define grids having zero velocity in lake and river)

Card 1

N Example:

* 76

/ Variable / Type and / Column / Definition
i Name Length Number

NZRVB Integer -- number of boxes to be assigned zero3 velocity

* Card 2

Example:

I 9 10

I
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Variable / Type and / Column Definition
Name Length Number

IZRBX(I) Integer -- x grid number of Ith box to have zero
velocity

IZRBY(I) Integer -- y grid number of Ith box to have zero
velocity

There must be NZRVB pairs of IZRBX(I) and IZRBY(I). Data may be continued to
as many lines as needed.

LDETR. ICE

The LDETR.ICE file contains information identifying ice regions which the

user will have to adjust as ice conditions develop. An ice region is a range

of grid boxes containing ice. Ice regions in the lake must be specified

first. An example is shown in Fig. 16 where an ice regions may be identified

as extending from grid (15,7) to grid (18.12). The ice region then coversE
every grid from (15.7) to the upper shoreline of x column (15). all grids in x

columns (16) and (17). and from the lower shoreline in x column (18) up to and

including grid (18.7). An ice region may also be identified as grid (21,7) to

(21,9 ). Then, the ice region will only extend between y grids (7) and (9 )

inclusive in x grid column (21). This information is used when determining if

spreading and advection takes place under ice or on open water. For the lake

model, the ice region data locates where wind stress is zero, where the

frictional stress due to the ice cover must be considered, and where the lake

depths must be adjusted for the thickness of the ice.
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3 . Figure 16. Defining Ice Regions

LDETR.ICE; Block 1 (Ice regions in lake and river)

* Card 1

Example:

0.035 0.84
/ Variable / Type and / Column / Definition3 Name Length Number

5 ANICE Real Manning's n for ice roughness

AMIUO Real viscosity of oil (lb sec/ft 2I __

Card 2

3 Example:

1 1
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/ Variable / Type and / Column / Definition
Name Length Number

NICERG Ingeter -- total number of ice regions

LICERG Integer number of ice regions in lake

Card 3 ,1 ca-d for all NICERG ice regions. If line is not long enough
continue on next line)

Example:

15 7 18 9

/ Variable / Type and / Column / Defintion
Name Length Number

NICEXI (I) Integer -- x grid at the beginning of ice region

NICEYI(I) Integer y grid at the beginning of ice region

NICEX2(I) Integer x grid at the end of ice region

NICEY2(I) Integer y grid at the end of ice region

Card 4 (1 card for all LICERG ice regions)

Example:

1.0

/ Variable / Type and / Column / Definition
Name Length Number

ZLKICE(I) Real ice thickness in lake ice region (ft).
Thickness must be defined for each lake ice
region (use one line. and ther continue to
next)

NOTE: Card 4 will only appear after Card 3 for lake ice regions. Ice
thickness in river is accounted for through input in file LDETR.FLW.

NOTE: Cards 2. 3 and 4 must be repeated for each unsteady flow afodel
time step.
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! LDETLW,

The LDETR.FLW file contains the water level and discharge boundary

conditions for each node in the river as defined by the one dimensional flow

model (Thomas, 1984). Also included are the ice conditions for each cross

section in the river. This data is separate from the ice region data in

LDETR.ICE. The oil spill simulation model converts this information into

boundary conditions for each river branch. The lake model. RLID. uses the

water level and discharge at the beginning of branch No. 1 (lake-river

interface) to adjust the bathymetric and streamfunction files to reflect the

current flow conditions.

This file consists of three blocks of information. All blocks are listed

below with descriptions and corresponding components. Blocks 2 and 3 must be

3 repeated every time the velocities are updated in the model, i.e. ' every time

step of the one dimensional flow model. Therefore, the data in this file

* needs to be adjusted on a more regular basis.

LDETR.FLW; Block 1 (Time step for updating flow conditions)

3 Card 1

Example:

3.0

/ Variable / Type and / Column/ Definition
Name Length Number

UFDT Integer time step in one dimensional flow model
i (hrs)
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LDETR.FLW; Block 2 (Discharge and water level)

Card 1 (1 card for each node in the one dimensional model)

Example:

573.72 149190.

I Variable / Type and / Column I Definition
Name Length Number

WL(I) F6.2 water level at It h node (ft)

Q(I) F10.0 discharge at Ith node (cfs)

LDETR.FLW; Block 3 (Ice thickness information)

Card 1

Example:

1

/ Variable / Type and / Column / Definition
Name Length Number

ICINFO Integer number of cross sections with ice covered
conditions. If there are no ice covered
sections, set ICINFO=I and then in Card 2,
define an arbitrary section number to be
OPEN.

Card 2 (1 card for each cross section with ice conditions)

Example:

2 OPEN

I Variable / Type and / Column / Definition
Name Length Number

IS 14 1-4 cross section number with ice cover
condition

WORD A4 6-9 cross section ice cover condition,
"FULL"=fully covered, "PART"=artially

covered. "OPEN"=open water
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5 1

NOTE: Each Card 2 is followd by a Card 3 and the Card 2, Card 3 combination is
mepeated iCINFO(IS) times if WORD does not equal "OPEN". If the entire
river is open water, the data for this time step ends here.

I Card 3 (For fully covered cross section only. i.e. if WORD="FULL")

* Example:

1.0

/ Variable / Type and / Column / Definition
Name Length Number

FULLTI Real ice thickness of fully covered crcss
section (ft). Only one value read and
assigned to entire cross section

Card 3 (For partially covered cross section only, i.e. if WORD="PART")

I Example: (If NSLSCT(IS) = 9)

.0 1.0 0.9 0.8 0.5, 0.0 0.0 0.7 0.8 1.1

/ Variable / Type and / Column / Defintion
Name Length Number

TICE(IJ) Real -- ice thickness of partially covered cross
section (it). There must be one value for
each NSLSCT(IS) sounding depth location
plus one additional. Measurements start on
the reference shoreline and proceed from
one sounding point to the next until all
points have some ice thickness value

I NOTE: The one additional thickness is required since the sounding depth on the
reference shoreline is taken as zero and is not input through data, yet3 an ice thickness may still be required at that point.

DETR.BND

3 The LDETR.JND file contains one block of data to identify the oil

retention/rejection characteristics of shorelines. The user can set any shore

I grid box with one of the ten predetermined half life values defined internally

to the computer model. The possible values are given later in section 111.4.
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Once the half life values are assigned, this file shouldn't require any

further changes. This, however, is left up to the user's discretion.

LDETR.BND; Block 2 (Half life data for lake and river)

Card 1 (1 card for each range of grid boxes)

Example:

1 1 285 10

/ Variable / Type and / Column / Definition
Name Length Number

K Integer shore number; see Figure 4

LFROM Integer beginning limit (grid box number) for half
life designation to shore

LTO Integer ending limit (grid box number) for half
life designation to shore

ICODE Integer integer identifying which of the ten half
life values to be assigned to a grid

NOTE: The last card must be a set of four zeros 0 0 0 0 which are used to
identify the end of the data block.

DETR.SPL

The LDETR.SPL file contains two blocks of information controlling the oil

characteristics and the general spill simulation. From the viewpoint of

modeling actual spills, most of the data in this file will change for each

spill. If only oil spill scenarios are to be conducted, most of the

parameters describing a particular type of oil may remain untouched, although

such information as the initial spill location would have to be changed. For

these reasons, guidelines are given later (section 111.4) as far as choosing

appropriate numbers for the variables described here.
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U
DETR.SPL; Block 1 (Simulation parameters and coefficients)

Card 1 (Type of oil - Identification only)

* Example:

Fuel oil No. 2I
/ Variable / Type and / Column / Definition

Name Length Number

FUELTP Character 1-16 text for identifying the oil type

Card 2 (Simulation time steps and printed output control parameters)

Example:

6.0 1 0 1 0 0 450. -1.0 -1.0

Variable / Type and / Column / Definition
Name Length Number

TOTIME Real total time of oil spill simulation (hrs).
This value must equal or exceed the time

--. step in-unsteady flow modei, i.e. in FLW
file.

IEVERY Integer -- frequency of obtaining output from PLOTNU

and other subroutines i.e. value of two (2)
gives output every other time step

IOPTI Tt;ger two possible values: one (1) results in

output of fixed data such as cross section
geometry and shore conditions, zero (0)
cancels this output

IOPT2 Integer two possible values: one (1) results in
output of computed velocities to be used
for plotting, zero (0) cancels this output

IOPT3 Integer two possible values: one (1) results in
output of particle locations to be used in
plotting, zero (0) cancels this output

I IOPT4 Integer two possible values: one (1) results in
number plot of particle distribution (see
PLOTNU). zero (0) cancels this output

SPLTIM Real duration of oil spill (sec). For a spill
released over 7.5 minutes SPLTIM=450. Value
of zero is allowed.
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DIFFUL Real horizontal diffusion coefficient (ft 2/s)
for lake. If the default formulation as
described in Vol. I is desired, set this
value to -1.0

DIFFUR Real horizontal diffusion coefficient (ft 2/s) for
river. If the default formulation as
described in Vol. I is desired set this
value to -1.0

Card 3 (Spill description and spreading equation coefficients)

Example:

500 10000. 900. 0.84 1.411E-5 2.06E-3 1.14 0.98 1.6 1.39 1.39 1.43

/ Variable / Type and / Column / Definition
Name Length Number

NTOTAL Integer total number of particles defined in the
system (current maximum is 1000)

SPVOL Real total volume of oil spill (U.S. gal)

SPILDT Real magnitude of time step for spill simulation
(sec)

SPGOIL Real specific gravity of oil

ANIU Real kinematic viscosity of water (sq ft/sec)

SIGMA Real surface tension of oil (lbs/ft)

AK21 Real gravity-inertia phase spreading coefficient
(axisymmetrical)

AK2V Real gravity-viscous phase spreading coefficient
(axisymmetrical)

AK2T Real surface tension-viscous phase spreading
coefficient (axisymmetrical)

AKC10 Real gravity-inertia spreading phase coefficient
(one-dimensional)

AKC20 Real gravity-viscous phase spreading coefficient
(one-dimensional)

AKC30 Real surface tension-viscous phase spreading
coefficient (one-dimensional)
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Card 4 (Spill location and additional oil properties)

I Example:

-5000. 35000. .7063E-02 .1873E-02 7.88 465.0

Variable / Type and / Column / Definition
Name Length Number

SPX Real x-coordinate of initial spill site (ft).
negative if in lake

SPY Real -- y-coordinate of initial spill site (ft)

I VMUNI Real -- molar volume of oil (cu ft/mol)

SOLUNI Real -- solubility of fresh oil (lbs/cu ft)

CEVP Real -- coefficient C of evaporation
characteristics of oil

TOEVP Real-- boiling point temperature of oil OK

I NOTE: If you define a value of less than 1.0 for boiling point temperature the
program defines the evaporation characteristics, using fitted curves.

* Therefore the input values of CEVP and TO EVP have no influence on
computations although they are read.

U DETR.SPL; Bl-k 2 (Components of wind speed and environmental temperature)

I Card 1 (1 card fcr each time step in simulation)

Example:

10.0 270.0 50.0

/ Variable / Type and / Column Definition
Name Length Number

I VWMAG Real -- wind speed (ft/s)

THETA Real wind direction, clockwise angle from north

degrees (ex. wind out of west=2700 )

ITENVF Real air temperature (F )
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111.2 Lake Data

LAKEIII).DAT

The file LAKEWIND.DAT contains the meteorological data for the lake

circulation model. Description of this data can be found in listings of

subroutines RLID, PARTIC and TAU (Appendix II). and in the report by Schwab.

et al. (1981). The lake model uses this data to compute the surface wind

stress in both time and space. If only one wind observation is available, the

time of observation must be given as zero (0). The most important detail to

be aware of when assembling this data file is that the time interval between

subsequent wind data must be the same as the time step (UFDT) for the one

dimensional river model.

This file consists of only one block of data. Since wind stations and

the elevation at which data is recorded isn't likely to change. the user need

merely adjust the wind magnitude and direction for each execution of the

program. Of course, if the interval (UFDT) changes, so must the times for

this data.

LAKEWIND.DAT; Block 1 (Lake meteorological data)

Card 1 (1 card for each wind station, maximum 25 wind stations per time

inteival (UFDT))

Example:

0. 42.42 82.42 30. 64. 54. 15.0 180.
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/ Variable / Type and / Column / Definition

Name Length Number

TLAST G10.4 1-10 time at which wind observation is made (hrs
from initial spill)

RLAT G10.4 11-20 latitude of wind observation point (degrees
north)

RLON G10.4 21-30 longitude of wind observation point
(degrees west)

z G10.4 31-40 height of instruments (ft)

TA G10.4 41-50 temperature of air ( F)

STW G10.4 51-60 temperature of water (0F)

WS G10.4 61-70 wind speed (ft/sec)

WD G10.4 71-76 wind direction (degrees clockwise form
north)

NOTE: The last card must have a vlaue for TLAST equal to -1.0. This denotes
m that no more wind information.is available. All data for the same time

are grouped together.

3 LAKEBATH. DAT

I The file LAFEBATH.DAT consists of three blocks of data which contains the

3 bathymetric data and various grid control parameters for the lake circulation

model. Description of this data can be found in listings of subroutines RLID,

PARTIC and RGRID (Appendix II). and in the report by Schwab and Sellars

(1980). The lake model uses the depth when solving the vertically integrated

shallow water equations written in terms of the stream function (Volume I).

3 The user need never change any data in this input file. In the event that

changes are. desired, the user should consult Chapter IV or the report by

3 Schwab and Sellars (1980).

I
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LAKEBATH.DAT; Block l(Titke and grid control parameters)

Card 1

Example:

LAKE ST. CLAIR BATHYMETRY

/ Variable / Type and / Column / Definition
Name Length Number

IPARM(5-54) Al 1-50 title of lake

Card 2

Example:

36, 38, 42.3041534, 82.9315796. 4000, 19, 1, -2.24. 39.677. 10.087, -120.06

/ Variable / Type and / Column] Definition
Name Length Number

IPARM(1) 15 1-5 number of grids in x direction

IPARM(2) I5 6-10 number of grids in y direction

RPARM(1) F12.7 11-22 base latitude

RPARM(2) F12.7 23-34 base longitude

RPARM(3) F5.0 35-39 grid dize (ft)

RPARM(4) F5.0 40-44 maximum depth (ft)

RPARM(5) F5.0 45-49 minimum depth (ft)

RPARM(6) F6.2 50-55 base rotation (counterclockwise is
negative)

ZPARM(1) F7.3 56-62 I-Displacement, the number of new grid
squares in the x direction from the new
grid origin to the old grid origin

ZPARM(2) F7.3 63-69 J-Displacement. the number of new grid
squares in the y direction from the new
grid origin to the old grid origin

RPARM(7) F7.2 70-76 rotation from base (counterclockwise is
negative)
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Card 3

I Example:

0.822690E+02 -0.418687E+01 -0.892958E+00 0.549244E+00

Variable / Type and / Column / Definition
Name Length Number

RPARM() E15.6 1-60 geographic to map or map to geographic
coordinate conversion coefficients

NOTE: Card 3 is repeated until all 16 coefficients RPARM(8) through RPARM(23)Im are read.

LAKEBATH.DAT; Block 2 (Grid depths)

Card 1 (Each card contains 19 grid depths)

Example:

9 9 6 4 0 0 0 3 10 10 10 12 11 11 9 7 5 0 0

Variable / Type and / Column / Definition
-Name Length Number

D(I,.) F4.0 1-76 grid depths

m NOTE: Card 1 repeated until all grid depths are read.

LAKEBATH.DAT; Block 3 (Time step of lake circulation model)

Card 1

m Example:

l1.
/ Variable / Type and / Column / Definition

Name Length Number

DT G8.2 1-8 time step for lake circulation .nodel
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LAKEINIT. PSI

The file LAKEINIT.PSI contains only one block of information which

consists of initial stream function values for every grid in the lake. This

file requires no adjustment once it is set for a specified discharge. Details

of setting up this input file and how the stream functions are used to

establish boundary conditions are covered in Chapter IV. If no initial stream

function file is available the default will set all stream functions to zero.

LAKEINIT.PSI; Block 1 (Initial stream function values)

Card 1

Example:

0.10000E+21 0.10066E+06 0.97943E+05 0.96472E+05

/ Variable / Type and / Column / Definition /
Number Length Number

S(IJ) E12.5 1-72 initial streamfunction for lake grids

NOTE: The example only shows typical values. Each card in the actual file
contains six (6) streamfunction values.

111.3 Input Adjustments

For a lake-river system (i.e. Lake St. Clair-Detroit River area) which

already has the necessary input files, very little has to be modified to run

the model for a variety of spill scenarios. The cards most likely to require

modification are cited below. This is followed up with some guidelines and

suggested values for input. No at -mpt is made to explain the formatting of

the data changes here. The user is expected to refer to sections II1.1 and

111.2 for specific formattting procedures. Cards most likely to require

54



I
up-to-date information include:

/ File / Block / Card / Variables
Name Number Number

LDETR. ICE 1 1 ANICE, AMIUO

i LDETR. ICE 1 2 NICERG, LICERG

LDETR.ICE 1 3 NICEX (). NICEY1(), NICEX2(), NICEY2()

LDETR. ICE 1 4 ZLKICE

LDETR.FLW 1 1 UFDT

LDETR.FLW 2 1 WL). Q()

I LDETR.FLW 3 1 ICINFO

LDETR.FLW 3 2 IS, WORD

LDETR.FLW 5 3 FULLTI or TICE( * )

LDETR.BND 1 11 ICODE

LDETR.SPL 1 2 TOTIME, SPLTIM

I LDETR.S-L 1 3 NPTCL, SPVOL, SPILDT, SPGOIL, ANIU, SIGMA,
DIFFUL, DIFFUR

DETR.SPL 2 1 VWMAG, THETA, TENVF

LAKEWIND.DAT 1 1 TLAST, TA, TW, WS, WD

Some of the variables listed here may not change at all and other

i additional parameters not listed may need some revision.

I
DETR. ICE

i The Manning's n of the undersurface of the ice cover and the viscosity of

oil must be specified in this file as ANICE and AMIUO. respectively.
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In general. Manning's n can range from 0.020 to 0.065 for the underside

of an ice cover. Oil viscosity is a property specific to the type of oil

which has been spilled.

The user must locate ice regions in the water body and convert that

information to the appropriate grids. Suggestions for handling the

acquisition of this data is as follows:

1.) Set up typical files for the stages of ice cover progression in both the

lake and river. In this way, seasonal 4ata files corresponding to the

state of ice conditions, can be selected without spending too much time

assembling data.

2.) Locate ice regions on the grid maps in Chapter II, which have sufficient

detail on the shoreline geometry and landmarks.

Specifying the ice region area and the number of ice regions was

described earlier in Section 111.2. Caution is given to keep ice regions in

the lake separate from those in the river. An ice region that extends from

lake to the river must be considered as two regions. When entering the data,

like ice regions must be specified first followed by river ice regions. Also,

note that LICERG only refers to the number of lake ice regions whereas NICERG

is the total number of all ice regions. The model is only set up to handle a

maximum of 20 ice regions. If more are desired, the size of arrays (ZLKICE(,

NICEX1(), NICEYl(), NICEX2(). and NICEY2() must be increased.

The reason for specifying lake ice regions first is tied to the ice

thickness data. Whenever an ice region is specified for the lake, the next

information read is the corresponding lake ice thickness. The thickness,
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ZLKICE, is considered to be uniform for the entire region and is used to

adjust the lake depths for the presence of ice.

DETR. FLW

Stage and discharges, Q() and WL() at nodes in the river are unlikely to

remain constant with respect to time. Therefore this information must be

entered to reflect the correct flow conditions. The one-dimensional riveru unsteady flow model is used to obtain this information. To set up the file,

LDETR.FLW, simply enter the unsteady flow model time step, UFDT, and then the

discharge, Q0, and water level, WLO, which appear in the one-dimensional

models output.

To account for ice conditions when computing the river velocities,

additional data locating ice in each cross section is required in file

LDETR.FLW. Specifying this ice information for partially ice covered river

cross sections needs some clarification. Remember that each cross section is

I described by sounding depths and distances from a reference shore at which

those sounding depths were taken. The data is assembled in Block 3, Cards 1 &

2 of file LDETR.GEO with the reference shoreline for the Detroit River as the

3 lower shoreline in the x-y grid system of Chapter II. The number of sounding

depths and the locations from the reference shore are not the same for each

U cross section. This information is presented in tabular form in Appendix I.

3 The above mentioned table is prepared based on the data in Block 3 of

LDETR.GEO. In the case of a partially ice ocvered section an ice thickness

3 needs to be defined at each sounding depth location. Figure 17 shows the

Detroit River with the designated reference shoreline and cross section

U locations. Cross section numbers are the same as those found in LDETR.GEO.
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I
Therefore. by using Appendix I. Figure 17, and the extent of ice cover at the

cross sections, the user should be able to correctly input the ice thickness

data for the array TICE( .

LDETR.BNI
The half-life code, ICODE, must be assigned to the shoreline grids along

3 the lake and river to enable the computation of rejection/retention of oil.

Ten possible half-life codes are currently available. They should be broad

enough to cover any situation and are given according to the type of shoreline
J

* as:

I
ICODE Half-Life (hrs) Shore Characteristics

1 0.033 sheet piling
2 0.5 commercial docks
3iI private docks4 6 ------------

5 12 embankments6 18-- - - - - -

7 24 sand/gravel beach

8 48 marsh
9 48 shallow water

10 876C bays, sheltered areasI
No information is available to more accurately correlate the half-life

* values to the shoreline characteristics other than what is given here.

Torgrimson's (1984) suggested half-life values were used to arrive at those

I given above. The logic used to obtain these values is that the smaller the

Ihalf-life, the less lik ,y the oil will remain on the shore.

1
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LDRTR.SPL

The oil spill parameters in LDETR.SPL will require the most modification

of any file from spill to spill. Any particular spill will have its own total

simulation time. TOTIME. simulation time step. SPILDT, duration of spill.

SPLTIM, spill volume. SPVOL. number of particles. NPTCL (maximum 1000). spill

location. SPX and SPY, wind speed and direction. VWMAG and THETA, air

temperature. TENVF. and oil and water properties, so, it will be necessary to

adjust these data each time a new spill is simulated. Most of these are

self-explanatory and have already been described in Section III.1. Those

which require particular attention are the spill location, wind components and

oil and water properties.

The spill location can be determined using Figures 8 through 14. Knowing

the grid sizes of both the lake (currently 4000 ft) and river (currently 500

ft) and the location of the x and y axes, a particular location can be

pinpointed anywhere. Note that the lake domain has negative x coordinates and

the river domain has positive x coordinates.

The wind speed and direction which is used to compute the wind component

of the drift velocity must be input for every SPILDT time interval. The unit

of wind speed is ft/s. The wind direction is the clockwise angle measured

from magnetic north. As an example, wind blowing out of the west has a

direction of 2700.

For the type.of oil being used in the simulation, the specific gravity

(SPGOIL). molar volume (VMUNI) and solubility in water (SOLUNI) * must be

specified. Also. the oil water interfacial tension (SIGMA), and the viscosity
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I
u of water (ANIU). are required input.

For determining evaporation rates of oil, coefficient C (CEVP) and

boiling point temperature (TOEVP) are needed. The user has an option here.

I If TOEVP is given a value less than 1.0, the model automatically computes CEVP

3 and TOEVP, using the curves described in an earlier section. The curves used

are for crude oils with API value ranging from 10 to 45. The data for CEVP

3 and TOEVP must be present in the datafile although they serve no purpose in

this case. The other option is to enter the correct CEVP and TOEVP values.

In this case values of CEVP and TOEVP will be used for computing evaporation

i rates. It should be noted that an oil having an API value between 10 and 45

is not necessarily a crude oil. For non-crude oils, CEVP and TOEVP should be

3 given as input.

U LAKEWIND.DAT

The wind data required by the lake model may come from the same wind

stations where the wind speed and direction were given as input to the oil

3 spill model. However, in order to protect the integrity of both the lake and

river models, the information must be read from two separate files. In the

i file LAKEWIND.DAT, forecasted wind speed, WS, wind direction (degrees

3 clockwise from north), WD, and air and water temperatures can be directly

placed in the file without any conversion or rotation. The timc irt-r-va! for

i data specification is independent of any other time step in the model, the

user may simply input one line of wind data at T = 0 hours and the model will

i use this wind data for the entire simulation. The lake model will always use

i the last data read in if the simulation continues longer than the last ti.me

specified in LAKEWIND.DAT. The sample file given at the end of this chapter

3 has ficticious weather station locations.

3. 61



111.4 Sample Data Files (for Lake St. Clair-Detroit River Study Area)

Input Datafile Name Unit No.

LDETR.GEO 1

LDETR.ICE 5

LDETR.FLW 7

LDETR.BND 8

LDETR.SPL 12

LAKEWIND.DAT 10

LAKEBATH. DAT 13

Output Datafile Name Unit No.

OILPRT. OUT 2

VELSTR.OUT 3

VELCAR. OUT 4

LDETRSP.OUT 11

LAKETEMP.PSI 15
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I LDETR.GEO (UNIT 1)

I_
DETR LAKE ST. CLAIR AND D:R0:: aivza
16 35 285 4000. 500. 7 -1.49+05
2 5 8 10 15 18 22 27 29 31 33 35 41 44 50 52

1 (250.,30500) 1.57079630 11 11 2 0
2 (189--.4. 104~ 74-91 1.35387330 11 12 3 6
3 (1895.4, 3047ZI.9i 0.80316770 9 11 4 0

4 (3572.5,28827.7) 0.57252250 9 11 5 0
5 (4329.2,27835.3) 0.85065230 9 21 9 0
6 16348.3,33851.1 ) 0.32890491 2 11 7 sea
7 J6573. 7, 33287.7) 0.27566774 2 11 8 0

8 16880.6,30383.6) 0.19895402 2 21 9 9999 (5218.9,26793.0) 0.600330412 11 710 0

10 (6206.0,24830.4) 0.78546520 11 12 11 16

11 (7367.3,23785.9) 0.38429453 4 11 12 0
12 (11648.1,18516.6) 0.89099240 4 11 13 0
13 (16161.9,16194.4) 1.06953870 4 11 14 0
14 (16630.9,16099.5) 1.03244550 4 11 15 0
15 (18885.3,15317.3) 1.29700210 4 21 19 0

16 (10645.8,26730. 14) 1.50359930 7 11 17 888
17 ( 15909.5, 22917.5) 0.89085370 7 11 is 0

18 (19678.2,1545.3) 0.56a7187 7 21 19 999
19 (20184.2,14800.2) 0.65250602 11 11 20 0
20 123601.6. 12743.2) 1.01761670 11 il 21 0
21 (279 86.0, 943,4.1) 0.84,731720 11 11 22 c

22 (32096.4,6111.7) 1.11644090 11 11 23 0
23 (36555.3, 4153.7) 1.31789400 11 11 .24 0
24, (43737.9,3322.7) 1. 29165360 11 11 25 0
25 (48111.9,2967.3) 1.73312770 11 i 1 26 0
26 352258.0,357.1) 1.70696930 11 11 27 0

I27 15889 1.5,4q663.2) 1.74159230 11 11 23 0
28 (60921.2 ,4700.L) 1.89850420 11 11 29 0

29 (63193.4,4508.6) 1.85897050 11 12 30 36
30 (64446.6,4279.9) 1.40498040 9 11 31 0
31 (67199.6, 2832.9) 1.55881210 9 11 32 0
32. (75744.0,7230.3) 2.07408620 9 11 33 0
33 ( 81028.9, 8357.1) 2.01051160 9 12 4t5 34

34 (83712.4,11584.0) 1.85562200 7 11 35 868
35 187888.6,13541.0) 1.97159570 7 21 42 0

36 (63732.9,8702.1) 2.3778450 2 11 37 888
37 (67304.8,11205.3) 1.95566550 2 11 38 0
38 (754 90.2,1565a.0) 2- 08554.860 2 11 39 0
39 (79227.9,18354. 3) 1.69594960 2 21 40 0

40 (82248.9,17195.8) 1.6363S540 2 11 41 0
41 (85910.8, 182Oa. 0) 1.96796920 2 21 42 999
4,2 (95603.0, 19752.6) 1.98250300 9 11 43 0
43 (99230.8,22002.3) 2.09447510 9 11 44 0

414 (101000.3,23059.3) 2.10296690 3 11 43 045 (8015.6,9218.3) 1.9703760 2 11 43 0

46 (89415.8,9892.4) 1.55666850 2 11 47 0

47 (94836.8,10752.4) 2.10658900 2 11 48 0
48 (98678.7,1220,).2) 1.41654700 2 11 49 0
49 (105015.3,13430.9) 1.97177820 2 11 50 0
50 (109190. 4,15253.8) 1.9456780 2 11 51 0
51 (114 185.3, 16482.1) 2.00199130 2 11 52 0
52 (121352.6,19517.5) 2.37169800 2 11 53 0

53 (12549(4.9,22097.9) 2.67019810 2 11 52 0
1 17 571.71

1375.00 6.00 1675.00 24.00 3000.00 21.00 3575.00 16.00 4000.40 23.d
4250.00 18.00 5000.00 10.00 8500.00 9.00 9625.00 10.00 1.875.00 8.0

13000.00 8.00 1J250.00 6.00 15500.00 4.00 21000.00 6.00 26000.00 4.01 29000.00 3.00 37G00.00 0.00

I
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LDETR.GEO (UNIT 1)

2 16 571.71
125,.00 12.00 200.00 21.00 1500.00 27.00 2000.00 28.00 2500.00 12-0

2550.00 9.00 31 25.00 6.00 4375.0O0 2.00 6000.00 6. a0 6454.00 12.0
6r,25. 00 19.00 70;0.00 25.00 7-750.00 7.00 8325.00 6.{1 lQ.50Q.00O 2-0

11783.00 0.000
3 10 574.87

25.00 14.00 125.00 28.00 500.00 36.00 1000.00 37.00 1200..00 33.a
1750.00 32.00 2000.00 30.00 2250.00 10.00 3000.00 8.50 3425-00 0. O1

4 10 574.94
155.00 25.00 900.00 27.50 1025.00 36.00 1275.00 40.U. 14,00-00 35-.5

1700.00 43.00 2125.00 30.00 2375.00 10.00 3250.00 5.00 3375-00 0.0
5 9 574.91

S0.00 12.00 125.00 20.00 750-00 21.00 1250.00 22.00 1350-00 28.0
2425.00 28.00 2525.00 5-00 3250.00 4.00 3425.00 0.00

6 5 5741.45
75.00 12.00 175.0O0 22.00 250.00 27.00 825.00 27.00 1400.ZD 0.0

7 15 574.50
75.00 12.00 175.00 22.00 250.0O0 27.00 825.00 27.00 12,50-Q 0 0.0

8 10 57/4.91
80.80 11.00 141-60 26.30 197.30 28.80 373.00 29.50 627-4t0 3(1-.a
759.60 30.00 1123.80 24. 10 1183.60 21.10 1233.10 9.50 1322-(;0 0-a

9 15 574&.92
125.,00 12.00 25,3.00 25.00 500.00 21.00 800.00 19.50 1000. Oj 27.5

1250.00 23.00 2050.00 22.50 2850.00 .38-00 3500.00 38.00 4 0.Q0., Q 29-.,
4250.00 43.00 4650.00 45.00 4825-00 6.50 5400.00 6.50 S100.QQ 0.a

10 11 574. 87
75.00 4.00 275.00 18.00 575.00 200 1250.00 18.00 2D75-00 12.0

2825.00 27.00 3825.00 29.00 4450.00 39.00 4600.D0 i8.a0 4675-00 3.2
5075.00 0.00

11 7 5741.82
101-10 25.00 266.10 24,.80 506.50 29.10 756.20 33.00 1222-90 31-0

1360.00 25-80 146 1.00 0.00
12 11 574.54

25.00 012.00 -75.00 25.00 475.00 23.00 575.00 12.00 800-.00 6.0
1250.00 2.00 1875.00 5.00 2050,,0U 222.00 2550.00 27.0,Q 2750.00 5-a
3400.00 0.00

13 7 574.27
87.60 22.20 159.00 26.90 1106.90 20-90 1092-90 26.40 1997-5Q. 23-4

2073.60 11.70 2110.70 0.00
14t 10 574.57

1.90 9.50 135.00 25. fs0 550-10 30.50 695.30 24.30 882-50 29.il
1000.00 20.00 1373.70 22.30 1691.80 26.30 1843.60 21.10 192.1-20 0.12

is 11 574.16
2t4.20 19.70 607.00 21-90 1004.50 28.50 1207.70 10.00 138aa-Q 32.7

1598.30 27.00 1684.20 19.90 1862-20 12.90 1891.40 7.30 21941.3D 5-9
2203.80 0.00

16 12 574.35
125.00 25.50 250.00 3S.00 350.00 33.00 680.00 47.50 825.00 42-.
1250.00 16 .00 1525.0J0 35.00 1625-00 35.00 1825.00 9.00 2125-CCL 7-5
2533.03 9.00 2550.00 0.00

17 8 574.18

108.80 31.40 317.30 39.10 529.20 35.30 754.70 39.60 1003.90 36.6C
1660.30 42.20 1831.30 24. 10 1920.80 0.00

is 12 574-47
30.00 4.50 63.00 13.50 250-00 14.50 4,75.0O0 41.50 563.00 32--Q

1125.00 32.50 1375.03 40.50 1625.00 4,2.50 1750.00 34.50 Id25-.-0 38-G
1950.00 23.00 2000.00 0.00

19 15 574.53
125.00 12.00 375.00 18.00 425-00 25. U0 1000.00 35.00 1250.00 37.0

1375.00 37.00 1 50n.00 9.00 1725.30 9-00 1850.00 25.0.0 2000-30 37-a1
2375.00 29.00 275U.00 28. J0 31;5.00 32.UG 350U.00 35.00 375J.&C; 0.0
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LDETR.GEO (UJNIT 1)

I
20 9 574.59

10.00 27.00 55J.00 28.00 625.00 37-00 1375.00 35.50 1750.00 36.0
2125.00 48.00 2310.00 43.00 2625.00 38.0 2910.00 0.00

21 8 574.02
117.60 26.20 368.50 21.70 634.20 31.80 811.10 50.&O 3337.70 38.6
1657.20 48.00 2223.70 40.50 2372.80 0.00

22 13 574.40
25.00 23.00 125.00 27.50 200.00 23.80 475.00 34.00 600.04 29.5
750.00 44.50 1000.00 49.80 1250.00 43.00 1600.00 47.40 1750.QO 36.0
2000.00 45.00 2125.00 42.00 2250.00 0.00

23 9 574.50
125.00 18.00 175.00 29.00 375.00 41.00 1375.00 45.00 1500. CC 47.0

1625.00 32.00 1800.00 18.00 1875.00 6.00 2050.00 0.0.0

24 7 573.60
197.00 37.80 451.10 46.20 717.30 46.9Q 1186.50 39.a0 1593." 42.8

1673.60 39.30 1903.10 0.00
25 7 573.90

25.00 28.00 125.00 38.00 1000.00 38.00 1500.00 31.00 2250.a0 32-0
2500.00 27.00 2550.00 0.00

26 8 574.19
25.00 8.50 510.00 45.00 1120.00 37.50 2075.00 34.75 2375.30 371.5

2600.00 33.75 2710.30 8.00 2825.00 0.00
27 9 574.14

25.00 19.00 125.00 25.00 300.00 40.00 1000.00 39.10 1500-C0 32.0
1750.00 36.00 2375.00 36.00 2625.00 24.00 2650.00 0.a.

