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I. Introduction

In order to better understand and explain the complex, interactive
effects influencing water movement and water quality in natural systems,
several mathematical models based on the laws of conservation of mass,
momentum and energy have been developed (1-7). Models describing the hydro-
dynamic and material transport behavior of Mobile Bay have been formulated
and tested under a National Aeronautics and Space Administration, Environ-
mental Applications Branch Contract (NAS8-29100).

This booklet shows the way in which the model describing water movement
and tidal elevation is formulated, computed and used to provide basic data
about the system. Mobile Bay is used in a case study with comments as to
how the formulations might be expanded or focused to describe other areas
which qualify under the model restrictions and assumptions.

The hydrodynamic model, as it will be called throughout the booklet,
is based on two-dimensional, unsteady flow equations. The water mass is
considered to be reasonably mixed such that integration (averaging) in the
depth direction is a valid restriction, Convective acceleration, the Coriolis
force, wind and bottom interactions are included as contributing terms in
the momentum equations. The equations which makeup the hydrodynamic model
include the,contipuity, x-momentum and y-momentum equations (Table 1).

Table 1,--Mathematical Representation and Operational Modes of the
Physical Models for Mobile Bay

Namef

Equation Form

Results

Modes

Continuigy

Momentum
x-Component

y-Conportient

0% + Ay + M 2 (R +E)
ax oy ot

2x 4+ gp B8 = gxyZeosy - £QoyD"2
X

At ?
+ Qx (2Wsing)

Ay + g0 A = kv¥siny- £oQu0?
at 3y
+ Qy(2Wsing)

Tidal Height

x-Component of
Surface Current

y-Component of
Surface Current

Tidal Cycle
Daily Avg
Monthly Avg
Seasonal

Tidal Cycle
Daily Avg
Monthly Avg
Seasonal

Tidal Cycle
Daily Avg
Montzhly Avg]

Seasconal

Results can be calculated for unsteady flow when boundary conditions are
available as a function of time (dynamic), or for quasi-steady flow when con-
~ditions are stable for a time period encompassing several tidal cycles or
longer periods (i.e. weekly, monthly, seasonally or yearly averages).

The solution of the equations shown in Table 1, applied to Mobile Bay,
have been used to investigate the influence that river discharge rate, wind
direction and speed, and tidal condition have on water circulation and holdup
within the bay. - Storm surge conditions, oil spill transport, artificial
island construction, dredging and areas subject to flooding are other topics
which could be investigated using the mathematical modeling approach.
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To understand how the model might be applied to these topics, this
booklet is subdivided into four parts for the convenience of the reader.
These are, in order:

@ Basic Concepts in Appling the Hydrodynamic Model to a Real System

® Model Input Requirements

® A Detailed Illustration; Application to Mobile Bay

@ Hydrodynamic Model: Program Listing
Each section will be discussed separately, however, it is advisable that they

be covered sequentially during the first reading to reinforce the basic con-
cepts needed to understaind and apply the model.



II. Basic Concepts in Applying the Hydrodynamic Model to a Real System

The detailed mathematical development of the model will not be dis-
cussed here. Reference to "A Hydrodynamic and Salinity Model for Mobile
Bay," BER Report No. 168-112 (NAS8-29100), January 1974, by D. O, Hill and
G. C. April is suggested for those interested in such a treatment. The model
equations used throughout this booklet are those mentioned previously
(Table 1, page 1). ’ '

The model system used for illustrative purposes in this section
resembles that of Mobile Bay, Some features have been added/deleted to
include features of the model not necessarily applicable to the Mobile Bay
system, Users of the model should become familiar with the terminology and
methodology discussed in this section. This information will be particularly
helpful (a) in specifying the kind and form of data needed to execute the
model for a specific system (Section III, page 17) and (b) in interpreting
results calculated by the model (Section IV, page 26).

A, Real System Data

Before a mathematical model can be formulated, knowledge of the
system to which the model is applied must be obtained. This includes both
formal (recorded) and informal (experience) data. Some of the sources of
data are discussed in this section.

1. Area Maps - Maps showing the geographical and navigational
features of the system to be modeled are valuable sources of
data. From these maps (or charts) information about the
shape and size of the water mass, river entrances, natural
and man-made passes, marshes adjacent to the water mass,
sand bars and islands, channels, etc. can be identified and
located.