2A 11 574.12

250.00 38.30 680.00 43.20 1125.00 36.00 1485.00 35.00 1750-00 40.a
2090.00 37.20 2500.00 37.50 2850.00 10.00 3320.00 5.20 3750.CO 8.0
4250.00 0.00

29 9 573.97
175.00 34.00 1050.00 38.00 2175.00 28.00 2500.00 18.00 2675-00 25.0

3300.00 27.00 3425.00 4.00 4425.00 3.00 4675.00 O.0Q
30 13 573.82

185.00 23.50 375.00 43.00 500.00 41.00 625.00 '40.20 '850.00 35.5
1150.00 37.00 1500.00 35.80 1650.00 38.20 2000.00 29.S.0 2125.00 8.-5

2310.00 4.80 2450.00 6.80 2510.00 0.00
31 11 573.40

27.10 3.20 230.90 6.00 450.10 20.00 835.60 30.00 1548.30 34.0
1842.40 45.50 2330.90 31.00 2586.60 34.40 2864.60 8.10 3354-O0 6..5
3400.00 0.00

32 14 573.39
117.30 35.20 222.90 37.20 803.50 30.00 996.90 10.90 1503.20 6.0

1829.30 10.00 1975.90 31.00 2553.53 39.20 3196.90 35.30 3392.00 16.8
4179.00 4.80 4207.60 9.00 4276.50 8.20 4776.60 0.00

33 19 573.51

32.80 17.80 115.10 34.60 327.40 34.30 593.00 36.00 864.00 9.4
1148.70 6.40 1198.d0 9.50 1254.40 0.00 1300.00 0.00 1.337.40 7.9
2000.90 32.80 2389.90 7.20 21443.4 6.20 2983.60 13.70 32314.50 38.Q
4076.00 38.00 4409.10 9.30 6203.8 6.00 6715.40 6.40 6760-70 0.0

34 12 573.75
300.00 31.00 500.00 31.00 780.00 4.50 1310.00 4.60 1790.00 35.G
2090.00 .7.00 2900.00 35.00 3250.00 36.00 3680.00 7.20 5600.00 6.8
5650.00 9.00 5750.30 3.00

35 10 572.40
450.00 6.00 575.00 28.00 1250.00 36.00 1750.00 33.a0 2700.00 28.0

2725.00 18.00 2825.00 5.00 4500.00 3.00 5000.00 2.aQ 5025.CO 0.0
36 8 573.73

120.00 9.10 174.30 19.60 461.30 34.90 851.OQ 32.00 986.20 21.9
1040.00 13.140 1106.00 5.30 1175.30 0.00

37 5 573.30
24.140 14.40 573.00 33.140 722.30 32.00 896.10 16.30 975.80 0.(

II
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LDETR.GEO (UNIT 1)

38 8 573.40
198.80 23.60 501.90 25.50 853.90 24.10 952.30 8.60 1887.40 7.0

1980.10 25.80 2265.30 21.40 2428.00 0.00
39 9 573.68

92.20 24.90 301.20 31.00 445.60 28.10 680.60 35.20 969.40 22.0
1051.70 8.10 1707.00 7.20 2242.90 4.30 2375.20 0.00

40 11 573.76
1500.00 0.01 1625.00 25.00 2000.00 25.00 2100.00 2.00 2300.00 0.0
3750.00 0.00 3825.00 5.00 3900.00 32.00 4225.00 32.00 4375.00 2.0
4675.00 0.00

41 10 573.83
25.00 2.00 625.00 1.00 750.00 27.00 1125.00 27.00 1175.00 23.Q

1250.00 30.00 1750.00 32.00 1925.00 6.00 2125.00 2.00 2150.00 0.0
42 17 573.91

50.00 3.00 475.00 3.00 1000.00 26.50 2000.00 27.20 2100.0 35.0
2800.00 35.00 310C.00 ?4..80 3300-()0 32.00 3750.30 30.00 4250.00 33.0
4500.00 27.80 5100.00 28.00 5500.00 9.00 5900.00 7.50 6900.00 8.0
7000.00 12.00 7100.00 0.00

43 15 572.64
72.80 3.30 292.90 6.40 2564.00 10.70 2709.50 26.60 3745-50 24.4

3771.70 28.70 4424.00 36.20 4509.30 27.30 4996.00 25.00 5150.60 22.2
5327.90 27.80 5482.00 28.30 5796.10 11.00 6110.80 13.10 6345.a0 0.0

44 12 572.70
575.00 6.00 750.00 6.00 1000.00 5.-0 2750.00 3.00 3175.00 6.0

3375.00 18.00 4300.00 18.00 4375.00 27.00 4950.00 27.00 5400.0 18.0
5900.00 6.00 6050.00 0.00

45 8 573.76
16.70 4.70 129.10 30.60 283.70 3b.10 474.10 36.90 657.20 30.0

812.00 8.70 866.90 7.40 898.10 0.00
46 10 573.23

4.00 3.00 44.90 3.50 243.80 32.30 536.30 33.00 779.30 31.4
992.50 6.70 1152.00 4.30 1849.90 3.30 1940.20 1.90 20.02.10 0.0

L47 11 573.45
55.40 19.00 277.50 18.00 433.60 23.00 460.00 15.10 5.I-60 32..6
772.50 34.60 822.90 21.00 848.20 25.30 978.40 10.50 1095.2D 7.5
1246.00 0.00

48 10 572.93
15.70 2.20 70.40 2.50 239.90 21.90 439.70 9.50 590.60 9.7

876.40 27.30 1237.90 24.30 1376.90 7.70 1496.30 4.50 1523.20 0.Q
49 10 573.12

47.90 3.60 99.50 23.90 636.30 16.10 756.00 19.90 837.70 17.6
981.80 29.60 1143.90 26.50 1165.10 20.00 1379.10 14.70 1425.G0 0.0

50 4 542.83
31.30 25.20 209.10 29.00 990.20 27.10 1145.90 0.00

51 10 572.82
226.10 7.50 274.60 6.50 766.00 7.80 1245.50 21.80 1345.30 19.1
1805.80 15.70 1921.90 20.40 2395.50 15.50 2471.90 9.0. 2638.50 0.0

52 18 572.68
319.50 19.60 405.70 8.20 559.00 9.30 881.80 22.80 1033-40 7.9
1508.20 5.40 1676.10 21.90 2128.40 15.00 2194.10 9.00 2466.20 9.7
2542.30 17.20 2646.40 13.60 2708.50 7.80 2770.80 7.10 J015.40 1.9
3208.80 5.90 3431.90 7.20 3674.50 0.00

53 11 572.60
875.00 4.00 1000.00 18.00 2000.00 18.00 2175.00 5.0 2550.CC 0.a

4125.00 0.00 4625.00 2.00 4875.00 14.00 5125.JO 14.aO 5500.00 4.0
6500.00 0.00

1 10 13 10 10
2 7 11 0 0
3 5 11 0 0
4 5 11 0 0
5 4 10 0 0
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I
LDETR.GEO (UNIT 1)I

6 4 9 0 0
7 4 12 10 11
8 3 12 10 11

9 2 31 13 29
10 2 32 15 26
11 2 32 15 25
12 2 32 20 22
13 6 33 20 20
14 6 34 15 15
15 7 35 a a
16 5 36 0 0
17 4 36 0 0

18 4 37 0 0
19 4 37 0 0
20 4 37 0 0
21 4 37 0 0
22 4 37 0 0
23 4 36 0 0
24 5 36 0 0
25 5 34 0 0
26 6 31 0 0

27 7 30 0 0
28 8 29 0 0
29 8 28 0 0
30 8 27 0 0
31 9 26 0 0
32 9 25 0 0
33 9 23 0 0
34 8 21 0 0
35 8 19 0 0

36 62 132 0 0
37 62 125 0 0
38 62 122 c 0
39 62 114 0 0
40 61 108 0 0
41 60 104 0 0
42 59 99 0 0
43 58 92 0 0
44 57 86 67 68
45 56 83 66 69
46 54 82 66 69
47 53 80 65 69
41 52 77 63 68
49 51 71 61 62
50 49 69 0 0
51 47 67 0 0
52 45 61 51 53
53 43 60 49 54
54 42 59 47 54
55 41 58 45 53
56 40 58 44 53
57 39 58 411 53
58 39 58 414 5359 38 se 43 53
60 37 58 43 53

61 36 58 43 51
62 35 57 413 so

63 35 57 43 50
64 35 55 42 48
65 34 54 42 47
66 34 52 41 47

I
I
I
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LDETR.GEO (UNIT 1)

67 33 51 40 46
68 33 50 39 45
69 33 49 38 44
70 33 49 37 43
71 -33 48 36 43
72 32 '47 36 41
73 32 46 36 40
74 31 45 36 38
75 31 '4 36 36
76 30 43 0 0
77 30 41 0 0
78 29 39 0 0
79 29 37 0 0
80 28 36 0 0
81 27 35 0 0
82 27 34 0 0
83 26 33 0 0
84 25 32 0 0
85 25 31 0 0
86 24 30 0 0
87 23 29 0 0
88 22 28 0 0
89 22 27 0 0
90 21 26 0 0
91 20 25 0 a
92 19 24 0 0
93 la 23 0 0
94 18 23 0 0
95 17 22 0 0
96 16 21 0 0
97 15 20 0 0
98 14 19 0 0
99 13 18 0 0

.100 13 17 0 0
101 12 17 0 0
102 12 16 0 0
103 12 15 0 0
104 11 15 0 0
105 11 14 0 0
106 10 14 0 0
107 10 13 0 0
108 9 13 0 0
109 9 12 0 0
110 9 12 0 0
111 9 12 0 0
112 8 12 0 0
113 8 11 0 0
114 8 11 0 0
115 8 11 0 0
116 8 11 0 0
117 8 11 0 0
118 8 11 0 0
119 8 11 0 0

120 8 11 0 0
:121 8 11 0 0
122 8 11 0 0
123 7 10 0 0
124 7 10 0 0
125 7 10 0 0
126 7 10 0 0
127 7 10 0 0
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LDETR.GEO (UNIT 1)

I
128 7 10 0 0
129 7 10 0 0I130 7 11 0 0
131 7 11 0 0
132 7 11 0 0
133 7 12 0 0
134 7 12 0 0
135 7 12
136 8 12 0 0
137 8 12 0 0
138 8 12 0 a
139 a 13 0 0
140 8 13 0 0
141 8 13 0 0
142 8 13 0 0
14 9 13 0 0
143 9 13 0 0

145 10 14 0 0
149 10 14 0 0
150 10 15 0 0
15 10 15 0 0
152 10 15 0 0
151 10 16154 10 16 0 0

155 10 17 0 0
156 10 18 0 0
157 10 18 0a 0158 10 18 0 0
159 10 18 0 0

160 10 13 0 0I161 10 20 0 0
162 10 21 0 0
163 10 22 16 1a
164 10 23 is 19
165 9 24 15 20
166 9 24 15 21
167 8 25 15 22
168 8 25 14 22
169 7 25 14 22
170 7 27 15 22
171 6 28 15 23

172 5 28 16 23
173 5 29 17 23
174 5 29 17 23
175 5 29 18 24
176 5 30 19 24
177 5 31 19 25
178 6 .32 el0 26
179 6 33 21 26
180 7 33 21 27
181 8 34 22 28
182 9 34 23 28
183 10 35 24 29
184 12 35 25 29
185 15 36 26 30
186 15 37 27 31
187 15 38 27 32
188 15 39 28 33

I
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LDETR.GEO (UNIT 1)

189 16 39 28 33
190 16 40 29 34
191 16 40 30 35
192 17 40 30 36
193 .17 41 31 36
194 17 41 31 37
195 17 42 32 37
196 17 43 33 37
197 17 43 20 20
198 18 44 20 21
199 18 43 20 21
200 18 43 20 21
201 18 43 20 22
202 19 43 21 22
203 19 43 21 23
204 19 42 21 24
205 20 41 21 24
206 20 #4 22 25
207 20 44 22 25
208 21 45 22 26
209 21 45 22 26
210 21 45 23 26
211 21 45 24 27
212 21 45 24 27
213 21 49 24 27

214 21 49 24 28
215 20 49 24 29
216 20 52 24 30
217 20 52 24 32
218 20 52 23 33
219 20 52 23 34
220 20 52 23 35
221 20 52 23 36
222 20 52 23 37
223 21 53 24 38
224 22 53 24 38
225 22 54 25 39
226 23 54 26 39
227 23 54 26 40
228 24 55 27 40
229 24 55 27 41
230 2& 56 27 41
231 25 56 27 42
232 25 57 27 42
233 25 57 28 43
234 25 58 28 44
235 25 59 28 44
236 25 59 28 a5
237 24 60 28 45
238 25 61 28 46
239 25 47 29 47
240 26 47 29 47
241 26 47 29 47
242 27 43 29 48
243 27 48 30 48
244 27 48 30 48
245 28 48 31 48
246 28 49 31 189
247 28 (3 32 49
248 29 52 32 52
249 29 53 33 50
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I LDETR.GEO (UNIT 1)

2
250 30 50 33 50
251 30 50 33 50
252 31 51 33 51
253 31 51 34 51
254 31 51 34 51

255 32 51 34 51
256 32 52 35 52
257 32 52 35 52
258 33 53 36 53

259 33 53 37 53
260 33 54 37 54

,261 33 54 38 54
'262 32 55 38 55
263 33 55 39 55
264 32 55 39 55
265 34 55 40 55
266 34 56 40 56
267 35 57 41 57
268 35 57 42 57
269 35 57 42 57
270 35 57 42 57
271 35 57 42 57
272 35 57 44 57
273 36 57 45 57
274 36 56 46 56
275 37 50 48 50
275 37 50 08 50
277 39 49 0 a
278 40 43 0 0
279 41 48 47 48

280 41 49 47 49
13' 42 5 47 50
282 43 52 47 52
28. 44 53 49 53
284 44 54 51 54
285 45 55 52 55

76
9 10
11 12
11 13
10 13
10 29
12 15
12 16
UZ 25
13 151 173 6
173 7
173 26

173 27
174 27
17 28

175 27
175 2d
176 29

I177 29
178 13

178 30
179 13
179 14
179 15

I
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LDETR.GEO (UNIT 1)

179 31
160 13
180 14
180 15
180 32
181 15
181 16
181 33
182 16
183 16
183 17
18~4 16
197 33
197 36
197 39
198 33
19a 39
198 40
199 33
199 34
199 38
199 39
199 40
199 41
200 33
200 34
200 35
200 38
200 39
200 40
200 41
201. 34
201 35
201 39
201 40
201 41
202 '
202 36
202 40
202 IL1
203 36
203 40
2014 37
205 37
206 41
206 42
207 '41
208 41
208 '42
209 41
209 42
210 42
0
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LDETR.ICE (UNIT 5)

I

0.035 12.5
1 1
2 7 35 19

0.5

DETR.FLW (UNIT 7)U
6. 0

573.72 149190.
573. 61 149180.
573.61 184150.
573.6 1 120810.
573.46 120810.
573.46 184140.
573.14 184140.
573.01 184140.

573.01 153050.
572.67 153050.
572.67 115400.
572.31 115490.
572.31 146450.
573.69 34970.
573.61 34970.
573.61 63340.573.46 63340.

573.01 31070.

572.31 31050.
572.67 37640.
571.97 37640.
571.35 37630.

2 OPEN
573 72 149190.
573.61 149180.
573.61 184150.
573.61 120810.
573.46 120810.
573.46 184140.
573.14 184140.
573.01 184140-
573.01 15305J.
572.67 153050.
572.67 115400.
572.31 115400.
572.31 146450.
573.69 34970.
573.61 34970.
573.61 63340.
573.46 63340.
573.01 31070.
572.31 31050.
572.67 37640.
571.97 37640.
571.35 37630.I 1

II 2 PE
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LDETR.BND (WNIT 8)

(These are approximate values based on engineering judgement to

illustrate the model capability)

1 1 285 10
2 1 285 10
J5 1 14 10
3 414 49 la
3 52 75 10
3 163 275 10
3 279 285 10
4 7 14 10
4 44 49 10
4 52 75 10
4 163 275 10
4 279 285 10
0 0 0 0

LDETR.SPL (UNIT 12)

Fuel Oil No. 2
6.0 3 0 0 1 0 10. -1.0 -1.0
500 10000. 900. 0.84 1.411E-5 2.06E-31.14 .98. 1.6 1.39,1.39,1.4C
-7999. 42000. .7063E-02 .1873E-02- 7.88 465.0
2.933 0.0 50.0

2330.0 50.0
L.9 3, 0.0 50.0
2.933 0.0 50.0
2.933 0.0 5.0
2.933 0.0 50.0
2.933 0.0 50.0
2.933 0.0 50.0
2.933 0.0 50.0

LAKEWIND.DAT (UNIT 10)

0. 42.42 82.42 30. 64. 54. 15.0 180.I
3. 42.42 82.42 30. 64. 54. 15.0 18Q.
6. 42.42 82.42 10. 65. 54. 15.0 150.
9. 42.50 82.5a 10. 66. 54. 12.0 18O

12. C12.50 82.58 10. 66. 55. 1D.0 270.
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LAKEBATH.DAT (UNIT 13)

LAKE ST. CLuLIB BATHY .ETS.
36 38 42. 3041534 82.9315796 4000 19 1 -2.24 39.674 10.087-120.06
0.822690+02 -0.4186872,01 -0.892958E+00 0.549244E200I0.284351E-01 O.110232Zuj 3.182918E+00 0.235336E00
0.121387E-01 O.u162637%-03 0.110856E-05 -0.102938E-05
-0.313049E-03 0.9059632-02 -0.238882E-06 -0.279918E-06
0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0
0 0 00 0 0a 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 3 5 0 0 0 0 0 0 Q 0 0 0 0
0 0 0 0 0 0 0 a 0 0 0 0 0 0 a 0 a0 0

0 0 0 3 5 6 5 4 0 0 0 0 0 a 0 a 0 0 0
0 0 0 0 0 0 0 a a 0 a a 0 0 0 0 0 5 7
7 8 7 7 5 3 0 0 0 0 6 8 6 6 5 5 4 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 8 8 10 10
9 9 6 4 0 0 0 3 10 10 10 12 11 11 9 7 5 a 0
0 0 0 0 0 0 0 0 0 0 0 6 8 9 9 10 10 10 8
9 6 3 0 0 5 11 12 11 10 12 11 11 10 9 a 0 0 0
a0 L 0 0 0 0 0 0 3 9 9 6 4$ 5 a 9 9 IQ 9

6 4 5 5 9 12 13 13 13 13 13 13 12 8 2 0 G 0 0
0 0 0 0 0 0 3 9 6 1 2 3 2 2 3 6 8 7 6
7 9 12 13 13 14 14 14 14 14 14 13 14 12 & 2 0 0 0
2 3 0 0 1 6 1 2 2 1 2 1 1 1 3 6 9 10 21

13 14 14 15 15 15 15 14 14 14 14 13 13 12 12 11 10 d L5
0 0 3 5 1 2 0 G 0 0 2 1 2 4 6 10 1.2 13 15

14 14 16 15 14 15 15 15 15 1l4 14 14 13 13 13 12 12 0 02 2 1 0 o 0 0 1 3 3 .3 2 1 7 34 25 14, ,7 26
17 17 16 15 15 15 16 15 12 13 10 8 10 10 10 0 0 0

0 0 0 1 1 1 2 0 ~. 1 2 3 13 15 14 1-4 27 16 15
15 16 18 16 16 14 12 13 10 12 11 20 7 0 0 0 0 0 0

0 0 0 0 0 0 1 2 2 3 12 14 15 16 16 17 17 16 17
16 16 15 14 15 13 12 13 12 13 6 0 a 0 0 0 0 0 

0 0 1 1 2 2 2 14 114 15 14 16 15 16 1.7 17 18 16
14 17 13 15 15 1) 11 10 7 0 0 0 0 0 0. 0 a 0 0
a7 0 0 0 0 1 10. 15 16 16 17 16 17 19 17 19 18 17 12

14 15 14 13 12 9 7 0 0 0 a 0 0 0 0 0 0 0 0
0 1 2 6 13 15 17 17 17 17 17 17 19 17 18 17 16 16 1.5

14 11 11 8 5 0 0 0 , 0 0 0 0 0 0 0 0 1 1
7 12 14 16 17 17 17 IS 1S 19 IS 18 17 17 17 16 15 14 U

12 10 5 0 0 0 0 0 0 0 0 0 0 a 0 1 1 6 u
13 15 16 17 18 18 18 18 18 19 18 16 17 15 15 15 1.3 10 a
3 0 0 0 0 0 0 0 0 0 0 0 0 1 1 3 7 12 13

16 17 18 18 18 18 17 17 17 17 16 16 16 15 13 12 10 .3 0
0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 1.0 12 17 18

18 17 17 17 16 17 17 15 16 16 16 15 13 11 5 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 1 1 6 13 17 I8 17 17

17 16 16 16 16 16 17 16 15 13 12 10 1 0 0 0 J 0 0
0 0 0 0 0 0 0 0 2 2 2 6 13 37 17 17 17 17 17

17 15 16 15 15 15 15 14 11 9 0 0 0 0 0 0 0 a 0
0 0 0 0 0 1 3 4 2 6 14 17 17 17 18 17 16 15 16

15 12 15 15 13 11 9 2 0 0 0 0 0 0 0 0 a 0 0
0 0 0 2 3 3 4 6 14 16 16 16 17 17 16 15 lb 15 15

14 11 12 10 5 0 0 0 0 0 0 0 0 0 0 a a 0 a
0 0 1 3 2 9 13 14 15 17 17 17 15 15 15 15 15 13 12
9 6 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

2 3 4 11 12 14 15 15 17 17 lb 15 15 15 14 13 11 9 2
0 0 0 0 0 0 0 0 0 0" 0 0 0 0 1 1 3 2 4
3 11 11 13 15 17 17 16 15 15 15 14 12 12 9 6 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 1 3 2 .3 6 11

10 15 15 16 17 17 16 15 14 13 11 9 6 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 2 3 3 1 5 10 10 14

14 15 16 16 15 13 12 10 8 3 0 0 0 0 0 1 0 0 0

* 75.



LAKEBATH.DAT (UNIT 13)

0 0 0 0 0 0 0 2 3 4 5 5 3 6 10 1 1.3 15 17
16 15 13 10 9 7 1 0 0 0 0 0 0 0 0 0 0 a 0
0 0 0 0 0 1 2 1 2 6 7 9 10 10 11 27 16 15 .15

13 10 7 3 0 0 0 a 0 0 0 Q 0 0 0 0 0 0 
0 0 0 0 1 1 1 6 10 10 10 12 12 16 17 15 13 12 9

41 0 0 0 0 0 0 0- 0 0 0 a 0 0 0 0 0 0 0
0 0 0 0 0 1 1 6 11 11 12 17 17 13 13 11 8 2 0

0 0 0 0 0 0 0 a 0 0 a 0 0 0 0 0, 0 0 0
0 0 0 0 2 6 13 11 11 17 13 12 12 11 6 2 0 a 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 2 5 12 12 12 11 11 9 4 a 0 0 0 ( 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0
0 0 1 1 10 10 10 9 5 4, 2 0 0 0 0 0 0 Q 0
0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0
0 0 2 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a a a 0

1.
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I
CHAPTER IV

3 STREAM FUNCTION AND BATHYMETRY OF LAKE

IV.1 IntroductionI
The information in this chapter is needed only if lake bathymetry data

needs to be changed. The input files LAKEBATH.DAT and LAKEINIT.PSI for Lake

3 St. Clair can be revised if a smaller grid size or new boundary conditions are

desired. The work is rather tedious and requires attention to details covered

in this chapter, but it can be done. The report by Schwab and Sellars (1981)

was used to d.rect the collection of the current Lake St. Clair files and may

be consulted.I
Figures 18 and 19 illustrate what the depth and stream function files

3look like respectively when printed out as-two dimensional-arrays. Areas in

the lake which represent land are masked with a special value (SPVAL). This

causes the stars (*) to be printed. The stars in the depth array (Figure 18)

3 represent a depth of zero (0) feet. The stars in the stream function array

(Figure 19) iepresent a very large number (i.e. 1.OE+21 currently used.) The

3 SPVAL for the lake is used as an indicator for locating a boundary and is not

part of the actual calculation of stream functions.

3 Close examination of the positions occupied by depths and stream

functions quickly reveals that not every array location that contains a stream

3 function value has a depth. The reason is partly because the stream functions

not only serve to give the discharge between grid points, but they are also

used to establish both the no flux boundary condition at the lake shore and

3 the discharge conditions at river mouths. Furthermore, the additional boxes
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with assigned stream functions are required by the second order differencing

technique used to solve the stream function equation. The no flux condition

along the lake boundary is accomplished by setting stream function values in

adjacent grids equal. The difference in stream function values across the

river moutb corresponds to the river discharge into or out of the lake.

Figure 20 shows the discharge points, percentages and directions used in the

current Lake St. Clair stream function file. Relating Figure 20 to Figure 19,

all numbers bordering the stars across the bottom and top of the lake are

constant and numbers bordering the stars on the left and right side change as

discharge points are encountered.

IV.2 Lake Bathbyetry Data

This section will focus on the procedure for setting up a new depth array

for Lake St. Clair. First, it is necessary to draw a new grid over the lake

chart (National Ocean Survey Chart 14850) with the new grid size. To avoid

changing any more additional parameters than absolutely necessary, grid (1.1)

should originate from the same point as grid (1.1) does in Figure 7 and the

current grid size (4000 ft) must be divisible to a whole number by the new

grid size. Then, the geographic to map and map to geographic conversion

coefficients will not be affected. These coefficients should never be changed

unless a new base origin is used and the coefficients recalculated. The

current model uses the original base computed by Schwab and Sellars (1981).

Second, parameters IPARM(1) and IPARM(2) are computed by counting the

number of grids from grid (1.1) to the lake river interface plus one (1) and

the number of grids from the x axis to at least one grid past the upper

shoreline. Parameter RPARM(3) is changed to the new grid size. Then,
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ZPARM(1) and ZPARM(2) are multiplied by the ratio of the old grid size to the

new grid size.

Third, the grids which fall within the lake shore will be assigned an

average of the sounding depths shown on the chart. Islands are currently

assigned the minimum depth of the lake since the model does not take into

account the proper boundary conditions around them. So, if the minimum or

maximum lake depths change, RPARM(4) (and the island depths) and RPARM(5) must

reflect these changes. At this point, the new LAKEBATH.DAT file can be

assembled. Note that lake depths are read from the file starting with the

bottom row (left to right) in the lake and going up, so they must be set up in

that order within the file.

Finally, the shore limits (IGRIUBO, IGRILBO. IGRUBl(), IGRLB1() must

be established based upon the grids having assigned depths. This means that

the new shore limits, LGRIDX, NGRIDX and DXL must be changed in LDETR.GEO.

IV.3 Stream Function File (LAKEINIT.PSI)

Now that the grids containing the depths are known, the stream functions

can be assigned. If the grid size was not changed, the procedure given here

could be used to set up new boundary conditions in the lake.

The first step is to select the total discharge at which the file will be

set (Figure 19 was set for 201,323 cfs, numbers shown are rounded off) and

locate the grids containing the discharge points. Then, every grid on the

boundary of the lake-containing a depth other than zero (0) will be assigned a

stream function value. The easiest way to choose what number and where to
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start is to take half the total discharge magnitude (100661.5 cfs in Figure

19). give it a positive sign, and assign that number at the lower side of the

Smouth of the Detroit River. Then subtract discharges from this number from

the subsequent discharge points above when going from one grid to the next and

assign the result to the corresponding grid. When the top of the mouth to the

Detroit River is reached, the stream function value should be the same

magnitude as at the lower side of the mouth but negative in aign (-100.661.5

3 cfs in Figure 19). Proceeding counterclockwise around the lake, the stream

function will stay constant until the next discharge point is encountered and

3 the appropriate value recorded for that grid. Finally, all grids within the

lake are assigned interpolated values between the boundaries.

3 According to the definiton of a grid ij as shown in Figure 3, it is now

possible to complete the assignment of stream functions to. the additional

3 grids mentioned earlier. EveLy grid i,j in the lake must havc a stream

function at every corner to apply the second order differencing technique.

The only way for all four corners to have stream function values is for

3 adjacent grid boxes to have stream functions. By starting at any boundary

grid and prcceeding around the lake, each grid with an assigned depth is

3 checked to see if all four corners will have assigned stream functions. If

not, the additional boxes required to fill the need are assigned a stream

function (of the same numerica2 value ar the box which was checked.) Upon

3 completion of this step, all grids which require a stream function value

should have one except the land grids. These are assigned the number SPVAL.U
The LAKEINIT.PSI file can now be set up. Again, the numbers are read in

starting from the bottom row (left to right) in the lake array and proceed up

3 to the highest row. Extreme caution is advised when typing numbers since an
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error could cause instability in the computations.

IV.4 Calculating Stream Function Values

Simple hand calculations do not give accurate interior stream function

values. A program was set up to accurately determine the stream functions at

the desired total disch , The program listing (PSISET.F) for calculating

stream function values is given in Appendix III. This program computes the

steady state stream function values for the given total discharge and boundary

condition using the unsteady finite difference scheme. The input files

required to run the program are LAKEBATH.DAT, LAKEINIT.PSI and LAKEWIND.DAT.

LAKEINIT.PSI is the file just created. LAKEWIND.DAT is the meteorological

data file with all wind speeds set to zero (0). LAKEBATH.DAT is the same as

that detailed in Chapter III and described (if revised for new grid size) in

this chapter with the addition of five (5) more variables added to Card 3

after the time step DT. A typical LAKEBATH.DAT and LAKEWIND.DAT file is shown

in Figure 21. The 5 added variables are:

Variable / Type and / Column I Definition /
Name Length Number

TT G8.2 9-16 total time to run program, suggest using
1500 hours

RWD G8.2 17-24 reference water level for depths, 571.71 if
depths taken off of Chart 14850

CLWL G8.2 25-32 current lake water level corresponding to
current discharge TLKQ

TIKQ G8.0 33-40 total lake discharge at CLWL

RLKQ G8.0 41-48 reference discharge which was used when
setting up the boundary stream function
values
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LAKE ST. CLAIR BATHYMETRY 1
36 38 42.3041534 82.9315796 4000 19 1 -2.24 39.677 10.087-120.06 2
0.822690E+02 -0.418667E+01 -0.892958E+00 0.549244E+00 3

0.284351E+01 0.110232E+03 0.182918E+00 0.235336E+00 4
0.121387E-01 0.462637E-03 0.110856E-05 -0.102938E-05 5
-0.313049E-03 0.905963E-02 -0.238882E-06 -0.279918E-06 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8
0 0 0 0 0 0 3 5 4 3 0 0 0 0 0 0 0 0 0 9
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10
0 0 0 3 5 6 5 4 0 0 0 0 0 0 0 0 0 0 0 11
0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 0 0 5 7 12
7 8 7 7 5 3 0 0 0 0 6 8 6 6 5 5 4 0 0 13

0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 8 8 10 10 14
9 9 6 4 0 0 0 3 10 10 10 12 11 11 9 7 5 0 0 15
0 0 0 0 0 0 0 0 0 0 0 6 8 9 9 10 10 10 8 16
9 6 3 4 0 5 11 12 11 10 12 11 11 10 9 8 0 0 0 17
0 0 0 0 0 0 0 0 3 9 9 6 4 5 8 9 9 10 9 18
6 4 5 5 9 12 13 13 13 13 13 13 12 8 2 0 0 0 0 19
0 0 0 0 0 0 3 9 6 1 2 3 2 2 3 6 8 7 6 20
7 9 12 13 13 14 14 14 14 14 14 13 14 12 6 2 0 0 0 21
2 3 0 0 1 6 1 2 2 1 2 1 1 1 3 6 9 10 11 22

13 14 14 15 15 15 15 14 14 14 14 13 13 12 12 11 10 8 15 23
0 0 3 5 1 2 0 0 0 0 2 1 2 4 6 10 12 13 15 24

14 14 16 15 14 15 15 15 15 14 14 14 13 13 13 12 12 0 0 25
2 2 1 0 0 0 0 1 3 3 3 2 1 7 14 15 14 17 6. 26

17 17 16 15 15 15 16 15 12 13 10 8 10 i0 10 0 0 0 0 27
0 0 0 1 1 1 2 0 2 1 2 3 13 15 14 14 17 16 1. 28

15 16 18 16 16 14 12 11 11 0 12 1 0 7 0 0 0 0 0 0 29
0 0 0 0 0 0 1 12 14 15 16 16 17 17 16 17 30

16 16 15 14 15 13 12 0 0 6 0 0 0 0 0 0 0 0 31
0 0 1 2 1 1 14 14 1 17 19 17 16 17 17 18 16 32

14 171 11 15 13 1 10 7 0 0 0 0 0 0 0 0 0 0 33
0 0 0 0 0 1 10 15 16 16 17 16 17 19 17 19 18 17 12 34

14 1514 1312 9 7 0 0 0 0 0 0 0 0 0 0 0 0 35
0 1 2 6 13 15 17 17 17 17 1 1 7 1 17 1 13 10 5 36

14 1111 8 5 0 0 0 0 0 0 0 0 1 0 0 0 1 1 37
7 12 14 16 17 17 17 18 18 19 18 18 17 17 17 16 15 14 13 38

12 10 5 0 0 0 0 0 0 0 0 0 0 0 0 1 1 6 12 39

13 15 16 17 18 17 15 16 16 16 1 7 1 1 1 5 01 10 8 40
3 0 0 0 0 0 0 0 0 0 0 0 0 1 3 7 12 13 41

16 17 18 18 18 18 17 17 17 17 16 16 16 15 13 12 10 3 0 42
0 0 0 0 0 0 0 a 0 2 2 6 2 2 10 12 17 18 43
187 15 15 15 1 1 5 16 16 16 15 13 5 0 0 0 0 44
0 0 0 0 0 0 0 0 0 0 2 1 1 6 13 17 18 17 17 45

17 16 16 16 16 16 17 16 15 13 12 10 4 0 0 0 0 0 0 46
0 0 0 2 3 3 4 6 14 16 16 16 3 17 7 16 15 16 15 15 51

14 1516 12 1 5 0 5 0 4 0 1 0 9 0 0 0 0 0 0 0 0 0 42
0 0 0 0 2 13 14 15 1 17 17 17 18 17 15 13 16 4915, 12 15 15 13 11 9 2 4 10 a51 0 0 0 0s

2 3 4 111 14 1 6 651 17 .17 16 15 16 15 15 54

04 01 02 10 0 0 0 0 0 C 0 2 3 3 3 5 10 10 14 60

0 0 1 3 0 90 010 4 15 17 17 17 5 15 15 15 15 1 12 5
16 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 54
2 6 41 20 10 10 17 17U 6 10 10 1 1 1 1 92 556

13 10 7 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 56

0 
1
0 0 0 15 17 17 16 15 15 15 12 12 12 1 6 0 0 10 57

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 67

10 10 0 106 12 16 16 15 14 13 1 1 9 6 0 0 0 0 0 5914 15 16 16 15 13 12, 10 8 3 0 0 0 0 0g 1 06

06 05 03 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 71
0 0 0 1 2 1 12 1 12 11 11 9 410 10 0 07 16 05 726

13 10 7 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 65
0 0 0 1 10 10 10 12 12 16 17 15 13 12 9 667

0 0 2 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 67

0 0 0 0 0 1 1 b 11 11 12 17 17 1 3 1 3 11  8 2 068

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6

0 0 0 0 2 6 30 1 i 11 1713 1212 11 6 2 0 0 0 70

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 71

0 0 0 0 0 0 0 0 01001010 0 73

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 75
0 0 2 2 1 2 1 a 0 0 0 0 0 0 0 0 0 0 0 76

1 . 50. 571.71 574.00 190000. 201323. 79

0. 42.5 82.75 30. 64. 54. 00. 270.
-1.

Figure 21 Typical LAKEBATH.DAT and LAKEWINu.DAT files
for creating an initial stream function file
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NOTE: TLKQ will become RLKQ at the end of program execution. This value and

RWD must be inserted into subroutines RLID and PARTIC (DATA statement

for RLKQ and RWD) prior to using the new files in the oil spill

simulation. The output from the program will be a stabilized stream

function array stored in a file named STREAM.DAT. This is the file i
which will be used as input to the oil spill simulation model but under

the file name LAKEINIT.PSI.
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CHAPTER V

MODEL OUTPUT

m The amount of output generated is governed by several parameters and

subroutines. The option number assigned to the parameter determines whether

or not a specific portion of output will be generated. The following table

summarizes these parameters and their functions:

3 Parameter Yes No Function

IOPTi 1 0 Call subroutine PRINT to write fixed
geometry of river to file OILPRT.OUT

IOPT2 1 0 Write location and magnitude of streamtube
velocities to file VELSTR.OUT and depth-
averaged grid velocities to VELCAR.OUT

IOPT3 1 0 Write locations of oil particles to3 LDETRSP.OUT

IOPT4 1 0 Call subroutine PLOTNU to write number plot
of particle locations

INDPRN 1 0 Call subroutine PGPARM to write lake model
input data and subroutine PRNT to write

lake depths, lake stream functions, and

lake ice region locations

I V.1 Sample Output

The following figures represent selected output and graphics for two

sample runs of the lake-to-river oil spill model. The first sample run

(Figures 22 through 27) is for an instantaneous spill near the lake river

m interface. Figure 27 shows the graphical output that corresponds to results

m in Figs. 24 to 26. The second case (Figures 28 through 39) is on the

opposite side of Lake St. Clair where the St. Clair River discharges into the

Slake. The graphical plots are not a direct form of output from the oil spill
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Lake St. Clair and Detroit River

$ INSTANTANEOUS SPILL t
I AT I
t -7999., 42000. t

SIMULATION PERIOD = 6.0 Hrs

Characteristics of spill

No. L pdrticies 500
Oil spilled 10000. gals of Fuel Oil No. 2
DT for spill simulation 900. Secs.
Specific gravity of oil 0.84 (API index = 37.0)
kinematic Visco. of Water :0.1411E-04 sq ft/sec
Surafce Tension :0,2060E-02 lbs/ft

Spreading Coefficients
K2i K2v K2t cO c20 c30
1.14 0.98 1.60 1.39 1.39 1.43

Molar -volume :0.7063E-02 cu ftmaol
Solubility of fresh oil :0.1873E-02 lbs/cu ft
Viscosity of Oil 0.S lbs/ft-sec

Manning s Roughness of Ice 0.035

Surface Diffusion
LAKE - Default formulation is useo
RIVER- Default formulation is used

API option is not selected . Evap. constants are C 7.88 TO 465.0

Time step for river flow computation = 6.OOHrs

Figure 22 Description of spill type and location,
oil properties, and various coefficients

88



I
I
I
'I

-.an Water Conditions exist in the river

Flow and Discharge Conditions in the River

1 I 184160. 577.72
2 14910. 573.72
3 34970. 573.6q
4 184150. 573.61
5 63340. 573.61

6 120810. 573.61
7 184140. 573.46

a 184140. 573.14
9 184140. 573.01

10 153050. 573.01
11 153050. 572.67

12 115400. 572.67
13 31070, 573.01

14 146470. 572.3115 37640, 572,67

16 37640. 571.97

U Open Water conditions exist in the lake

I
Meteorological Station Data Used in Lake Circulation Model

Time Lat. Long. Height T-air T-H20 Wind

hrs deg deg ft F F mph deg

0.0 42.42 82.42 30. 50.0 54..C 2-V 0.0

I 3.0 42.42 82.42 30.0 50.0 54.0 2.0 0.0

I

Figure 23 Stage and discharges at river

branches and meteorological data
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Tiae = 0.25 Hrs -- Wind :mag= 2.0 mph, dir = 0.0 deg -- Air Temp= 50.0 F
Spill center after advection= -7378., 41536. (ft)
Volume per particle = 20.000 gals

Slick condition during this time step

Slick information by pie / strip
Pie No. of particles Mean radius~ft)
1 59 90.

77 91,
A 60 90.
4 589

C.9

57 90.
44 88.

7 61 91.
8 49 90.

Slick condition at the end of this time step

Fraction Evaporated = .60670E-03
Amount Dissolved (gals) This Step = .27559E-01 Total .27559E-01

Figure 24 Spill information at t = 15 mins
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I
I
I
I

Tine = 1.00 Hrs -- Wind :qag= 2.0 #ph, dir 0.0 deg -- Air Temp= 50.0 F

Spill center after advection= -5518., 40153. (ft)
Volume per particle 19.878 gals

Slick condition during this time step

I Slick information by pie i strip

Pie No. of oarticles Mean radius(ft)
I 64 291.
2 66 281.
3 58 262,
4 62 280,
5 59 27b,
6 56 263.
7 71 274.
8 53 288.

Slick condition at the end of this time step

Fraction Fvaporated .14277E-01
Amount Dissolved (gals) This Step = .37287 Total .64506

I
I
I
I
I
I Figure 25 Spill Information at t 1 hr
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Time = 4.00 Hrs -- Wind :aag= 2.0 mph, dir = 0.0 deg --Air Tesp= 50.0 F
Spill center after advection= 3168., 32298. Ift)
Volume per particle = 15.189 gals

Slitk condition during this time step

Slick information by pie / strip
Strip Particles -Le(ft) X-sean Le(ft)

-124 3 -237. 0. 0.
-123 6 -111. 0. 79.
-122 12 -64. 0. 94.
-121 42 -182. 0. 65.
-120 18 -10B 0. 76,
-119 34 -86. 0. 120.
-118 19 -76. 0. 94.
-117 34 -134. 0. 801
-116 57 -73. 0. 97.
-115 106 -88. 0. 88.
-114 34 -57. 0. 164.
-113 38 -142. 0. 102.
-112 47 -154. 0. 89.
-111 13 -99. 0. 95.
-110 25 -48, 0. 229.
-109 12 -72. 0. 227.

Slick condition at the end of this time step

Fraction Evaporated = .24958
Amount Dissolved (gals) : This Step : 2.4525 Total z 27.238

Figure 26 Spill information at t = 4 hrs
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Lake St. Clair and Detroit River

t CONTINUOUS SPILL t
$ AT I
t -91000., 51900. 1
t FOR 60. min. t

SINULATION PERIOD = 6.0 Hrs

Characteristics of spill

No. of particles : 500
Oil spilled 10000. gals of Fuel Oil No. 2
07 for spill simulation 900. Secs.
Specific gravity of oil 0.84 (API index 37.0)
Kinematic Visco. of Water -0.1411E-04 sq ft/sec
Surafce Tension :0,2060E-02 lbs/ft

Spreading Coefficients
K2i K2v K2t 60 c20 c3O

1.14 0.98 1.60 1.39 1.39 1.43

Molar volume :0.7063E-02 cu ft/aol
Solubility of fresh oil :0.1873E-02 lbs/cu ft
Viscosity of Oil 0.94 lbs/ft-sec
Manning s Roughness of Ice 003

Surface Diffusion
LAYE - Default formulation is used
RIVER- Default formulation is used

API option is not selected . Evap. constants are C 7.88 TO 465.0

Time step for river flow computation = 6.OOHrs

Figure 28 Description of spill type and location,
oil properties and various coefficients
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Open Water Conditions exist in the river

Flow and Discharge Conditions in the River
Branch g (cfs) Stage (it)

1 169740. 573.26
2 132690. 573.26
3 37050. 573.20
4 169740, 573.10
5 51650. 573.10
1 117890. 573.10
7 169750. 573.00

8 169750, 572.78S9 169760. 572.63

10 142660, 572.61
1I 142660. 572,51

12 108140. 572.51

13 27100. 572.62
14 135240. 572.29
15 34520. 572.51
16 34530. 571.98

No. of Ice Covered Regions in the Lake I
Region from X,Y Grid to X,Y Grid Ice Thic(ft)
1 15, 7 15, 20 0.10

Meteorological Station Data Used in Lake Circulation ModelTime Lat. Long. Height T-air T-H20 Wind
hrs deg deg it F F mph deg

I 0.0 42.42 82.42 30.0 40.0 32.0 4.0 0.0
3.0 42.42 82.42 30.0 40.0 32.0 4.0 0.0I

I

Figure 29 Stage and Discharge at river branches,
and meteorological data
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Time = 1.00 Hrs -- Wind :sag= 4.0 mph, dir z 0.0 deg -- Air Temp= 40.0 F
Spill center after advection= -90336., 50086. (ftJ
Volume per particle = 19.145 gals

Slick condition during this time step

Slick information by pie / strip
Strip Particles -Le(ft) X-mean LeOftU
56 23 -36, 0. 126,
57 64 -78. 0. 132.
58 67 -101. 0. 98.
59 63 -95. 0. 100.
•60 63 -93. 0. b3,
61" 67 -76. 0. 70.
62 64 -130. 0, 0.
63 65 -50, 0. 41.
64 24 -37, 0. 32.

Slick condition at the end of this time step

Fraction Evaporated = .64919E-01
Amount Dissolved (gals) This Step z 1.1728 Total 2,9714

Figure 30 Spill information at t = 1 hr
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..............................................................................

Time = 2.00 Hrs -- Wind sag= 4.0 mph, dir = 0.0 deg -- Air Temp= 40.0 F
Spill center after advection= -88182., 46501. (ft)
Volume per particle 17.378 gals

Slick condition during this time step

Slick information by pie I strip
Strip Particles -Lelft) X-mean Le(ft)

27 66 -42. 0. 121.
28 51 -80. 0. 116.

29 65 -89. 0. 119.
10 54 -176. . 5

31 68 -101. 0. 116;
32 56 -103. 0. 101,
3- 68 -84. 0. 95.

34 66 -91. 0. 82.

35 5 -101, 0. 43.

Slick condition at the end c this time step

Fraction Evaporated = .14706

Amount Dissolved (gais : This Step = 1.5688 Total 9.2324

Figure 32 Spill information at t = 2 hrs
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Ti.e = 3.00 Hrs -- Wind :mag= 4.0 !ph. dir = 00 deg -- Air TeMp= 40.0 F
Spill center after advection= -86307., 43639. (ft)
Volume per particle = 16,185 gals

Slick condition during this time step

Slick information by pie / strip
Strip Particles -Le(ft) Y-mean Le(t)
-47 21 -123. 0. 80.

-46 72 -124. 0. 73.
-45 77 -97, 0. 91

-44 90 -117. 0. 99.
-43 70 -128, 0. 92.
-42 75 -118. 0. 196.
-41 58 -113. 0. 202.
-40 37 -66, 0. 96.

Slick condition at the end of this time step

Fraction Evaporated = .20031
Amount Dissolved (gals) This Step = 1.4632 Total 15.505

Figure 34 Spill information at t = 3 hrs
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Time = 4.00 Hrs -- Wind :mag= 4.0 mph, dir = 0.0 deg -- Air Temp= 40.0 F
Spill center after advection= -83927., 42445, (ft)
Volume per particle 15.510 gals

Slick condition during this time step

Slick information by pie / strip
Pie No. of particles Mean radius(ft)
1 42 278.
2 16 176.

35 395.
4 102 578.
5 13 237,
6 24 161,
7 59 286,
8 !79 437.

Slick condition at the end of this time step

Fraction Evaporated = .22655
Amount Dissolved (gals) : This Step = .88386 Total 20,118

Figure 36 Spill information at t = 4 hrs
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Time = 5.00 Hrs -- Wind :@ag= 4.0 mph, dir = 0.0 deg -- Air Temp= 40.0 F
Spill center after advectisn= -83634., 42312. (ft)
Volume per particle = 15,407 gals

Slick condition during this time step

Slick information by pie / strip
Pie No, of particles Mean radius(ft)
1 61 225.
2 39 167.
3 63 226.
4 92 253.
5 58 208.
6 30 153.
7 78 235.
8 75 249.

Slick condition at the end of this time step

Fraction Evaporated = .22757
Amount Dissolved (gals) This Step .19960 Total 21.146

Figure 38 Spill information at t = 5 hrs
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model. Rather. they are indirectly generated from the shoreline data in file

LDETR.SHO and the particle locations in file LDETRSP.OUT. The output should

be self-explanatory with the aid of the figure captions.
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Figure 49

Figure 50 Figure 51 Figure 52 Figure 53

Figure 41 Index to Figures 42 through 46
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APPENIXH I

DETROIT RIVM CROSS SECTIONS

This appenidix contains the detailed geometrical data for Detroit River

cross sections used in the model LROSS.
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The program listing for LROSS and subprograms are presented in this

appendix. The program listing is arranged in the following sequence.

Main Program

LROSS
1

LROSS Subroutines GLERL Subroutines3

ADVECT INIT

BOUNDR OUTP

DISOLU PARTIC

EVAPOR PGPARM

NDCONV PRNT

ORIENT RGRID

PLOTNU RLID

PRELSE UPDATE

PRINT1 UZL

SPRDAX

SPRDlD GLERL Function Subprograms 3

VELDI S RLAT

RAU

Systems Subroutines2  UZ

GAUSS XDIST

RANDU YDIST

1 - These programs were developed for the oilspill model at Clarkson
University.

2 - These programs were available at Clarkson University computing system.
The source code is provided here for completeness. Other systems may sub-
stitute these with appropriate subprograms.

3 - These subroutines/functions were originally developed at GLERL. Ann Arbor,
MI. They were slightly modified to match with needs of the oilspill pro-
grams.
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Main program LROSS

C * Lake & River Oil Slick Simulation Model ..L-ROSS..C *
C * Last Date of Revision October 14, 1986

C * Developed by the Department of Civil and Environmental Engineering
C * Clarkson University, Potsdam, New York 13676
C * under the support of the Detroit District, U. S. Army Corps of
C Engineers, through the Cold Regions Research and Engineering
C * Laboratory, Hanover, N.H.

C * This program is furnished by the Government and is accepted and used
C * by the recipient upon the express understanding that
C * the United States Government makes no warranties, express
C * or implied, concerning the accuracy, completeness, reliability,
C * usability, or suitability for any particular purpose of the
C * information and data contained in this program or furnished in
C * connection therewith, and the United States Government shall be under
C * no liability whatsoever to any person by reason of any use made
C * thereof. The program herein belongs to the Government. Therefore,
C the recipient further agrees not to assert any proprietary rights
C therein or to represent this program to anyone as other than a
C Government program.
C -------------------------------------------------------------------------------------------

C

C
DIMENSION IPARTX(5),IPARTY(5),HLlFE(10),IDUM(20)
COMPLEX VSTRM(99,16),CORDV(99,16),VCAR(8000),CORDLB(99)
COMPLEX SPCEN,PARTCL(1000),VWIND,VDRIFT
COMPLEX SPCENO
COMMON /VEL/VSTRM,CORDV,CORDLB,Q(30),WVL(30),TICE(99,20),

$ YWIT99,20),Z(99,20),ZD(99),NSLSCI(99),scrANC,(99),
$ LCSTSQ(30),NSlUBE( 99),NUMCON(99),NFIRCO(99),NSECO(99),KINTM

COMMON /VA/ VCAR,VWINDVDRIFr
COMMON /VASB/IGRILB(300),IGRIUB(300),IGRLBI(300),IGRUB1(300)
COMMON /ASB/SPCEN,PARTCL,NPICL,NHTB,IH1TB(1000),TYPBNIX4,300)
COMMON /BLOCK7/SPGOILANIU,SIGMA,AK21,AK2V,AK2T,

$ VOLPAR,VOLPIE(8),SLICKR(8)
COMMON /BLOCK8/AKC1OAKC20,AKC30
COMMON /SE/FEVP 1,FEVP2 ,CEVP,TOEVP
COMMON /V/IZRBX(100),IZRBY(100),NZRVB
COMMON /ICE/ZWND(40,40),ZLKICB(20),NICEXl(20),NICEY1(20),

$ NICEX2(20),NICEY2(20),IPOS(20),IPOS2(20),AMUOANICE,
$ SPAICE,NICERG,LICERG

COMMON /SO/ IMOVIN(1000),YSHIFI(1000),NMOVIN,SSHIFT
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
COMMON /LKMD/ D(40,40), S(40,40), U(40,40), V(40,40)
INTEGER UFSTPS,OSTPS •CHARACTER *4 FULL,PART,OPEN,STCL,DETRSTM A,WORD

CHARACTER *12 FINAME
CHARACTER *4 TEXI(11),FUELTP(4)
CHARACTER *42 SLINFO(3)
DATA FULL,PART,OPEN/"FULL','PARr,'OPEN'/
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Main program LROSS

DATA STL,DER,SIMA/'SCL',"DER','SIMA'I/
DATA HLIFE/0.033,.5,1.,6.,12.,18.,24.,48.,48.,8760./
DATA SLINFOX1)/' Pie No. of particles Mean radius(ft)'/
DATA SLLNFO(2)/' Strip Particles -Le(ft) Y-mean Le(ft)'/
DATA SLINFO(3)/' Strip Particles -Le(ft) X-mean Le(ft)'/

OPENOI ,FILE-'Iross.fnm')
REWIND 15
DO 2222 IFILES-1,13
REAMX15,111 1)IUNrr,NAME
OPENIUNrT,FHLE-FINAME)
REWIND IUNIT

2222 CONTINUE
1111 FORMA'I(13,A12)
C
C Explanation of Variables
C
C -- Single Varibles
C The next four variables are for controlling output. They can
C have the values 0-NO , I-YES
C
C IOPT1 - Fixed data like Geometry and Bank (shore) conditions
C IOPT2 - Computed Vleocities for plotting
C IOPT3 - Location of particles for plotting
C IOPT4 - Number Plot(particle distribution) on print
C
C ISPTYP - Spill type. 0-Instantaneous, 1-Continuous. Computed by
C model based on : if SPLTIM > 0.5*SPILDr ISPTYP=i else--0
C
C FEVP1 - Fraction evaporated at previous time step
C FEVP2 - Fraction evaporated at present time step
C
C NBRNCH - No. of Branches in the 1-D Flow Model
C NGRIDX - Total No. of grid boxes in X-direction
C
C TOTDIS - Total amouunt of Dissolved Oil (gins)
C
C UFDT - I-D Model time step(hrs)
C UFSTPS - No. of I-D model steps
C OSTPS - No. of Oilspill steps per UFur
C
C -- Some important variable names used for intermediate computations
C AIY area of the IYth Trapezoid
C PERI - wetted perimeter by IYth Trapezoid
C HR - hydraulic radius of IYth trapezoid
C
C -- One Dimensional Arrays
C IGRJLXI) - y-dir grid box number of lower river boundary column I
C IGRIJBI) - y-dir grid box number of upper river boundary column I
C LCSTSQ(I) - last section number cf branch I
C NSLSCl(I) - No. of slices of data for section I
C NSTUBE(I) - No. of streamtubes for section I
C NUMCON(I) - Condition -Number (see text) for section I
C NFIRCO(I) - Next section first connecting to section I
C Q(I) - Discharge in the Ith Branch
C SCTANG(I) - angle Ith section makes with X-direction
C WL(I) - water level of upstream of branch I
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I Main program LROSS

C ZIXI) - reference level from datum for section I at which Z's
C are evaluated
C
C -- Two Dimensional Arrays
C TICEXI,J) Equivalent ice thickness of Jth vertical in Ith section
C YWIIX,J) Distance from lower bank of river to the Jth vertical
C in Ith section

I C Z(I,J) Height of Jth vertical in Ith section
C

C -Complex Variables (these store X-component as real part and
C Y-component as imaginary part)
C CORDLI) - lower bank co-ords of the Ith section
C CORDV(I,J)- co-ords at which VSTRM(I,J) is acting
C VSTRM(I,J)- stream velocity of the Ith section and Jth streamtube
C VCAR(I) - velocity in the cartesian box grid system of box I
C
C -- Variables derived from addition of lake
C D - depths in lake grid boxes
C S stream function in lake grid boxes
C U - x-velocity in lake grid boxes
C V - y-velocity in lake grid boxes
C DXL - size of lake grid
C DXR - size of river grid
C LGRIDX - number of x-grids along lake
C IRGRID - number of x-grids along river
C NGRIDX - total number of combined river and lake x-grid boxes
C BEGLK - x-coordinate of left-most side of lake (negative value)
C ILVCAR - total number of lake grids containing velocities
C LICERG number of ice regions only in lake
C ZLKICE(I) - ice thickness in corresponding lake ice region
c

REAIX1 ,650)WORD,TEX
C
C Read the lake and river grid control parameters
C

REAIX1,*)NBRNCH,LGRIDX,NGRIDX,DXL,DXR,KINTM,BEGLK
REAI(1 ,*XLCSTSQ(1),I=I,NBRNCH)
IRGRLD = NGRIDX - LGRIDX
IS2 - LCSTSQ(NBRNCH)+ I

C
C Read river cross section and geometry data
C

DO 100 I=,IS2
REAji ,*)J,CORDL(I(),SCTANG(I),NSUBE(I),NUMCON(I),NFIRCO(I)

$ ,NSECO(I)
IF(J.NE.I)WRITE(*, 700)

C sCrANG(I) = SCTANG(I)*3.1415/180.
100 CONTINUE

DO 110 1=1,IS2
READ(1,*)J,NSLSCII$),ZD(I)SIrF(j.NE.IwRITM*, 710)
NNN-NSLSCT(I)+ 1
READ(I1,*XYWIOD(I,J),Z(I,J),J-2,NNN)

110 CONTINUE
DO 120 I=1,NGRIDX
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Main program LROSS

IF(I.NE.JWRflE*,720)
120 CONTINUE
C
C Read the 1,J values of Grid boxes in which velocity -0.0
C

REAJX1 ,*)NZRVB
IF(NZRVB.EQ.0)GOT 140
IF(NZRVB.GT. 100) WRIT*,7 30)
IF(NZRVB.GT. 100)NZRVB-1oo
REAJX1 ,*X IZX(I),rZRBYWl,I..1,NZRVB)

C
C Read the spill volume and spill location
C
140 REAIX12,650) FUELTP

REA]X 12, *)T ,IFv'7ERY,IO01Y1,IOPTr2,IOPr3,i0PT4,spLTIm,
$DIFFUL,DEFFUR

READfl12 ,*)NIOTAL, SPVOL,SPIL=,SPGOIL,ANIU,SIGMA,AK2I,AK2V,AK2T
$ ,AKC10,AKC20,AKC30

C
C Check for instantaneous or continuous spill
C

ISPTYP - 0
1F(SPLT1M.GT.0.5*SP=~y)SPvrYP-l
READ(5,*)ANICE,AMUNI

C
C SPVOL is U.S. gallons. VOLPAR is cu ft. of volume per particle
C

SPLRAT -03368*SPVOIJSPLT1M
VOLPAR -0.13368*SPVOL/NTCMAL

VZERO - SPVOL*3.7850E-03
API - 0.0
READX12 ,*)SPX,SPY,MN,SOLUN,CEP,pEVP
SOLBLT - SQLUNI16O18.453
VMOL -VMTJNI*O 02831682
AMIUO AMUNIJ*14.88162
'TDtNI -'TJEJP*9.15.0

IF(T0EVP.LT.1.0)API - 141.5/SPGOIOL - 131.5
AP1T2A - 141.5/SPGOHL -131.5
SPCENO - CMPLX(SPX,SPY)

C
C Check if the spill co-ordinates are in land
C (This is a check for input error)
C

IF (SPX .GT. 0.OEO) GOTO 145
L -(SPX-BEGLK)DXL + 1.0
M -SPY/DXL + 1.0
GOTO 155

145 L SPXDXR +1 .0 +LGRIDX
M -SPY/DXR + 1.0

155 IF(.LT.IGR1LB(L).OR.M.GT.IGRRJ())GO'1o 150
EF(1GRLB1(L).EQ.OX3OTO 160
IF(.GE.IGRLB1(L).AND.M.LE.IGRUB1(L)X3OTO 150
GOTO 160

150 vRrI*,80o)L,m
STOP
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I Main program LROSS

160 CONTINUE
ITT-SPLTIM/60.I ~~IF(ISPTYP.EQ. 1)WR1T(, 810)ITET,SPCENO,TII
iF(ISPTYP.EQ.0)wR1TQ, 820)rEX,SPCENO
WRTE*, 830)TOTIME,NIOTAL,SPVQL,FUELTP,SPILD,SPGOIL,APTEM

$ ,ANIU,SIGMA
WRLTE, 840)AK2I,AK2V,AK2T,AKC1 0,AKC20,AKC3O,VNMI, SOLUNI
WRTE*, 842)AMUNI,ANICE
WRpy(*,*) P Surface Diffusion'
IF(DIFFUL.LT.0.0)WRlTE*,*)' LAKE - Default formulation is used'
IF(DIFFUL.GE.0.0)WRITE*, 846)DIFFUL
IF(DIFFUR.LT.O.0)WR1TE*,*)' RIVER- Default formulation is used'I IF(DIFFUR.GE.0.0)WRlTE(, 847)DIFFUR

846 FORMA'I( LAKE - coeff. -',F6.2,' sq ft/sec'//)
847 FORMA'T(' RIVER- coeff. -',F6.2,' sq ft/sec'//)

HIF(PXT. 1.) WRrrE*, 844)CEVP,T0EVPU 843 FORMK(///' Meteorological Station Data Used in Lake Circulation'

S/6X,'Time Lat. Long. Height T-air T-H20 Wind'/
M 7, 'hrs deg deg ft F F mph d eg'/)

844 FORMA'T(//' API option is not selected . Evap. constants are
$ ' C- W,6.2,' TD- ',F7.1)

C Read boundary type information and calculate rejection rates
CI170 READX8,*)K,LFROM,LTO,ICODE

IF(K.EQ.0)GOTO 190
AN - HLIFE(ICQDE)*3600./SPIL=
REJRAT - 1 - 0.5*1(1./AN)
DO 180 L-LFROM,LTC)

180 TYPBND(K,L)=REJRAT
GOTO 170I190 CONTINUE

C
C If continuous spill, find number of particles released over time step

NSPILS=(SPLTIM+1 .O)/SPILur
IF(IsPTYP.EQ.1)NPERDT - NTOTAIJNSPILS
IF(ISIPIYP.EQ. 1XKTO 210I NPERlDr-NTOTAL
DO 200 1-1,NITWAL

200 PARTI) - SPCENO
210 CONTINUEI C
C First set Vol of each pie-=8*one eighth of vol released in SP=LY

DO 220 1-1,8
220 VOLPIEWI - VOLPAR*NPERDT
CIC Set random number generation seed IX
C

IX-1 3
WRI~l1 ,650TX,FUELTPI WR1TE11,6:51 )NTOTAL, SPVOL, SPID, SPGOIL,ANIU,SIGMA,VMUiNI,SLN

* TIMET - 0
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IPARTX( i)-REALUSPCENO)
LPARTYl)-AIMAG(SPCENO)
WRflE( 1, 850)IPARTX( 1),JPARTY( 1)
INDXID - 0
NST -1
NPI'CL - NPERDT
FEVIPI-O.
FEVP2-0.
TUYMIS-o.
NBRP1 - NBRNCH + 1

C
C Read flow condition update interval
C

wRrrE(, 845)LJFDT
U.FSIPS - 'IOTIME/rJFDT
OSTPS - (UFDTr3600.+1.o)ISPmurT
DO 340 IUF-1,UTFSTPS
REWIND 3
REWIND 4

C
C Read Data Created by unsteady Flow Model

uF(woRD.EQ-srcL)IRcoDE-i
IF( WRD. EQ.DEIRRCODE-2
IF(WRD.EQ.SIrMA)IRCODE-3

C
C If the numbering sequence of branches in oilspill model is the
C same is that of l-D model the following 3 statements can be used to
C Read the Q & WL data. In this case su.broutine NDCONV is not needed.
C Subroutine NDCONV is specifically written for reading Q & WL from
C the three 1-D River models St. Clair, Detroit and St. Mary's
C
C DO 230 I-l,NBRPl
C pEAL)(7,*)WL(I),Q(I)
C230 CONTNUE

CALL NDCONV(NBRP1 ,IRCODE)
C
C Read ice thickness information for cross sections
C

REAL(7, *)ICINFO
DO 270 I-1,ICINFO

READX7 ,660)IS,WORD
NNN-NSLSCIIS)+ 1
IF(ICINFO.EQ. I.AND.VORD.EQ.OPEN) THEN

WRM*,34)
ELSE
IF(I.EQ. 1)WRITE*,2 35)
ENDIF
IF(WRD.NE.FULLXROTm 250
READX7, *)PJLLTI
DO 240 K-1,NNN

TICE3(is,K)-FuLLTI
240 CONTINUE

WRIF* ,236)IS,FLLTI
250 IFVM RD.EQ.PART) TIEN
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RAD(7,*XTICB(IS,J),J-l ,N NN)
DO 252 .J-1,NNNI IDUM(J - YWflX(IS,J)

252 CONTINUE
WRrI'E(,237) IS,(IDUM(J),J-1 ,NNN)I WRITE(*,238) (TICE(IS,J),J-1,NNN)
ENDIF

IF(W'DRD.NE.OPENX<YIO 270
DO 260 K-1,NNNIIEIK-.

260 CONTINUE
270 CONTINUE
C
C Read ice region information for spreading and adVection3 py4Jj(5, *)NICERG, LCR

IF(NICERG .NE.O0=N
DO 275 I=1,NICERGIED5*NCX()NCY()NCX2IIE2l

IF (I .LE. LICERG) READ(5,*) ZLKCE(I)
275 CONTINUE

ENDIF
ICERGR - NICERG - LICERG
LR1I = LICERG + 1
IF(ICERGR .GT.0)WRflE*, 932)ICERGR ,(,NICEXl(I),NJCEY1(I),NICEX2(I)I $ ,NICEY2(l),I-LRlINICERG)

930 FORMATU//I1OX,'No. of Ice Covered Regions in the Lake=',13/
$ 5V, Region from X,Y Grid to X,Y Grid Ice Thic(ft)'/I $(5X,14,1 IX,13,',',13,6X,13,',',13,:5X,F6.2))

932 FORMA'I/1 OX,'No. of Ice Covered Regions in the river-',13/' ( for
$river ice cover thickness refer to Ice Conditions at X-sections)'
$//5X,' Region from X,Y Grid to X,Y Grid'!
$ (5X,14,11X,I3,',',I3,6X,I3,',',I3))

C
C write flow and discharge iA*nf oI C WR1TE*,860)

DO 280 I=1,NBRNCHI 280 wRrTE(,870)I,Q(I),WL(I)
C

IW(LICERG.GT.OYIHEN
WRrrE*,9 30)LICERG,(I,NICEXl(I),NICEY1(I),NICEX2(I),NICEY2(I),I S ZLKICE(I),I-t ,UCERG)
ENDIF

CIC Set up the one dimensional array locations that define Ice Regions
C

LF(NICERG.EQ.0)GOTO 278
DO 40 K=1,NICERG

LK1-NICEX1(K)-l
MK 1 NICEY 1(K) - 13 IPOSl(K) - 0
IF(IlK.EQ.OXIO'I{) 45
DO 44 L1-1,LKI

IPOsl(K) - IPOSI(K)+IGRIUB(Ll)-IGRHLB(Ll)+3

44 CONTINUE
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45 IPOSiCK) - IPOS1(K)iMK1 -IGRHLB(L1-i1)+3
LK2-NICEX2(K)- 1
MK2-NICEY2(K)- 1
IPOS2(K) - 0
I1F(LK.EQ.OXX0rO 48
DO 47 L1-1,LK2

IPOS2(K) - IPOS2(K)+IGRIUB(L1)-IGRILB(L1)+3
47 CONTINUE
48 1P082(K) - IPOS2(K)+MK2-IGRL.B(LK+1)+3
40 CONTINUE
278 CONTINUE
C Call Lake Circulation Model (RLIID) to calculate and stabilize stream
C function values for lake grids. RLID runs for time step of 1 hour for
C a total of 20 hours. Stream function values at the end of this time
C period will be written to a temporary file. Rlid will then be called and
C run for every UFDT amount of time to update the lake stream functions.
C The stage and discharge at the river entrance is used for the lake.

INDPRN - 0
IF(ICERG.EQ.0)WR1TE(*,V(/A40)')' Open Water conditions exist in

$the lake'
CALL RL1I[XUFDT, Q(1, VW), TIMEr, INDPRN)

C Call subroutine PARTIC to calculate velocities in the lake grid
C boxes at initial spill time. PARTIC is called each UFDT amount of
C time to update the lake velocities. ILVCAR counts how many
C velocities are written to VOARCI).

CALL PARTIC(WL(1), ILVCAR, IOP72)
C
C Now call VELDIS to find the 2-D vel distribution in the river
C

IF(IOPT1.EQ.1)CALL PRINT1(2, NBRNCH)
CALL VELDIS(IOPr2, NBRNCH, ILVCAR)
NST1-(IUF- 1)*OSTPS+1
NST2- NST1 + OSTPS -1I
DO 330 I-NST1,NST2
REA(1 2 ,*)WMG,=A,TENVF
THIET - (127.l1mi=A)*3.141592/18o.
vwx-vwmAG*siN(nIEr)

VW- -WVVMAG*COS(THlET)
VWIND - avfPLX(VWX,VWY)
WNDSPD - VWMIAG/3.28
VWMPH - X/WM1iG*0.6818
TENV - ('rENVF-32)*s./9. + 273.
INPRN - 0
]F(MOIXI-1,IEVERY).Ey.-0)NDPRN - 1
TIMET - TIM~r + SPILD
IFISIYP.N7E. 1XOTO 290
IF(I.LE.NSPILS)CALL PRELSE(SPILWrIX,NSTNprcL,spcENo,DFLm,

$ DIFFUR)
IF(I:.GT. 1)CALL ADVECIspILD, rx, 1, NST- 1, DIFFUL, DIFFUR)

290 IF(ISPTYP.EQ.0)CALL ADVECTSPILD, IX, 1, NTOTAL,DIFFUL,DIFFUR)
CALL ORlEN1UNDX1DANGLE)
1F(LNDX1D.LT.3)XYTO 293
IF(NICERG.EQ.0)INDX1D-IIX1D- 3
EF(NICERG.EQ.0)GOTO 293
NP11CE-0
DO 292 KK-1,NMOVIN
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J- IMOVIN(KK)
SPX - REAL(PARTCLJ))
IF (SPX .GT. 0.OE0) GOTO 144
L -(SPX - BEGLK/ DXL
M -(AIMAG(PARTCL(J))+YSBHFI(J))/DXLI GOTO 154

144 L -SPX/DXR + LGRIDX
M -(AlMAG(PARTCLJ))+YSHIFI(J))/DXRI154 CONTINUE
IPOS - 0
EF(L.EQ.OXYIO 117
DO 115 L1-1,L

IPOS - IPOS+IGRIUB(L1)-IGRILL)+3
115 CONTINUE
117 IPOS - IPOS+M-IGRLB(L+1)i3I DO 118 K=1,NICERG

IF(IPOS .GE.IPOS1(K).AND.IPOS.LE.IPOS2(K))NpflCE=NPI'ICE+l
118 CONTINUEU292 CONTINUE

RA =EFLOAl(N1PflCE)/TLOAlTNMOVIN)
IF(RAT[CE.LT.0.5)LNDX1D=INDX1D- 3
IF(RATICE.GE.0 .5)INDX1D,=0

293 IT r-TIMET/3600.
GALPAR - VOLPAR/0.13368
IF(INDPRN.EQ. 1P)1R1T*,880)I1T,VWMPfI,'1EA,TENVF,SPCEN,GALPAR,I $ SLINFO(INDX1D+1)
IF(INDX1D.EQ.0)CAIL SPRDAX(SPLr=, TIMvEr, INDPRN, SPAREA

S ,SPLTIM, SPLRAT)
IF(INDX1 D.EQ. 1.OR.INDX1D.EQ.2)CALL SPRD1JY(SPIL=, TIM~r, INDPRN,

$ SPAREA , ANGLE)
FEVP 1-FE VP2
CALL EVAPOR(API,TENVWNDSPD,VMOL,VZERO,SPAREA,SPILD,I)
CALL DISOLU(SPAREA,SOLBLT,TIMiT, SPIL=,API,DELDIS,TOTIS)
DELUNI - DELDIS*264.172E-06/SPGOIL
TOTUNI - 'IOrDIS*264.172E-06/SPGOILI VOLPAR- 0.13368*(SPVOL*(1 -FEVP2)-TORNJ)/NTOTAL
LF(NHITB.GT.0)CALL BOUNDR(IND)PRN)
IF(I.GE.NSPILS)NST - NIT CL +1I ff(KI.GE.NSPILS)GOTOt 300
NST-NPTlCL+1
NIPrCL-NST+NPERUI7- 1

300 LF(INDPRN.NE.1)GO'IU 330
WRJE*, 900)FEVP2,DELUNI,TOT UNI
IF(IOPT4 .EQ. 1)CALL PLOTNU(6)
IF(IOPT3.NE. 1X3OTO 330I IPARTX(1)-REAL(SPCEN)
IPARTY(1)=AIMlAG(SPCEN)
WRIE1 1,9 lo)IPAR'rX(l1),IPARTY(1),TrT,VWX,VWY,GALPARI DO 320 J-1,NTOTAL,5

DO 310 K-1,5
IPARTX(K) _ REAL(PARTCL(+K- 1))

310IPARTY(K - ALMAG(PARTCL(J-fK- 1))
310 CONTINUE

wRrrE( 1, 850XIPARTX(K),IPARTY(K),K-1 ,5)
320 CONTINUE

330 CONTINUE
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340 CONTINUE
STOP

234 FORMAT(///' Open Water Conditions exist in the river )
235 FORMAT(//' Ice conditions at cross sections',/lH+,32(_')//

$' X-sect',9X,'Condition (A tLkness of 0.0 implies open water)')
236 FORMA(/14,SX,'Ice cover of uniform thickness -',F5.2,

$ ' ft across the river')
237 FORMAT(/4,5X,'Partial or non-uniform ice cover across the river.'

$,' Distances from'/9X,'the lower bank and corresponding ice'
$ ' thickness is given below'/9X,'Dist(ft) ',2015)

238 FORMAT(9X,Thic(ft) ',20F5.2)
720 FORMAT(' ** ERROR ** READING GRID INFO.')
730 FORMAT(' NZRVB is GT 100 and is reset to 100')
710 FORMAT(' ** ERROR ** READING X SECTION - DATA')
700 FORMAT(' ** ERROR * READING LOWER BOUNDARY - DATA')
660 FORMAT(I4,1XA4)
650 FORMA(2OA4)
651 FORMATI14,F8.0,F7.0,F6.2,5E1 1.3)
810 FORMAI(8X, 11A4,//5X,25('*')/5X,'* CONTINUOUS SPILL *'/5X,

$ '*', 11X,'AT, 1OX,'*'/5X,'*',4X,F7.0,',',F7.0,4X,'*'/
$ 5X,'*',SX,'FOR ',F5.0,' min.',4X,'*'/5X,25('*'))

820 FORMAIT(8X,11A4,//SX,25('*')/5X,'* INSTANTANEOUS SPILL *'/:5X,
$ '*', 11X,'AV, 1OX,'*'/5X,'*',4X,F7.0,',',F7.0,4X,'*/5X,25('*'))

830 FORMAT(//' SIMULATION PERIOD - ',F5.1,' Hrs'///
$ Characteristics of spill'/1H+,24('.')//
$ No. of particles :',5,1
$ Oil spilled :',F8.0,' gals of ',4A4,/
$ DT for spill simulation :',F8.0,' Secs.',/
$ Specific gravity of oil :',F8.2,' (API index -',F5.1,'Y/
$ Kinematic Visco. of Water :',ElO.4,' sq ft/sec',/
$ Surafce Tension :',E1O.4,' lbs/ft',/)

840 FORMAT (/9X,'Spreading Coefficients' /
$ ' K2i K2v K2t CIO c20 c30'/,6F6.2//
$ ' Molar volume :',ElO.4,' cu ft/mol'/
$ ' Solubility of fresh oil :',E1O.4,' lbs/cu ft')

842 FORMAT (' Viscosity of Oil :',F8.2,' lbs/ft-sec'/
$ ' Manning s Roughness of Ice :',F8.3/)

845 FORMAT(/' Time step for river flow computation - ',F6.2,'Hrs')
910 FORMAT(I8,I7,F9.4,2F6.1,F8.2)
850 FORMAT(5(18,17))
880 FORMAVI//X,78('-')/' Time = ',F6.2,' Hrs -- Wind :mag-',F5.1,

$ ' mph, dir -',F5.1,' deg -- Air Temp=',F5.l,' F'1
$ ' Spill center after advection- ',F7.0,',',F7.0,' (ft)'/
$ ' Volume per particle - ',F7.3,' gals'!/
$ ' Slick condition during this time step'//
$ ' Slick information by pie / strip',/A42)

900 FORMAT(//8X,'Slick condition at the end of this time step'
$ //' Fraction Evaporated - ',G10.51' Amount Dissolved (gals)
$ : This Step - ',G1O.5,' Total - ',G1O.5/)

860 FORMAI//' Flow and Discharge Conditions in the River'/
$ ' Branch Q (cfs) Stage (ft) ')

870 FORMAT(4X,12,5X,F7.0,5X,F6.2)
800 FORMAT(/' Spill location co-ords are in land X & Y GRID box no.s

$ are ',14,' &',14,//' Execution terminated
END
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I SUBROUTINE ADVEC(SPILUM, IX, NI, N2, DIFFUL, DIFFUR)

C This subroutine handles the slick advection in each time step
C Each particle is advected according to current & wind velociites
C (see text for details)
C -- This routine advects moving particles in the range Ni to N2
C -- This version includes advection under ice covers
C -- Modifications for addition of lake were made.
C
C -- Last Date of Revision : Sept 19, 1986

COMPLEX VCAR(8000),SPCEN,PARTCL(1000),VWINDVDRIFT
COMMON NA! VCARVWINDVDRIFr
COMMON /VASB/IGRIL(300),IGRIUB300),IGRLBI(300),IGRUBI(300)
COMMON /ASB/SPCEN,PARTCL,NyrCL,NH1TB,IHrT1000),TYPBND(4,300)
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
COMMON /BLOCK7/SPGOIL,ANIU,SIGMAAK2IAK2V,AK2T,

$ VOLPARVOLPIE8), SLICKR(8)
COMMON /ICE/ZWND(40,40),ZLKICB(20),NICEX1(20),NICEYI(20),

$ NICEX2(20),NICEY2(20),IPOS I(20),IPOS2(20),AMIUO,ANICE,
m $ SPAICE,NICERG,UICERG

c
C Input .. Location of each particle
C .. Velocity distribution in river
C Output: .. New loaction of each particle
C

DATA PI/3.141592/, STFrIM/0.0/
ST'ITM - STPTIM + SPILUr
IF(NICERG.EQ.0)GOTO 25

C
C DELEQ - Equilibrium thickness (ft)
C UTl - Threshold current speed for slick movement (ft/sec)
C UFAIL - Failure velocity under rough ice cover ( ft/sec)
C FRAMFA- FRiction AMplification FActor denoted by 'K' in text
C AlMfIUO - Viscosity of Oil in g/cm-sec
C

DELEQ - (1.67 - 8.5*(1.O-SPGOIL))/30.48
UTH - (305.791(88.68-AMIUO))/30.48
FRAMFA - 35.55*ANICE + 1.0
IF(ANICE.GT.0.045)FRAMFA - 2.6
TERM1mSQRT(SIGMA*(32.2)**2*62.4*(1.-SPGOIL))
UFAIL-1.5*SQRIT(2.*(1. +SPGOIL)*TERM1/(62.4*SPGOIL))
ROUGH - CANICE/0.034)**6

C
C Loop 60 operates for each moving particle in the system
25 DO 60 I=N1,N2

SUNIDT - 0.

IPASS - 1
C SUMDT - Sum of the small Dt's (UTSMAL)
C IPASS - pass number in this loop. A particle may move from its
C previous position to present position through only one pass or
C several passes depending on the magnitude of velocities in the region
40 DO 30 J-I,NHlTB

n(I.EQ.1InrKJ))rOTO 60
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30 CONTINUE
SPX - REAL(PARTCL(I))
IF (SPX .GT. 0.oDo) GOTO 144
L -(SPX - BEGLK)/DXL
M -AAMC-GPARTrGLO))/DL

GOIO 154
144 L -SPX/DXR + LGR]DX

M -AIMAG(PARTCL(I))/DXR

154 CONTINUE
EPOS - 0
IF(.EQ.O)GOTO 117
DO 115 Li-,!

IPOS - IPOS+IGRUBLi)-iGRLB(L)s3
115 CONTINUE
117 IPOS - IPOS+M-IGRHLIL+1)+3

IF(NICERG.EQ.0)GOTO 125
C
C Determine whether the particle is under ice or not
C

ICOND-0
DO 120 K-1,NICERG

IF(IPOS.GE.IPOS1(K)AND.IPOS.LE.IPOS2(K))ICOND-1
EF(ICOND.EQ. iXXYIO 180o

120 CONTINUE
C
C Advection velocity in free-surface conditions
C
125 VDRLFT -. 0.03*VWIND + 1.PV',CAR(fl'OS)
C
C Add in turbulent fluctuation
C

GOTO 210
C
C Advection Velocity under Ice
C
180 UWATER - CABS(VCAR(IPOS))

IF(ROUGH.GT.DELEQ)GOTO 190
IF(U WATER .LT.UTH)GOTO 60
0010 200

190 IF(UWATER.LT.UFAILYXYIO 60
200 VDRIFT - VCAR(IPOS)

FDELTA - UWATE/SQRT((1 .0- SPGOIL)*32 .2*DELEQ)
FK - SQR'l(FRAMFA/(0.115*FDELTA**2 + 1.105))
vDRiFr - vDRul-r(1FK)

210 IYTSMAL - 86400.
C 86400 is just a large number in this case equal to secs in a day
C

VELUPV - ABS(RLEAL(VDRIFT)) + ABS(AIMAG(VDRIFT))
1F(VELUPV.GT.0.0l) THEN

IF(SPX.GE.0.0) DTSMAL - DXR/VELUPV
IF(SPX.LT.0.0) DTSMAL - DXIJVELUPV
ENDIF

IF(USMAL.GT.SPL M)THEN
MFIPASS.EQ.1)UrSMAL - SP=L~
IF(IPASS.GT. 1)IrSMAL - SP=LD - SUMDT
ENDIF
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fI(D'rSAL.LT.0.0)DTSMAL - 0.
IF(CSUMUI+IXFSMAL).GE.SP=~) [PASS - 9999

IX -ly
ANG - PI*YFL
CALL GAUSSIX,1 .0,o.0,VRAND)
IF(SPX.LT.0.0) MIHENI TELAPS - sTPTmf-sumvr-DTsMAL'2.o

IF(DHFU.LT.O.0) VPRIME - 3.407E- 03*TELAPS**0.67/SQR'l(DTSMAL)
IFDFULM.GE.0.0) VPRJM - SQRI(4*DFULYI7SMAL)
ENDIF

IF(SPX.GE.O.O)ThlEN
IF(DIffUR.LT.0.0) DDD - 2.88*CABS(VDRIFT)

MFDFURM.GE.0.0) DDD - 4*DIFUR
VRPIM -SQRI(DDD/DYISMAL)
ENDEF

WRAND - VPR1hIEWRANDI VX - VRAjND*COS(ANG)
VY - VRANIY'SJN(ANG)
vmAG - CABSVDRiFT)I ~VDRIFT - VDRI~r+ CMPLX(VXV)
PAkRmc(I) - PAR=cL(I + ursmLwDRiFE
IF(IPASS.NE.9999) GMT 40

C
C Check for particle hitting the boundaries
C

SPX - REAL(PARTCL(I)
IF (SPX .GT. 0.OEO) GOTO 145'
L - (SPX - BEGLK)/DXL+I
M - AIMAG(PARTCL(I))/DXL + 1
GOTO 155

145 L-SPX/DXR +1I+LGRIDX
M -A]MAG(PARTCL(I))/DXR + 1

155 CONTINEI IF(M.GEJIGRLB(L)AND.M.LE.IGRUBL))GMT 55
NHITB - NHITB + 1
IHITNHIrh) - I

55 IF(IGRLB1(L).EQ.0)GOTO 59
IF(.LE.IGRUB1(L).AND.M.GE.IGRLB1(L))GOTO 58
GOTO 593 58 NIUrB - NH1TBi-1
WMTNHrr) - I

59 CONTINUE
LF(IPASS.NE.9999X30T0 40I 60 CONTUEM
RETURN
END
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SUBROUTINE BOUNDR(INDPRN)
COMPLEX SPCEN,PARTCL( 1000)
COMMON /VASB/IGRILB300),IGRIUIB300),IGRLBI(300),IGRUB1(300)
COMMON /ASB/SPCEN,PARTCL,NPTCL,NHIrB,IHH 1o000),TYPBND(4,300)
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
DIMENSION NPTBND(4,325),IJM1(300),IIUM2(300)

C
C This subroutine handles adsorption and rejection at the boundaries
C -- Modifications for addition of lake were made.
C
C -- Last Date of Revision October 29,1985
C

DO 10 I-1,NGRIDX
DO 10 K-1,4

10 NlTBND(K,I)-O
DO 80 I-1,NHTB
J - JHTMI)
SPX - REAL(PARTULJ))
IF (SPX .GT. 0.oDO) GOTO 144
L - (SPX - BEGLK)/DXL + 1
M - AIMAG(PARTCL(J))/DXL + 1
DX - DXL
GOTO 154

144 L - SPX/DXR + 1 + LGRIDX
M - AIMAG(PARTCL(J))/DXR +1
DX - DXR

.154 CONTINUE
C
C Check if the particle is below the lower boundary, If so assign
C it to the boundary grid and count
C

IF(M.GE.IGRILB(L))GOTO 20
IF(M.EQ.(IOGRILB(L)- 1))GYio 15
Xl - REAL(PARTCL(J))
Y1 - IGRILB(L)*DX - 1.5*DX
PARTCL(J) - CMPLX(X1,Y1)

15 NPTBNIX1,L) - NPTBND(I,L) + 1
GOTO 80

C
C Check if the particle is above the upper boundary, If so assign
C it to the boundary grid and count
C
20 IF(M.LE.IGRIUB(L))GOTO 40

IF(M.EQ.(IGRIUB(L)+1))GXX1O 30
Xl - REAL(PARTCL(J))
Yl - IGRIUB(L)*DX + DX/2.
PARTCL(J) - CMPLX(Xl,Yt)

30 NPTBND(2,L) - NPTBND(2,L) + I
GOTO 80

C
C If it didn't belong to the two categories above, it must be in the
C Island, therefore assign to the nearest boundary and count
C
40 Y2 - AIMAG(PARTCL(J))-IGRLB1(L)*DX + 0.75*DX

Y3 - IGRUBI(L)*DX - 0.25*DX - AIMAG(PARTCL(J))
IF(Y2.LT.Y3)PARTCI(J) - PARTCL(J) - CMPLX(0.,Y2)
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Ii(Y2.LT.Y3)NPTBNDX3,L) - NPTNWDX3,L) + 1
IF(Y3.LT.Y2)PARTCL(J) - PARTcCJ) + CMPLX(0.,Y3)
UF(Y3.LT.Y2)NWNI4,L) - NPTNWDX4,L) + 1