35

2. Bathemetric Charts - The depth of water in an estuary can be
found in navigation maps or ocean survey charts. Mean sea
level is usually chosen as the reference plane on these
charts, 1If the source of data uses a different reference
plane, adjustments to mean sea level must be made. Some
additional references used in charts are mean high water and
mean. low water.

3. Tidal Information = Tide heights are taken from appropriate
tidal charts., Data measured by gauging devices near. the
system boundaries are preferred. ‘However, when the system
interacts with the open sea, standard tidal periods for the
open sea can be used. Conversion of the data must be made to
coincide with the model reference plane - mean sea level.

The converted data can then be represented by a least squares
method using a Fourier series of the form:

HXX = Cl + C2 * COS (C3 * t + C4)



where
HXX is the elevation of water above the reference plane

cl is a constant used to adjust the x-axis to a plane
of symmetry

c2 is a constant related to the tidal amplitude
C3 is the tidal frequency

Cc4 is the phase angle

t is the time
4. Wind Data -~ Tabulated data and data obtained from wind charts

are provided by the weather bureau. When the system is large
(i.e. Mobile Bay) wind conditions at several locations over
the bay are necessary. This, however, is often impossible

data to find and good judgement must be used when considering
wind effects in the model. For periods of relatively steady
wind direction and speed, no problem is encountered.. Like-
wise, when trend analyses for long periods of time (i.e.
monthly, seasonally, etc.) are desired, averaging methods can
be used with good accuracy. However, when wind conditions

are highly variable over short spans of time, the data fre-
quency, precision and accuracy becomes critical. °*As a rule of
thumb, wind speeds below 10 knots are considered to have little
influence on the hydrodynamics, while winds approaching 15-25
knots can have pronounced effects on water movement and

holdup in the system.

5. River Discharges - River flow information is usually available
from state geolcgical surveys and/or United States surveys,
When the system is located in a coastal region where navigation
is prevalent, data on river flows may also be available in
U. S. Corps of Engineer files. These data sources may not
coincide with system boundaries requiring good engineering
judgement in their interpretation and application.

B. Model System Features

Once the real system is known and the area of interest defined, the
next step in the process deals with the.construction of a model system having
all of the features of the real -one.  Because the model is governed by com-
putational laws and rules, the model system will only approximate the real
system, Care, however, must be exercised to inelude as many of the important
features of the real system as is ecomomically feasible. -Obviously, the
real system can be exactly duplicated if the model dimensions are made
to coincide with real system dimensions. However, computation time would
become increasingly prohibitive.  Once again good judgement must be
exercised. :



Model Dimensions: Grid Size - The choice of the grid size
to be used in the model is a function of (a) the real system
size, (b) the time increment for which a solution is desired
and (c) the available computer and its costs (Figure 1),
There is a direct relationship between the incremental time
for which a solution is desired, model system grid size and
real system depth dimensions., This is expressed in the form
of a stability criteria relationship of the form:

AS
ey

vfi-gHma

t <

X

where Hmax is the maximum water depth encountered in

the system
g is the gravitational constant
AS is the grid dimension
t is the incremental time for which a solution

can be specified to insure stability

The total number of grids should not exceed 2500. Since the
time increment plays an important role in the total computa-
tion time, the number of grids selected is often constrained
to keep computer time reasonable. Thus, final selection of
the grid size for a system requires justification among the
following variables:

a) size of the real system
b) time increment over which results are desired
c) economy (computer time).

Water Cell Segments - Water cells on each row are separated

into segments by land cells encountered on a given row. For
example, water cells on row 4 in Figure 2 are separated into
two. segments as are the cells on row 9. The water cells  for
most parts of the bay are segmented only once (as in row 7,

Figure 2.,) A water cell segment is labeled by the left most

(IBNDL) and right most (IBNDR) cell numbers.

Sea Boundaries - Boundaries adjacent to open seas are defined
as sea boundaries, These boundaries are classified into four

- categories (Figure 3).

.-left sea bounduries (SL)
. right sea boundaries (SR)

. top sea boundaries -(ST

L

. bottom sea boundaries (SB)
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Fig. 3 - Sea Boundaries



Left and bottom sea boundaries are considered to be tidal
driven boundaries. These are the source of the tidal driving
force which interacts with the estuary,

Necessary inputs for sea boundaries include type, total
number of cells, cell numbers, and tidal conditions which
drive the model through the tidal cycle.