80 CONTINUEI; C
C Number of particles in each boundary grid has been determined
C Now check for the boundary type and re-entrain the excess particles
C

[E(INDPRN.EQ. 1)WRLTEQ,300)
DO 220 L1-1,NGRIDX

IF(IGRLB1(L1).NE.0)NBNDR-4
DO 210 K-1,NBNDR
IF(NPTBND(K,L1).EQ.0X)TO 210
LALOWD 0.5 + (1. -TYPBNDXK,Ll))*NPTBNDXK,Ll)
ICOUNT 0
1-0

90 1-1+ I

IF (s.GT. o ) OO 145
L - (SX EGK)DL
MP - AGPARTCL(J))X+1

14 SPXD-R+LGIDXI M -AIMAG(PARTCW)/DX + 1
DX -DXR

IF(K.E155TO11

3 ~5 KONTSTUNT+

IF(KOUNT.LE.JALOWD)GOTO 90
IF(DX.EQ.DXL) XCO-L*DX + BEOLK 0.5*DX
EF(DX.EQ.DXR) XCO-.(L-LGRIIDX)*DX -0.5*DXI YCO=M*DX + 0.5*DX
PARTCLJ) - CMPLX(XCO,YCO)
NHIT - NIflT - 1
DO 105 HI -I,NHITB

105 IHrrTll - IUHn+1)
HVHrrI~lB+1)-0

l-1-1I GIYXO 90
C
110 IF(KNB.2)G0T0 130I IF(M.NE.IGRIB(L)+1)GXYI 90

KC'UNT - KOUNT + 1
IF(KOUNT.LE.IALOWD)WMI 90
IF(DX.EQ.DXL) XCO-L*DX + BEOLK - 0.5 *DX
IF(X.EQ.DXR) XCO-(L-LGRIIDX)*DX - 0.5*DX
YCO-M*DX - 1.5*DX
PARTCL(J) - CLX(XCO,YCO)I NI{1TB - NIUM - 1
DO 115 fl -I,NHITB
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115 BUMW1) - IHrMW1)
UUMrNHErh+1)-0

GOTO 90

130 IF(NBNDR.EQ.2)GOTO 90
IF(.NE.3X3UTfl 150
IF(M.NE.IGRLB1(L))XY1 90
IF(IGRUB1(L).NE.IGRLB(LXXYWt 140
XXX - AIMAG(PARTCL(J))-OIGRLB1(L)- 1)*DX
IF(XX.GT.0.5*DX)GOTO 90

140 KOUNT -KOUNT+ I
IF(KOUNT.LE.IALOWDOTO 90
IF(X.EQ.DXL) XGO-L*DX + BEGLX - 0.5*DX
IF(DX.EQ.DXR) XCO=(L-LGREDX)*DX - 0.5*DX
YCO.-M*DX - 1 .5*DX
PARTCL(J - CMPL~X(XCOCO)
NIT - NHIT - 1
DO 125 HI -I,NIT

125 IH) -MMn1n+0
HUTB(N~rTB+1}=0

1-1-1
GOTO 90

C
150 IF(.NE.4)GOTO 90

IF(M.NE.IGRUB1(LX3OTO 90
IF(IGRUB1(L).NE.IGRLB1(L))GO'TO 160
XXX. - IGRUB1(L)*DX - AAPARICJ))
IF(XXX(.GT.0.5*DX)GOTO 90

160 KOUNT -KOtJNT+1I
H%(OUNT.LE.IALOVVD)O17O 90
IF(DX.EQ.DxL) xCO=L*DX + BEGLK - 0.5 *DX
IF(DX.EQ.DXR) XCO=(L-LGRIDX)*DX - 0.5*DX
YCO-M*DX + 0.5*DX
PARTCL(J) - CMPLX(XCO,YCO)
NHIM - NHIT - 1
DO 135 HI -I,NHITB

135 WMT1II) - UffMIu+1)
HM~lf~IB+1)=0

I-I- 1
GOTO 90

205 CONTINUE
210 CONTINUE
220 CONTINUE

EF(INDPRN.BQ.0)RETURN
DO 430 K-1,4
KOUNT-O
DO 410 L-1,NGRLDX
IF(NPTBND(K,L).EQ.0)GOTO 410
KOUNT - KOUNT+1
IDUM1(KOIJNT)--L
IDUM2(KOUNT)-NPTBNDXK,L)
EF(KOUNT.GT.250)wRrME420)

410 CONTINUE
MFKOUNT.EQ.0)MOTO 430
K1-1
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1(2-KOUNT
TF(OUNT.GT.2 8)K2-28

415 WR1TE,440)K,(DUM1(I),I-K1,K2)
WRflfl*,45XDTJM2(I),I..K1,K2)
IFCK.GE.COUNTXKGO 430I 1(1-1(2+1
1(2-1(1+27
GOTO 4153430 CONTINUE
REIURN

300 FORMKI(/25X,'Ol in Lake and/or River Banks')
440 FOP.MAI(/ Bank',12,'; X-Grid',2814)I450 FORMAV6X,'articles',28I4)
310 FORMAI(5X,3(13,3X))

END
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Subroutine DISOLU

SUBROUINE DISOLU(SPAREA,SOLBLT,TIME,SPILDTAPI,DELDISOTDIS)
C -
C This subroutine computes the amount of oil dissolved in water
C The solubility of oil is so low that it does not affect the
C trajectory (spreading), but is important for environmental impact
C assessment. --- The working units of this subroutine are METRIC
C
C Explanation of variables
C DISOLK - Dissolution mass transfer coefficient 1 cm/hr
C or 2.7777E-06 m/sec
C SOLBLT - Solubility of fresh oil (g/cu m)
C ARBAR - mean area of slick during the time step (sq. m)
C DELDIS - amount of oil dissolved during time step (grams)
C SPAREA Free surface area of spill (sq. ft)
C SPAICE - Area of spill under ice (sq. ft)
C
C -- Last Date of Revision : October 29, 1985
C

COMMON /ICE/ZWND(40,40),ZLKICE(20),NICEXl(20),NICEYI(20),
$ NICEX2(20),NICEY2(20),IPOSI(20),IPOS2(20)AMINUO,ANICE,
$ SPAICE,NICERG,LICERG

DATA DISOI/2.7777E-06/
SPAR2-(SPAREA+SPAICE)/10.76
ARBAR-(SPAR 1+SPAR2)/2.0
SPAR1-SPAR2
TI-(TIMET- SPILD)/36000
T2-TIME/36000.
DELDIS--DISOLK*ARBAR*SOIBLT*36E3*EX(-T)- X(- T)).
TOTDIS-TOTDIS+DELDIS

C WRTE*,*)SPAREA,PAICEARBAR
RETURN
END
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SUBROULNE EVAPOR(API,TENVWNDSPD,VMOL,VZERO, SPAREA,SPI=,j STEP)

IbMs subroutine computes evaporatioon rates based on
C Mackay, Patterson and Nadeau ' s theory.U C In this subroutine metric unit system is used. The reason for
C for using units differnt units from other subroutine is to make
C cross reference with theory easier.I C
C Last date of revision October 29,1985
C
C Explanation of variables used in EVAPOR
C AKM -mass transfer coeff. Km (nzls)
C PO vapor pressure at TENV (atm)
C C -coefficient C at TENVI.C FEVP2 - fraction evaporated
C JSTEP -current time step
C RGAS -gas constant:the values of RGAS in differnt units areI C -1.98726 cal/deg mole
C -8.31470 joules/deg mole
C -82.0597 cc-atml/deg mole
C SPAREA -Free surface area of spill (sq. ft)
C SPAICE -Area of spill under ice (sq. ft)
C

COMMON /BLOCK7/SPGOILANIU,SIGMAAK2IIAK2VAK2T,I $ VOLPARVOLPIE(8), SLICKR(8)
COMMON /SE/FEVPl ,FEVP2,CEVPTOEVP
DATA RGAS/8.3147/
DATA SCKETSUMC, SUM/3*0./
SPAR2-SPAREAI1O.76
ARBAR-(SPAR2+SPAR1)/2 .0
SPAR1-SPAR2I IF(WNDSPD.LT.0.0001)WNDSPD-0.O01
AKM - 0.0025*WNDSPD**0.78
C-CE VPSTOD-TOE VP
If(API. 1 .)OX3O 50
C - 1158.9*API**(-1.1435)
TO-542 .6 -30.27*API+1 .565*API*2 -3 .439E- 02*API**3+2 .604E- 04t API**4

50 P0- EXP(10.6*(1-T0nTENV))
CC- C*283./TENV
SIJMPO - SUMPO + P0I SUMC - SUMC + CC
POBAR - SU7M/JSTEP
CBAR - SLIMC /JSTEP
TOUL - TENY
AKE - AMABRVO/RArILVEO
SCKEI' - SCKET' + CBAR*AKE*SPHLMr*10.137E04
SUME - SUME + AKE*SPUr'l0.137E04
FEVP2 - (ALOG(POBAR) + ALoG(SCxEr+1 ./POBAR))/CBAR
IF(FEVP2.GT.0.6)FEVP2 - 0.6
RETUJRN

END
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SUBROUTINE NDCONV(NBRPl, IRCODE)
C
C This subroutine reads nodal water level and discharge according
C to the sequence from Detroit's 1-D flow model and then converts
C to the branch B.C. required by Qilspill model, If both have the
C same sequence of numbering this subroutune is not required.
C
C M hs subroutine is for the three rivers given below which currently
C run on Detroit's one dimensional unsteady flow model.
C -- This version has one additional branch added to Detroit River
C causing a change in Q(14) & Q(1',.
C -- Modifications for addition of lake were made
C
C -- Last Date of Revision :October 29, 1985
C

DIMENSION DWL(22),DQ(22),NPTS(3)
HITEGER R1Vl(16),RIV2(17),RIV3(16)
COMPLEX C-OMPXY,VSTRM(99,1 6),CORDV(99, 16),VCAR(8000),CQRDLB(99)
COMPLEX SPCEN,PARTCL(1000),VWIND,VDRwrT
COMMON /VUJVSTRM,CORDV,CORDLB,Q(30),WL(30),TciCE9,2 0),

$ YwnX99,20),Z(99 ,20),Z1X99),NS-SCI99),scrANG(99),
$ LCSTSQ(30),NSTLJBE(99),NUMCON(99),NFIRCO(99),NSECO(99),KIfMM

COMMON /VA/ VCARVWIND,VDRIFr
DATA RIVI/1,2,3,4,5,5,7,6,7,8,9,5*1I
DATA RIV2/1,1,14,3,16,4,6,7,8,9,10,11,18,13,20,21,22/
DATA RIV3/1,9,10,3,4,5,6,7,11,13,13,5*1I
DATA NPTS/9,22,13/
N-NPTS(IRCODE)
DO 10 I-1,N

10 CONTINUE
DO 20 I-1,NBRP1
IF(IRCODE.EQ. 1)K-Rwl1)
IF(IRCODE.EQ.2)K-RIV2(I)
IF(IRCODE.EQ. 3)K-RWV3(I)
VU)-DVVL00
Q(I)-DQ(K)

20 CONTINUE
C
C For Detroit River only
C

IF(IRCODE.EQ.2)Q(14)-=Q(1 3)-iQ(12)
IF(IRCODE.EQ. 2)Q(1)-Q(2)+q(3)

C
C For St.Clair River only
C

IF(IRCODE.NE. 1)REflJRN
W(7)-DW(6)i (DWL(5)-DW(6))*20630./35680.
Q(5) - DQ(6)*0.7
Q(6) - DQ(6)*O.3
R E'1RRN
END
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SUBROUTINE ORIEN(IINDX1D, ANGLE)

C This program computes the Orientation
C and Aspect Ratio of the oil slick.
C
C If Aspect Ratio >3, the slick will be treated as one dimensional.
C
C INDX1D- : Axisymmetrical spreading
C INDX1D-1 or 2 : One Dim. spreading
C INDXID-3 : Axisymmetrical spreading(Short slick)
C INDX1D-4 or 5 One Dim. spreading (Short slick)
C -- Last Date of Revision : September 19, 1986

COMPLEX SPCEN,PARTCL(1000)
COMMON /SO/IMOVIN(1000),YSHIFI(1000),NMOVIN, SSHIFT
COMMON /ASB/SPCEN,PARTCL,NprCL,NHrTB,IH1TB 1000),TYPBND(4,300)
COMMON /VASB/IGRILB300),IGRIUB(300),IGRLB1(300),IGRUBI(300)
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
PI - ATAN(l.) *4.
NMOVIN-0
INDX1D - 0
COUNT - 0.
SPCEN - (0.,0.)

C

C Find the indeces of moving particles and assign them to
C array IMOVINO. Also -compute the spill center (SPCEN)
C

DO 30 I-1,NPTCL
DO 15 J-1,NHITB

IF(I.EQ.IHTBJ)GOTO 30
15 CONTINUE

NMOVIN=NMOVIN+1
IMOVIN(NMOVIN)=I
SPCEN - SPCEN + PARTCL(I)
COUNT - COUNT + 1.

30 CONTINUE
SPCEN - SPCEN/COUNT

C If there is an island, any particles in the upper channel are
C shifted in (-)y-dir by a distance - width of island at that point.
C IMPORTANT : The particles are moved back by equal amounts in
C SPRDAX, SPRD1X or SPRD1Y subroutir.e.
CI SSHIFr - 0.

DO 430 I-1,NMOVIN
J-IMOVN(I)
YSHI(J)-0.
SPY. - REAL(PARTCL(J))
IF (SPX .GT. 0.OEO) GOTO 145
L - (SPX - BEGLK)/DXL + 1
M - AIMAG(PARTCLO)/DXL + I
DX - DXL
G00IO 155

145 L -SPX/DXR+ 1+LGRIDX
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M - AIMAG(PARTGL(J))/DXR +1
DX -DXR

155 CONTINUE
IF(IGRLB1(L).EQ.0XGYrO 430
IF(.LE.IGRUBI(L))GOTO 430
YSHJFI(J)-(IGRUB1(L)- IGRLB1(L)4.1)*DX
PARTCL(kJ)-PARTCL(J)-CMEPLX(0. ,YsiunJ))
SSH[FT-SSHEFT+YSFI(XJ)

430 CONTINE
C
C If particles are shifted, re-compute the Spill-Center
C

SPX-REAL(SPCEN)
SPY-AJM1AG(SPCEN)
IF(SSH]IFT.LT.DXRXIOTO 450
SPY-SPY - SSHIF/NMOVIN
SPCEN - CMPLX(SPX,SPY)

450 SUMIX-O.
SUMTfY-0.
SUMI1XY -0.
AVGRAD-0 .0
SPX-REAL(SPCEN)
SPY-AIMAG(SPCEN)
DO 50 I-1,NMOVIN

J-IMOVIN(I)
XX-REAL(PARTCIL(J))- SPx
YY-A]MAG(PARTCL(J))- SPY
AVG RAD -AVGRAD + SQRI(XX*XX+YY*YY)
SUMIXY -SUMIXY + XX*YY
SUMIfY-.SUM1Y+ XX*XX
SUMJX=SUMdIX+ YY*Y

50 CONTINUE
AVGRAD - AVGRAD/NMOVIN
TOfP- -2*SUMIfXY
BOT- SUMIX-SUMIY
ThiirA=ATAN2(TOP,BOT)
ThETA-THETA/2 .0
IF(THETA.LT.0.0)]Th~A-ThA+2 sPI
CrHErA - COS(THEA)
sTHETA - SIN(THEA)
SALONG=0.
SNORMEL-0.
DO 60 I-1,NMOVIN

J-IMOVIN(I)
XX-REAL(PARTCL(J))- SPx
YY.-AIMAG(PARTCLJ))- SPY
SALONG - SALONG + ABS(XX*C7=~A+YY*STHErA)
SNORML_ - SNORML + ABS(YYmIrA-XX*S'm=A)

60 CONTINUE
SALONG = SALONG/NMOVIN
SNORML - SNORIJNMOVIN
ASPECT - SALONG/SN ORML
IF(ASPEcTLT.1.0)Th=A - MhETA + 0.5*PI
IF(ASPECT.LT.1 .0)ASPECF - SNORMIJSALONG
EF(TH=A.GT.2P)rA-Th=A - 2*PI
IF(ASPECr.LT.3 .0)GOTO 80
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MINXD - 1I IP(ErA.GT.0.25*PIAND.7HEA.LT.O. 75*PO)INDXID-2
F(hA.GT. 1.25*PI.AND.IH=A.LT 1 .75*PI)INDX1D..2

80 DEG- TH~iEA*18O.IPI
IF(AVGRAD.LT.0.5*DX)lNDX1D - lNDXID+3II ~~ANGLE -ThE=A -~ 8.

20 FO MA Aspect Ratio-',F5.2/P Major Axis -',F8.5,' rad',
$ SX,F8.3,' deg',SX,' INDX1D -',13.F9.2)

END
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sUBROUTNE PLOTNu(Rrr)
C

C This subroutine plots oil concentrations as the no. of particles
C in each grid of a grid system superimposed over the river-lake grid.
C The grid size of the superimposed grid is equal to DXR. This is
C the only subroutine requiring DXL to be exactly divisible by DXR.
C
C -- Last Date of Revision : April 04, 1986
C

COMPLEX SPCEN,PARTCL(1000)
COMMON /VASB/IGR]LB300),IGRITZ300),IGRLBI(300),IGRUB1(300)
COMMON /ASB/SPCEN,PARTCL,NPTcL,NHTB,IHYIT1000),TYPBND(4,300)
COMMON /SO/IMOVIN(1000),YSHIF(l1000),NMOVIN,SSHIFT
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
DIMENSION KOUN(20,20)
XXX - RFAIXSPCEN)
YYY - ABMAG(SPCEN)+SSHIFr/NMOVIN

C
C Shifted spill center.
C

SPX - XXX - BEGLK
SPY - YYY

C
C First set all array elements to print stars as output.
C

DO 40 1-1,20
DO 40 J-1,20,2

KOUNT(IJ)=1001
KOUNT(I,J+1)-1001

40 CONTINUE
DD - DXL/DXR
DDM1 - DD - 1

C
C Calculate max and min boxes for the superimposed grid
C using a shifted spill center.
C

IMIN - (SPX/DXR+1) - 9
IMAX- IMIN + 19
JMIN - (SPY/DXR+I) - 9
JMAX- JMIN + 19

C
C Calculate the actual max and min positions of the
C superimposed grid over the river-lake coordinate system.
C

XMIN - (IMIN - 1)*DXR + BEGLK
XMAX - XMIN + 10000.
YMIN -JMIN*DXR

YMAX - YMIN + 10000.
DO 80 1=1,20

C
C Determine 1.) if superimposed grid is in river or lake
C 2.) the appropriate x-grid box of actual grid and
C 3.) the range of boxes between the river boundaries.
C

XLOC - (IMIN + I - 1)*DXR + BEGLK - DXR/2.0D0
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IF (XLOC .GT. 0.ODO) GOTO 415 L - (XLOC - BEGLK)/DXL + 1
GOI 50

41 L - XLOC/DXR + LGRIDX + 1
50 IF (L .LT. 1) GOTO 80

Ml - IGRJRLBL)
M2 - IGRIUBL)
IF (L .LE. LGRIDX) GOTO 55
IM1 - M1 - JMIN - 1
IM2 -M2 - MIN+ 1
GOTO 56

55 IM1 -M1*DD - DDMI - JMN 4
IM2 - M2*DD - JMIN + 4

56 IF (IMI .LT. 1) IM1-1
IF (IM2 .GT. 20) IM2-20

C Set array elements representing the combined

C river and boundary boxes to zero.

DO 70 J-IMI,IM2
KOUNThI,J)-0

70 CONTINUEIiF(IGRLBi(L).EQ.0)GOTO 80
C
C Set all boxes in superimposed grid representing islands to stars.I C

M1 - IGRLBI(L)
M2 - IGRJB1(L)
IF (L .LE. LGRIDX) GOTO 72
IMi - Ml - JMIN + 1
N2 - M2 - JMIN 1
GOTX 73

72 IM1 - M*DD - DDMIJMIN + 4
IM2 -M2*DD - JMIN -473 IF (IM1 .LT. 1) IMI-1

IF (IA2 .GT. 20) IM2-20
IF (IM1 .GT. M2) GOM 80
DO 75 J-IMI,N2I KOL I,J)=1001

75 CONTINUE
80 CONTINUE
C
C Count the number of particles in the superimposed grid boxes.

DO 450 I=1,NPTCL
L - (REAL(PARTCL(I)) - BEGLK)/DXR + 2 WIN
M - AIMAG(PARTCI ))/DXR + 1 - JMIN
IF (L LT. 1 .OR. L .GT. 20) GOTO 450
IF (M .LT. 1 .OR. M .GT. 20) GOTO 450
KOUN'I(L,M)-KOUN'I(L,M)+i

450 CONTINUE
WRTE(1Ir,620) YMIN, YMAX
WRITE(IUT,610) (KOUN( 1,M),M- 1,20),XMIN
DO 580 L-2,19

WRITIUT,600) (KOUNTM.,M),M-I, 20)

580 CONTINUE
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WRMIEIU,6 10) (KOUNT(2O,M).M-1 ,20),XMAX
REIURN

600 FORMA 11X20W3
610 FORMAT(1X,2013,' - X -,F8.0,' ft')
620 FOP.MAI(I 'Y -',F8.0,' ft',T47,F8.0,' ft -Y'/ I',T60,TI)

END
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I Subroutine PRELSE

SLIBROUliNE PRELSE(SPIL=, IX, N1, N2, SPCENO, DIFFUL, DIFFUR)

C This subroutine, to be used for continuous spills, releases
C particles (No.s Ni to N2) at SPCENO. Note that the number of
C particles released in SPIL.DT is NPERDT. Therefore NPERIY1-N2-N1+1
C -- The release will be at equal intervals of time.
C -- This version30 has a modified advection term
CI C -- Last Date of Revision :July 03 ,1986
C

COMPLEX VCAR(8ooo),SPCEN,PARTCL1loo),VWIND,VDRIFr
COMPLEX SPCENO,VDR1
COMMON NVA/ VCAR,VWIND,VDRIET
CO)MMON /VASB/IGR1I4300),IGRI30O),IGRLBI(300),IGRUBl(300)
COMMON /ASB/SPCEN,PARTCL,NPTCL,NHfl',IHrIB1000),TYPBNDX4, 300)I ~COMMON /BLOCK7/SPGOILANIU,SIGMAAK2IIAKVAK2T,

$ VOLPARNOLPIE( 8), SUICKR(8)
COMMON /ICE/ZWNJX4O,40),ZLKICE(20),NICEX1(20),NICEY1(20),

$ NICEX2(20),NICEY2(20),IPOS1(20),IPOS2(20),AMIfUOANICE,I $PCOMMN/IDS/ GLR DXR, LGRIDX, NGRIDX, IRGRID,'BEGLK

CIC Input .. Location of spill center
C .. Velocity distribution in river
C Output: .. New location of each particleI C

DATA P1 /3.141592/
IF(NICERG .EQ.0)GOT 25I *C

C DELEQ - Equilibrium thickness (ft)
C UTH - Threshold current speed for slick movement ( ft/sec)
C UFAIL -Failure velocity under rough ice cover ( ft/sec)
C FRAMFA -FRiction AMplification FActor denoted by WK in text
C AMIUO Viscosity of Oil in g/cm-sec

I DELEQ - (1.67 - 8.5*(1.0-SPGOIL))/30.48
UTH - (305.79/(88.68-AMIUO))/30.48
FRAMFA - 35.55*ANICE + 1.0
IF(ANICE.GT.0.045)FRAMFA - 2.6
TERMl=SQRJXSIGMA*(32.2)**2*62.4*(l -SPOL))
UFAUL-1 .5*SQR'I(2.*(1 ..,SPGOIL)*ERM/(62.4*SPGOIL))
ROUGH - (ANICE/0.034)**6I 25 SPX - REAL(SPCENO)

JF (SPX .LT. 0.0)THEN
L - (SPX - BEGLK)/DXL
M - AJMAG(SPCENO)/DXLI L ELSE

INI
DO 115 L1-1,L

IPOS - IPOS+IGRIUB(L1)-IGRILB(Ll)+3
115 CONTIINUE3 117 IPOS - IPOS+M-IGRLB(L41)+3
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IF(NICERG.EQ.0XGOTO 125
C
C Determine whether the spill center is under ice or not
C

ICOND-O
DO 120 K-1,NICERG

IF(IPOS.GE.EPOS 1(K).AND.IPOS.LE.EPOS2(K)ICOND-1
IF(ICOND.EQ. I)GOTO 180

120 CONTINUE
C
C Advection velocity in free-surface conditions
C
125 VDRIFT - 0.O3*VWIND + 1.1WVCAR(IPOS)

GOTO 220
C
C Advection Velocity under Ice
C
180 VDRIFT -(0.0,0.0)

UWATER -CABS(VCAR(LPOS))

IF(ROUGH.GT.DELEQX3Om0 190
IF(UWATER.LT.UHJGOTO 220
GO~TO 200

190 IF(UWATER.LT.UFAIL)GOTO 220
200 VDRIFT - VCAR(IPOS)

FDELTA - UTWATER/SQRT((1.0-SPGOIL)*32.2*DELEQ)
FK - SQRI'I(RAMFAI(0.115*FDELTA**2 + 1.105))
VDRIFr - VDRIFT*(1FK)

220 VDR1 - VDRIFV
DO 60 I-N1,N2

DTIPTCL -SP1LDr*(I-N1+1)/(N2-N1+1)

SUMDT -0.

EPASS - 1
PARTCL(I) - SPCENO
VDRIIT - VDRl

40 IF(IPASS.EQ.1)GOTO 28
iF(Nq'Tp --,, n~r-rYMr 35
DO 30 J-1,NHITB
1F(I.EQ.HM7TJ)XK0Tro 60

30 CONTINUE
35 SPX - REAL(PARTCL(I)

IF (SPX XLT. 0.0)'MEN
L - (SPX - BEGLK)/DXL
M - AIMAG(PARTCL(I))/DXL

ELSE
L - SPX/DXR + LGRIDX
M - AIMAG(PARTCW)/TXR
ENDIF

IPOS - 0
IF(L.EQ.0)GOTO 517
DO 515 L1-1,L

IPOS - IPOS+IGRIIJB(L1)-IGRHLB(L1)+3
515 CONTINUE
517 IPOS - IPOS+M-lGRILB(L 1)+3

IF(NICERG.EQ.OKJGM 525
C
C Determine whether the spill center is under ice or not
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5CN-
DO 520 K-1l,NICERG

IFEOS.GE.IPOS100 AND.IOS.LE.IPOS2(K))KOND-lI IF(ICOND.EQ. i)GTO 580
520 CONTMNE
C
C Advection velocity in free-surface conditions

1525 VDRIfr - o.03*VWIND + IIVA(PS

C Advection Velocity under Ice
CI580 VDRIFT - (0.0,0.0)

UWAME - CABS(V'CAR(IPOS))
IF(ROUGH.GT.DELEQ)GOTO 590
IF(U WATER .LT.U1rH)GOTO 620
GOmO 600

590 IF(UWATER.LTUFAIL)GOTO 620
600 VDRIFT - VCAR(IPOS)I FDELTA . UWATER/SQR 1((l .0-SPGO]L)*32.2*DELEQ)

FK - SQRT(FRAMFA/(0.115FDELTA**2 + 1.105))5VDRIFr . VDRUIFT(lFK)

620 CONTINE
C3C Add in turbulent fluctuation
C
28 VELUPV - ABS(REAL(VDRIFT)) + ABS(AIMALG(VDRIFT))
CIC The next two statements prevent division by zero. 86400 is just a
C large number in this case -no. secs in a day.
CI DTSMAL -86400.

1F(VEtJPV.GT.0.0lTHEN
SPX-REAL(PARTCL(I))
IF(SPX.GT.0.0)DTSMAL - DXR/VELUPVI IF(SPX.LE.0.0)DrSMAL - DXIJVELIJPV
ENDIF

EP((DTSMAL+SUMDT).GT.m'PTGCL)UrSMAL - IDrvrcL -SUMDT

MPASS - MPASS + 1
IF((SUMrDr+DTSMAL).GE.Unrc)EPASS -9999

CALL RANDU(LX,IY,YFL)

ANG - PI*YFL
CALL GAUSSOIX,1 .o,o.O,vRAND)I IF(SPX.LT.0.0) THEN

MEAPS - SUMDT - DTSMAJJ2.0
IF(DIFFUL.LT.0.0)VPRIME-3 .407E- 03*TELAPS*~*0.67/SQRL(DTSMAL)
IF(DIFFUL.GE.0.0) VPRIME - SQRI(4*DIFFUIJITSMAL)INI

EF(SPX.GE.0.0)ThIEN
IF(DIFFUR.LT.0.0) DDD - 2.88*CABS(VDRIFT)

IF(DIFFUR.GE.0.0) DDD - 4*DIFFUD
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VRPJME -SQR 1(DDDIDTSMIAL)
ENDIF

VRAND - VPRIM*VRAND
VTX - VRAND*COS(ANG)
VY - VRAND*SINCANG)
VMAG - CABS(VDRIIT)
VDRIFT - VDRIFT + cMPLX(VX,VY)
PARTcL(I) - PARTCL(I) + DTSMALVDRIFI'

C
C Check for spill hitting the boundaries
C

SPX - REAL(PARTCL()
EF (SPX .GT. O.OEO) GMl 145
L -(SPX - BEGL.K)/DXL + 1
M -AIMAG(PARTCI.(I))/DXL + 1
GOTO 155

145 L SPX/DXR +1I+LGRIDX
M -AIMAG(PARTCLW))/DXR +1

155 CONTINUE
IF(.GE.IGRILB(L)AND.M.LE.IGRIUB(L))GUrr 55'
NHITB - NHIB + 1
IRrMNHMT) - I

55 IF(IGRLB1(L).EQ.O)GOTX) 59
IF(.LE.IGRUB1O.).AND.M.GE.IGRLBCL))GOTO) 58
Gm-r 59

58 NHIT - NITIB+1
IHnTKNHrrB) - I

59 CONTINUE
IF(IPASS.NE.9999)GOTO 40

60 CONTINUE
REIURN
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SUBROU11NE PRINT1(IUr, NBRNCH)
CI C Thbis subroutine prints heading and river configuration data
C - UT defines the unit No. to which the info will be written
C -- Modifications for addition of lake were made.I C
C -- Last Date of Revision :October 29, 1985
C

REAL *8 DATRUN(2),TIMRUN
COMPLEX VSTRM(99, 16),CORDV(99 ,16),VCAR(80O0),CORDLB(99)
COMPLEX SPCEN,PARTCL(1000),VWIND,VDRIFT
COMMON /VA! VCAR,VWLND,VDRIFr
COMMON /VEIJVTM,CORDV,CORDLB,Q(30),WL (30),TICE99 ,20),

$ YWIDX99,20),Z(99,20),Z1X(99),NSLSCT99),scrANG(99),
$ LCSTSQ(30),NSTUBE(99),NUMCON(99),NFIRCO(99),NSECO(99),KINTM

COMMON /VASB/IGRILA300),IGR1UA300),IGRLBl(300),IGRUBI(300)
COMMON /AsB/spcEN,PARTcL,NpTCL,NB,IHITI(1000),TYPBNDX4 ,300)
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK

C CALL TSTrLM(1 ,TIMR1N)I C CALL TSDAMh(1,DATRUN)
wRIMTE, 10)DATRUN,TIMRUN
WRrTEIUT,20)NBRNCH,IRGRID,DXR ,KINYh{I 1S2-0
DO 100 I-1,NBRNCH

IS1-1S2+1
152 - LCSTSQ(I)
WRlT(I'1,30)I,ISl ,1S2

100 CONTINUE
wR~rrT,40)I 1S2 - 152 +1
DO 110 1-1,IS2

J - NSLSC'II)i-
iWHDII - YWIX(I,J)
wR1TEIU,50)i,CORDLB(i),scrANG(i),WIDT,ZIXI),NSTUBE(I),

$NUMCON(I),NFIRCO(I)
110 CONTINUE

wRrTEiuT, 70)
DO 120 1=1,152

IN-NSLSMII)+lU ~wR1T(IUT, 8o)I,(YwIIX,J),z(,j),j-1 ,IN)
120 CONTINUE

WRITEIUT, 60)
DO 130 I-1,NGRIDX

IF(IGRLB 1). NE. o)KNUM-4
wRrrEiur,6),GEI)IR I)IRB(,IR11,

10 FORMA'I(1H,///2X,75(Q*9/2X,75('*9/' *,1,*/ *,2x

3 'SIMULATION MODEL FOR OIL SPILLS IN RIVERS AND LAKES',
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P / **',71X,'**'/' **',9X,'DATE AND TIME OF RUN :',2A8,2XA8
$ ,1 3X,'**',/' **,71X,)*/2X, 75('*')/2X,75('h'))

20 FORMA2(//' GEOMETRIC PROPERTIES OF RIV7ER'/IH+,1X,29(Z')//
S 5X,'NO. OF BRANCHES IN UNSTEADY FLOW MODEL -',15/
$ 5X,'NO. OF GRIDS IN X-DIRECHON OF RIVER '-',15/
$ 5X,'RIVER GRID SIZE IN ft.',17X,'-',F6.0/
$ SX,'NO. OF INTERPOLATIONS BEAWN SECtIONS -',1511
$ SX,'SECTIONS IN EACH BRANCH/1H+,4X,23(Z-')//
$ 5X, BRANCH SECTIONS INVOLVEIY/15X,"FROM TO')

30 FORMAa(3(7,1)
40 FORMAT(1H1,//l1X,INFORMATION ON RIVER SECTIONS'/1H+,10X,29(Z-'),

$ //2X,'SECITION Lower bank intersection Angle Width Ref datum '

$ ' No str Cond. Connect'/12X,
$ 'X-CORD Y-CORD (rad) (ft.) for depth tubes No.',
$ ' next 1st')

50 FORMA'(4X,I2,SX,F8.1,2X,F8.1,6X,F5.3,I7,F9.2,3I8)
60 FORMA~t1H1///1OX,'GRID CONFIGURATION and BOUNDARY TYPES'

$ 'OF SCHEMATIZED RIVER AND LAKF'/1H+,9X ,58('-')//
$'X',1SX,'Y GRID OF,17X,REJECMrON RATE PER TIM STIEP'!
$ 'GRID',2(' Bank 1 Bank 2 Bank 3 Bank 4 ')

65 FORMAI(I4,2X,4(3X,13,2X),SX,4(1X,F5.4,2X))
70 FORMAV(//, 1OX,'Geometry of X- Se ctions'/1H-i,9X,22('.2)//

$ ' SCTN',1OX,'Distance and Depth (ft.) in pairs of data')
80 FORMAT(/13, 1X,9(F6.0,':',F5. 1,2X)/4X,9(F6.0,':',F5.1 ,2X))

RETURN
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I SUBROUTINE SPRDAX(SPILDT,TIMEr,INPRN,SPAREA, SPLTIM,SPLRAT)
C
C This subroutine handles the Axi-symmetrical spreading of spill
C due to gravity, visccus and surface tension forces
C -T- his version includes spreading under ice cover.
C -- Modifications for addition of lake were made.
C -- Last Date of Revision : October 29, 1985
C

COMPLEX SPCEN,PARTCL(1000)
COMMON /VASB/IGRILB(300),IGRUB(300),IGRLBI(300),IGRUB1(300)
COMMON /ASB/SPCEN,PARTCL,NpTCL,NH1TB,IH1T 1000),TYPBND(4,300)
COMMON /BLOCK7/SPGOILANIU,SIGMAAK2I,AK2VAK2T,

$ VOLPAR,VOLPIE(8),SLICKR(8)
COMMON /sO/IMOviN(1000),YsHIF(looo),NMOvIN, SSHIFr
COMMON /SE/FEVP1 ,FEVP2 ,CEVP,TOEVP
COMMON /ICE/ZWND(40,40),ZLKICE(20),NICEX1(20),NICEYI(20),

$ NICEX2(20),NICEY2(20),IPOS1(20),IPOS2(20)AMIUOANICE,
$ SPAICE,NICERG,LICERGCOMMON /GRIDS. / DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK

COMMON /SPREAD/ RADrUS(1000),NTRACK(1000)I C
C The spill area is divided into 8 pie segments around the spill
C center. Particles in each pie spread according to modified
C Fay's law's for axi-symmetrical case. (see text for details)
C Input : .. Spill center
C .. Location of each particle
C .. oil properties
C Output: .. New loaction of each particle
C
C Explanation of variables used only in this subroutine
C VOLPIE(I) an array containing the volume of oil in each pie
C segment at previous time step NOTE: volume stored is
C 8 times the volume in pie
C RADIUS(I) - distance to particles in pie from spillcenter. It is
C assumed that no more than 500 particle are in a pie any time
C SPAREA - Free surface area of spill (sq. ft)
C SPAICE Area of spill under ice (sq. ft)
C ICOND - 0 - Oil in the pie has free surface conditions
C 1 -Oi in the pie is under ice

DATA ROWAT, G /1.92, 32.2/
PI - ATANi.) * 4.

C
C Evaluate some constants to be used in subsequent computations
C

DELTA- 1.0 - SPGOIL
AKINER - 0.25*AK2I*(DELTA*G)**0.25
AKVISC = AK2V*(DELTA*G/SQRT(ANIU))**0.166
AKSURF - 0.75*AK2T*(SIGMA**2/(ROWAT**2*ANIU))**0.25
AKICE 0.0056666*((I-SPGOIL)*32.2*SPLRAT**2)**0.16666/ANICE

C
C Compute the mean radius for all moving particlesg C "TOTRAD-0.

DO 7 1 -1,NMOVIN
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J-IMO VINCI)
TmTRAD - TOTRAD+CABS(PARTCL(J)- SPCEN)

7 CONTUEM
IOTRAD - TOTRAD/NMOVIN
SPXCEN - REAL(SPCEN)
SPYCEN - AIMAG(SPCEN)
SPAREA - 0.0

SPAICE - 0.0
C
C Loop 500 is working for one pie at a time
C

DO 500 IIPII-1,8
ANGi - (IPIE-1)*PI/4.
ANG2 - ANGi + P1/4.
N'PlE - 0
NI~nCE - 0
MCOND - 0
DO 10 rL-1,NPTCL

10 NTRAGK(J)-O
C
C Loop 20 is for finding the DD no's of particles belonging
C to the pie. Radial dist. to particle from center is also computed
C and stored in RADIUSO. NT.RAGKO stores the IlYs of particles.
C

DO 20 I-1,NMOVIN
J-IMOVIN(I)
ATX2 - REAL(PARTCLD))-SPXCEN
ATX1 - AUMAG(PARTCL(J))-SPYCEN
ANG-ATAN2(ATX1 ,ATX.2)
IF(ANG.LT.0.0)ANG - ANG + 2.*PI
ANGDEG - ANG*180./PI
IF(AG.LT.ANG1 .OR.ANG.GE.ANG2)GOTO 20
RAD - CABS(PARTC(J-SPCEN)
IF(RAD.GT.2 .20r1UrRAD)G=T 20
NPT PIE - NPTPIE-.-
RADrIUS(NFTPIE) -RAD

NTRACK(NlPrPIE) -J

IF(NICERG.EQ.OX3OTO 20
SPX - REAL(PARTCL(J))
IF (SPX .GT. 0.OEO) (30T0 143
L =(SPX - BEGLK)/DXL
M =(AIMAG(PARTCL(J))+YSHBIIJ))/DXL

GOTO 153
143 L -SPX/DXR + LGRIDX

M = (ANAG(PARTCLJ))+YSHFI(J))/DXR
153 CONTINUE

IPOS = 0
IFL.EQ.0X307TO 117
DO 115 Ll-1,L

IPOS = IPOS+IGRRJB*L1)-IGRILB(Ll)+3
115 CONTINUE
117 IPOS - IPOS-+M-IGRELB(L+1)+3

DO 120 K=1,NICERG'
IF(IPOS.GE.IPOS 1(K).AND.IPOS.LE.IPOS2(K))NPTICE-NPTICE+1

120 CONTNUE
20 CONTINUE
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C
C NO PARTICLES- NO SPREADING
C

IF(NFTPIE.LT. 1)XTO 500I. RMFAN-0.
DO 40 I=1,NPrPIB

40 RM1EAN-RMEAN+RADIUJS(I)URME-AN =RMEAN/NPT PIE
C
C Check if this pie should spread for free-surface or ice conditions.
C If it is ice conditions, is the spilling still continuing.

C

C Determine the rate of spread at pie radius

VOLNOW =VOL.PAR*NPTPLE*8

TLMBAR =TBMEr - SPILr/2.03 VOLBAR -(VOLNOW+VOLPIE(wIPE))/2 .0
IF(ICOND.EQ. 1XW)TO 47
TIqSC--(AKV/AK21)**4*(VOLBAR/(DELTA*G*ANIU))**0.333
TERMIN=823 .5*(ROWAT/sIGMA)**0.6666*SQR1(VOLBAR)*ANTU**o. 3333I $ /A.K2**1.3333
IF(TIMBAR.GT.TERMINX3OTO :500
TSURFT - (AK2V/AK2T)**2*(DELTA*G*ANIU)**0. 3333

S *(ROWAT/SIGMA)WVOLBAR**0.6666
iF(TDABAR.GT.TSURFT) GOTO 45
DVDT - VOLNOW*(FEVPI -FEVP2)/SPIUr3 $ IF(TIMBAR.LE.T-VISC) DRDTl -
$ AKINE*(D\nDr+2 WOLBAR/rIMAR)*SQR'I(T1MBAR)/(VOLBAR**o.75

L0F(TDMAR.GT.TVISC)DRDr -
$ AKVISC*(DVur/3 .+VOLBAR/(TIMBAR*4))IBMBAR**0.25/VOLBAR**0 .666I GOTOX 4 8

45 DRDT -AKSURF/(TDMBAR**o.25)
47 IF(ICOND.EQ. 1)DRIYT - AKICE/(TDrIMAR**0. 33333)348 VOLPIE(IPIE) - VOLNOW

SPRATE - DRLTPSPILU/RMEAN
C
C Rate of spreading at mean pie radius has been computed. Now spreadIC the particles in the pie proportionately.
C

DO 140 I-1,NPT PIEI J-NTRACK(I)
RADOLD - CABS(PARTCtJ) -SPCEN)

RADNEW - RADOLD*(SPRATE+1)5 IF(RADNEW.LT.0.0)RADNEW - 0.
RADIUM() - RADNEW
X - REAL(PARTCLJ) -SPCEN)

Y - AIMAG(PARTCL(J)-SPcEN)
XX*RADNEW/RADOLD
YY*PADNEW/RADOLD

PARTL(J) - SPCE-N + CMvPLX(X,Y)
140 CONT1hRTEI~fNO
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DO 160 1-1,NPTPIE
160 RM[EAN-RM[EAN+RA]DIUS(I)

RMEAN -RMEAN/NPTPIE
170 SLICKR(IPEE) - RMAEAN

1F(ICON]D.EQ.0)SPAREA -SPAREA. + PI*RMEAN**218.
IF(ICONDhEQ.1)SPAICE -SPAICE + PI*RMEAN**2/8.
IF(ll'NDPRN.EQ. l)w~r,22)IE,NPpxnjRMAN

500 CONTINUE
C
C Check for spill hitting the boundaries
C

DO 60 I-1,NMOVIN
J-IMOVIN(I)
IF(YSHBItIJ).LT.DXR)GO'Io 54
PARTCL(J)-PARTcL(J)+CMPLX(o. ,YSHIFT(J))
SPX - REAL(PARTGL(J))
IF (SPX .GT. M.EW) GMT 144
L -(SPX - BEGLK)/DXL + 1
M -ABMAG(PARTCL(J))/DXL + 1
DX -DXL
GcOrO 154

144 L -SPX/DXR+1I+ LGRDX
M - ALMAG(PARTCL(J))/DXR + 1
DX -DXR.

154 CONTINUE
IF(M.GT.IGRUB1(L)X3OTO 54
X-REAL(PARTCL(J))
Y-IGRUB1(L)*D)X-0.25*DX
PARTCLJ)-CMPLX(X,Y)
NHHfll- NHITB+1
In(n3rrB)=j
GOTO 60

54 SPX -REAL(PARTCL(J))
IF (SPX .GT. M.EW) GOT() 145
L - (SPX - BEGLK/DXL + 1
M - AIMAG(PARTCIXJ))/DXL + 1
GOTO 155

145 L -SPX/]DXR+ 1+LGRIDX
M - AIMAG(PARTCL(J))/DXR + 1

155 CONTINUE
IF(.GE.IGRILBL).AND.M.LE.IGRrJB(L))GU1 55
NHrrB N= ITB + 1
JHITB(NH1TB) = J

55 IE(IGRLBl(L).EQ.O)GOT0 60
IF(M.LE.IGRUBI(L).AND.M.GE.IGRLBI(L))GOTOf 58
GOTO 60

58 NI-IIT = NIIITB+1
HITB(NHITB) = J

60 CONTINUE
REJRN

210 FORMA1X'Wai{NING * MAY CAUSE ERRORS PARTICLES IN PIE EXCEED 500')
220 FORMAT(1,8X,13, IOX,F7.0)

L2ND
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3 SUBROUTINE SPRD1iD(SPILUr, TIMEr, INDPRN, SPAREA , ANGLE)
COMPLEX SPCEN,PARTCL(1000), XYP(1000)
COMMON /VASB/IGR1LB30O),IGRIUB300),IGRLB1(300),IGRUBI(300)
COMMON /ASB/SpCEN,PARTCL,NPyL,NHrTBI OOT O 1000),TYPBND(4,300)
COMMON /BLOCK7/SPGOILANIU,SIGMA,AK2IAK2VAK2T,

$ VOLPAR,VOLPIE(8),SLICKR(8)
COMMON /BLOCK8/AKC10,AKC20,AKC30
COMMON /SO/IMOVIN(1000),YSHIF(l1000),NMOVIN, SSHIFT
COMMON /SE/FEVP1 ,FEVP2
COMMON /ICE/ZWND(40,40),zLKIC (20),NICEX1(20),NICEY1(20),I $ NICEX2(20),NICEY2(20),IPOS1(20),IPOS2(20),AMIUOANICE,
$ SPAICE,NICERG,LICERG

COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
COMMON /SPREAD/ RADIUS(1000),NTRACK(1000)
DIMENSION SPRATE(2),NPT(2),XLE(2),XSQ(2)

C
C This Subroutine handles one dimensional spreading in
C The spill area is divided into strips. Particles in each strip
C spreads according to spreading law for one-dimensional case.
C (see text for details)
C Input .. Spill center
C .. Location of each particle
C .. oil properties
C Output: New loaction of each particle
C
C Explanation of variables used only in this subroutine
C RADRJS(I) - distance- to particles in a strip from strip ceiiter-.I C A maximum of 500 particles can be in a strip at any time
C IMOVIN(I) - Index in array PARTCL of moving particles
C ex. 1,3,4,5,7,11,12,13 ...... etc.
C NMOVIN - Number of Moving Particles
C SPAREA - Free surface area of spill (sq. ft)
C SPAICE - Area of spill under ice (sq. ft)
C ICOND - 0 - Oil in the strip has free surface conditions
C -1 Oil in the strip is under ice
C XSQ sum of square of the distances from center line to mean edge
C of the slick. The same variable later store the standard
C deviationx2.
C -- Last Date of Revision : September 19, 1986

C

DATA ROWAT, G , PI /1.92, 32.2, 3.141592/

C Evaluate some constants to be used in subsequent computations

DELTA- 1.0 - SPGOIL
AKINER - AKC1O*(G*DELTA/DXR)**0.3333
AKVISC - AKC20*(G*DELTA)**0.25/(SQRT(DXR)*ANIU**0.125)
AKSURF = AKC30*SQR'(SIGMA/ROWAT)/(ANIU**0.25)
CC1 - 0.6666*AKC1O*(G*DELTA)**0.3333
CC2 - AKC20*(G*DELTA/SQRItANIU))**0.25

C
C To minimize some later computing, determine XP-grid boxes of
C e.,treme particles.
C

COST - COS(ANGLE)
SINT - SIN(ANGLE)
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L1MAX-0
LMIN-10000
DO 40 I-1,NMOVIN

J-IMOVIN(I)
SPX - REAJIPARTWLJ)) - BEGUCY
SPY - AIMAG(PARMcLJ))
XP - SPX*COST + SPY*SINT
YP- SPY*CQ5'1 - SPX*SINT
XYP(J) - C4PLX(XP.YP)
L - XP /DXR + 1
MU.LM.vAX)LMAX-L
IF(.LT.LMIN)LMIN-L.

40 CONTINUE
SPAREA -0.0

SPAICE -0.0

C
C Loop 500 :One strip at a time
C

DO 500 ISTRIEP=LMJN,LMAX
YPBAR-0.
NPTSTR =0

NPTICE -0

MZOND -0

DO 50 I-1,NMOVIN
J-IMOVIN(i)
XP - REAL(XYP(J))
L- XP/DXR +
IF(ISTRIP.NE.LXOTO 50
NIPTSTR - NPITSTR+1
NTRACK(NPTs'rR) - J
YPBAR -YPBAR+AIMAG(XYP(J))
IF(NICERG.EQ.O)GOTO 50
SPX - REAL(PARTCL())
IF (SPX .LE. 0.0) TBEN

L =(SPX - BEGLK)/DXL
M -(AIMAG(PARMCL))+YSHIvr(J))/DXL

ENDIF
IF (SPX.GT.o.o) THEN

L -SPX/DXR + LGRIDX
M -(AIMG(PARTCL(J))+YSHIFT())/DXR

ENDIF
IPOS - 0
IF(L.EQ.OXGflO 117
DO 115 L1=1,L

EPOS - IPOS+IGRIUB(Ll)-IGRILB(L1)+3
115 CONTINUE
117 [P05 - IPOS+M-IGRLB(I)+3

DO 120 K=1,NICERG
E(IPOS.GE. IPOS 1(K).AND.IPOS.LE.1POS2(K))NPTICE-NP'rICE+ 1.

120 CONTINUE
50 CONTINUE
C
C Must have at least two particles in the strip for spreading
C

IF(NPTSTR .LT. 2)GO'IO 500
YPBAR-YPBAR/NPTSTR
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DO 60 I-1,NPTSTR
J-NTRACK(I)
RADIUS(I)- -AIMA.G(XYP(J))-YPBAR

60 CONTINUEI ~F( FLAT(NPTICE)/FLOAI(NPrsT).GT..5)ICOND-1
C
C XLE are the distances to the spreading edge of slick in the stripUC computed based on the mean distance to particles from strip center.
C index-i for + dir from YEAR and 2 f or - dir from YEAR
C

XLE(1 - 0.
XLE(2) - 0.
xSQ(l) -0.

XSQ(2) -0.I NY.(2) -0

DO 80 I-1,NPTSTR
IF(RADIUS(I).GE.0.O) THEN

X9LE(l)-XLE(1)+RADIUS(I)
XSQ(1) - XSQ(l) + RADIUS(IO*RADIUS(I)

ELSE
XLE(2)-XLE(2)+RADIUSQl)I XSQ(2)-XSQ(2) + RADIUSQ)*RADLUSOI)
NPT(2)=-NPT(2)+l

ENDIFI80 CONTINUE
NP.T(1) -NF=ST- NIP(2)
DO 85 K - 1,2

XSQ(K)=(NPI(K*XSQ(K)-XLE(K**2)I(NPT(K)*(NPI) -1.)
XSQ(K) - 2. * SQR1XSQ0))
XLE(K -XLBf(K)/NPT(K

85 CONTINUE
IF(ICOND.EQ. lX3OT 170

C
C If slick thickness (STHICK) is less than ultimate thickness
Cfor spreading CUTIHCK), then no spreading

C NOTE that XLEW2 is always negative

STRIGK - VOLPAR*(NIYI(1)+NIYI(2))/(DXR*(XLE(1)-XB2)
UIIICK - 1.3458E-5 * (VOILpAR*NMOVIN)**o.25
IF(STH~CKLTUIHCK)GOT 500

C Determine the rate of spread at mean radius (leading edge)
C

DO 130 K-1,2
VOL.NOW - VLA*

VOLBAR-VOLNOW
DUDr - SQRT(VOLNO\WDXR)*(SQRT(1 -FE VP2)- SQRT( 1-FEVP1))/SPnuM
VOLPDX - VOLNO3W/DXR

CIC TVISC -Tunme in secs for transition from Inertia to Viscous
C TSURFT -Time in sees for transition from Viscous to Surf Tension
C TERMIN -Time in secs at spreading termiation
C DRUI' Spreading rate at leading edge (ft/sec)
C
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TSTJRFI - (AKVISC/AKSURF)**2.6666WVOLBAR**1.3333
TrSCn(AKVISC/AKIER)**3.4285SWOLBAR**0.57 14
1F( flMBAR.LE.TVISC) DRDT -

S CC1*(TIMBAR**0.6666SIJLDTNOLPDX**. 1666 + (VOLPDx/TIMBAR)**0.333 3)
II(TadAR.T.Isc.AND.TBA.LE.TsuRFr)DRDT -

S CC2*(.375*sQR'I(v0LpD)rnmffA&J**(.675) + DLDrnrMaAR**o.37S)
iF(TIMBAR.GT.TsuRFT)DRJDr - 0.7 5AKSLIRF/(TMBAR**0.25)
SPRATE(K - DRD'fr*SPIU=/ABS(XLEK)
rF(SPRATEWK.LT. -1 .o)SPRATE00-- 1.0

130 CONTINUE
C
C Spreading rates for mean leading edges on either side has been
C computed. Now spread the particles proportiontely.
C

DO 140 I-1,NPTSTR
J-NTRAGK(I)
IF(RADITJS(I).GE.O.0.AkND-ABSRADIUS(I)).LT.XSQ(1))
$ YPNEW-RADIlUS(I)*'(SPRATEB(1)+1)

IF(RADIUS(I).LT. 0.0 ANmA-sRADIUS(O)).LT.XSQ(2))
$ YNW-RDIUSO*(SPAMh2)+1)

RADIUS1(I) - YPNEW
XP - REAL(XYP(J))
YP - YPBAR + YPNEW
XYP(J) - CMPLX(XPYP)
* - XP*GOST - YP*SMN + BEGLK
* - YP*COST + XP*SINT
PARTCL(J) - CMPLX(X,Y)

140 CONTINUE
C
C Compute the mean distances to leading edges after spreading.
C

XL1=O.
XLE(2)=0.
DO 160 I=1,NPTSTR

IF(RADIUS(I).GE.O .o)x)=XLE(1)+RADUS(I)
IF(RADrUS(l).LT.0.o)XLE(2)-XLE(2)+RADIUS(I)

160 CONTINUE
XLEWl -XLE(1)/NPT91)
XLE(2) -XLE(2)/NP'I(2)
SPAREA = SPAREA + DXR*(XLE(1)+ ABS(XLE(2)))

170 IF(INDPRN.EQ. 1)WRlTE*,220)ISTRIP,NPTSTR,XLE(2),YBAR,XLE(l)
EF(ICOND.EQ.1) SPAICE - SPAICE + DXRK(XLE(1)i ABS(XLE(2)))
IE(ICOND.EQ. 1)WR1TE* ,230)

500 CONTINUE
C
C Move the particles back into the upper channel which were
C shifted by ORIENT routine. Also check for the particles hitting
C the boundaries
C

DO 460 I-l,NMOVIN
J-1MOVIN(I)
EF(YSHFI(J).LT.DXR)GOTO 54
PARTCU(J)=.PARTC(J)+CMLX(O. ,vsBU7iJ))
SPX - REAL(PARMLL()
IF (SPX .GT. 0.OEO) GOTO 145
L - (SPX - BEGLK/DXL + 1
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M - AIMAG(PARTCL(J))/DXL + 1
DX -DXL
0010 155

145 L-SPX/DXR +LGRIDX+1II M -AIMAG(PARITL(J))/DXR + 1
DX -DXR

155 CONTINUE
C
C Check for spill hitting the boundaries
C

WFW.GT.IGRIUB1(L)XXOrO 54I NHIB'-NHnrB4-1
IHrrNHnB)-J
X-REAL-(PARTWJ))
Y-IGRUB1(L)*DX-0.2s*DX

54 SPX - REAIXPARTC()I IF (SPX .GT. 0.0E0) GOTO 146
L - (SPX - BEGLK)/DXL + 1
M - AIMAG(PARTCL(J))/DXL + 1I DX -DXL
GOTO 156

146 L -SPX/DXR +LGRIDX+1I3 M - AIMAG(PARTCL(J))/DXR + 1
DX -DXR

156 CONTINUE
UGE.IGRL(L).AND.M.LE.IGRRULXXJ01 55I NHITB - NIIIB + 1
IHITBNHITB) -J
GOTO 460I55 IF(IGRLB1CL).EQ.O)XOrO 460
IF(.LF.IGRUB1(L).AND.M.GE.IGRLB(LXJOTO 58
GOTO 4605 58 NIfri - NIflTB+1
IH1T(NHITB) - J

460 CONTIINUE
REURN3 220 FORMA'I(14,7X,13,SX,F7.C ,F7.0,F7.0)

230 FORMAT(1H+,50X, ICE)
* END
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SUBROUTINE VELDIS(IPROPT, NBRNCH, ILVCAR)
C
C This program computes the Velocity along and across the river
C (Two-Dimensional velocity distribution)
C -- Modifications for addition of lake were made.
C
C - Last Date of Revision: October 29, 1985
C

COMPLEX COMPXY,VSTRM(99,16),CORDV(99,16),VCAR('000),CORDL(99)
COMPLEX VWINDVDRIFT
COMMON /VEL/VSTRM,CORDV,CORDLB,Q(30),WL(30),TICIE99,20),

$ YWID(99,20),Z(99,20),zE(99),NSLSCI99),ScrANG(99),
$ LcsrsQ(30),NSTUBE(99),NUMCON(99),NFIRCO(99),NSECO(99),KINTM

COMMON /VA/ VCAR,VWIND,VDRIFT
COMMON /VASB/IGRILB(300),IGRIUB300),IGRLB1(300),IGRUB1(300)
COMMON /V/IZRBX(100),ZRBY(100),NZRVB
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK

C
C Input : Q & WL both of which are arrays of size at least NBRNCH
C and NBRNCH+l respec. ILVCAR and BEGLK are used as indices
C for determining where to write velocities in VCAR and if
C grid boxes are in river or lake.
C
C Output : x & y components of velocity in the river for each grid box
C Also computed are velocities at sections perpendicular to
C stream thalweg and co-ordinates of the position at which
C they are acting
C
C This program computes velocities in the following manner:
C 1) Go from branch to branch - (Branch here refers to branches in
C Unsteady flow model
C 2) Then do for each section in a branch
C 3) Finally scans across the river, streamtube by streamtube
C The above numbers also show the looping sequence where I is the
C outermost and 3 is the innermost
C

IS2-0
DO 80 IB=l,NBRNCH

IS1-IS2+1
IS2-LCSTSQ(IB)
TBRLEN-0.
DO 30 IS=ISl,IS2

ISCON - NFIRCO(IS)
TBRLEN=TBRLEN+CABS(CORDLB(IS)- CORDLB(ISCON))

30 CONTINUE
LF(IB.EQ.NBRNCH)IS2-IS2+1
SCILEN--O.
DO 80 IS-ISIIS2

QSTUBE=Q(IB)/NSTUBE(IS)
ATUBE1-0.
YSTB1 - 0.
ISCON - NFIRCO(IS)
SCTLEN-SCILEN+CABS(CORDLB(IS)- CORDLB(ISCON))
IBCON - IB+1
IF(NUMCON(IS2).NE.21 )GOTO 38
IF(NSECO(S2).EQ.999)G0TO 38
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36 IBCON - EBCON +1I LASTSC - LCSTSq(ICON- 1)
IP(NUMCONLATSC).NE.21iXXif 36

38 UI(S2 .EQ.NFJRCOXIS2 -1).AND.IS2 -1).EQ.NFIRCOIS2))I3CON-IB3 ~wLscr~wL~lB)-(wE(B)-wL(IMcN))*SCILENtrBRLEN
SARIY-0.
NIY-NSLSMIIS)+1
SXAREAk - 0.I DO 40 IY-2,NIY
DYRS-YWflX(IS,IY)-YWIIX(IS,IY- 1)
PER.I-SQRI(DYRS**2 + (z(IS,IY)-z(IS,Y- 1))**2)I ICEM4-0
IF(nICE(IS,IY).GT.0O~OolAND.TICE(IS,1Y- 1).GT.o.ool)icEIND-i
TISUM - TI~cE(S,1Y)+TICE(Is,IY- 1)
IF(ICEND.EQ. 1)PERI-PERI+DYRS
IF(ICEIND.EQ.OMSUM-0 .0
AiIY=DYRs*((z(is ,iy)+z(is,iy- 1)-TnSUM)/2.+wLscr-zrxls))
IF(AIY.LT.0.0)AlY - 0.0I HR-A1Y/PERI
SARIY=SAR1Y+AIY*HR**0.6666
SXAREA - SXAREA + API

40 CONTINUE
NSTLIUB - NSThBE(IS)-1
DO 70 1TB=1,NSTUB13 QS~r=QS RIBE~JTB

PSAR1Y-0.
SPERI -.~)
SAIY =-0.
DO 60 IY=2,NIY

DYRS-YWED(IS,1Y)-YWIIX(IS,IY -1)
PERI=SQR'I(DYRS**2 + (Z(IS,1Y)-Z(IS,rY- 1))**2)
ICEIND-0I IEF(TICE(IS,IY).GT.0.001.AND.TICE(IS,1Y- 1).GT.o.ool)ICEIND=l
TISLIM - TICE(IS,IY)+TICECIS,lY- 1)
lF(ICEIND.EQ. 1)PERI-PERI+DYRSI IF(ICEIND.EQ.0)TISUM-0.0
AlY -DYRS*((Z(IS,1Y)+Z(IS,1Y- 1)-TISUM)/2. + VwLSCr - ZDXIS))
IF(AIY.LT.0.0)AIY - 0.0
HR - AJY/PERI

3 SPERI -SPERI + PERI
SAWY - SAY + AY
QIY - Q(mB)*SARIJY/SArY
LF(Qiy.LT.Qs~r)GXTOf 60I QIY1 - Q(IB)*(PSARrY-ARrY)/SARWY
YSTB2 - YwiiDXis,iy- )+DYRs*(QsEr-QIY1)/(Qry-Qiyl)
YSTB - (YSml+YSmB2)/2.
YSTBI - YSrh2
A RIBE - SAIY-AIY+A1Y*(YSTB2 -YWIIXIS ,IY- 1))/DYRS
vsTRm(is JTB) - cmpLx(QsTIJBE/(AnhBE-AmLBEl),o.)
ATUBEl - A'RIBEI ANGL- SCTANG(IS)
GORDV(IS ,rrB)=CORDLB(IS)+CMPLX(YS'M*COS(ANGL),YSTB*SIN(ANGL))
GOTO 65I60 CONTINUE
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65 CONTINUE
70 CONTINUE

NSTB-NSTMBE(IS)
VSTRMIS,NSTB)-CPLX(QSTUBE/(SXAREA-ATUIBE1),0.)
YSrB - (YWID(IS,NIY)+YSTB1)/2.
CORDV(IS,NSTB)-CORDLB(IS)+C'PLX(YST*COS(ANGL),YSTB*SIN(ANGL))

80 CONTINUE
C
C At this point 2-D stream velocity (Along the river section by section
C and across the river streamtube by streamtube) is assigned to
C VSTRM's x-component. Therefore it has the correct magnitude but not
C the correct direction. Later this magnitude will be correctly
C distributed into x & y components with the correct direction.
C CORDV stores the location at which VSTRM is acting
C NOTE : CORDV and VSTRM are both 2-D COMPLEX arrays
C
C Now assign the correct direction to velocities
C

IS2-LCSTSQ(NBRNCH)
DO 100 IS-1,IS2

NSTB - NSTUMEIS)
DO 100 ITB-1,NSTB

NFIRST-NFIRCO(IS)
ISCON -NFIRST
IF(1TB.GT.NSTUBE(NFIRST))ISCON-NSECO(IS)
1TBCON-lTB
IF(NUMCON(IS).EQ.11) GOTO 97
IF(NUMCON(IS) .EQ. 12 .AND.r1B.GT.NSTuBt(NFI] ST))TBCON=

$ ITB-NSnBE(NFIRST)
IF(NUMCON(IS).NE.21)GOTO 97
IF(NSECO(IS).NE.999)GOTO 97
DO 93 I -1,999

J = IS -I
IF(NSECO(J).NE.0)GOTO 95

93 CONTINUE
95 ITBCON - lTB + NSTUBE(J-1)
97 VMAG-REAIL(VSTRM(IS,ITB))

COMPXY - CORDV(ISCON,1TBCON)-CORDV(IS,ITB)
RAD = CABS(COMPXY)
VVX - VMAG*REAL(COMPXY)/RAD
VVY - VMAG*AIMAG(COMXY)/RAD
vSTRM(Is,rrB) - CMPLx(VVx,vvY)

100 CONTINUE
C
C The next segment writes velocities and co-ords to a file if IPROP=1
C This information can be used by program DIRPLOT to plot velocities
C

IF(IPROPT.EQ.O)OTO 415
DO 110 IS-1,iS2

NS'B - NSTUBE(IS)
DO 110 1TB=1,NSTB

WRrrE3,21oo)CoRDv(Is,rlm),vsTRM(Is,1TB)
110 CONTINUE
C
C From the velocities computed at stream cross sections, now assign the
C velocities to each grid center in the Cartesian System.
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C First assign the velocity to a grid box if co-ords are within the box.
C
415 DO 120 IS -1,152

NSIB - NSTUBEIS)
DO 120 rIB - 1,NSThI L - REAL(CORDv(IS,rrB))/DXR

m -AimAG(CoRDv~s,rrB))/DxR
EPOS - ILVCAR
IF(L.EQ.O)GOTm 117
DO 115 Li-i,!.

IPOS - IPOS+IGRIU%(L1+LORIDX)- IGRILB(L1+LGRIIDX)+3
115 CONTINUEI 117 EPOS - IPOS+M-IGRHLB(L+LGRIDX+1)+3

VMAG - CABS(VCAR(IPOs))
IF(VMAG.LE.0.001)VCAR(EPOS) - VSrRZM(Is,rB)I ~iF(VmAG.GT.0 .oo1)vCAR(IPos) - (vcAR(iPos)+vsTRm(Is,rrB))/2.

120 CONTINUE
C
C Now check for the boxes with no assigned velocity yet;
C For KINMM intermediate Sections interpolate in streamtube between
C Two adjacent X-scetions and assign a weighted mean velocity

I DO 130 IS=1,152
NSTB - NSThBEIS)
DO 130 ITB - 1,NSTBI NFIRST-NFIRCO(IS)

ISCON -NFIRST
iF(1T.OT.NsihBEBNFiR6-))ISCON-NSECO(IS)
lTBCON=1TB
IF(NUMCON(IS).EQ. 1 iX3O 197
IF(NUMCON(IS).EQ. 12 .AND.rrB.GT.NsTuBE(NFiRsT))rTBCON-

$ lTB-NST JBE(NFIRST)I IF(NUMCON(IS).NE.21)GOTO 197
IF(NSECO(IS).NE.999)GOrO 197
DO 193 1 -1,999I 3 - IS -1

IF(NSECO(J.NE.0)GOTO 195
193 CONTINUE
195 1TBCON - 1TB + NSTUBI3J-1)I197 CONTINUE

DO 130 K=1,KINI
coMPxy- ((KINmh+1 K)*coRDv(IS,ITB)+K*CORDV(ISCON,ITBCON))1$ /(KIN M+ 1)
L - REAL(COMPXY)/DXR
M -A1MAG(C0MPXY)/DXRZ
IPOS - ILVCAR
IF(L.EQ.0)GOTO 127
DO 125 L1-1,L

EPOS - IPOS+IGRIUB(L1+WGRIDX)-IGRILB(UI+LGRIDX)+3I125 CONTINUE
127 EPOS - LPOS+M-IGRILJ3(L+LGRIDX+1)+3

VMAG = CABS(VCAR(IPOJS))3 $ IF(VMAG .LE.0.00 1)VCAR(POS)-
$((KI~M+1 -K)wVSTRMOIS,rB)+K*VSTRM(ISCON,TBCON))/(KINThM+1)

130 CONTINUE
* C
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C There may still be boxes without any assigned velocities
C Now velocities will be assigned based on the average value of the
C surrounding boxes
C Start from column LGRLIDX+2 and then move to subsequent ones. The first
C column is neglected. Before the process begins a value of 0.0011 is
C assigned to the grids just outside the boundary (a technique used
C purely to simplify computations).
C

IY1-1
DO 133 I-l,NGRIDX

JY2-IGRIUB()- IGRELB(I)+2+IY1
VCAR(IY1)-o.o011
VCARGY2)-o.ool11

M~ - 1Y2+1
133 CONTINUE

1Y2 - lILVCAR - 1
LP1 - LGRIIDX + 1
DO 150 L=LP1,NGRIDX

M~ - 1Y2+3
1Y2 - IGRIUB(L) - IGRILB(L)+IY1
DO 150 M - IY1,1Y2

COMPXY - (0.,o.)
COUNT - 0.
IROW - M-1Y1+IGRILB(L)
IF(IGRLB1(L).EQ.OX3OTO 141
IF(IROW.GE.IGRLB1(L)AND.IROW.LE.IGRUB1(L))VCAR(M)=-0.00 11

141 IF(CABS(VCAR(M).GT.0.OO1X3OTO 150
C
C If first column in river, don't use lake grids to left
C

IF(L .EQ. 1) GOTO 142
IF((IGRILB(L-1)-IROW) .GT. 2) GOTO 142
wF((IROW-IGRRun(L-1)) .GT. 2) GOTO 142
MM = M+IGRILB(L)-IGRIUB(L-1) - 3
LF(CABS(VCAR(MM).LE.0 .00D1GOTO 142
COMPXY=COMPXY+VCAR(MM
COUNT - COUNT-fI

142 MM - M+IGRRJBL)-IGRILB(L+1)+3
IF((IGRILB(L+1)-IROW) .GT. 2) GMT 144
IF((IROW-IGRIUB(LI1)) .GT. 2) GOTO 144
IF(CABS(VCAR(MM)).LE.0.00D1X30 144
COMPXY-COMPXY+VCAR(MM
COUNT - COUNT+l

144 IF(CABS(VCAR(M- 1)).LE.o.ool)GOTO 146
COMPXY-COMPXY+VCAR(M- 1)
COUNT - COUNT-i-

146 IF(CABS(VCAR(M-I)).LE.0.001l)olt 148
COMIPXY-COMPXY+VCAR(M+1)
COUNT - COUNT-Ii

148 VCAR(M)=COMPXY/COUNT
150 CONTINUE
C
C For the boxes defined thru input data, set VCAR-0.0
C

DO 164 IBOX=1,NZRVB
IF(NZRVB.GT. 100)GOTO 164
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3L -IZRBX(IBOX) -1

M-IZRBY(IBOX)- I
IPOS - 0
IF(L.EQ.0)GOlfl 163I DO 160 L1-1,L

IPOS - IPOS+IGRIUB(L1)-IGRI(L1)+3
160 CONTINUE
163 IPOS - IPOS+M-IGRILB(L+I)+3

'VCAROPOS) - 0.0
164 CONTINUE3 IF(IPROPT.EQ.0)REIURN

C Write the river grid velocities to a file.U C .J1-ILVCAR+2

IRGRID = NGRLIDX-L.GRIIDX
DO 170 I=1,IRGRID
X - I*DXR - 0.5*DXR
II - I-tLGRIDX
J2 - IGRIUB(II) - IGRILB(L)+Jl

DO 165 J=J1,J2I Y - (IGR1lB(II)+JJi)4DXR-0.5*DXR
WR1TE4,2100)X,Y,VCAR(J)

165 CONTINUEI J1-J2+3
170 CONTINUE

RETURN
123 FORMAT(315,3F82,2F10.0)I 2100 FORMAM(F9.0,MF.2)

END
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Subroutines GAUSS and RANDU

SUBROUTINE GAUSS(IX,SAM,V)
A-0 .0
DO 50 1-1,12
CALL IIANDU(IXJrY,Y)
IX-ly

50 A-A+Y
V-(A- 6 .)*S+,AM
REflJRN
END

SUBROUTINE RANDu(ixJiY,YFL)
IY - IX*65539
IF(IY)5,6 ,6

5 IY - IY + 2147483647+1
6 YFL -Iy

YFL - YFL*0.4656613E-9
YFL-RNDX-1)
RErEJRN
END
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N SUBROUTINE INrlS, IDIM, [LXKQ, RLKQ, INDPRN)
C
C This subroutine reads in a reference stream function file
C supplied in (LAKEINIT.PSI) logical unit 14. If another discharge
C besides the reference discharge is required, appropriate adjustments
C to the stream function values are made. These values are only
C used as a first best guess.
C
C Last Date of Revision : September 10, 1985
C
C

DIMENSION S(40,40)
COMMON /GPARM1 RPARM(23), IPARM(54), ZPARM(2)
DATA SPVAL, [FIRST /I.0E20, 0/
IF (IFIRST .NE. 0) G0I7 55

[FIRST - I

C FILE 14 LAKEINlT.PSI OPENED IN OILEX18
C3 REWIND 14

IM - IPARM(1)
JM - IPARM(2)
READ(14,30,END=-10) ((S(IJ),I=,IM),J=lJM)I C

C CONVERT CFS TO CMS
C

DO SO I=1,IM
DO 50 J=I,JM

[FS(I,J) EQ. SPVAL) G0To 50I S(I,J) -- S(I,J)/35.3198

50 CONTINUE
C

I C UPDATE STREAM FUNCqTGN TO CURRENT VALUES

C
GOTO 65

55 REWIND 15READ(15,35,FaNiD10) ((S(I,J),I- 1,IM),J-1 ,JM)

65 IF (TLKQ .EQ. RLKQ) RETURN
ADDQ = (TL.KQ-RLKQ)/(2.0*35.3198)
DO 40 I=1,IM

DO 40 J-=,JM
IF (s(IJ) .EQ. SPVAL) GOTO 40
[F (S(I,J) .GT. 0.0D0) S(I,J) - S(I,J)+ADDQIF (S(I,J) .LT. o.oDo) S(I,J) - S(I,J)-ADDQ

40 CONTINUE
C
C PRINT CURRENT STREAM FUNCTION VALUES (CMS)
C

45 IF(INDPRN .EQ. 1) WRIT(*,60)
IF(INDPRN .EQ. 1) CALL PRNT(6, S, IDIM, IM, JM, SPVAL)
RLKQ = ThKQ
RETURN

C
C NO INITIAL CONDITION FILE, SET STREAMFUNCTION TO ZERO
C
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10 CONTINUE
DO) 20 1 - 1, IM

DO 20 J - 1, JM
20 SOXJ - 0.
30 FORMAT(6E12.5)
35 FORMAI(E12.5)
60 FORMA I(/'IMAL SIREAM FUNMfON FILE FOR LAKFU)

RHIURN

ENDO



Subroutine OUTP

3 SUBROUTINE OUT(TIIME, TrS, IDIM)

C This subroutine writes stream function values to file (LAKETEMP.PSI)
C logical unit 15 for later use when determining velocities in lake grid
C boxes. Only values calculated after an initial period of 20 hours are
C written to the file. After that, values are written according
C to the update interval (UFr) of the unsteady river model.
C
C Last Date of Revision : September 24, 1985
C
C $

COMMON /LKMD/ D(40,40), S(40,40), U(40,40), V(40,40)
COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)

C
C Run for 20 hours to establish steady state.
C

IF (TIME .NE. TTS*3600.) RETURN
REWIND 15

IM=IPARM(1)
JM=IPAIRM(2)

C
C Write stream function field for time 0 and then
C write stream function field for UFDT amount of time
C

10 wRrr(15,20) ((S(I,J),I-I,IM),J-1,JM)
20 FORMAT(E12.5)

RETURN3 END

I
I
I
U
I
I
I
I
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SUBROUTINE PARTICXCLWL, ILVCAR, IOMT2)
C PROGRAM PARTIC
C
C To avoid general confusion, the documentation supplied by GLERL
C has been modified from the original version contained in the
C PAIHFINDER Particle Trajectory Program. The modifications
C merely remove unnecessary comments and definitions and add any
C changes to the program. These include:
C 1.) The March 1983 comment by D. J. Schwab was removed.
C 2.) The control parameters and bathymetric data is read in from
C logical unit 13 but the meteorlogical data is read from
C logical unit 10. The data is initially in English (fps)
C units but is converted into Metric (mks) units for use in
C calculating the lake circulation. However, the final lake
C velocities are reconverted into English units.
C Currently, the wind information is not used in PARTIC.
C 3.) Stream function values are read from a temporary file via
C logical unit 15.
C 4.) Row IM and column JM are set to SPVAL so that stream functions,
C depths, and velocities will print correctly using subroutine PRNT.
C 5.) Velocities for grid boxes are stored in array VCARO
C and are written to a file (for plotting purposes) if IOPT2-1.
C velocities are computed using a 4-point average of four
C surrounding grid corner velocities and then assigned to the
C grid center.
C 6.) Common Blocks GRIDS & LKMD were added.
C 7.) Subroutines UPPART & POUTP were not used.
C
C Last Date of Revision : September 24, 1985
C
C*****************************PROGRAM *ARTI****************************
C PURPOSE:
C THE PURPOSE OF THIS PROGRAM T' HELP IN SIMULATING THE
C MOVEMENT OF TRACER PARTIC" A GRID MODEL OF A LAKE.
C THE LAKE IS REPRESENTED AS AN ARRAY OF SQUARE GRID
C BOXES. THE USER MUST SUPPLY A DESCRIPTION OF THE LAKE
C BATHYMETRY, THE WIND FIELD, THE VOLUME TRANSPORTS BETWEEN
C BOXES, CONTROL PARAMETERS (TIME STEP, DURATION OF RUN,
C WATER LEVEL INCREMENT, AND HEIGHT OF ANEMOMETER), AND
C TRACER PARTICLE INITIAL POSITIONS. VE3LOiTIES IN EACH
C GRID BOX WILL ULTIMATELY BE CALCULATED FOR USE IN THE
C OIL SPILL SIMULATION.
C
C INPUT:
C
C NOTE: CLWL SUPPLIED THROUGH SMOSIR AND NDCONV FROM 1-D MODEL
C CLWL- CURRENT LAKE WATER LEVEL (FT)
C
C LOGICAL UNIT 13 : LAKEBATH.DAT
C RECORD 1 - CONTROL PARAMETER RECORD:
C FORMAT CARD COLUMNS
C DT' - TIME STEP IN HOURS G8.2 9 - 16
C
C BATHYMETRIC DATA FILE:
C THE FORMAT OF THE BAIHYMETRIC DATA FILE IS DESCRIBED
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C IN SCHWAB AND SELLERS (1980): 'COMPUTERIZED BATHY-
C METRY AND SHORELINES OF THE GREAT LAKES', NOAA DATA
C REPORT ERL-GLERL-16, AS DESCRIBED IN SCHWAB, BENNETT,
C AND JESSUP (1981) : 'A TWO-DIMENSIONAL LAKE CIRCULATION
C MODELING SYSTEM', NOAA TECHNICAL MEMORANDUM ERL-GLERL-38.
C FIVE ADDITIONAL FIELDS ARE PRESENT ON BATHYMETRIC
C DATA HEADER RECORD NUMBER 2. THESE ARE:
C FORMAT CARD COLUMNS
C MINIMUM DEPTH (FT) 15 45-49
C BASE GRID ROTATION FROM E-W F6.2 50-55
C I D!SPLACEMENT F7.3 56-62
C J DISPLACEMENT F7.3 63-69
C ROTATION ANGLE FROM BASE F7.2 70-76
C (ANGLES MEASURED IN DEGREES COUNTERCLOCKWISE)
C
C THE ADDITIONAL FIELDS ARE REQUIRED FOR CONVERSIONS
C BETWEEN LATITUDE, LONGITDE PAIRS AND GRID DISTANCES.
C ONLY THE BATHYMETRIC PART OF THE FILE IS USED, SHORE-
C LINE INFORMATION NEED NOT BE INCLUD.
C
C LOGICAL UNIT 10 : LAKEWIND.DAT
C METEOROLOGICAL DATA FILE :
C FORMAT CARD COLUMNS
C TLAST - TIME FROM BEGINNING G10.4 1 - 10
C OF RUN (H)
C PLAT - LATITUDE IN DEGREES NORTH G10.4 11 - 20.
C PLON - LONGITUDE IN DEGREES WEST G10.4 21 - 30
C Z - HEIGHT OF INSTRUMENT (FT) G10.4 31 - 40
C TA - TEMPERATURE OF AIR (F) G10.4 41 -50
C 7W - TEMPERATURE OF WATER (F) G10.4 51 - 60
C WS - WIND SPEED (FT/S) G10.4 61 - 70
C WD - WIND DIRECTION (DEG) G6.0 71 - 76
C
C ALL DATA FOR THE SAME TIME ARE GROUPED TOGETHER, WITHI A
C MAXIMUM OF 25 STATIONS IN A GROUP.
C
C * NOTE: END-OF-FILE IS INDICATED BY A RECORD WITH A
C NEGATIVE TIME.
C
C OUTPUT:
C LOGICAL UNIT 6
C CONTROL PARAMETERS, BATHYMETRY. AND A LIST OF THE
C METEOROLOGICAL DATA RECORDS.
C
C COMMON BLOCKS
C /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
C SEE SUBROUTINE SMOSIR FOR DETAILS.
C /LKMD/ D(40,40), S(40,40), U(40,40), V(40,40)
C /GPARM/ RPARM(23), IPARM(54), ZPARM(2) - REAL AND INTEGER
C PARAMETERS DESCRIBING THE BATHYMETRIC GRID.
C SEE SUBROUTINE RGRID FOR DETAILS.
C
C SUBROUTINES
C
C RGRID - READS THE BATHYMETRIC DATA FILE
C PGPARM - PRINTS GRID PARAMETERS
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Subroutine PARTIC

C PRNT - FORMATS AND PRINTS OUITPUF ON GRID
C UL - CALCULATES DRAG COEFFICIENTS ANT) WIND PROFILE
C PARANMERS USED BY FUNCTION WIND
C FUNCTION WIND - READS METEOROLOGICAL DATA AND CALCULATES
C X AND Y COMPONENTS OF WIND
C FUNCTION XDIST - RETURNS X DISTANCE FROM GRID ORIGIN GIVEN
C LATITUDE AND LONGIlTUDE
C FUNCTION YDIST - RETURNS Y DISTANCE FROM GRID ORIGIN GIVEN
C LATITUDE AND LONGITUDE
C FUNCTION UZ - CALCULATES WIND SPEED AT .A DIFFERENT
C HEIGHT (ZWIND) THAN THE OBSERVATIONAL HEIGHT (Z)
C BASED ON WIND PROFILE PARAMETERS
C
C TIM USER MUST SUPPLY THREE SUBROUTINES TO UPDATE
C TRANSPORTS AND GENERATE OUTPUT. THEY ARE:
C
C UPPART(T,PARTWFACTR,CFACTIR,NPMAX) - CALLED AT THE BEGINNING
C OF EACH TIMESTEP TO INITIALIZE PARTICLE POSITIONS. T IS
C IN SECONDS FROM BEGINNING OF RUN. PART DEFINES THE PARTICLE
C POSmONS IN METERS RELATIVE TO THE GRID ORIGIN. WFACTR IS
C THE FRACTION OF TIE WIND SPEED wI WHICH PARTICLES MOVE IN
C PURELY WIND DRIVEN MOTION. CFACTR IS THE FRACTION FOR
C CURRENT. NPMAX IS THE MAXIMUM NUMBER OF PARTICLES THAT MAY BE
C INTRODUCED IN ONE TIMESTEP.
C
C UPDATEIDIM) - SUPPLIES TRANSPORT FIELD AT EACH TIMESTEP.
C D IS THE DEPTH ARRAY. U AND V ARE THE X AND Y COMPONENTS OF
C TRANSPORT. U(I,J), TIlE X COMPONENT OF TRANSPORT, IS DEFINED AT
C THE CENTER OF TILE RIGHT SIDE OF GRID BOX IJ. V(I,3), TEE Y
C COMPONENT OF TRANSPOR.T, IS DEFINED AT THE CENTER OF THE TOP OF
C GRID BOX IJ. S() IS A TEMPORARY STORAGE ARRAY CONTAIN-
C ING STREAM FUNCTION FIELDS. IDIM IS THE FIRST DIMENSION OF
C D, U, AND V.
C
C POUTP(T,D,PART,iDIM) - GENERATES USER-REQUIRED OUTPUT.
C POUTP IS CALLED BY PARTIC EVERY TIME STEP (WT, SPECIFIED
C BY THE USER). T IS THE TIME IN SECONDS FROM THE BEGINNING
C OF THE RUN. D IS THE DEPTH ARRAY. PART DEFINES THE
C PARTICLE POSITIONS (IN METERS REIATIVE TO THE GRID ORIGIN).
C IDIM IS THE FIRST DIMENSION OF D.
C
C HISTORY:
C WRITTEN BY j.R. BENMEIT, 1982, GLERL, ANN ARBOR,MI.
C
C

COMMON NV/ IZRBX(10o), IZRBY(100), NZRVB
COMMON /VA/ VCAR,VWIND,VDRWr"
COMMON IVASB/ IGRILB(300), IGRIU(300), IGRLB1(300), IGRUB1(300)
COMMON /LKMD/ D(40,40), S(40,40), U(40,40), V(40,40)
COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
COMPLEX VCAR(8000), VIND,VDR IFI'
DATA NPMAX, SPVAL, LUNB, LUNM /1000, 1.0E2 13, 10/
DATA IDIM, JDIM /40,40/

C RWD - reference water datum for bathymetric data (FT)
DATA RWD /571.71/
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Subroutine PARTIC

I C
C Reread bathymetric grid information.
CI CALL RGRIID(LUNB, D, IDIM, JDIM)

C Read control parameters.
CI READ(LUNB,100) DT
C
C DADD - mean water level relative to RWD.
C

DADD - (CLwVL-RWD) / 3.281
IM - PARM(l)
JM - IPARM(2)I DS - RPARM(3)
DMAX- RPARM(4)
DMIN - RPARM(5) + DADD
IMM1 - IM -

JMM1 - JM -1
DT - DT*3600.