River Boundaries - River boundaries are boundaries where

streams enter the system, and/er marsh areas adjoining the
main water system are located. River discharge cells are
separated into four categories (Figure 4):

® left river boundaries (RL)
@ right river boundaries (RR)
© top river boundaries (RT)
@ bottom river boundaries (RB)

Necessary inputs for river boundaries include type, total
number of cells, cell number and information relating the dis-
charge rate into the system,

River discharge rates are usually modified to reflect
the influence that each river entrance has on the main water
movement (i.e. usually expressed in terms of cubic feet per
second per foot of cell dimension)., An alternate approach is
available, however, when rivers are located adjacent to marshes.

River-marsh boundaries are boundaries designed to
simulate the action occurring in areas which undergo rapid
changes in stream dimension, velocity and hence discharge rate.
By including overflow weir equations along the river course
through a marsh area, drainage into or from the marshes can
be regulated to produce a known water condition within the
entrance cell. The marsh area serves as a capacitance element
which stores river water (Figure 5a, page 11) when tidal con-
ditions (flood) retard its entrance into the estuary, and
supplies river water when tidal conditions (ebb) are less
restrictive. This method also allows a constant and true
river discharge to be introduced instead of the adjusted
value required if marsh interaction is omitted.

River-marsh boundaries are only allowed on the top part
of the estuary with the weir boundaries parallel to the y-axis.
Choice of weir heights is a trial and error process depending
on the tidal influence and size of the system under investi-
gation,
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Fig. 5b - Weilr Arrangement for the River-marsh Area,
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5. Ship Channels ~ Channels exist in many estuary systems. The
right side and/or top edge of the water cell nearest the
channel are used to describe the existence of a channel pass-
ing through the water mass. The axis (either x or y) of the
channel, and the depth of the spoil bank are the data
necessary for the program to describe the influence of the
channel. For example, channel section A in Tigure 6 is
described by cell 69y and 82y while channel section B is
described by cell 83x.

6. Bottom Roughness - Bottom friction also affects flow
characteristics and requires input of information. Manning's
equation is used in the program to evaluate bottom frictions,
Variations of bottom roughness are estimated by altering the
Manning coefficients which best describes the kind of bottom
located in each cell. These coefficients usually vary from
0.010 to 0.050. Marsh areas which have low flow rates may
have a value close to 0.050. Oyster beds, channels and spoil
banks may also have relatively high bottom friction
coefficients,

7. Passes -~ The general program has the ability to calculate
flow rates through vertical and horizontal passes (Figure 7).
Flow rates through passes which are neither vertically or
horizontally located can be calculated by arranging imaginary
passes which have cells in a row or a column close to the real
pass. A total material balance which involves water through
the passes and water discharged by rivers over a tidal cycle
provides a means of verifying the model of a system.

8. Cell Modifications - Cell modifications are used in the
calibration phase of the study to adjust calculated results
in a way that more closely agrees with observed behavior in
the real system. These modifications are especially needed
to introduce effects which cannot be represented by the model.
For example, the channel dimensions are usually small relative
to the dimensions of the estuary through which it passes.
Selection of the grid size to affect solution of the model
equations may seriously neglect a strong local effect caused
by the channel. When these strong, but unseen (from a model
point-~of-view) effects are observed, cell modifications during
calibration permits the incorporation of the effects. Two
ways to introduce modifications include adjustments to bottom
friction factors, -and the inclusion of underwater barriers
which restrict flow (Figure 8).

. " Section II presented some of the terminology and definitions used in the
establishment of a model system. Section III includes a detailed listing of
the variables, which, when introduced into the model program, permit one to
approximate the real system. These variables are given by name, computer
label and function. Their use will become more clear in Sectioun IV where
they are used to describe the Mobile Bay system,



1%

/\y
/\'@f\s

i, 0

L 4

\_\&
a. } () $i \\'J\ IS o
7 = ‘
P 7
rJg/Z g 83 N

- 9 “l 70 \\

= 2
ST

T B e ==

' Fi
8. 6 - Ship Channel

REPRODU
ORIGINAL

CRILITY OF THE
PAGE 18 POOR



15

)

| Ty
: '4*-'-’\——-%/

Fig. 7 - Passes



16

=

>

N

Increase

4 Friction
T
N

Factors to

 Regtrict
,

/// : L Flow

ﬂﬂ //Ahxé

/ e .
—v, =0 %%w\-ﬁﬁ%ﬁ
' Clv. =0
y.. N——

_PARRIER

Fig. 8 - Cell Modifications



17
III. Model Input Requirements

This section lists all the necessary input variables, formats of the
input variables, and necessary remarks for defining and using the variables
to establish a model. The information is presented in the order in which it
is introduced into the computer. Cross reference of material in Section III
with the illustration in Section IV is recommended to better understand the
function of each variable.