C
C Clear arrays and add water level increment.

DO 20 1 - ,IM
DO 20 J - I,JM

U(IJ) - 0.
V(IJ) - 0.
s(I,J) - 0.
IF ( D(I,J) .LT. RPARM(5)) GOTO 20

D(I,J)= D(I,J) + DADD
20 CONTINUE

C

C If water level increment results in a negative DMIN, stop.
CI IEF (DMIN .LE. 0.0) GOTOM 90
C
C Main iteration loop
C
C Update transports
C

CALL UPDAT(IDIM)U C
C C(nvert transports to half currents by dividing by twice depth
CI DO 40 I=l,,IMM1

DO 40 J-1,JMM1
IF (D(I,J) .GE. DMIN .AND. D(I+I,J) .GE. DMIN)

1 U(',J) - U(I,J)/(D(I,J) + D(I+I,J))
IF (D(I,J) .GE. DMIN .AND. D(I,J+I) .GE. DMIN)

1 V(I,J) - V(I,J)/(D(I,J) + D(I,J+I))
40 CONTINUEI C

C Interpolate currents to stream function points, taking care
C to use interior currents at the shore boundary.
C

UMAX - 0.
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Subroutine PARTIC

DO 51 I-1,MM1
IMi - i-1
IF(I .EQ. 1) NIMI 1
DO 51 J-1,JMMI

JF(IX) XLT. DMIN AND. IIi,J) XLT. DMIN -AND.
1 IXI,J+i) XLT. DMIN AND. D(I+i,J+i) .LT. DMIN) GOlO 51

UUP - u(I,J+i)
EF CDI,J+I) .LT. DMIN) UUP - U(I+1,J+i)
IF (JXI+,J+i) XLT. DMIN) UUP - UOIMI,J+1)
tJDN - u(IXi
IF (IX) XLT. DMIN) UDN - u(I+iJ
IF (JXI+1,J) XLT. DMIN) UDN - U(IM1,J)
IF (D(I,J) .LT. DMIN .AND. i(i+1,J) .LT. DMIIN) UDN=UUP
IF (IXI,J+i) XLT. DMIN .AND. D(I+i,J+i) XLT. DMIN) UUP-UDN
SOXJ - UTUP + UDN

C
C Calculate maximum current speed.
C

UMAX - AMAX1(uMAXUAS(S(I,J)))
5 1 CONTINUE

DO 50 I-ljBMvi
DO 50 J-1,JMM1
U(iRj) - S(ij)

C
C Interpolate currents to stream function points, taking care
C to use interior currents at the shore boundary.
C

50 CONTINUE
DO 53 J-1,JMMl

JM1 - J-1
IF (Q EQ. 1) JMl I
DO 53 I-IMDM1

IMOI,J) XLT. DMIN .AND. IXI+i,J) XLT. DMIIN AND.
1 Ii,J+i) XLT. DMIN AND. D(I+i,J+i) XLT. DMIN) GOTO 53

VR - VI1J
IF (IXI+1,J) XLT. DMIIN) VR - v(1+i,J+i)
IF (D(I+1,J+1) LT. DM) VR - VOI+1,JMI)
VL - V(I,J)
IF (DXI,J) XLT. DMIN) VL - v(I,J+l)
IF (IXI,J+l) .LT. DMIN) VL - V(IJMI)
IF IXJ .LT. DMIN .AND. D(IJ+i) .LT. DMIIN) VL-VR
IF (D(I+1,J) XLT. DMIN .AND. D(I+i,J+i) XLT. DMIN) VR-VL
SOX) - VL + yR

C
C Calculate maximum current speed.
C

UMAX - AMAX1(uMAX,ABs(S(I,J)))
5 3 CONTINUE

DO 52 I=1,I1MM1
DO 52 J-1,JMMI
v(IJ - SOXJ

52 CONTINUE
C
C Set column NA and row JM equal to SPVAL.
C

DO 58 IN-lIM
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1 Subroutine PARTIC

3 U(NIN,JM)-mSPVAL
V(IN,JM)-SPVAL
DO 58 JN-1,JM

U(IM,JN)-SPVALI V(IM,JN)=SPVAL
58 CONTINUE

C
C Write lake velocities to VCAR(D.
C Extrapolate to grid box center using 4-point average.

C LM1 -LGRIDX- 1
DO 21 LX-1,LGRIDX

X - LX*DXL-O05*DXL+BBiGLK
ISLU - IGRUB1(LX
ISLL -IGRLJ31(LX)
J2 - IGRIUBLX)-IGRILB(LX)+Jl
LY - IGRHIL)
DO 11 J-Jl,J2

Y - LY*DXL-0.5*DXL
COUNT=-O.ODOI LXM - LX -1
lr(LXl .LE.o)LX1=1
VVX-(U(LX1,LY) + U(LX,LY) + U(LXI,LY- 1) + U(LX,LY- l))/4.oDo

IF (U(LXl,LY) EQ. SPVAL) COUNT--COUNT+l .ODO

IF(U(LXIL-1 . SAL)CU NTCOUNT+l.oD0
I(U(LX,LY- 1) .EQ. SPVAL) COUNT=COUNT+1 .ODO

LF(COUNT.GT.0.ODO .AND. COUNT.LT.4 .ODO) VVX=(VVX*4.ODO -

I (COJNT=0.0D0 (40 -OUT

VVY-(V(LX1,LY) + V(LX,LY) + V(LX1,LY-l) + V(LX,LY-1))/4.ODO

EF (V(LXI ,LY- ) EQ. SPVAL) COUNT=COUNT+ .DO
IF (V(LX,LY-) EQ. SPVAL) COUbT.COUNT+1.D0

IF(COTJNT.OT.0 .ODO .AND. COUNT.LT.4 .ODO) VVY-(VVY*4.QODO-
& (COUN'r*SPVAL))/(4.ODO - COUNT)

VVY - VXJY*3.281
VCAR(J - CMPLX(VVX,VVY)3 IF(LY.GE.ISLL.AND.LY.LE.ISLU) VCAR(J - 0.0011
DO 164 I1BOX-1, NZRVB

If(LX.EQ.IZRBX(IBOX).AND.LY.EQ.IZRBY(IBOX))
& VCAR(J - 0.0011

164 CONTINUE
IF(IOPT2 .EQ. 1) WR1TE4,2100) X, Y, VCAR(J
LY - LY+lI11 CONTINUE

31 - J2+3
21 CONTINUE

ILVCAR - J 2 + 1

C Print out X & Y velocities.

IC CALPRNT(6, U, IDIM, IM, JM, SVL
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Subroutine FARTIC-

C CALL PRNI(6, V, IDIM, IM, JM, SPVAL)
C
C End main loop.

ID C 30 CONI NUh1E
7>-) GOTO 9999

90 WiRlTE*,120) DADD
0010 9999

100 FORMAa(G8.2)
120 FORMAI(l',20X,THE WATER LEVEL INCR34ERMF8.2,RESULTS IN A',

1 'NEGATIVE MINIMUM DEV1M PROGRAM 7ERMINATEI)
2100 FORMAJX2F9.0,2F7.2)
9999 CONTINUE

RETURN
END

(A
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I Subroutine PGPARM

I SUBROUTINE PGPARM(LUN)
C
C PURPOSE:
C TO PRINT THE GRID DESCRIPTION PARAMETERS (RPARM
C AND IPARM IN COMMON BLOCK /GPARM/)
C ARGUMENTS:

C LUN - LOGICAL UNIT NUMBER ON WHICH TO PRINT
C
C COMMON BLOCK:
C /GPARMi RPARM(23),IPARM(54),ZPARM(2)
C

COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)
WRITE (6,10) (IPARM(I),I-5,54)
WRITE (6,20) IPARM(1), IPARM(2), ZPARM(1), ZPARM(2)
WRITE (6,30) (RPARM(I),I=i,7)I WRITE (6,40) (RPARM(I),I=8,23)

10 FORMAT ('0BATHYMETRIC DATA FILE HEADER FOR ', 50A)
20 FORMAT ('0IDIMENSION : IPARM(i) - ', I5, 6X, 'JDIMENSION :

1 'IPARM(2) - ', 8X, 15/'0', 14X,
2 'DISPLACEMENT OF ORIGIN IN ', 'NUMBER OF GRID SQUARES'!
3 '0IDISPLACEMENT : ZPARM(1) =', F7.3, 4X,

4 'JDISPLACEMENT : ZPARM(2)-', 4X, F7.3)
30 FORMAT ('OBASE LATITUDE : RPARM(1) - ', F12.7/'OBASE LONGITUDE ',

1 ': RPARM(2) -', F12.7/'0GRID SIZE (M) : RPARM(3) ='F6.0,
2 5'X, 'MAX DEPt IH (M) : RPARM(4 -' 5X, F6.2/

3 '0MIN DEPTH (M) : ', 'RPARM(5) = ', F6.2, 4X,
4" 'BASE ROTATION : RPARM(6) - ', 8X, F5.2/
5 'OANGLE ROTATED : RPARM(7) - ', F7.2)

40 FORMAT ('0', l1X, 'GEOGRAPHIC-TO-MAP COORDINATE CONVERSION',
1 'COEFFICENTS FOR X'/'0RPARM(8) - ', 6X, E15.6, 5X,
2 'RPARM(9) -', 12X, E15.6/'0RPARM(I0) ', SX, E15.6, 5X,

3 'RPARM(Il) = ', liX, E15.6/'0', liX,
4 'GEOGRAPHIC-TO-MAP COORDINATE CONVERSION COEFFICIENTS',
5 ' FOR Y'/'ORPARM(12) S ', 5X, E15.6, 5X, 'RPARM(13) ,
6 l1X, E15.6/'ORPARM(14) - ', 5X, E15.6, 5X, 'RPARM(15) -
7 l1X, E15.6/'0', 7X,
8 'MAP-TO-GEOGRAPHIC COORDINATE CONVERSION COEFFICIENTS',
9 ' FOR LONGi UDE'/'0RPARM(i6) = ', 5X, E15.6, 5X,

'RPARM(17) = ', liX, E15.6/'ORPARM(18) - ', 5X, E15.6, 5X,
1 'RPARM(19) - lX, E15.6/'0', 7X,
2 'MAP-TO-GEOGRAPHIC COORDINATE CONVERSION COEFFICIENTS',
3 ' FOR LATLTUDE'/'0RPARM(20) - ', 5X, E15.6, 5X,
4 'RPARM(21) - ', lX, E15.6/'ORPARM(22) - ', 5X, E15.6, 5X,
5 'RPARM(23) - ', liX, E15.6)

RETURN
* END
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Subroutine PRNT

SUBROUTINE PRNI(UN, A, IDIM, IMAX, JMAX, SPVAL)
C PURPOSE:
C TO NORMAIZE AND PRINT THE TWO DIMENSIONAL ARRAY A
C

C ALGORITHM:
C PRNT FIRST DETERMINES THE MAXIMUM ABSOLUTE VALUE OF
C DATA IN ARRAY A ONLY POINTS FOR 'WHICH A(I,J) IS
C NOT EQUAL TO SFVAL ARE CONSIDERED. IT THEN FINDS
C THE POWER OF TEN BY VvHICH AMAX MUST BE MULTILPIED
C FOR IT TO LIE BEIWEEN 100 AND 1000. THE POWER OF
C TEN IS PRINTED, FOLLOWED BY THE NORMALIZED DATA,
C FORMATIED AS 3 DIGIT INTEGERS. POINTS AT WHICH
C A(IJ) IS EQUAL TO SPVAL ARE MASKED BY ASTERISKS.
C DATA ARE OUrPUT IN BLOCKS WITH J DECREASING DOWN
C AND I INCREASING ACROSS THE PAGE. THE NUMBER OF
C VALUES PRINTED ACROSS A PAGE IS AN INTERNAL PARA-
C MEI'ER IN THE SUBROUTINE.
C ARGUMENTS:
C LUN - LOGICAL UNIT NUMBER ON WHICH TO PRINT
C A - TWO-DIMENSIONAL ARRAY TO BE NORMALIZED AND
C PRINTED. UNCHANGED BY PRNT.
C IDIM - FIRST DIMENSION OF A AND D IN DIMENSION
C STATEMENT OF CALLING PROGRAM
C IMAX - MAXIMUM I VALUE ACTUALLY USED IN A AND D
C JMAX - MAXIMUM J VALUE ACTUALLY USED IN A AND D
C SPVAL - SPECIAL MASKING VALUE: ONLY THE A(Ij)
C WHICH ARE NOT EQUAL TO SPVAL AR( PRINTED
C
C

DIMENSION ITE C30"), A(40,41"
C
C NCOL IS THE NUMBER OF VALUES TO PRINT ACROSS A PAGE
C

NCOL - 19
C
C AMAX=MAXIMUM ABSOLI.TFE VALUE OF ARRAY A
C

AMAX - 0.0
DO 10 1 - 1, IMAX

DO 10 J - 1, JMAX
IF (A(I,J) .EQ. SPVAL) GOTO 10
AMAX - AMAX1(AMAXABS(A(IJ)))

10 CONTINUE
C
C NOW FIND THE POWER OF TEN BY WHICH 'WE MUST MULTIPLY AMAX
C SO THAT IT FALLS BETWEEN 100 AND 1000.
C
C INITIALLY THE POWER IS ZERO
C

MP - 0
IF (AMAX .EQ. 0) GOTO 20

C
C TAKE BASE 10 LOGARIHM U2 AMAX
C

AP - ALOG10(AMAX)
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I Subroutine PRNT

C
C IF AMAX IS GREATER THAN 1000, MP IS NEGATIVE
C

IF CAP .GT. 3.) MP - -IFIX(AP - 2.)

C IF AMAX IS LESS THAN 100, MP IS POSITIVE
C

IF (AP .LT. 2.) MP - FlX(3. - AP)
20 CONTINUE

C
C PRINT THE GRID
CI11 

- 1
II - (IMAX - 1) / NCOLIRMDR - IMAX - NCOL * GII - 1)

DO 50 L - 1, 11
C
C WHMEN L-11 ONLY PRINt IRMDR VALUES
C

IF (L .EQ. II) NCOL- IRMDR
C
C PRLNT THE POWER
C

WR1TE(LUN,60) MP
12 - 11 + NCOL - I
DO 40 JJ - 1, JMAX

J - JMAX - JJ + 1
DO 30 I m 11, 12I 13 - 1 + I - I1.

MIN.,G(13) - -9999
IF (A(I,J) .NE. SPVAL) INTEG13) - INl(A(IJ)*l0.**MP +

1 SIGN(0.5,A(I,J)*10.**MP))
30 CONTINUE

WR1rE(LUN,70) (INTEG(I),I-1,NCOL)
40 CONTINUE

I1 - 12 + 1
50 CONTINUE
60 FORMAT ('0 VALUES MULTIPLIED BY 10**', 13)
70 FORMAT C' ', 3014)

RETURN

I
I
I
I
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Subroutine RGRID

SUBROUTINE RGRIIXLUN, D, IDIM, JDIM)
C PURPOSE:
C TO READ A STANDARD BATHYMEIRIC GRID DATA FILE
C AND RETURN GRID PARAMEIERS AND DEPThIS.
C ARGUMENTS:
C ON INPUT:
C LUN - LOGIC AL UNYF NUMBER OF BATHYMETRIC DATA FILE
c IDIM - FIRST DIMENSION OF ARRAY D IN
C DIMENSION STATEMENT OF CALLING PROGRAM
C JDIM - SECOND DIMENSION OF ARRAY D IN
C DIMENSION STATEMENT OF CALLING PROGRAM
C ON OUIPUT:
C D - DEPIH ARRAY. ZERO FOR LAND, AVERAGE DEPTH
C OF GRID BOX IN MEERS FOR WATER.
C RPARM - ARRAY CONTAINING REAL-VALUED BATYMETIC
C GRID PARAMETERS AS FOLLOWS:
C 1. BASE LATIUDE
C 2. BASE LONGITUJDE
C 3. GRID SIZE (7f)
C 4. MAXIMUM DEPTH (Fr)
C 5. MINIMUM DEPTH (FT)
C 6. BASE ROTATION (COUNTERCLOCKWISE NEGATIVE)
C 7. ROTATION FROM BASE (COUNTERCLOCKWISE NEGATIVE)
C 8-11. GEOGRAPHIC-TO-MAP COORDINATE CONVERSION
C COEFFICIENTS FOR X
C 12-15. GEOGRAPHIC-MO MAP COORDINATE CONVERSION
C COEFFICIENTS FOR Y
C 16-19. MAP-TO-GEOGRAPHZC COORDINATE CONVERSION
C COF.RT-,CIE4TS FOR LONGITUDE
C 20-23. MAP-TO-GEOGRAPHIC COORDINATE CONVERSION
C COLTICIENTS FOR LATITUDE
C IPAPM - ARRAY COliTAINING ETEGER-VALUED BATHYMETRIC
C GRiD PARAMETERS AS FOLLOWS:
C 1. NUMBER OF GRID BOXES IN X DIRECTION
C 2. NUMBER OF GRID BOXES IN Y DIRECION
C 3. NOT TTSJD
C 4. NOT USLai
C 5-54. LAKE NAME (50A1)
C NOTE: IF GRID IS 1O LARGE FOR DIMENSIONS OF D,
C 71-IE IPARM ARRAY IS SET TO ZERO
C
C ZPARM - ARRAY CONTAINING RFAL-VALUED BATHYMETRIC
C GRID PARAMETERS AS FOLLOWS:
C 1. I DISPLACEMENT - THE NUMBER OF NEW GRID
C SQUARES IN "HE X-DIRECTION FROM THE NEW
C GRID ORIGIN TO 1IE OLD GRID ORIGIN
C 2. J DISPLACEMENT - TE NUMBER OF NEW GRID
C SQUARES IN 'Ill1" Y-DIRECYION FROM THE NEW
C GRID ORIGIN T) IHE OLD GRID ORIGIN
C
C COMMON BLOCK:
C /GPARM/RPARM(23),iPAtRM(54),ZPARM(2)
C
C Last Dace of Revision : September 11, 1985
C
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C ***:******************$**********$S**S

DIMENSION IXIDIMJDIM)
COMMON /GPARM/ RPAR(2 3), IPARM(54), ZPARM(2)
REWIND LUN
READ (LUN,30) (I]PARM(I),x..5,54), IPARM(1), IPARM(2),I 1(RPARM(),I-1,6), ZPARM(i), ZPARM(2), RPARM(7)
READ CLUN,60) (RPARMC),-8,23)
IM - IPARM(1)
JM - IPARM(2)
RPARM(3) - RPARM(3) / 3.281

RPARM(4) - RPARM(4) / 3.281I IF (IPARM(l) .GT. IDIM -OR. IPARM(2) .GT. IDIM) GOTO 10
READ (LIJ,40) ((IXI,J),I-lIM),J-1,JM)
DO 80 I-1,IMI DO 80 J-lJMl

D(IXJ - D(IJ / 3.281
80 CONTINUEU RETURN
10 DO 20 I - 1, 54
20 IPARM(l) - 0

I30 FORMAT (5o(A1)/2IS, 2F12.7, 3F5.0, F6.2, 2F7.3, F7.2)
40 FORMAT (19F4.0, 4X)
50 FORMAT C' BATHYME RIC GRID TOO IARGE - INCREASE DIMENSIONS OF',I 1I NDEMUI AND DEVMI IN MAIN PROGRAM')
60 FORMAT (4E15.6, 20X)
70 RETURN

* END
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Subroutine RLID

SUBROUTINE RLIiD(UFDT, TKQ, CLWL, TIMEr, INDPRN)
C
C To avoid general confusion, the documentation supplied by GLERL
C has been modified from the original version contained in the
C PAIHFINDER Particle Trajectory Program. The modifications
C merely remove unnecessary comments and definitions and add any
C changes to the program. These include:
C 1.) The February 1983 comment by D. J. Schwab was removed.
C 2.) The control parameters and bathymetric data is read in on
C logical unit 13 but the meteorlogical data is read from
C logical unit 10. The data is initially in English (fps)
C units but is converted into Metric (mks) units for use in
C calculating the lake circulation. However, the final lake
C velocities are reconverted into English units.
C 3.) Initial stream function values are read in from logical
C unit 14 using subroutine INIT.
C 4.) Stream function values, for use in calculating lake grid
C velocities, are written to logical unit 15 (a temporary file)
C as controlled by subroutine OUTP.
C 5.) Common Blocks GRIDS, ICE, VASB & LKMD were added.
C
C Last Date of Revision : September 24, 1985
C
C**************ss**s****PROGRAM 4
C
C RIGID LID CIRCULATION MODEL
C
C PURPOSE:
C THE PURPOSE OF THIS PROGRAM IS TO COMPUTE THE TIME-DEP-
C ENDENT CIRCULATION FOR A GRID MODEL OF A LAKE. THE
C CIRCULATION IS ASSUMED TO BE NON-DIVERGENT SO THAT IT
C CAN BE REPRESENTED IN TERMS OF A STREAM FUNCTION. THE
C LAKE IS REPRESENTED AS AN ARRAY OF SQUARE GRID BOXES
C AND A FINITE DIFFERENCE FORM OF THE VORTICITY
C EQUATION IS APPLIED TO THE GRID. THE STREAM FUNCTION
C S(I,J) IS DEFINED AT THE TOP RIGHT CORNER OF GRID SQUARE
C I, J. THE USER IS REQUIRED TO SUPPLY A DESCRIPTION OF
C THE LAKE BAWYMEfRY, THE METEOROLOGICAL FORCING CONDIT-
C IONS, A SUBROUTINE THAT SETS THE INITIAL CONDITION FOR
C THE STREAM FUNCTION FIELD (WHICH MAY INCLUDE INFLOW AND
C AND OUTFLOW CONDmONS), CONTROL PARAMETERS (TIMESTEP,
C DURATION OF RUN, AND WATER LEVEL INCREMENT IF RE-
C QUIRED), AND A SUBROUTINE TO HANDLE OUTPUT FUNCTIONS.
C INPUT:
C
C NOTE: CLVL AND TLKQ SUPPLIED THROUGH SMOSIR & NDCONV
C
C CLWL- CURENT LAKE WATER LEVEL (vr)
C TLKQ- PRESENT TOTAL LAKE DISCHARGE
C
C LOGICAL UNIT 13 : LAKEBATI.DAT
C CONTROL PARAMETER RECORD :
C FORMAT CARD COLUMNS
C UT - TIME STEP (HOURS) G8.2 1 - 8
C
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C BATHYMETRIC DATA FILE :
C THE FORMAT OF THE BATHYMETRIC DATA FILE IS DESCRIBED
C IN SCHWAB AND SELLERS (1980): 'COMPUTERIZED BATHY-
C METRY AND SHOREIJNES OF THE GREAT LAKES', NOAA DATA

REPORT ERL-GLERL- 16. FIVE ADDITIONAL FIELDS ARE
CPRESENT ON BAIhYMETRIC DATA HEADER RECORD 2. THESE

C ARE:
C FORMAT CARD COLUMNS
C MINIMUM DEPTH (FT) I5 45-49
C BASE GRID ROTATION FROM E-W F6.2 50-55
C I DISPLACEMENT F7.3 56-62
C J DISPLACEMENT F7.3 63-69
C ROTATION ANGLE FROM BASE F7.2 70-76
C (ANGLES MEASURED IN DEGREES COUNTERCLOCKWISE)

I C THlE ADDITIONAL FIELDS ARE REQUIRED FOR CONVERSIONS
C BETWEEN LATITUDE, LONGIUE PAIRS AND GRID DISTANCES.
C ONLY THE BAN)IfMETRIC PART OF THE FILE IS USED, SHORE-
C LINE INFORMATION NEED NOT BE INCLUDED.
C
C LOGICAL UNIT 10 :LAKEWIND.DAT
C METEOROLOGICAL DATA FILE:C FORMAT CARD COLUMNS

C ILAST - TIME FROM BEGINNING G10.4 1 - 10
C OF RUN (H)I
C RAT -LATITUDE IN DEGREES NORTH G1o.4 11 20
C RLON - LONGITUDE IN DEGREES WEST G10.4 21 - 30
C Z - HEIGHT OF INSTRUMENT (Fr) G10.4 31 - 40
C TA - TEMPERATUTRE OF AIR (F) 010.4 41 - 50
C TW - TEMPERATURE OF WATER (F) 010.4 51 - 60
C WS - WIND SPEED (Fr/S) G10.4 61 - 70
C WD - WIND DIRECTION (DEG) 06.0 71 - 76
C
C ALL DATA FOR 'TIHE SAME TIME ARE GROUPED TOGETHER, WrH A
C MAXIMUM OF 25 STATIONS IN A GROUP.I C
C *NOTE END-OF-FILE IS INDICATED BY A RECORD WITH A NEGATIVE TIME
CIC OUTPU:
C LOGICAL UNIT 6
C CONTROL PARAMETERS, BATHYMETRY, A LIST OF THE
C METEOROLOGICAL DATA RECORDS, U; TRANSPORT IN X-DIRECTION,
C V; TRANSPORT IN Y-DIRECTION, S; STREAM TRANSPORT, D; DEPTHS
C
C COMMON BLOCKS:
C /ICE/ ZWND(40,40),ZLKIC(20),NICEX1(20),NICEYI(20),
C NICEX2(20),NICEY2(20),IPOS1(20),IP)S2(20),AMIUO,ANICE,
C SPAICE,NICERG,LICERG
C /LKMD/ DX40,40), S(40,40), U(40,40), V(40,40)
C SEE SUBROUTINE SMOSIR FOR DETAILS.
C NASB/ IGRILB300),IGRIUB300),IGRLBI(300),IGRUB1(300)
C /GPARM/ RPARM(23), IPARM(54), ZPARM(2) - REAL AND INTEGER
C PARAMETERS DESCRIBING THE BATHYMETRIC GRID.
C SEE SUBROUTINE RGRID FOR DETAILS.
C /ITPARM/ DSTMAX, SMIN, STMAX, FRAC, ITS
C RELAXATION PARAMETERS:
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C DSTMAX - MAXIMUM CHANGE IN ABSOLUTE VALUE OF
C" TREAM FUNCTION AT LAST ITERATION
C SlTMN - MINIMUM VALUE OF STREAM FUNCTION
C STMAX - MAXIMUM VALUE OF STREAM FUNCTION
C FRAC - DSTMAX / (STMAX STMIN)
C ITS - NUMBER OF ITERATIONS TAKEN TO CONVERGE
C
C SUBROtrlINES:
C RGRID - READS THE BATHYMETRIC DATA FILE
C POPARM - PRINTS GRID PARAMETERS
C PRNT - FORMATS AND PRINTS DATA FROM GRID I.E. STREAM FUNCTION,DEFTH
C UZL - CALCULATES DRAG COEFFICIENT FOR METEOROLOGICAL DATA
C FUNCTION TAU - READS METEOROLOGICAL DATA AND CALCULATES
c WIND SFkESS
C FUNCTION XDIST - RETURNS X DISTANCE FROM GRID ORIGIN
C GIVEN LATTUDE AND LONGITUDE
C FUNCTION YDIST - RETURNS Y DISTANCE FROM GRID ORIGIN
C GIVEN LATITDE AND LONGrJUE
C FUNCTION RIAT - RETURNS LATITUDE GIVEN X AND Y DISTANCE
C FROM GRID ORIGIN
C
C THE USER MUST SUPPLY TWO SUBROUTINES TO HANDLE INITIAL
C CONDITIONS AND OUTPUT. THEY ARE:
c
C INT(D, s, TnKQ, RLKQ, DIM) - SETS INITIAL CONDITION FOR STREAM
C FUNCTION FIELD (S). D IS THE DEPTH ARRAY (INTERPOLATED TO
C STREAM FUNCTION POINTS) AND IDIM IS THE FIRST DIMENSION OF
C D AND S. TIXQ IS THE CURRENT TOTAL LAKE DISCHARGE. RLKQ IS
C ThE REFERENCE DISCHARGE FOR THE INITIAL STREAM FUNCTION FILE.
C
C Ou?(TIME, "ITS, IDIM) - GENERATES USER-REQUIRED
C OUTPUT. OUTP IS CALLED BY RID EACH TIMESTEP WIlH THE CURRENT
C TIME, TIME, IN SECONDS. THE TIME AT WHICH THE STREAM FUNCTION
C WILL BE SAVED, TiS, A'o ;.-E DIMENSION OF THE STREAM FUNCTION
C ARRAY, IDIM.
C
C HISTORY: WRITTEN BY J. R. BENNETT AND D. J. SCHWAB, 1981,
C GLERL, ANN ARBOR, MI
c
C MODIFIED 3/83 TO REFLECT CERTAIN IMPROVEMENTS IN THE
C RELAXATION SCHEME AND THE WAY DMIN AND DADD ARE HANDLED
C
C

DIMENSION RHS(40,40), SPD(40,40), FR(40,40)
COMMON /ICE/ZWNIX40,40),ZLKICE(20),NICEXI(20),NICEY1(20),

$ NICEX2(20),NICEY2(20),IPOS1(20),IPOS2(20)AMIUO,AMCE,
$ SPAICE,NICERG,LICERG

COMMON /LKMD/ D(40,40), S(40,40), U(40,40), V(40,40)
COMMON /VASB/ IGRILI(3OO),IGRIUT300),IGRLBI(300),IGRUB1(300)
COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)
COMMON /ITPARM/ DSTMAX, SThMIN, STMAX, FRAC, ITS
COMMON /GRIDS/ DXL, DXR, LGRIDX, NGRIDX, IRGRID, BEGLK
DATA IDIM, JDIM /40,40/

c
C IDIM AND JDIM ARE THE FIRST AND SECOND DIMENSIONS OF THE ARRAYS
C D, S, RHS, AND SPD

188



Subroutine RLIJD

C
DATA LUNB, LUNM, LUNS /13, 10, 6/

C LUNB IS THE LOGICAL UNIT NUMBER FOR THE BATHYMETRIC DATA
C LUNM IS THE LOGICAL UNIT NUMBER FOR THE METEOROLOGICAL DATA
C

DATA OM, FRO, FRI /7.29E-5, 2.E-3, 3.E-3/
C

i C PHYSICAL CONSTANTS:
C OM - ANGULAR SPEED OF ROTATION OF THE EARTH (RAD / S)
C FRO - FRICTIONAL DRAG COEFFICIENT FOR BOTTOM STRESS
C FRI - FRICTIONAL DRAG COEFFICIENT FOR ICE STRESS
C

DATA RELAX, IWIAX, CONV /1.6, 50, 0.E-3/
C
C CONTROL PARMETERS FOR STREAM FUNCTION RELAXATION SCHEME
C RELAX - OVERRELAXATION FACTOR FOR I'ERATIVESOLUTION OF STREAM
C FUNCTION EQUATION AT EACH TAESTSEP
C IUMAX - MAXIMUM NUMBER OF ITERATIONS FOR RELAXATION SCHEME AT

C B V AN- RELATWI E CONVERGENCE CRITERION FOR RELAXATION SCHEME

DATA RLKQ, RWD, IFRST /201323., 571.71, 0/
C
C RLKQ - REFERENCE LAKE DIS. FOR STREAM FUNCTION INITIAL CONDITION FILEIC RWD - REFERENCE WATER LEVEL FOR BATHYMETRIC DATA
C

PI ATAN(.) * 4.
C
C FIRST TINE THROUGH, MODEL RUNS 20 HOURS TO STEADY STATE. THEN, RUNS
C FOR UFDT AMOUNT OF TIME TO UPDATE DISCHARGES AND VELOCITIES. TI'S
C IS USED TO KEEP TRACK OF DURATION OF RID EXECUTION. TIET IS INCREASED
C BY A NEGLIGIBLE AMOUNT OF TIME TO FACILITATE ACCURATE READING OF
C METEOROLOGICAL DATA AND DECREASED BY SAME AMOUNT BEFORE RETURN TO SMOSIR
CI € TIMSAV - IMETTIMET =~ TWEFA + 0.000001

TI'S - UFIDr
IF IFIRST N. 0) GOTO 5
TPS - 20.

5 CONTINUE
CU C READ -ATHYMETRIC GRID INFORMATION
C

CALL RGRIDXLUNB, D, IDIM, JDIM)I C
C READ CONTROL PARAMEIERS
C

READ (LUNB,100) DIT
NSTEPS = rrs / LIT

C
C DADD - MEAN WATER LEVEL RELATIVE TO RWDI C

DADD - (CLWL-RWD) / 3.281
IM - IPARM(1)
JM - IPARM(2)
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DS - RPARM(3)
DMAX -RPARM(4)

DMIN -RPARM(S) + DADD
C
C CALCULATE CORIOLIS PARAMETER AT CENTER OF GRID
C

F - 2. * OM *SINRIA'I(MDS/2.,JM*DS/2.)*PI/1 80.)
IF(INDPRN -EQ. 1) WRITE3(LUNs,llo) (IPARM(Oj,-s,54), DT, rrs,

1 DADD, NSTEPS, F
DM1 - IM! - 1
JMM1 - Jm - 1
IMM,2 - IM! - 2
JMM2 - 3M - 2
fiT - DiT * 3600.
FDT214 - F * DT / 24.

C ADJUST RELAXATION FACTOR FOR GRID SIE
C

1F(IFIST .NE. 0) GOTO 6
RELAX - REL-AX / (1. + SIN(ACOS(0.5*(COS(PI/5M) + COS(PI/JMivi)))

C INTERPOLATE DEPMh TO STREAM FUNCTION POINT
C USING SPEED ARRAY FOR TEMPORARY STORAGE
C

6 DO 10 1 - 1, IM
DO 10 J - 1, JM

SPIXI,J) - 0.0
* SOXJ - 0.