Program Input

1. Input #1 - Program Control Card
Format: (1112) Right Justified Integer Number

Column Variables Remark

1-2 IFNT #, 5 or 6; control for width of print field
' )] default to 6 print positions
5 print field width will be 5 print positions
6 print field width will be 6 print positions

Il

1; control for Coriolis force calculation
Coriolis force equal to @

Coriolis force equal to 0.0007.7

3-4 ICORF

(2]

o

- e S
!

5-6 ICONV or 1; control convective acceleration
calculation
skip convective acceleration calculation

= - perform convective acceleration calculation

e
1

7-8 - IORIG or 1; control for resistance term calculation
= gkip resistance term calculation

= perform resistance term calculation

eSS
I

9-10 IRMB or 1; does the estuary system have river
marsh boundaries?
no river marsh boundary

=  perform river marsh boundary calculation

S S
|

11-12 ISPBK or 1; spoil bank calculation for ship channels
no ship channel
= perform spoil bank calculation for ship

channels

Hes
[

1; control for discharge rate calculation
skip discharge rate calculation
calculate discharge rate at specified

location

(o}

L]

13-14 IDSCH

R S =Y
I

15-16 IMODF 1; control for friction factor modification
use default value of 1
modify thefriction factors of specified

cells

(o}

HewS
B

i

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

= e - s v



18

17-18 ICK @ or 1; read control for velocities from
previous run

@ = first run, skip the read statement

1 = read velocities from previous run
19-20 IMNDP @ or 1; printing control for manning factors

and initial depths

¢ = skip printing

1 = print manning factors and initial depth
21-22 INC Integer number; priant interval

1,2,3, or ... = print intermediate velocities,

heights, etc. after the specified
number of increments of time

Input #2 - Geometrical Information
Format (715) Right Justified Integer Number

Column Variables Remark

1=-5 1SB Number of total water cell segments; maximum
number 200.

6-10 IROW Number of rows.; maximum number 200,

11-15 Iv Number of cells that require zeroing of
velocity in y-direction; maximum number 250,

16-20 IU Number of cells that require zeroing of
velocity in x-direction; maximum number 250.

21-25 IR Number of rivers being considered; maximum
number 20,

26-30 NC Total number of cells; maximum number 2500,
31-35 NCPR Number of cells per rows.
Input #3 - Physical Information

Format: (6Fl0.3) Right Justified Real Number with Three Decimal
Digits or Number with Decimal Point

Column Variables Remark

1-10. W Wind velocity inkft/sec.

11-20 THETA Wind direction measured from x-axis counter-
clockwise,

21-30 DELS Grid size in ft. (square grid).

31-40 DELT - Time increment in sec.
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41-50 TIM Maximum time for run in hour.

51=60 SLADJ Sea level adjustment; reference plane is
mean sea level.

Input #4 - Left Boundary Cells of Water Cell Segments

Format: (161I5) Right Justified Integer Number

Column Variables Remark

1-5 IBNDL(L) IBNDL is the cell number of the left most cell
in a segment,

6-10 IBNDL(2) Repeat as many times as total number of segments,

Input #5 - Right Boundary Cells of Water Cell Segments

Format: (161I5) Right Justified Integer Number

Column Variables Remark

1-5 IBNDR(1) IBNDR is the rell number of the right most
cell in a segment.

6-10 IBNDR(2) Repeat as many times as total number of segments,

Input #6 =~ Cells that Require Zeroing of Calculated Velocity in y-Direction

Format: (1615) Right Justified Integer Number

Column Variables Remark

1«5 IBC(1) IBC is the cell number of the cell that

' ' requires zeroing of calculated velocity in
y=direction.

6-10 IBC(2) Repeat as many times as IV in Input #2,

Input #7 = Cells that Require Zeroing of Calculated Velocity in

- x-Direction

Format:  (16I5) Right Justified Integer Number

Column Variables .,Remark

1.5 IBD(1) IBD is the cell number of the cell that

- Tequires zeroing of calculated velocity in

x~direction.