FR(I,J) - FRO
ZWNIXI,J) - 1.0EO
IF (IXI,J) .LT. RPARM(5)) GOTO 10
D(I,J) - D(I,J) + DADD

10 RHS(I,J) - 0.
C
C SET FRICTION FACTOR AND ZERO WIND ARRAY IN ICE REGIONS
C ALSO ADJUST DEPTHS FOR ICE THICKNESS
C

EF(LICERG.EQ.0) GOTO 2
DO 1 N-1,U1CERG

LBEG - NICEXI(N)
L.END - NICEX2(N)
DO Ill L-LBEG,LEND

M( .GT. LGRIDX) QOTO 111
IF(L .EQ. LBEG) M1-NICEY1(N)
IF(L .EQ. LBEG .OR. L .EQ. LEND) M2-NICEY2(N)
MF( -EQ. LBEG .AND. L .NE. LEND) M2-IGRIUB(L)
MF( -EQ. LEND AND. L .NE. LBEG) M1-IGRRLB(L)

IF(L .NE. LBEG AND. L .NE. LEND) M1-IGRILB(L)
IF(L .NE. LBEG AND. L .NE. LEND) M2-1GRIUB(L)
DO 222 M-M1,M2

IF(.LE.IGRUB1(L) -AND. M.GE.IGRLB1(L))GOT0 222
FR(L,M) - FR(L,M) + FRI
ZWND(L,M) - 0.OE3O
D(L,M) - D(L,M) - 0.9(ZLKICE(N)/3.281)

222 CONTINUE
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111 CONTINUE
1 CONTINUE

F(INDPRN .EQ. 1) WR1TE*,160)
IF(INDPRN .EQ. 1) CALL PRNI6, FR, IDIM, IM, JM, FRO)

I 2 CONTINUE

C IF WATER LEVEL INCREMENT RESULTS IN A NEGATIVE DMIN, STOP.
CI IF (DMIN .LE. 0.0) GOTO 90

DO 20 I - 1, IM
DO 20 J - 1, iM

SPIXI,J) - 0.999999 * DMIN
IF (I .EQ. IM .OR. J .EQ. JM) GO'O 20
IF (MX) .LT. DMIN) GOTO 20
IF (D(I + 1,J) .LT. DMIN) GOTO 20
IF 0(I,J + 1) .T. DMIN) GOTO 20IF (D(I + IJ + ) .LT. DMIN) GOTO 20

SPD(I) - 0.25 * (DXI,J) + DI + 1,J) + D(Ij + )+ II + 1,
J + ))

20 CONTINUE

C
C PRINT BAf-IYMETRIC GRID PARAMETERS
C

IF(FIRST .NE. 0) GOTo 25I IF(INDPRN .EQ. 1) CALL PGPARM(LUNS)

C
C IF(NDPRN .EQ. 1) WRTI3(LUNS,140)

IF(INDPRN .EQ. 1) CALL PRNI(6, D, IDIM, IM, JM, 0.)
C
C STORE INVERSE DEIYM BACK IN D

I C
25 DMINI = 1. / DMIN

DO 30 1 = 1, IM
DO 30 J - 1, JM

D(I,J) = 1. / SPD(I,J)
30 SPD(I,J) - 0.0

C
C GET INITIAL CONDITIONS
C

CALL INUCS, IDIM, TLKQ, RLKQ, INDPRN)

C MAIN ITERATION LOOP

C WRTE*,150)
DO 80 N - 1, NSTEPS

TIE - TIME+DT/2.
C
C CALCULATE CURRENT SPEED AT CENTER OF GRID BOX I, J
C

, DO 40 I - 2, IMM1
DO 40 J - 2, 'IMM1

iIF(DI,J) .GT. DMINI .AND. D(I-1,J) .GT. DMINI .AND.
I DI,J-1) .GT. DMINI .AND. D(I-iJ-1) .GT. DMINI) GOTO 40
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DU - 0.5 * (IXIJ) + D(IJ - 1))
DV - 0.5 * (D(I,J) + DI - 1,J))
DUM - 0.5 * (D(I - 1,J) + DI - 1,J - 1))
DVM - 0.5 * (DI,J - 1) + DI - 1,J - 1))
SPD(I,J) - (0.5/Ds) * SQRI(((((S(I,J) - S(I,J - 1))*DU) +I SOI- 1,J) - SOI- 1,J- 1))*DUWM)**2 + CCCS(I,J) - SOI- 1,

2 J))*DV) + ((S(I,J - 1) - SI - 1,J - 1))*DVM))**2))
40 CONTINUE

C
C ITERATE TO CALCUIIE STREAM FUNCTION AT NEXT TIME STEP WrI ALTER-
C NATING SWEEP DIRECTIONS
C

DO 60 K - 1, rIMAX
C wRAI(*,*) K

KK-K+N
DSTMAX - 0.
SIN - 0.
STIMAX - 0.
1TS-K
DO 50 H - 1, IM

EF (MOD(KK,2)EQ. 0) -I-M - 1+I
DO 50 JJ - 1, JM

J - JJ
IF (MOD(KX,2) .EQ. 0) J - JM - J + 1
IF (D(I,J) .GT. DMINI GOTO 50
DUP - 0.5 * (D(I,J + 1) + D(I,J))
DVP - 0.5 * (D(i + 1,) + D(I,J))
SPDUP - 0.5 * (SPD(I + 1,J + 1) + SPD(I,J + 1))
SPDVP - 0.5 * (SPD(I + 1,j + 1) + SPD(I + 1,J))
DU - 0.5 * (DQi,J) + DQI,J - 1))

• DV - 0.5* (DQI,J) + D(I - 1,j))
SPDU = 0.5 * (SPD(I + 1,J) + SPD(I,J))
SPDV - 0.5 * (SPD(I,J + 1) + SPD(I,J))
DCENT - DVP + DV + DUP + DU

C
C LAPLACIAN TERM
C

TERM1 - DVP * S(I + 1,J) + DV * S(O - 1,J) + DUP * SQ,J +
1 1) + DU * S(1,J - 1) - DCENT * S(I,J)

C
C ARAKAWA'S JACOBIAN
C

TERM2 - S(O + 1,J) * (D(I,J + 1) + DI + 1,J + 1) - D(i,J
1 - 1) - DO + 1j - 1)) + SO - 1,J) * (-D(I,J + 1) - DO -
2 ,J + 1) + D(I,J - 1) + DO - 1,J - 1)) + S(,J + 1) * G
3 DIO + 1,J) - DI + 1,J + 1) + DI - 1,J) + DI - 1,J + 1))
4 +SI,J -1) * (DI + 1) + DI + 1,J - 1) - D(I - 1,J) -
5 DO( - 1,J - 1)) + S(I + 1,J + 1) * (-D + 1,J) + DIJ +
6 1)) + S(I + 1,J - 1) * (D(I + 1,J) - D(I,J - 1)) + S(I -
7 ,J + 1) * (DO - 1,J) - DI,J + 1)) + SO - 1J - 1) * G
8 DIO - 1,J) + DIJ - 1))

C
C FRICTION TERM
C

TYP - -DVP * (S(I + 1,J) - S(,J)) * FR(I+I,J) * SPDVP
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TYM -- DV *(s(IJ) - SO1 - 1,J)) *FRI- 1,J) *SPDV

TXP -DUP *(S(I,J + 1) - S(I,J)) FROI,J+l) *SPDUP

TXM -DU * (SOI,J) - SUI,J - 1)) *FR(I,J-i) *SPDU
TERM3 - (DVPTIYP - DV*TYM - DUP*TXP + DUvTXM)

C
C SET RIGHT HAND SIDE TBE FIRST TIME THROUGH
C

IF (K .EQ. 1) RHS(I,J) - TERZMi - FDI 4 *TERM2 + DT 0.5I 1 *TERM3+DT * DS * (DVP*ZWNII,J)*TAU(TMEr,I+1 ,J,2) -
2 DV*ZWNIXI,J)*TALI(TTMIrI,J.2) - DUP*ZWNDXI,J+1)*
3 TAIJ(TIMET,,i zNDij*AL~ r~~~)I IF (K .EQ. 1) GOTO 50

C CLCUATENEW STREAM FUNCTION
C

D4 - DCENT + FR(I,J) * 0.5 * DTr * (DVP**2*SPDvP + DV**2*
1 SPDV + DUP**2*SPDUP + DU**2*SPDU)

DST - (TERZM1 + FDT4flEMm2 - o.5*IDr*TERM3 - RHS(I,J)) / D4
S(I,J) - S(I,J) + RELAX * DST
D'NIAX - AMAXl(DS7MAXABS(DST)
S'ImiN - AMwi(s EmINs(I))
SNMAX - AMAX1(SThtAX,S(I,J))

so5 CONTINUE
C
C CALCULATE RELATIVE CHiANGE IN STREAM FUNCTION FOR ALL ITERATIONS Bur?
C TIM FIRSTI C

IF (K .EQ. 1) xxOT 60
IF (s1MIAX .EQ. S7MfN) GOTI) 70
vRAC - DS'IMAA / (STMAX - S-.IN)
IF (FRAC .LE. CONV) GOTO 70

60 CONTINUEI 70 CONTINUE
C
C UPDATE TPIME,

CC1ALO7U OTN
C

CALL OUTP(TIME, ITS, IDIM)
C IF(IINDPRN .EQ. 1) WR1TE(LUNS,*) NI C
C END MAIN ITERATION LOOP
CI 80 CONTINUE

GOTO 130
90 WR1TELUNS,120) DADD

GOTO 130
100 FORMAT (G8.2)
110 FORMAT ('RIGID LID CIRCULATION MODEL FOR,

1 50A1/ TIMlE STEP(IH): DT1- ', F10.2/I 1 'DURATION Or, RUN(IV. 711- ', F7.2/
2 ' MEAN WATER LEVEL(M) CRELATIVE TO L.W.D.): DADD-, F5.2/
3 ' NUMBER OF TIME STEPS: NSTEPS-', 16/14 ' CORI0L1S PARAMETER (S**-1): F- ', E10.3)
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120 FORMAT C' THE WATER LEVEL INCREMENT, F8.2, ' RESULTS IN A',
1 ' NEGATIVE MINIMUM DEPTH - PROGRAM TERMINATED')

140 FORMAT (1H1,/resent Lake Grid Depths in Meters'/)
C 150 FORMAT (1H1,/Thne Step # for Stream Function Calculation'/)

160 FORMAT (IH1,/'Areas with Ice Cover and NO Wind Stress,',
1' Numbers Represent Drag Coefficient!)

130 CONTINUE
iFIST - I
TIMEr - TIMSAV
RETURN
END

19
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I SUBROUTINE UPDATE (IDIM)

C PURPOSE :
C TO UPDATE THE TRANSPORTS BY READING
C THE STREAM FUNCTION FIELDS AT INTERVALS
C SPECIFIED BY THE USER.
C
C ARGUMENTS
C D - DEPIH ARRAY (METERS)
C U - COMPONENT OF TRANSPORT IN X-DIRECTION
C V - COMPONENT OF TRANSPORT IN Y-DIRECTION
C S - STORAGE ARRAY CONTAINING STREAM FUNCTION FIELDS
C IDIM - FIRST DIMENSION OF D,U, AND V IN DIMENSION STATEMENT
C OF CAU.LING PROGRAM
C
C COMMON BLOCK .
C /GPARM/ RPARM(23), IPARM(54),ZPARM(2)
C Last Date of Revision : September 24, 1985
C

I COMMON /LM/ D(40,40), S(40,40), U(40,40), V7(40,40)

COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)
IM = IPARM(t)
JM- IPARM(2)
DS - RPARM(3)

C
C REWIND STREAM FUNCTION FILE

REWIND 15

C
C GET STREAM FUNCTION FROM CURRENT TIMESTEP
C

READ(15,40) ((S(I,J),I-I,IM),J-1,JM)
C
C CALCULATE X COMPONENT OF TRANSPORT
C

DO 20 I-1,IM
DO 20 J-2,JM

U(I,J)-(S(I,J- 1) - S(I,J))/DS
20 CONTINUE

C
C CALCULATE Y COMPONENT OF TRANSPORT
C

DO 30 I-2,IM
DO 30 J-1,JM

V(I,J)-(S(I,J) - S(I-1,J))/DS
30 CONTINUE
40 FORMAT(E12.5)

RETURN
END

I
I
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SUBROurINE UWUM, 2m, TD, zm, CD, CH, Zo, FL)
C
C PURPOSE:
C TO CALCULJATE THE BULK AERODYNAMIC COEFFICIENTS FOR
C MOMENTUM AND HEAT OVER A LAKE SURFACE AS FUNCTIONS
C OF WIND SPEED AND AIR-SEA TEMPERATURE DIFFERENCE.
C
C ALGORrmlfM:
C THERE IS AN OUTER rIERATION IN WHICH THE ROUGHNESS
C LENGTH IS VARIED ACCORDING TO CHARNOCK'S FORMULA AND
C AN INNER ITERATION IN WHICH THE STABILITY LENGTH
C (MONIN-OBUKHOV LENGTH) IS VARIED ACCORDING TO THE
C BUSINGER-DYER FORMILATION. THE CONSTANT IN CHARMOCK'S
C FORMULA IS CHOSEN SO THAT UNDER NEUTRAL CONDITIONS THE
C 10 M DRAG COEFFICIENT IS 0.0016.
C
C ARGUMENTS:
C ON INPUT:
C UM - WIND SPEED (M / S)
C ZM - ANEMOMETER HEIGHT (M)
C TD - AIR-SEA TEMPERATURE DIFFERENCE (DEG K)
C ZIM - THERMOMETER HEIGHT
C (INITIALLY ASSUMED EQUAL TO ANEMOMETER HEIGHT)
C ON OUrPUT:I
C CD - BULK AERODYNAMIC COEFFICIENT FOR MOMENTUM
C CH - BULK AERODYNAMIC COEFFICIENT FOR HEAT
C ZO - ROUGHNESS LENGTH WM)
C FL - STABILITY LENGTH M)
C
C HISTORY:
C WRITTEN BY J. R. BENNEIT AND J. D. BOYD, 1979, GLERL,
C ANN, ARBOR, MI; BASED ON A CONSTANT ROUGHNESS VERSION
C WRITTEN BY PAUL LONG AND WILL SHAFFER OF THE TECHNIQUES
C DEVELOPMENT LABORATORY, NOAA, SILVER SPRINGS, MD.
C
C
C

DATA Cl, C2, C3 /.684E-4, 4.28E-3, -4.43E-4/
DATA B1, B2, B3 /1.7989E-3, 4.865E-4, 3.9028E-5/
EPS - .01
IF (UM .LT. .001) UM - .001
FK - .35
TBAR - 278.
ALPHA - 4.7
BETA - .74
GAMM - 15.
GAMT - 9.
USTI - 0.04 * UM
H-ZM

UI'HE"A - TD
IF (ABS(THETA) .LT. 1.E-7) IYEA = SIGN(1.E-7,IFHETA)

C
C INiTIAL GUESS FOR ZO
C

ZO - .00459 * USTI * USTI
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S - UM * TiM * TRAR / (9.8*DUhIETA)
IF (ABS(S) .GT. 1.E6) S - SIGN(1.E6,S)
X - ALOG(M)

C
C INITIAL GUESS FOR L
C

FL-S/X
DO 60 iTER - 1, 20

X - ALOG(HM2)
IF (ABSCFL) GT. 3.E6) FL - SIGN(3.E6,FL)
IF CFL .GT. 0.) GMT 20

C
C UNSTABLE SECTION (L Lr 0 OR DT LT 0)
C

FUI - 1. / FL

C ASSUME 5 ITERATIONS SUFFICIENT
C

DO 10 I - 1,5
X1 - GAMr * FLI

ARGi - SQRT(l. - X1*H)
ARG2 - SQRT(1. - XI*Z0)
A - BETA * ALOG(CARG1 - 1.)*(ARG2 + 1.)/((ARG1 + 1.)*(ARG2 -

1 i .)))
X1 - GAMM FLI
ARGi - (1. - XI*H) ** (.25)
ARG2 - (I. - Xl*ZO) ** (.25)
B - ALOG((AR'31 - 1.)*{ARG2 + 1.)/((ARG1 + 1.)*(ARG2 - 1.))) +

1 2. * (ATAN(ARG1) - ATANCARG2))
Fl S * A / (B'B)
IF (ABS(FL) .GT. 3.E6) FL - SIGN(3.E6,FL)
FLI - 1. / FL

10 CONTINUE
GOT 50

C5C STABLE SECTION
C
CC TRY MfILDLY STABLE-

I 20 CONTINUE
AA-X*X
Xl -H - Z
BB - 9.4 * X1 * X - .74 * *
CC - 4.7 Xl
C3C - CC *CC - CC *S

ROOT - BB * BB -4 * AA* CC
IF (ROOT .LT. 0.) GOTO 30
FL - (-BB + SQRT(ROCYr)) / (2.*AA)
IF (FL .LE. H) GOTO 30
B - X + 4.7 * Xl / FL
A - BETA * X + 4.7 S XI / FL
GOTO 50

C
C STRONGLY STABLE-
C3 30 CONTINUE
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Subroutine L72L

IF (FL LE. ZO) FL - ZO + 1.E-5
DO 40 I - 1, 5

ARG1 FL / ZO
Xl - ALOG(ARG1)
X2 - ALOG(L)
ARGI - 1. - 1. / ARGI
A - .74 * XI + 4.7 * ARGI + 5.44 S X2
B - XI + 4.7 * ARGI + 5.7 * X2
FL - A * S / (B*B)
IF (FL .LE. ZO) FL - ZO + I.E-5
IF (FL .GT. H) FL- H

40 CONTINUE
C
C CALCULATE USTAR AND ZONEW
C

50 CONTINUE
TSrAR - FK DHEFA / A
USTAR - FK UM /B
ZONEW - .00459 * USTAR * USTAR
IF (ITER .GT. 5 .AND. ABS((USTAR - UST1)/UST1) .LT. EPS)

1 GOI 80
USTI - USTAR
ZO - ZONEW

60 CONTINUE
C
C IF COME HERE, TOO MANY rrERATIONS (UGH - UGH)
C

WRr *,70)
70 FORMAT ('UMO MANY HTERAIONS ON ZO IN SUBROUMINE UZL - CHECK',

1 'METEOROLOGICAL DATA - PROGRAM TERMINATED')
STOP

80 CONTINUE
ZO - ZONEW
CD - (USTAR/UM) 2
CH - FK * FK / (AB)

90 RETURN
END
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Function RLAT

I FUNCTION RLAT(XY)
C
C PURPOSE: TO REIURN LATIJDE OF A POINT ON THE GRID
C DESCRIBED BY THE COMMON BLOCK /GPARM/, GIVEN THE
C X AND Y DISPLACEMENTS FROM THE GRID ORIGIN
CDISTANCE FROM THE GRID ORIGIN (M)
C Y - Y DISTANCE FROM THE GRID ORIGIN (M)

C RPARM, IPARM - ARRAYS CONTAINING BATHYMETRIC GRID
C PARAMEERS AS DESCRIBED IN SUBROUINE RGRID
C
C COMMON BLOCK: /GPARM/RPARM(23),EPARM(54),ZPARM(2)
C
C Last Date of Revision ; September 11, 1985IC

I COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)

PI - ATAN2(0.,-1.)
ALPHA - RPARM(7) * PI / 180.

C
C IE., THAT OF THE STANDARD BATHYMETRIC GRID

C
C FIRST TRANSLATE
C

XX - X - ZPARM(1) * RPARM(3)
YY = Y - ZPARM(2) * RPARM(3)

C

C NOW ROTATE
C

YP4(YY*COSALPHA)+XX*SIN(ALPHA))/(1000.)
DLAT - RPARM(20) * XP + RPARM(21) * YP + RPARM(22) XP * YP +

1 RPARM(23) *XP ** 2
RLAT = RPARM(1) + DLAT
RETURN3 END

I
I
I
I
I
1 199



Function TAU

C *s*s****$*8ss~s~8***********s***s****s**~s****s** s*********s

FUNCTION TAU(T, I, J, K)
C
C PURPOSE:
C TO RETURN WIND STRESS DIVIDED BY WATER DENSITY IN
C METERS**2/SECOND**2 FOR GRID BOX I,J AT TIME T.
C THE PARAMETER K INDICATES WHICH COMPONENT OF WIND
C STRESS IS RETURNED. THE X-COMPONENT OF WIND STRESS
C IS CALCULATED AT THE MIDDLE OF 7hE RIGHT SIDE OF THE
C GRID BOX. THE Y-COMPONENT IS CALCULATED AT THE MIDDLE
C OF HE TOP SIDE. BOTH COMPONENTS ARE LINEAR FUNCTIONS
C OF X AND Y.
C
C ALGORITHM: TIS FUNCTION READS MEtEOROLOGICAL DATA FROM A FILE,
C CONVERTS Ir" TO WIND STRESS, AND INTERPOLATES THE WIND
C STRESS IN TIME AND SPACE. ALL DATA FOR THE SAME TIME
C ARE GROUPED TOGETHER, WITH A. MAXIMUM OF 25 STATIONS IN
C A GROUP. AS DATA RECORDS ARE READ, SUBROUTINE UZL IS
C USED TO CONVERT METEOROLOGICAL MEASUREMENTS TO SUR-
C FACE STRESS FOR EACH STATION. THE TW COMPONENTS OF
C THE WIND STRESS ARE ASSUMED TO BE LINEAR FUNCTIONS OF
C X AND Y AND T1E BEST-FIT LINEAR SURFACE FOR THE GIVEN
C DATA POINTS IS CALCULATED. EACH TIME TAU IS CALLED,
C THE TIME PARAMETER IS CHECKED AGAINST THiE TIME OF THE
C LAST SET OF METOROLOGICAL DATA READ. IF iT IS GREATER,
C ANOThER GROUP IS READ. IF iT IS LESS, TIE APPROPRIATE
C WIND STRESS COMPONENT IS CALCULATED USING LINEAR INTER-
C POLATION BETWEEN THE LAST TWO LINEAR SURFACES COM-
C PUTED FOR THAT COMPONENT. IF THE END-OF-FILE IS EN-
C COUNTERED, WIND STRESS IS CALCULATED WITH THE LAST
C LINEAR SURFACE COEFFICIENTS.
C
C THE X-COMPONENT OF STRESS FOR GRID BOX I,J HAS CO-
C ORDINATES (I*DELTA,(J-1/2)*DELTA) RELATIVE TO THE GRID
C ORIGIN, AND THE Y-COMPONENT OF STRESS HAS COORDINATES
C ((I-1/2)*DELTA,J*DELTA), WHERE DELTA IS THE GRID SIZE.
C
C MANY OF THE VARIABLES USED IN TIIS FUNCTION ARE ASSUM-
C ED TO HAVE RETAINED THEIR VALUES FROM THE PREVIOUS
C CALL. IF YOUR FORTRAN SYSTEM DOES NOT DO TIflS AUTO-
C MATICALLY, PROVISION MUST BE MADE TO RETAIN VALUES
C FOR THE VARIABLES:ISTA, AOLD1, BOLD1, COLD1, AOLD2,
C BOLD2, COLD2, ANEWI, BNEW1, CNEWI, ANEW2, BNEW2, CNEW2,
C TOLD, TNEW, TLAST, RLAT, RLON, Z, TA, TW, WS, WD.
C
C ARGUMENTS:
C T - TIME IN SECONDS FROM BEGINNING OF RUN AT WIUCH
C STRESS IS TO BE CALCULATED
C I - FIRST INDEX OF GRID BOX FOR WHICH STRESS IS TO
C BE CALCULATED
C J - SECOND INDEX OF GRID BOX FOR WHICH STRESS IS TO
C BE CALCULATED
C K - SPECIFIES WHETIHER X-COMPONENT OR Y-COMPONENT
C OF STRESS IS REIURNED. IF K-1, THE X-COMPONENT
C OF STRESS AT THE MIDDLE RIGHT SIDE OF GRID BOX
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1 Function TAU

C I, J IS RETURNED. IF K-2, THE Y-COMPONENT OF
C STRESS AT THE MIDDLE TOP SIDE OF GRID BOX I, J
C IS RETURNED.
C
C INPUT:
C LOGICAL UNIT 13
C METEOROLOGICAL DATA FILE
C CARD COLUMN FORMAT PARAMETER
C 1-10 G10.4 THAST - TIME (MRS) FROM BEGINNING
C OF RUN
C 11-20 G10.4 RLAT - LATITUDE IN DEGREES NORTH
C 21-30 G10.4 RLON - LONGITUDE IN DEGREES WEST
C 31-40 G10.4 Z - HEIGHT OF INSTRUMWiNTS (FT)
C 41-50 G10.4 TA - TEMPERATURE OF AIR (I-)

51-60 G10.4 TW - TEMPERATURE OF WATER (F)
C 61-70 G10.4 WS - WIND SPEED (FT/S)
C 71-76 G6.0 WD - WIND DIRECTION (DEG)
C
C ALL DATA FOR THE SAME TIME ARE GROUPED TOGETHER, WITH A
C MAXIMUM OF 25 STATIONS IN A GROUP.
C
C *NOTE THAT END OF FILE IS INDICATED BY A RECORD WITH A NEGATIVE
C TME.
C OUTrPUT

C LOGICAL UNIT 6:
C PRESENTATION OF METEOROLOGICAL DATA STATION BY STATION
C
C COMMON BLOCKS:
C /GPARM/ RPARM(23),lPARM(54),ZPARM(2)
C /ICE/ZWNIX40,40),ZLKICE(20),NICEX1(20),NICEY1(20),
C NICEX2(20),NICEY2(20),IPOSI(20),IPOS2(20),AMIUOANICE,
C SPAICENICERG,LICERG
C
C SUBPROGRAMS
C FUNCTION XDIST - RETURNS X DISTANCE FROM GRID ORIGIN
C GIVEN LATITUDE AND LONGITUDE
C FUNCTION YDIST - RETURNS Y DISTANCE FROM GRID ORIGIN
C GIVEN LATITUDE AND LONGITUDE
C SUBROUTINE UZL - RETURNS DRAG COEFFICIENT CD
C
C HISTORY:
C WRITTEN BY A. T. JESSUP, 1981, GLERL, ANN ARBOR, MI
C
C *MODIFIED AUGUST, 1983 TO PROPERLY HANDLE CO-LINEAR
C METEOROLOGICAL DATA POINTS
C
C Last Date of Revision : September 11, 1985
C
C

DIMENSION X(25), U(2), Y(25), ATAU(25,2)
LOGICAL XEQ, YEQ
COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)
COMMON /ICE/ZWND(40,40),ZLKICE(20),NICEXI(20),NICEY1(20),

$ NICEX2(20),NICEY2(20),IPOS 1(20),P OS2(20),AMIUO,ANICE,
$ SPAICE,NICERG,UCERG
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Function TAU

DATA RHOAW, ISTAPINDEK /1.25E-3, 0,1/
DATA LUN /10/
DATA AOLD1, BOLDI, COLDi, AOLD2, BOLD2, COLD2, TOLD /7*0./

C
C STATEMfENT FUNCTION TO CALCULATE DETERMNANT OF 3 BY 3 MATRIX
C

DE'I(A11, A21, A31, A12, A22, A32, A13, A23, A33)
1 Al *A22*A33 -All'A23 *A32+
2 A12 * A3 A31 - A12 * A21 * A33 +
3 A13 *A21 A32 -A13 *A22 *A31

C
C IF THIS IS THE FIRST TI M IROUGH, READ A RECORD
C

IF (ZWNDOI,J) .EQ. o.oDO) RETUrRN
IF (ISTA -EQ. 0) GOTO 30

C
C CHECK IF NECESSARY TO READ ANOTHER RECORD
C

IF (T .LT. TNBV .OR. TNEW .LT. 0.) GCYIO 90
10 AOLD1 - ANEWI

BOLDI - BNEW1
COOLD1 - CNEW1
AOLD2 - ANEW2
BOLD2 - BNEW2
COLD2 - CNEW2
TOLD - TNEW

20 TN4EW - M-AST
IF (TNEW .LT. 0) (30T0 90

C
C FIND ATAU, ThE WIND STIRESS FOR THE CURRENT SrATION
C

TD -TA - W
X(IsTA) - XDISI(RLATRLON)
Y(ISTA) - YDIS I(RIAT,RLON)
U(I) - ws * COS((27o. -WD - RPARM(6) - RPARM(7))*ATAN(.)/45.)
U(2) - WS * SIN((270. -WD - RPARM(6) - RPARM(7))*ATAN(l.)/45.)
CALL UZLCWS, Z, TD, Z, CD, CHI, ZO, FL)
CDD - CD * I.E3
TILAST - TLAST / 3600.
XKM - X(IsTA / 1000.
YKM - Y(ISTA) / 1000.
ZUNI - Z*3.282
TAUNI - TA*9.15. +32.
TWUNI - 1W9./5. + 32.
'WSIJNI -WS*2 238
JF(PINDEX.EQ. 1)WR1T(, 843)
PINDEX-PINDEX+1
WRrTF*,150) TILAST, RLAT, RLON,ZUNITAUNI,'WUNIWSUNIWD
ATAu(IsrA,) - cD * RHoAW * uQi) *ws
ATAU(ISTA,2) - CD * RHOAW * U(2) * W

30 READ (LUN, 130) ThAST, RLAT, RLON, Z, TA, TW, WS, WD
Z - Z 7 3.281
TA - 5./9.*(TA - 32.)
1W - 5./9.*CIW - 32.)
WS - WS / 3.281
T[AST - TLAST * 3600.
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I Function TAU

IF (T .LT. 1IAsr AND. isTA .EQ. 0) GOTI) 120
ISTrA - ISTA + 1

C IF FIRSTr TIMIE ThROUGH, FIND ATAU

II (ISTA .EQ. 1) GOIO 20
C
C CHECK IF LAST RECORD AT TIE TLASr HAS BEEN READ

IF (TAST .EQ. TNEW) GOlDO 20
C
C NOW FIND THlE BEST-FIT LINEAR SURFACEI C

SX - 0.
SY = 0.
SxY -0.
SX2 - 0.
SY2 - 0.ISXTAU1 - 0.
S'YTAU1 - 0.
SATAU1 - 0.3SXTAU2 - 0.
SYrAU2 - 0.
SATAU2 - 0.
N -ISTA- I
AN - FLONI(N)
XEQ - .TRUE.
YEQ - .TRUE.
DO 40 IN - 1, N

SX -SX + iXQNY*y(N
SY-wSY +YOIN)

USX2 - SX2 + XOIN) 2
SY2 - SY2 + YOIN) 2
SXTAUI - SXTAU1 + X(IN) * ATAUOIN,1I syrAul - SYrAUl + Y(IN) * ATA(IQN,1)
SXTAU2 - SXTAU2 + X(IN) * ATAUQN,2)
syrAU2 - SYFAU2 +Y(IN) *ATAU(IN,2)I SATAUI - SATAWl + ATAUCIN,1)
SATAU2 - SATAU2 + ATAU(IN,2)
IF WI(N) .NE. x(i)) XEQ - .FALSE.
IF (YOIN) .NE. Y(i)) YEQ - XFALSE.

40 CONTINUE
C
C CALCULATE COEFFICIENTS ANEW, BNEW, CNEW, WHEEIC TAU -ANEW *X +BNEW Y +CNEW
C FOR EACH COMPONENT.
C3ANEWI - 0.

ANEW2 - 0.
BNEW1 - 0.
BNEW2 - 0.I CNEW1 - SATAUI / AN*
CNEW2 - SATAU2 / AN

CI C CHECK FOR ONE DATA POIN ONLY
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C
IF (XEQ .AND. YEQ) GUTM 80

C
C CHECK IF DATA POINT ARE CO-LINEAR
C

IF(N EQ. 2) GOTO 60
DO 50 I - 3, N

A - SQRI(CXC1) - X(IN))**2 + (Y(i) - Y(IN))**2)
B - SQRI((X(1) - XOIN- 1))**2 + CY~i) - YOIN- 1))**2)
C - SQR'I((X(IN) -X(IN- 1))**2 + (YON) - YCIN- 1))**2)
S (A + B + C) /2.
D -SQR'I(S * (S A) * (S - B) * (S - C)) / AMAXI(A. B, C, 1.)

C
C IF NOT CO-LINEAR, G(JLO 75
C

IF (D .GT. 100.) GUTM 75
50 CONTINUE

C
C CALCULATE COEFFICIENTS FOR CO-LINEAR DATA POINTS
C
C 60 WRTE(,175)

60 CONTINUE
DO 70 IN-2,N

IF MxIN) .EQ. X(i) AND. YOIN) .EQ. Y(1)) CUMr 70
JN-IN

70 CONTINUE
ALPRHA - ATAN2(Y(N) - Y(i), x(JN) - x(i))
CN - COS(ALUHA)
SN - SINCALPHA)
SS - CN * SX + SN * SY
SS2 - CN *CN * SX2 + 2. *N * SN * SXY +SN SN SY2
SSTAU1 - CN * SXTAUI + SN *SYTAUI
SSTAU2 - CN *SXTAU2 + SN * SYTAU2
D - AN * SS2 - SS SS
ANEMi - CN * (AN *SSTAU1 - SS *SATAUI) / D
ANEWV2 - CN * CAN *SSTAU2 - SS * SATAU2) / D
BNEW - SN *(AN ssAu1 -SS *SATAU) / D
BNEW2 -SN *CAN SSTAU2- SS *SATAU2) /D
CNEW1 - (552 * SATAUI - SSTAU1 SS) / D
CNEW2 - (ss2 * SATAU2 - SSTAU2 *5S) / D
GOTO 80

C
C CALCULATE COEFFICIENTS FOR BEST-Err LINEAR SURFACE
C

75 D - DETSX2, SXY, SX, SXY, SY2, SY, SX, SY, AN)
ANEwi - DEIsxTAu1, syTAUl, SATAUl, SXY, SY2, SY, SX, SY, AN) / D
ANEW2 - DMTSXTAU2, SYTAU2, SATAU2. SXY, SY2, SY, SX, SY, AN) / D
BNEW1 - DEI(X2, SXY, SX, SXTAUl, SYTAUl, SATAU1, SX, SY. AN) / D
BNEW2 - DEISX2, SXY, SX, SXTAU2, SYTAU2, SATAU2, SX, SY, AN) / D
CNEW1 - DETSX2, SXY, SX, SXY, SY2, SY, sxTAui, syrAui, sATAu1)/D
CNEW2 - DEI(SX2, SXY, SX, SXY, SY2, SY, SXTAU2, SYTAU2, SATAU2)/D

80 CONTINUE
ISTA - 1
IF (T .GT. TNEW) 0010 10

C
C DEIERMINE PROPER LOCATION XS,YS AND CALCULATE STRESS
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I Function TA

CI IF (XEQ AND. YEQ) 0010 80
C
C CHEC IF DATA POINTS ARE CO-LINEAR

I C IF(N .EQ. 2) GOTD 60
DO 50 IN - 3, N

A - SQRT(CX(1) - X(IN))**2 + CY~i) - Y(IN))**2)
B - SQR'1((XC) - X(IN-1))**2 + CY~l) - YOIN-1))**2)
C - SQRT((X(IN) -X(1N-1))**2 + MYIN) - Y(IN-1))**2)
S ( A~ + B + C) /2.ID -SQRI(S * (S A) *(S - B) * (S - C)) / AMAXICA, B, C, 1.)

C IF NOTr CO-LINEAR, 0010 75

IF (D GOT. 100.) 0010 75
50 CONTINUE

CI C CALCUATE COEFFICIENTS FOR CO-LINEAR DATA POINTS
C
C 60 WRlTE(,175)

60 CONTINUEI DO 70 WIN)EQ. X(l) .AND. YOIN) .EQ. XY(1)) G(YIO 70

I 70 JN-IN
7CONTINUE

ALPHA - ATAN2(Y(JN) - Y~l), X(JN) - XQl))
CN =COS(ALPHA)U SN - SINCALPHA)
SS - CN *SX + SN * SY
5S2 - CN * CN * X2 + 2. * CN *SN * SXY + SN SN *SY23 SSTAUl - CN *SXTAU1 + SN * SYrAUl
SSTAU2 - CN *SXTAU2 + SN * SYrAU2
D - AN *SS2 - SS *SS

ANEWI - CN * (AN *SSTAU1 - SS * SATAUl) / DINW - CN * (AN* SSTAU2 - SS * SATAU2) / D
BNEW - SN *CAN SSTAU1 - SS *SATAU 1)/ D
BNEW2 -SN *CAN SSTAU2 -SS *SATAU2) /DICNEWI - (SS2 * SATAUl - SSTAU1 * SS) /D
CNEW2 - (SS2 * SATAU2 - SSTAU2 * SS) / D
0010 80I C

C CALCULATE COEFFICIENTS FOR BESr-FLT LINEAR SURFACE
C

75 D - DEI(X2; SXY, SX, SXY, SY2, SY, SX, SY, AN)UANEw1 - DEI(sxTAu1, syrAui, SATAU1, SXY, SY2, SY, SX, SY, AN) / D
ANEW2 - DEISXTAU2, syrAU2, SATAU2, SXY, SY2, SY, SX, SY, AN) / D
BNEw1 - DEI(sx2, sky, sx, SXTAu1, syI7Au1, SATAUl, SX, SY, AN) / DI BNEW2 - DEI(X2, SXY, SX, SXTAU2, SYTAU2, SATAU2, SX, SY, AN) / D
CNEW1 - DEISX-7, SXY, SX, SXY, SY2, sy, sxTAui, syrAui, sATAu1)/D
CNEW2 - DEISX2, SXY, SX, SXY, 5Y2, SY, SXTAU2, SYrAU2, SATAU2)/D

80 CONTINUE
ISTA - 1
IF (T .GT. TNEM O 01 10

C

C DETERMINE PROPER LOCATION XS,YS AND CALCULATE MSTRS
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C
90 IF (K .EQ. 2) GOTO 100

XS - I * RPARM(3)
YS - (FLOAI(J) - .5) * RPARM3)
TAUNEW - ANEWi * XS + BNEW1 * YS + CNEW1
TAUOLD . AOLD1 * XS + BOLDI YS + COLD1
GOTO 110

100 xs - (FLOA() - .5) * RPARM3)
YS - J * RPARMC3)
TAUNEW - ANEw2 XS + BNEW2 * YS + CNEW2
TAUOLD - AOLD2 * XS + BOLD2 YS + COLD2

C
C INTERPOLATE IN TIME
C 110 TAU - (TAUNEW - TAUOLD) / (TNEW - TOLD) * (T - TOLD) + TAUOLD

GOTO 180
120 WRlTE(*,140) ILAST, T

STOP
130 FORMAT (7G10.4,G6.0)
140 FORMAT (' TIME OF FIRST METEOROLOGICAL DATA', G10.4,

I ' SECONDS IS', ' GREATER THAN T - ', G1O.4,

2 '- PROGRAM TERMINATED')
150 FORMAT (4X, F6.1,2F7.2,F6.1,F8.1,3F6.1,F6.2)
175 FORMAT(' THESE DATA POINTS ARE CO-LINEAR OR NEARLY CO-LINEAR')

843 FORMAT(///' Meteorological Station Data Used in Lake Circulation'

$ ,' Model'
$/6X,Time Lat. Long. Height T-air T-H20 Wind'/

$7X, 'hrs deg. deg ft F F mph deg'/)

180 RETURI4
END
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n Function UZ

I FUNCTION UZ(Z,UM,CD,Z0,FL)
C
C PURPOSE:
C
C TO DETERMINE WIND SPEED AT HEIGHT Z GIVEN WIND SPEED (UM)
C AND DRAG COEF IIENT (CD) FROM ANOTHER HEIGHT AND TH-E

C ROUGHNESS LENGTH (Zo) AND STABILITY LENGTH (FL) OF THE
C PROFILE. USUALLY FUNCTION UZ IS USED AFTER SUBROUTINE UZL
C IN ORDER TO FIND WIND SPEED AT A DIFFERENT HEIGHT THAN
C THE OBSERVATION HEIGHT.
C
C ALGORITHM:
C
C THE WIND PROFILE IS ASSUMED TO CONFORM TO THE BUSINGER-
C DYER FORMULATION USED IN SUBROUTINE UZL.
C
C ARGUMENTS:
C
C Z - HEIGHT AT WHICH WIND SPEED IS REQUIRED (METERS)
C UM - WIND SPEED AT OBSERVATION HEIGHT (METERS PER SECOND)
C CD - DRAG COEFFICIENT CORRESPONDING TO OBSERVATION HEIGHT
C ZO - ROUGHNESS LENGTH (METERS)
C FL - STABILITY LENGTH (METERS)
C
C HISTORY:
C
C WRrITEN BY D.J SCHWAB, 1983, GLERL, ANN ARBOR, MI.
C SEE SUBROUTINE UZL IN SCHWAB, BENNETr, AND JESSUP (1981)
C

CI JF(FL.GT.0.) GOTO 10

C UNSTABLE PROFILE

IC X1-15./FL
ARGI=(I.-XI*Z)**0.25
ARG2-(I .- XI*ZO)**0.25
B-ALOG((ARG1 -1 .)*(ARG2+1 .)/((ARGI+I .)*(ARG2-1 .)))+

1 2 .*(ATAN(ARG 1)-ATAN(ARG2))
GOTO 30

C
C STABLE SECTION
C5 10 IF(FL.LE.Z) GOTO 20

C MILDLY STABLE PROFILE
CI ~B-ALOG(Z/ZO)i4 .7*Z-ai./FL

GOTO 30
C
C STRONGLY STALE PROFILE
C

20 CONTINUE
ARG1-FL/ZO
Xl-ALOG(ARG1)
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X2-ALOG(Z/PL)
ARG1-1.- 1./ARG1
B-Xl+4.7ARG+5.7*'X2

C CALCULAIE USTAR AND) TZ

30 CONIU
USTAR-JM*SQRI(CD)
UZ-USTAR*B/O.35
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FUNCTION XDIS(RLAT, RLON)
C
C PURPOSE: TO RETURN X DISTANCE IN METERS FROM THE GRID ORIGIN
C DESCRIBED BY THE COMMON BLOCK / GPARM /, GIVEN
C LATIWUDE AND LONGITUDE
C ARGUMENTS:
C RLAT - lATrIUDE OF POINT
C RLON - LONGITUDE ( S) OF POINT
C RPARM, IPARM - ARRAYS CONTAINING BATHYMETRIC GRID
C PARAMETERS AS DESCRIBED IN SUBROUTINE RGRID
C
C COMMON BLOCK: /GPARM/ RPARM(.23),IPARM(54),ZPARM(2)
C
C Last Date of Revision : September 11, 1985
C

COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)
PI - ATAN2(0.,-1.)
ALPHA - RPARM(7) * PI / 180.
DLAT - RIAT - RPARM(1)UDLON - RPARM(2) - RLON

C
C FIND XPRIME, YPRIME - DISTANCES FROM THE ORIGIN OF THE STANDARD
C BATHYMETRIC GRID
C

XP- RPARM(8) * DLON + RPARM(9) * DLAT + RPARM(10) * DLON * DLAT +
1 RPARM(ll) * DLON ** 2
YP - RPARM(12) * DLON + RPARM(13) * DIAT + RPARM(14) * DLAT *

1 DLON + RPARM(15) * DLON ** 2
CI C TRANSFORM TO 'UNPRIMED' SYSTEM
C
C FIRST ROTATE

XDIST - (XP*COS(ALPHA) + YP*SINCALPHA)) *1000.