6-10 IBC(2) . Repeat as many times as IU in Input #2,
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Input #8 - Discharge Ratesof Rivers
Format: (8F10.5) Right Justified Real Number with Five Decimal
Digits or Number with Decimal Point

Column Variables Remark

1-10 RB(1) Input discharge rate of each river in
cu.ft./sec. per ft. of grid length.

11-20 RB(2) Repeat as many times as number of rivers.
Input #9 - Manning Coefficients

Format: (26F3.0) Right Justified Real Number with Zero Decimal Digit
or Number with Decimal Point

Column Variables Remark

1.3 AMNY (1) Input Manning coefficient for each water
cell . segment by segment beginning from first
segment,

4ub AMNY (2) Repeat as many times as number of cells in a

segment, maximum 26 data per card, continue
on a new card; start a new card for a new
segment,

Input #10 - Depths of Water for Water Cells Measured from Reference

Plane
Format: (26F3.0)  Right Justified Real Number with Zero Decimal Digit
or Number with Decimal Point
Column Variables Remark
1-3 Z(1) Input depth of water of each water cell

segment by segment beginning from first segment.
If the depth is measured from a reference plane
other than mean sea level, an adjustment should
be made by "SLADJ'" in Input #3.

4-6 Z2(2) Repeat as many times as numbexr of cells in a
segment, maximum 26 data per dard, continue
on a ney card; start a new card for a new
segment,

If IMODF = 0, skip to Input #14.
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12,

13,

14.
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Input #11 (Optional) - Modification of Friction Factors
Format: (2I5) Right Justified Integer Number

Column Variables Remark

1-5 NMODFX Total number of cells which friction factors in
the x-direction (FX) have to be modified.

6-10 NMODFY Total number of cells which friction factors in
the y-direction (FY) have to be modified,

Input #12 (Optional) - Cell Number and Value of Friction Factor in
x=Direction for each Cell being Modified
Format: (8(I5,F15.2)) =~ A Right Justified Integer Number and a Right
’ Justified Real Number with 2 Decimal Digits

Column Variables Remark

1-5 Rc() Input the cell number of the cell being
modified.

6-~10 VF(1) , Input the value of friction factor in

x=direction for the cell,

11-15 ° KC(2) Repeat KC and VF as many times as NMODFX
in Input #11.
16-20 VEF(2)

Input #13 (Optional) - Same as Input #12, Replace FX by FY, x-Direction
by y=-Direction, and NMODFX by NMODFY

Input #14 - Starting Time and Total Number of Tide Station
Format: (F5.2,15) Right Justified Real Number with 2 Decimal Digits
and Right Justified Integer Number

Column Variables Remark

1-5 TMIL Input the chosen starting time in hours (24-
hour cyeis? for a run.

6-10 ITSN Input the total number of tide stations in
the system.
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Input #15 - Tide Equation Coefficients and Time Phase
Format: (5F10.6) Right Justified Real Number with 6 Decimal Digits
or Number with Decimal Point

Column Variables Remark

1-10 cl(l) Input coefficients of tide equation of the
11-20 c2(1) form:

21-30 C3(1) HXX = Cl + C2 * Cos (C3 * T + C4) for

31-40 c4(1) Station 1,

41-50 T(1) T is the time variable in the equation.

1-10 cl(2) Start a new card for Station 2 and input the
11-20 C2(2) coefficients and the time variable as before.

21-30 c3(2)
31-40 C4(2)

4150 T(2)

Repeat the same for Station 3, 4, ...
as many times as total number of station.

Input #16 - Total Number of Boundaries
Format: (I5) Right Justified Integer

Column Variables Remark

1-5 NTB Input total number of river and sea boundaries
except river marsh boundary.

Repeat Input #17A, 17B, and 17C as many times as NTB in Input #16.

Input #17A - Boundary's Nature, Total Number of Cells in the Boundary,
and Relative Information Required to Perform Calculations
Format: (A2, I3, F10.3) Two Alphabetic Characters, Right Justified
Integer and Right Justified Real Number with Three Decimal

Digits
Column Variables Remark
1-2 - NATURE (I) Boundary natures are classified into eight
3~5 NBC(I) - categories (See Fig. 3 and 4). Each category
6-~15 RINF(I) requires its relative information to perform

the calculation,

1, SL ~ Left sea boundary
2., SB =~ Bottom sea boundaty
3. SR ~ Right sea boundary
4, ST - Top sea boundary
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The relative information for a sea boundary
is the related tide station number.

5. RL - Left river boundary
6. RB - Bottom river boundary
7. RR - Right river boundary
8. RT - Top river boundary

The relative information for a river boundary
is the river discharge rate in cu.ft,/sec. per
feet of cell dimension,

NBC is the total number of cells in the boundary.

Input #17B8 - Cell Numbers of the Boundary
Format: (1615) Right Justified Integer

Column Variables Remark

1-5 INBC(T,1) - Ioput the cell numbers of the boundary
beginning from left to right or bottom to top.

6-10 INBC(T,2) Repeat as many times as NBC(I) in Input #17A.

Input #17C (Optional) - Depth of Water Adjacent to Left Sea Boundaries
or Bottom Sea Boundaries
Format: (16F5.0) Right Justified Real Number with Zero Decimal Dlglt
or Number with Decimal Point

Co lumn Variables Remark

1-5 ZB(1) Input the depth of water left to the left sea
boundaries or below the bottom sea boundaries,
cell by cell. Skip this part if the boundary
type is not SL or 8§B.

6~10 7ZB(2) Repeat as many times as NBC(I) in Input #17A.

If IRMB = O, skip to Inmput #21.

Input #18 (Optional) - River Marsh Boundary Bottom Cells

Format: (215) Right Justified Integer Number
Column Variables Remark
| 1-5 IRMBB (1) Input the two cell numbers of_the river marsh

6-10 IRMBB(2) boundary bottom cells.

L
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Input #19 (Optional) - River Marsh Boundary Top Cells
Format: (2I5) Right Justified Integer Number

Column Variables Remark
1-5 IRMBT (1) Input the two cell numbers of the river
6~10 IRMBT (2) marsh boundary top cells,

Input #20 (Optional) ~ Depth of Weir Along River-Marsh Boundary
Format: (F10.5) Right Justified Real Number with 5 Decimal Digits or
Number with Decimal Point '

Column Variables Remark
1-10 ZRB Input the depth of weir in feet along the
river marsh boundary. The river marsh boundary

should locate at the top part of the system
with the boundary weir parallel to y-axis.

If ISPBK = 0, skip to Input #23.

Input #21 (Optional) - Total Number of Cells of Spoil Banks Along the
Ship Channel
Format: (I5) - Right Justified Integer Number

Column Variables Remark

1-5 NSBC Input the total number of cells of spoil banks
along the ship channel.

Input #22 (Optional) - Cell Number, Axis of the Spoil Bank and Depth of Spoil
Bank for Each Cell Along the Ship Channel
Format: (8(I5,Al,F4.1))  Right Justified Integexr Number, Alphabetic
Character, and Right Justified Number with 1 Decimal Digit

Column Variables Remark

1-5 INSBC(1) Input the cell number.

6 LAXTIS (1) Input the spoil bank axis either x or y.
7-10 ZCH(1) Input the depth of spoil bank in feet for

‘the cell along the ship channel.

11-15 INSBC(2) Repeat as many times as NSBC in Input #21;
maximum eight data group a card.

17-20 ZCH(2)
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If IDSCH = O, skip Input #25,

Input #23 ~ Total Number of Passes Where Discharge Rates will be

Calculated

Format: (I5) Right Justified Integer

Column

1-5

Input #24
Format:

Column
1=4

5

6=9

10

Input #25
Format:

Column
1-5

5-10
11-15

Variables

LDSCH

Remark

Input the total number of passes where dis-
charge rates will be calculated. All the
cells at a location should be either on a
row or a column,

- Total Number of Cells at a Pass, and the Flow Direction

(16 (14,A1))
Variables
NCDSCH(1)
TAXIS (1)
NCDSCH(2)

IAXIS(2)

Remark
Input total number of cells at the pass.
Input the flow direction either x or y.

Repeat as many times as LDSCH in Input #23;
maximum 16 data group a card.

- Cell Numbers at Each Pass
(1615) Right Justified Integer Number

Variables

ICDSCH(1,1)
ICDSCH(L,2)
ICDSCH(1,3)

ICDSCH(2,1)
ICDSCH(2,1)

Remark

Input the cell numbers at Pass 1 from left

" to right or from bottom to top; repeat as:

many times as the number of cells in the
pass.