C3 C NOW TRANSLATE
C

XDIST - XDIST + ZPARM(1) * RPARM(3)
RETURN

I END

I
I
U
I
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Function YDIST

FUNCTION YDIST(RLAT, RLON)
C
C PURPOSE: 711 RETURN Y DISTANCE IN METERS FROM IE GRID ORIGIN
C DESCRIBED BY THE COMMON BLOCK / GPARM /, GIVEN
C LATITUDE AND LONGITUDE
C ARGUMENTS:
C RIAT - LATITUDE OF POINT
C RLON - LONGIUDE (WEST) OF POINT
C RPARM, IPARM - ARRAYS CONTAINING BAITIYMETRIC GRID
C PARAMETERS AS DESCRIBED IN SUBROUTINE RGRID
C
C COMMON BLOCK: /GPARM/ RPARM(23),IPARM(54),ZPARM(2)
C
C Last Date of Revision : September 11, 1985
C
C ***$***s*** **s*****S******************

COMMON /GPARM/ RPARM(23), IPARM(54), ZPARM(2)
PI - ATAN2(0.,-1.)
ALPHA - RPARM(7) * PI / 180.
DLAT - RIAT - RPARM(1)
DLON - RPARM(2) - RLON

C

C FIND XPRIME, YPRIME = DISTANCES FROM THE ORIGIN OF THE STANDARD
C BATHYMETRIC GRID
C

XP - RPARM(8) DLON + RPARM(9) * DLAT + RPARM(10) * DLON * DLAT +
1 RPARM(11) .DLON ** 2
YP - RPARM(12) * DLON + RPARM(13) * DLAT + RPARM(14) * DLAT *

1 DLON + RPARM(15) * DLON ** 2
C
C TRANSFORM TO 'UNPRIMEY SYSTEM
C
C FIRST ROTATE
C

YDIST - (YP*COS(ALPHA) - XP*SIN(ALPHA)) 1000.
C
C NOW TRANSLATE
C

YDIST - YDIST + ZPARM(2) * RPARM(3)
RETURN
END
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APPEMIX III

PROGRAM PSISKT.F

I
I
U
i
I
I
3 Program (PSISET.F), used to calculate stream function values

(LAKEINIT.PSI), is given in this appendix.

I
I
i

I
U
I
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C PRO(BAB SLID

C DISENSION D(75.75), S(75,75), RHS(75,751, SPD(75.751,
3 0(75.75), 1(75,75)

COnMOb /GPARM/ aPlaR(231, IPABL54), ZPAR8(2)
CORMOL /ITPARd/ DSTMAX, SMIE, STMAZ, ?SAC, ITS
CONSON /APARM/ $STEPS, 1.1, JM, DS, DBAX, DjIMZ, I.BMI, 3381
DATA IDIM, JDIN /75,75/
DATA LtJIB, LONE /7, S/
DATA 08, FR /7.292-5, 2.2-3/
DATA RELAX, IrEfAX, CONY /1.6, 50, I.E-3/
PI AT ANI11.) * 4&.

C OPEN BETEROLOGIC~l DATA FILE
C

OPEN(LaBB, FILE=Ilakebath.4att, STATUS'O1LD6j
LPEN(LUNM, ?ILE='akeind.dt', SAZATCP-'OiD')
REWINID LUNII

C OPEN AN~D READ BITHY33TRIC GRID IJFORnAllaS
C

CALL -GaID(LUJNB, D, IDIS, JDIZI)
C
C READ COUT20L PlA3AZTB3S
C

READ (LOIB,100) DT, TT, RVD, CLWL, TLKQ, RLIQ
NSTEPS - TT / D:
DkDD (CLVL-RID) / 3.281
Z Z 3.281
IN Ipma2E()
J3 I PA M (2)
DS S PASM (3)
DElk = RPARri(fl)
DBI= R?AR3(S) + DADD
CALL PRN-T(6, 0, IDIA, IN, Jig, 0.)

C
C CALCULATE CORIOLIS PARASETER AT CENTER OF GRID
C

F =2. * 08 * SIU(RLAT(I*DS/2.3*DS/2)*PI/180.)
C 2SITE(6,I11) Dik~L.55) T, 21, DADD, USTEES, F

J2131 38 I
11182 =Inl 2
J81t2 JR8 2
DT = DT * 3600.
PDT24 = F * DT / 24.

C
C ADJUST RELAXATION FACTOR FOR GRID SIZE
C

RELAX - RELAX / (I. * SIR (ACOS (0.5* (COS (PI/Ill12j COS4PI/Jd882)))

C
C INTEDPOLATE DEPTH TO SYStEAM FUNCTION POINTS
C USING SPEED ARRAY FOR TEBPORARY STORAGE
C

DO 10 1 -1, IN
DO 10 3 = 1, Jl

SPD(IJ) = 0.0
s (1,3) -0.
IF (0(l,J) .LT. EPARM(5)) GO TO 10
D(1,J) = 0(1,3) + DADD
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i PSI SET. FU
10 aiBsi.J) - 0.

IF lATER LEVEL INCREMENT RESULTS IN A IGATIVE DAIS, SiOP.
C

IF (Daly .LE. 0.0) GO TO 90
DO 20 1 - 1, IN

DO 20 J - 1, Ja
SPO('j} a 0.999999 * DSIlf

~IF (I .zQ. IN .OR. J .EQ. J5) GO TO 20
' ZIF (D(I,J) .LT. D/tIN) GO TO 20

IF (D (I +. 1,J) L-l. DEIS/) GO TO 20

IF (D(1,J f 1) LT. DEIS) GO TO 20
IF |DJI +, 1,J + 1) .LT. DIT.N) GO TO 20
SPD(IJ) = 0.25 * (D(IJ) * D(I + 1,J) + D(1,J * 1) 4 D0( I,

1 J + 1))
20 CONTINUE

CSTORE INVE25E DEPTH BACK:INDC
DNI - 1. / DMIN
DO 30 1 = 1, In8

DO 3]0 1 = 1, JMt
D(I,J) = 1. / SPD(I,J}

30 SPD(,J) - 0.0
C
C GET ITILL CONDTIO S

l CALL INITD, 5, I TI, CTE, RL DI)
C
C OLIN ITERATI/ ON LOOP
C

TIME=0.
DO 80 N 1, USTEPS

T::!S= TIME+DT/2.

C CALCULATE CURRENT SPEED IT CENJTER OF GRID BOX I, J

DO 40 1 - 2, 131
DO 40 J = 2, 3ASl

IF(DJI,J) .GT. DMII .AND. DJI-1,J) .GT. DMIl1 .AMD.
1 D(1.J-1) .GT. DMI1 .AND. D(1-1,J-lI .GT. DMi1I) GOTO 40

DU = 0.5 * (D(i.J) + D(I,J - 1))
DI = 0.5 * (DI,J) + D(I - 1,J))
DUN - 0.5 * ((I - 1,J) * OI - 1,J - 1))
DTM = 0.5 * (D(I,J - 1) + D( - 1,J - 1))
SPD(I,J) = (0.5/DS) * SQiT(((((S(1,J) - S(I,J - }jj.*DU)

I S(r - 1,J) - S(I - 1,J - 1))-DUM))S*2 + L(S(l,1) - Si( - 1,
2 J))*DV) + (JS ,j - 1) - 5(1 - 1, - 1))*DVR)).**211

40 COSTINUE
'C
C ITERATE TO CALCULATE STREAM FUNTION AT NEXT TIME STEP WITH ALE.R-
C MATING SWEEP DIRECTIONS
C

DO 60 K 1, ITMAZ
KK=K N
DSTHAX = 0.

1:'3 = N
DO 50 1, = In

I
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IF (ROD(KX,2) .EQ. 0) 1I IS - 11 1, 1
DO 50 JJ % 1, Ja

3 - 33
IF (11OD(KK,2) .EQ. 0) 1 a ill - 33 # I
IF (D(I,3) GT2. DAINI) GO TC 50
DUE w 0.5 * IDLI,J + 1) # D(1,J))
DIP 0.5 * (DCI + 1,J) + D(I,J)
SPO0P? 0.5 * (SPD(I * 1,J + 1) 0 SPD(I,3 + 1))
SPO1? - 0..5 * ISPDI + Ili, + 1) * SPD(I + 1,j))
DO -0.5 * t((1.). + D(1.3 - 1)1
Dv 0.5 0 (0(1,3) * 0(1 - 1,4))
SPDU0 0.5 * (SPD(I 0 1,J) + SPD(I,J))
ZPDI 0.5 0 (SPD(I*J + 1) # SPD(1L,3))
DC3VT -DIP + DV *DOP + DO

C
C LAPLACIA3 TERM
C

TER91 -DIP 0 5(1 1,J) + DV * S(1 - 1,J) + DUE S 5(,J +
1 1) + DO s 3(1.3 1) - DCENT * 3(1,3)

C
C ARAKANA'S JACOBIAN
C

TERS2 S (I + 1,3) * I(I.3 + 1) + DII * Ili + 1) - (1,J
I - 1) -D(I + 1,J - 1)) f SIX - 1,J) * -DI.3J + 1) -( -(
2 1,J + 1) + D(1,3 1) + 0(1 - 1,J 1)). # 511,J # 1) * t
3 D (I + 1,J) - 0(1 *1,J * 1) + D(1 I- J +,3 D(.1 - Ili + 1))

4 S(I,J - 1) * (D(I + 1,J) + D41 Ili, - 1) - D41 1, J) -

5 DIX 1,J - 1)) + 3(I + 1,J + 11 (-D(1 + 1,J) *D(.I.3 +
6 1)) *S(I + 1,3 - 1) * (D(I + 1,J) - O(I*J Il +i * 3(1 -
7 Ili + 1) * t(I - 1,J) -D(I,J + 1)) + S(1 Ili, - 1) 1-
8 D(1 - 1,3) + 0(Ili-1)

C
C FRICTION TERM
C

Trp -DV *v i(i + 1,3) - 3(1,3)) * R * spv
Tra -DY Is (5(1.) - s (1 - 1,3)) * 13 * SPDV
TIP = DUE (5(1,3 + 1) - SJ1,J)) * 73 * SPDUP
713 = DO (3(1,J) - S(1,J - 1)) * FS * SPD0
T Z3A3 = DVP*.TP - DW*TYd - DUP*TIP + DU'TLN1)

c
C SET RIGHT U&ND SIDE THE FIRST TISE THROUGH
C

IF (K .EQ. 1) RHS(I,J) - ZER81 - FDT2'4 * TEBN2 * DT 0.5
1* TE RA3 + DT * DS * (DV PW U (TIME, I + 1,J,2). - DV*ZAU(

2 TTAZ,I,3,2) -DUP*Tgf(11E.I,J + 1,1) & DU*A(I1E,J,1)
3

IF (K .BQ. 1) GO To 50
C
C CALCULATE NEW STREAS FUNCTION
C

D4I - DCE1NT + FR * 0.5 *D 0 I DVP**2*SPDVP DV**2*SPDV +
1 UP**2*SPDUP 9DUO*2*SPDO)

DST -(TERdl FDT2II*TERR2 - 0.5*DT*TZR83 - HS(I,J)) / C4I
S (1,3) 5(1,1) + RELAX * 052:
DSTKkX AMAXI (DS:3AlABS (DST))
STRIN =ARI1(SIINS(I,J))

SVIAX ANiAX1(S-.fi1,S(I,3))
50 CONTINdUE

C
C CALCULATE RELATIVE CHANGE 135 STREA5 FUNCTION FOR ALL 17ERATIONS BUT
C THE rI3ST
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C
IF (K .EQ. 1) GO 70 60
IF (STXAX Ej. STEIN) GO TO 70
FRAC - STAAX / (S-1111 - ST1EIN)

IF7(FEAC .LZ. CONY) GO TO 70
60 COS=I Bug
70 CONTINUE

C UPlDATE TS

I TIEE*DT
C CALL OUT207T ROUT.INE
C

CALL OUTP(IE D, S, SPD, IDlEI)I C CHECK FOR STEADY STATE
C

CALL COMPAIE(TIME. 0, S, SPO, IDIS, 0, V)
C
C END RAIN ITERATION L~OOPI~ ~ ~~~~~~0C C T :: U ::;:;2: DOCXCAIGNDLP3 GO TO 130

G0 TO13
10 ORMAT 24G 8.2. 0c.)

C 110 FORIR&- JOIRIGID LID C.CLTG OE O
C 1 SOAI/l TISE S-E~f:D= FD2IC I v DURATION O U() T 72
C 2 ' aE&3 wArER LEVEL(S) (RELATIVE TO L.D):DADD= F,5..2/
C 3 @ XUBER OF ZIAE STEPS: USTEPS-' * 16/
C II CORIOLIS PARAMIER (5*7): P-- ', 313-33)I120 FORK&T ('THEdh LEVEL INCEMENT', F8.2, 1 RuSDI13 IN A*,

I NEGATIVE aINUBtJN DEP:MH - PROGRAB 15NAE'
130 CONTizat

ST OP
ENDI C SUB3ROUTINE RGRID(LUN, 0, 1013, JD15)

DIISSION D(1D13.3D13l)
C08808 /GPARM/ RPkABM(23) * IPkR3(S4), ZPANEl(2)I C REWIND BATIIYAETDY FILE

C
REVIND0 LUN
READ (LtIN.33) (IPkR3(I),I=-5,54). IP&M(1), IPARN1(2),

1(R2A3(IZ ,I-1,6), ZPaRM(1) * ZPAR11(2j, EPI171)
READ (LUM,60) (aDAMS (I) ,I=8, 23)

IN = ip~aR(1)
311 = 1PAR3I(2)
RPR(3) RPkaU(3) / 3.281

RPARM(IJ) H PARM14) / 3.281
RPARS( 2 RPIRI(5) / 3.281

IF CIPARK(l) GT. IDlE .09. IPARA(2) .GT. J3013) GO :0 10
I READ CLUH.140) (((,J) ,I=1.I3) *J=1,J8)

00 80 1=1 15
DO 80 3=1,35J

D (I,J) = D (1,J) /3.281
80 CONTINUE
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10 DO 20 I - 1, 54
20 IPARN(Z) - 0

IRITZ(6,50)
30 PORNIAT (50(k)/215, 212.7, 31P5.0, F6.2, 3F7.3)
40 FORMAT (19F4.0, 41)
50 FORM&T BaTY!3ETRIC GRID TOO LARGE - INCREASE DId2NS2OM1S OF*,

1 N EPT AND DEPTH IN UIN PROGRA t)
60 FORMAT (215.6, 201)
70 RETURN

END

SUBROU:INE PRNU,(LUN, A, IDlE. ISA.!, J&X.X SPVALJ
DIAENSION INTEG(301, A(IDIR,I)
ICOL - 19

C

C AiLX=fAZIMUf ADSOLUTE VALUE OF ARRAY A
c

AMAi = 0.0
0 10 I - 1, IlMAX

DO 10 J = 1, JMAI
IF (A(IJ) .EQ. SPTAL) GO TO 10
ASA = mll |AmAX.ABS(A(IJ}))

10 CONTIN E
C
C NON FIND THE POWER OF TEN 8! WHICH WE IBUZ! fULTZPLY &AA

C 50 TWA: 17 FALLS BETWEEN 100 AND 1000.

C ISITIALLY THE POWER IS ZERO
c

aP- 0
IF (1511 .E. 0) GO TO 20

C
C TAKE BISE 10 LOGARITHM OF AMAX
c

AP - ALOG1O(ASIA)
C

C IF IANI IS GREATER THAN 1000, 1P IS NEGATIVE
C

IF CAP .GT. 3.) AP -I1.1(AP - 2.)
C

C IF ABSA IS LESS THAN 100, 3P IS POSIT1VE
C

IF (AP .LT. 2.) NP = IFI(3. - A2)
20 CONTINUZ

c
C PRINT THE GRID
C

Ii = 1
II 2 (IAXI - 1) / NCOL + I
IRMDR = IMAX - SCOL * (II - 1)
DO 50 L = 1, II

C

C WHEN L=I ONLY PRINT IRMDR VALUES
C

IF IL .EQ. II) NCDL 2 IRDR
C
C PRINT THE POWER
c

WRITE(LUN,60) N?
12 = I1 SCOL - I
DO 40 JJ 1, JSAX
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I PSISET.F1
J = JB&l - JJ + 1
Do 30 1I 11, 1213 =1 + I - 11

13TEG(13) - -9999
IF (A(IJ) .E. SPVIL) INT2GU(3) NTjkjl,J) *1O..SP +

1 SIGN (O.5,A (1,J) *10.**1P))
30 CONTI NUE

VIITE(Lag,70) (INTEG(I),I=I,MCOL)
40 CONI IIE

= Z2 + 1
50 CONTINUZ
60 FO2AT ('0 VALUES MULTZPLIED BY 10*$, I3)
70 FORBA: (' ', 3014)

RETURN
IND

:c
SUBROU:.IjE ZL(Ol, ZM, TD, ZT1, CD, CH, ZO, FL)
DATA C1, C2, C3 /.684E-4, 4.28E-3, -4.43E-4/

DATA 81, B2, B3 /1.7989E-3. 4.865E-4, 3.9028E-5/
EPS = .01
IF (UZ .L. .001) UR .001
F9 - .35
TBAR = 278.

I &ALPHA, =  4-7

BETA = .74
GANK = 15.
GAST = 9.USTI = 0.0* OR

8 3 Za
DTHETA = TD
IF [k4SjDTHE:A) LT. 1.E-7) DTHEZA = SIGN(1.E-7,DTBE:A)

C
C IIIAL GoESS FOR ZO
C

ZF .045 * .6 SST US (1E

5 03 * UK5 * TBAR (9.8*DTHETk)

C INITIAL GUES3 FOR L
C

nL - s / x
DO 60 IER = 1, 20

X - ALOG(H/ZO)
IF (ABS(FL) .GT. 3.E6) FL = SIGAJ3.26,FL)
IF (FL .GT. 0.) GO TO 20

C UNSTABLE SECT IO (L LT 0 OR OT LT 0)
C

FLI = 1. / FL
C
C ASSURE 5 ITERATIONS SUFFICIENT
C

DO 10 1 5

1 1..)))
X = GAal * FLII 13Gt = (1. - Xl*Hi) ** (.25)

I
I
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ARG2 - (1. - X1*ZO) ** (.251
a -. ALOG((ARGI - 1.j*(ABG2 + 1.)/(ABG1 s 3.)*JABG2 - I.)))

1 2. • (ATAX(ARG1) - ATlNWARG2))
FL S * A / (3*8)
IF jABS(?L) .GT. 3. 6) FL SIG (3.16,-.)
FLI - 1. / FL

10 CONTINUE
GO TO 50

C
C STABLE SECTION
C
C TRY MILDLY STABLE-
C

20 CONTINUEA) = I * I

X1 H- zO
BB 9.4 * 11 * I - .74 * S I 1
CC 4.7 * 11
CC CC * CC - CC • S
ROO: = BB * BB - 4. * A& * CC
IF (ROOT .LT. 0.) GO TO 30
FL - (-BB * SQRT (ROOT)) / 12.*Ak)
IF iFL .LE. H) GO TO 30
B - X + 4.7 * 11 / FL
A B2A * I + 4.7 1 11 / FL
GO TO 50

C
C STRONGLY STABLE-
C

30 CONTINUE
IF (FL_..LZ. ZO) FL - + 1.E-5
DO 40 1 = 1, 5

ArG1 - FL / 10
11 - ALOG(kRGI)
12 = JLLOG (/FL)
AEG1 = 1. - 1. / ABG1
A - .74 *l + 14.7 * ARGI + 5.4' X 12
B =- * 4.7 * AaGI + 5.7 * X2
FL - • * S / (B1*)
IF (FL .LE. Z0) FL = ZO 1. E-5
IF (FL .GT. H) FL - H

40 CONTINUE
C
C CALCULATE USTAR AND ZONEW
C

50 CONTINUE
TSTAR = FE * DTHETA / A
USTAR = FN * Ua / 8
Z0ZEW = .00459 * USTAR * USTAR
IF (ITER .G:. 5 .AND. ABS(USAR - USTI)/A 1) °L.. EPS)

1 GO TO 80
USTI = USTAR
zo ZONEV

60 CONTINUE

:CC ZP COME HERE, TOO MANY ITERATIONS (UGH - UGH)
c

DRITE (6,70)
70 FORMAT ('0TO0 MAIY ITERATIONS ON ZO IN SUBROUTINE UZL - CHECK .

1 aE7EOROLOGICAL DATA - PROGRAM TEBJINA7EDO)
STOP
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8O CONTINUEI ZO -ZONEW
CD -(USTAFI/U15) ** 2
CH - 7K * PK / (A*B)

90~ RETURN
END

FUNC'TION UZ(Z,UMCD,ZO,?L)
IF(FL.G=.O.) GO : O 10

C
C UNISTABLE PROFILE

11=15./IL
£RG1=(1.-Xl*Z) **0.25

£1G2=(l.-Xl*ZO)**0.25

1 2.*(IAN(AE~l)-TA3(AaG2))
GO TO 30

C
C STABLE SECTION

GO TOPLLEZ 30 TO2
C
C BTRONLY SABL PRFLE

I 12=LOG(ZZ)+.*ZZ)F

CIC CALCULTE STAL ROFILE
C

30 CONTINUE

BE TEIJ=STR/ZO.

C

30CNTIN U T . *

DA=UTA*B/0.ITA/3253.0

IC
C FSTATEN TUTI , TO CACLT EERIA)O B 3NTI DET(11H/PIS A 21A, 12, 22 , IPAI 134, Z23, A3).

iC DET11 , A21.* 131,- A12,* 22 k32 131 23 3)

C IF THIS IS THE FIRST TIME TUROUGH, READ A RECORD
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C
IF (ISTA .Z. 0) GO TO 30

C
C CHECK IF NECESSARY TO READ AMCTHER RECORD
C

IF (T .LT. TUEV .O. TEE .LT. 0.) GO TO 90
10 LOLD1 m AE1

BOLDI a B311
COLDI = CNE71
AOLD2 s AME32
BOLD2 a8 U12
COLD2 n CNEV2
TOLD - T IV

20 TiE - TLAST
1F (THEM .LT. 0) GO TO 90

C
C FIND ATAU, 12E RIND STRESS FOR THE CURRENT STATION
C

TD - TA- T
I(ISTI) = lD/.IT(RLA,RLOl)
I(ISTI) = YDIST(RLATiLOS|
0(1) m US * COS((270. - WD - RPAR,3(6) - BPA{7J*AEL1.)/5.)
0(2) - VS * SIM(270. - VD - RPAR(6) - BPABB7)j*AZAX(1.)/45.)
CALL OZLLWS, Z, TO, Z, CD, CH, ZO, ZLJ
CDD = CO * 1.Z3
T!LAST a TLA3T / 3600.

C IF (ISTA .LE. 1) URITE(6,160)
XK3 w ZCLTA) 1000.
K5 - r(ISTA) 1000.

C WHIE(6,150) T:LAST, BLAT, RLOB, Z, TA, TI, US, VD, CDD,
C 1 ZKsTK

ATAU(zS:A,1) = CD * RHOAV * 0(1) * 3S
ATAU(ZSTA,2) = CD 0 RHOAD * 9(2) * U5

30 READ (LUN,130) I'LAST, RLAT, RLO, 2, TA, TM, S, VD
Z * Z / 3.281
TA 5./9.*(TI - 32.)
TV 5./9.*(TN - 32.)
VS = 9S / 3.281
TLAS: - TLAST * 3bOO.
IF (T .LT. TLAST .AND. IST .EQ. 0) GO TO 120
I S :A' ISTA + I

C
C IF FIRST TIME THROUGH, FIND ATAO
C

IF (ISTA .2Q. 1) GO TO 20
C
C CHECK IF LAST RECORD AT TIDE TLAST HAS EZEi AEAD
C

IF ( LST EQ. THEW) GO TO 20
C

1C NOW FIND THE BEST-PIZ LINEAR SURFACE

SY 0.SI 0, O
SIT/ = 0.

S12 0.
512 0.
SXTAU1 = 0.
STT&U1 " 0.
SATAO1 0.
SXTAU2 0.
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5TTX2 - 0.
SITA32 -0.

AS a FLOAT (NJ
YEQ .TMU.
ZZQ = TRUE.
DO 4a0 IN =1, N

ST 4. 1 (IN)
STY ST * CI) 1()

512 = 52 + XII) *~2
S12 512 +. T(11) 2
SXTAGI1 SITIUl * X (13) 0 ATAa(IM.1)
SY-7AUl -STTAal + I (I M) * 1,2AU (IN, 1)
SXTAU2 =SITLTJ2 & I(IN) * ATIU(IN.2)
SY:AU2 =SYTAU2 # I (IN) * ATAU(IM,2)

IF .IEN S. 1(l)) lEO = FLE

IFZU (TIN SE0.) Q=FLE

C

C CHEC FORH ONE ATA OINT NL
C

IEV aE . . )GTO8

C

C CHECK FORON DATA P OINTAR OLYlE

IF (X EQ -. ) GO TO 0

IO 50 N EQ 3) GOTO6

IB zSQRT((X(l) I(IM-11j**2 + (Y(1) - (LZi-1J)**2)
C SQRT.((ItXB) -I(IS-1))**2 *(1(13). - Y(IN-1))**2)
S =(A + B +. C) /2.
D =SQ&-(S * (S A) * (S - 5) * (S - C)) / ASAIIIA, B, C, 1.)I C IF NOTZ CC-LINE12, GO TO 75

C
IF (D .GT. 100.) GO To 75

50 CONTINUE

C CALCULATE CDEFFICIFNIt5 FOR CO-L1llEAR DATA PUINTS
C
C 60 N9lITE(6,17S)

60 CONTINUE
DO 70 11=2,11

IF (XCIN) .EQ. 1(l) .ASD. Y(11) EQ. T(1J) ZO TO 70

70 CONTINUE

ALPHA - kTAll2(Y(jN) - Y(1), X(JU) - X(l))
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CM -COS(ALPHAJ
SO SZU(ALPHA)
ss - CN * SI SM * ST
SS2 a CE 0 c3 * 512 + 2. *CS 0 SO 51 +I SM 51I S12
sz:kacn - CH * SI"AAUi + SI STTU
SST~a2 x CY * SUTAU2 + S59 STTALJ2
D -AMn SS2 - SS 'S5

AMEWI CM S (AM SSTAU1 SS * 511101) /0
11112 CN * CAN SS5TA02 - S * SA TA U2) /D
21111 SM 0 (AN *SSTAU1 S 0 SA:.AU). /D
BNEW2 =SO 0 (AM *SSTA92 - S * SA TA 02) D
CNMirl (552 0 SATAU1 - SSTAU1 * SS) / D
C11 E2 2 (SS2 * SATA02 - SSTALI2 0SS) / D
GO TO 80

C
C CAWCULI:R COEFFICIENTS FOR BEST-PIT LINEAR SUBPACS
C

75 D DET(S12, SIT, SI, SIT, S12, SY, SI, ST, AN)
&MEW1 = DET(31TA01, SrTA~lJ, SATIUI, S11, 512, SI, SI, Sf, All) / D
ANEW2 -DET(SXZAU2, SrTA02, SA'2AUZ, SIT, Sr2. SY, SI, Sr, Ad) / D
BNER) - DET(S12. SIT, SX, 511101, 511101, SATI01, SI, SZ, AM) / D
B1112 - DE(SX2, SIT, SK, SXTAtJ2, S!2102, SAT~I2, S1, SY, Ah) / D
CiEVIi = DE(S12, SI!. SX, SIT, S12, S1. 5XTA01. SITAD),, SATAt1)/D
CN112 - DETT(SX2, SIT, Sx, SIT, Sr2, sz, SXTIU2, S!11U2, SATA02)/D

s0 COTINUE
1511_ = I
IF (T .Gr- TlEff) GO TlO ?

C RITZE(6,170)
C
C DETEREINZ PROPER LOCATION IS,YS ABD CALCULATE STRESS
C

90 IF (K .EQ. 2) GO TO 100
1S 1 * RPkitl(3)
Is (FLOA (3) -.. 5) * RPA9B(3J
T&ONEM = LSE31 15I + BNESF1 * 15 # CNE11
TAUOLD =AOLDI IS fBOLDI * YS + COLDI
GO TO 110

100 IS -(FLOAk (I) -. 5) * IPAHE(3)
rS = J RPLR5 (3)
TAUVEN ANEIZ * IS + B3112 * r5 + CNEM2
TAUOLD &OLD2 * IS + 33LD2 * rS + COL32

C
C INTERPOLATE lN TIME
C

110 TAU (TAUNEV - TAUOLD) / (TIEir - TOLD) * (T - TOLD). STAVOLD

GO TO 180
120 NRITR(6,1J40) TLAST, T

ST OP
130 F0 aRlAT (8G10.4)
140 FORSA:( TIME OF FIRS: SEUC3UOLOGICAL DATA'. G10.4Q,

1I SECJNDS IS', 1 GREATER THAN I G * 10.4,
2 '-P800311 TERMINATED')

150 FORR&T 9 , 75.1, I * 9, 7F*~' 10.7, * *, p1F4.1, 9*I

1 P5.2, ' * 7, 5.2, 1 * 9, F6.2, *~ F4&.0, F 5.2.
2 1 * '.75.0'. * "F5.0)

160 FORMAT (1 1, 95(#*1)/
1 1 TISE *LATITADE * LONGITUDE* Z I-Ala
2 IT-ii20 2 -SPD * 1-DIR $ CDE3 * I * 1/* t, 95(ess.1

170 FORMAI (1 1, 95(1*1))
175 FORMAIC' THESE DATA POISTS ARE CO-LISEAR OR NEARLY CC-LINEAE')
180 REIUR1I
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FUNCTION IDIST(aLAT, RLON)
COMMON /t;PABE/ RPABS(231, IPAB1I(54) * ZPhBa(2j.
PI - ATA22(0.,- 1.)
ALPHA RPARS(7) 0 PI / 180.
OLAT BLAT - APARB~l)

C
C FND PI3E (2)E ISTACE FROM E ORIGIN Of THE STANDARD DI

IP - RPA A3(8) *LC DLN4 *R()* 2LT*RAB10) DO LT
I RPABS(11) 0 OLOM ** 2
Y= RPaaa(12) * DLON + RPARI(13) * OLAT * RPARN(14). DLAT

I DLON+ PR 15* L3*2

CTRANSFORM TO 'UNPUHEDI ' SE

C FRSTROTATE

ZDIST =(ZP*COS(A.LPHA) * lP*S.LM(ALPSAjJ 1000.
C
C NOV TRANSLATZ

ID15T IDIS :+::;;:51) *::s j RPARU(2)

FUNCIONYDIST(BLIT, RL0i)

ALPHA RPARM(7) * PI/180.
DLL: R LAT - DPABS(1)

DLON =RPIRflL2) - RLON
C
C FIND XPRIME, YPaisE - DISTANCES FROM ZHE ORIGIN OF THlE STANDARD

C BATHYBE:RIC GRID

XP I = BPARM(8) *DLON + RPAR519) 0 DLAT +RPkAB(10) SOLON * DLA:

1 RPADM(11) *DL3N ** 2
ID BP*IRB(12J DLON + RPABBf(13) * DLAT + RPARB (14). * our

I DLON + BPAan i15) * DLON ** 2

CTRANSFOR TO OUIPRIBED1 YSE

C
C FIRS TSATEU DIST = IDI*S * PRM) - ZPSNPA )) 1000

C

FUNCTION RLAT(XY)
COMMO0N r.PARS/ RPARM(23), IPABAfL54). Zi'ARA(21

PI ATAbf2(0.,- 1.)

ALPHA - IPARM(7) * PI / 180.
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C TRINSFORM THE POINTS TO T13E OP2.15DO COCRDINATE SYSTE3.
C IE., TKiAT OF ZHE STANDARD BATarAERIC GR.ID
C
C FIRST T1J3.ITE
C

XX - - ZPARB(l) * RPIBB(3)

TY - - ZPIAKE(2) * RPARNJ3)
C
C MoW ROTA=
C

XP= (ZISCOS (ALPHI)-I!*SII (ALPHA)) J 000.4
IP=(II.o:s (ALPHA) .11*511 (ALPHA) )/(1000.j
DLAT aPA2M(20) * XP RP&1BJ21) * IF AflRA(22) IP s2 TP1

1 RPARS(23) * XP ** 2
RLIT RPAlN(1) * DLI:
RETUREN
END

C
SUBEROUJTINE 141: (0. 5, IDIN, TLKQ, RLlQj
DIMNSION S(IDI3,0IDU), D(IDLB,1D15J
COMMON r4P&Rl/ RPARIS(23). IPABB(5&), Z.PAHE(2)
DATA SPYLL /1..0320/
OPES0(6, FIL=91akeinit..psil, STITUS=OLDO)
REWIND 16
Id- IPAS(1)
Js IPAR (2)
READ 116,30, END= 10) IS (1,J) I=1,IA) J= 1,J.3)

C CONVERT CrS TO CBS
DO 50 I~l IN

DO 50 J=1,Jd
IF(S(I,J) .EQ. SPVLL) GO TO 50
S(IJ) = S(I,J)/J..53198E.01

5O CONTINUE3
CALL PEiT (6, S, IDIA, IB, JA, SPV&L)

C UPDATE STREL FUNC:IOU TO CURRENT VALUES
IF (TLKQ .EQ. RLEQ) RETURN
ADDQ =(TLK0-HRLKQ3/g2.0DO*.35..3198)
DO 40 1=1.13

DO 40 J= ,Jd
IF (S(l.J) .EQ. SPYAL) GO TO 40
IF IS (1,J) G~T. 0.0DD) 5 (1,J) = S (1,J) ADDQ
IF (S(.IJ) .LT. 0.0Db) S(1.J) -S(I.J)-ADDQ

40 CONTIS0E
CALL PRUT(6, S, IDIS, IN, J3, SPVALI
RETURN

C
C NO INITIAL CONDITION FILE, SET STELEPUNCTION TO ZERO
C

10 CONTINUE
DO 20 1 = 1, 13

DO 20 J 1. J1
20 £(I.3) 0.
30 FORMAT(6E12.5)

RETURN
BND

1C
SUI3RQUTIIE OUTP(IBSE, D. S, SPD, IDIM)

C0O130N /GPkRlI/ RPkR3123), IPkRII(54), ZPARM(2)
DATA IREC /0/
IF (TISE .LT. 0.) RETURN
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I
I IE=IPANE Cl)

J5=£PARS 2)

C FRzST TIuE :HROasa, OPui OUTPUT PILE
C

IF(IR-C .ME. 0) GO TO 30
OPEN(11, FILE-Istreas.4at', STATOS-INEW')

C
C WRITE STEEAE FUNCTION FIELD
C

30 IREC=REC 1
DO 70 1=1 ,I

DO 70 J=1,JE
IF (S(I,J) .EQ. 1.0E+20) GO To 70
S(IJ) = S(I,J) * 35.3198

70 CONTINUEREWIND 11

VRITE (11,4U) |, , le ,J ,J)
DO 80 I=1, I

DO 80 J=l,JS
IF (S(I,J) .EQ. 1.0E420) GO To 60
S1I,J) = S(I,J) / 35.3198

80 CONTInUE
40 FORATI(6E12.51

END
C3 SUBROUTINE COPABE(T, 0, S, SPD, IDl,, U, 7)

C PURPOSE:
C
C CHECKS FOR 7HE FINML STEADr STAIE RESPONSE
C FOR THE GIVEN INPUT TO 1LID
C
C ALGORITHIM:
C
C UP TO 10 GRID BOXES ARE SELECTED AT RHNDOn FRC3
C WITHIN THE LAKE GRID STSTEM. THE VALUES FOB S, 0, V LAD/OR
C SPD ARE COSPARED BDTUEEN THE CURENT TIRE STEP AND THE
C TI3E STEP ISSEDIA:ELY PRECEDING. TUE DIFFERENCE BETWEEN
C VALUES AT THE CONSECUTIVE TIRE STEPS IRE COIPARED TO A
C PREDETELlINED TOLERANCE. IF ALL DIFFERENCES ARE LESS THAN
C THE TOLERANCE, THE FINAL STEA1D SIALE TRANSPORTS ARE PA12TED
C OUT ALONG WIZH THE COM!PUTED (PRECEDING AND CURRENT) .3, SPD,
C U, AND/OR V DIFFERENCES FOR THE SELECTED POINTS.
C

5 ,PS(1O), PSPD(l0), CS(10), CSPD(1O), RDIF(20)
C & ,U(ID13,I), V(IDIA,l)
C 6 ,CU(10), CV(10), PU(10), PV(1O)

CO. OS /GPA31/ HPARE(23), IPAHM(54), ZPABS(2)
DATA MIDIF, TOL, STSTEPS /10, .01, 1/

C
C FILE TO PLOT RELATIVE DIFFEREYCEZ OPENED IN BLID.F
C
C CHECK IF FIRST TIRE STEP

VBITE(6,*) T,DT
C if 2t It. 1710000.) go to 99

IF(T .EQ. DT) GO TO 99
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JA IPARS (2)
C
C SET CURRENT? S SPD T,ARRAI CS CSPD
C OR CHANGE TO U I WINTH~ C9 SCV.
C

CS (1) - S(14,7)
CS (2) a S(10,6)
CS(3) - (15,12)
CS (4) - S(16,22)
CS (5) - S(12,28)
CS (6) =S[22, 10)
CS(l) - S(33,13)
CS(S) - S(26,26)
CS (9) -5(22,33)
CS (10) S C(20, 19)
CSPD (1) SPDLI4,7)
CSPD() SP sD (10, 6)
CSPD (3) SPD(15,12)
CS PD (4) SPD(16,22)
CSPD(5) =SPD(12,28)
CSPD(6) -OD(22, 10)
CSPD17) SPD(33,13)
CSPD(8) =SPD(26,26)
CSPD(9) aSPD(22,331
CSPD(10) 2 PD(20, 19)

C
C CALCULATE DIFFERENCES
C

DO 10 I=1,STIDhP
CDI? (I) = iAS(PS (I)-CS (I))
CDIF( T+BIDIF) *: ABS(PSPD (I)-CSPD (1)l

10 CONTINUE
C
C CALCULI:E *RELI*IVE DI.FFERENCES
C

DO 15 1-1,IIDIF
BDIF(I) = BStPS(.I)-CS(I3)/ABS(CSjl))
RDIF (1+ ZIDIF) ABS (PSPD (I)-CSPD (I) J/ABS (CSPD(Z)j
15 CONTINUE

C
C CALCULATE RUOT REAN SQUARE
C

a115(1) = 0..0D0
UAS(2) = .ODO
DO 20 I=1,31IfF

R113(l) = RIIS(1)4 (CDIP(I)*CDIF(I)l
RBS (2) = RBS(2) .(CDIF(I+IIIDI?) *CDIF(I.UIDI?lj

20 CONTINUE
RdS(1j SQBT(RS(1)/IPLOAT(NIDIFV)
BAS (2) = SQET (RES (2)/BLOT (NIDIF)l

C
C COUN. THIS TIME STEP

NTSTZPS - liTSZRPS41
C
C WRITE SELECTED POINT VALUES AND DIFFERENCES
C

URITE (6,1 00)
VI8IT E(6, 105)
DO 30 I=1.NIDI?

11 I+NIDIF
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WRITE(6, 110) 1, PS (1), CS (1), CDJ(1),
6 11, PSPD(I), CSPD(I). CDZF(1I)

E RITE (3,115) MTSTEPS, RDIF (1)

£ RT(315 ATfSTEPS, RI11

30 CONTISUEI C
C STEACK TAEAES N T
C

Z( .T. 0) GT 30G TO 0
GOITO(6,50

50 CONTINUE

C ITEADY RSAE VALUESV AND STP.OEDT EX S TP
CI.( GT.2 (0) G O6

25(3) S15)

WPST(6 2,10)

CALL PR(20.3 DS 3 .

VRSTD() SD(1,1

C&ILPD(9 5(6,22) ,IM 11 .

IRIT(6 S1 (2,1O

PSP() = S(10(,6)

PSP() -S(22,)

PSP(1) S(20,19)

&1SPDS SP S1,2047H2 £0
110 D FH() SPD.I2,F1.2Xl.3Z,8

PS D 9) P!) 2271IPP(0 SD2,9
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120 FOBE[AT(75(1H*j/2Z.2(20Z.21MS - ,F8.JJ)/75(lH*)/)
130 FORMATC1Z.75I1E*))
140O F0RMAT(11,32STOLERANCE NOT SATISFIED AT DIP ~ 12)
150 FOluHAT(11,223STEADY STATE SATISZIED,' TIAE 1 ,113..4)
160 FORIAT(lX,'PLOT OF S')
170 FORMA:C1z,#PLOT OF SPDI)
180 FORNAT(lX,'STELO! STATE UAS NOT I!! BEEN BEACHEDI)
190 FORAAu(11,'J 9,12)

RETURN
END
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