Start a new card for Pass-~2 and input the
cell numbers as before.

Repeat the same for Pass 3,4, ...
As many times as total number of stationms.
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IV. A Detailed Illustration: Application to Mobile Bay

This section illustrates the use of the general program beginning from
data collection to model verification as applied to the Mobile Bay system.
In order to demonstrate all of the model features, the real system behavior
has been modified to include elements which do not necessarily exist in the
bay at this time (i.e. the existence of an island near the Theodore area).
Figures are inserted at appropriate places tc help explain the procedure.
The format of this section is established to coincide with those in Section
II and Section III.

A; Mobile Bay data:

1.

Map and Charts: .

. Obtain a navigational chart of Mobile Bay and vicinity area

(Figure 10) published by the U. S. Coast and Geodetic Survey
(#1266 )and a location map of South Alabama (Figure 9) from
the Geological Survey of Alabama.

Locate the following system features: rivers, islands,
channels, passes, sand bars, head lands, river marsh area, etc.

Sketch the shape of the water system selected for modeling
and measure the horizontal and vertical distances which enclose
the selected system.

Bathemetry:

Bottom elevations (Z(I)) from mean water are taken from the
navigational chart (Figure 10). Adjust the values to the
reference plane ~ mean sea level. The difference between mean
sea level and mean water of the chart is 1.8 (SLADJ) supplied
by the Corps of Engineers, Mobile District.

Tidal Informatiomn:

- Tide charts (Figure 11 to Figure 15) were provided by the

Corps of Engineers, Mobile, Alabama for Mobile State Docks,
Dauphin Island-Gulf, Cedar Point, Bon Secour, and Great Point
Clear.

Tabulate the time and tide height data for Dauphin Island-Gulf,
and Cedar Point from the charts. Fit the data by least square
to the equation of the form (page 30-31):

CHDI = Cl + C2%Cos (C3 * t + C&4)
where HDI = tide height

t time
Cl, €2, C3, C4 are coefficients
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Feet ﬁ

May 16, 1972
State Dock
Mean Sea Level
3.0 T = Gauge Zero - 0.83 ft
2.07
1.0

15. 16. 17.  Time

Fig. 11 - Simplified Gauge Chart for State Dock (Original Data
Supplied by Corps of Engineers, Mobile, Alabama)



30

Feet May 16, 1972
Dauphin Island
Mean Sea Level

= Gauge Zero - 7.57 ft

10. 4
8.
6. 4
: + —
15. 16, 17. Time

Fig. 12 - Simplified Gauge Chart for Dauphin Island (Original Data
Supplied by Corps of Engineers, Mobile, Alabama)
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. May 16, 1972
t ' ’
Fee ﬁ Cedar Point

Mean Sea Level
= Gauge Zero - 46.91 ft

48, 4

a4

15, ~16. | 17.  Time

Fig. 13 = Simpiified Gauge Chart for Cedar Point (Original Data
 Supplied by Corps of Engineers, Mobile, Alabama)
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Feet
May 15, 1972
Bon Secour
Mean Sea Level
= Gauge Zero - 33.53 ft
37.

35.

33. %

15, 16. ' 17. Time

- Fig. 14 - Simplified Gauge Chart for Bon Secour (Original Data
Supplied by Corps of Engineers, Mobile, Alabama)
DRIGINAL i zdm O FOOR
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May 15, 1972
Feet Point Clear
Mean Sea Level
= Gauge Zero =~ 25.29 ft
28. "r'
26.
24. +¥
L } ': . 4
- 15. - 6. 17. Time

Flg 15 - Slmpllfled Jauge Chart for Point Clear (Original Data
Supplled by Corps of Engineers, Mobile, Alabama)



The following are the least-square fit equatioms:

Dauphin Island =
HDB(I) = 1.090 + 1.295 % cos (0.004188%%0,0567.4)

Cedar Point -
HDB(I) = 1.089 + 1.177 * cos (0.004188%-0,0032453)

Wind Data:

Recorder charts (Figure 16) with tabulated data were provided

by the National Oceanic and Atmospheric Administration-
Environmental Data Service at Ashville, Norch Carolina.

Calculate the average wind velocity in feet per second
and direction measured from x-axis counter-clockwise from
the charts, and use these as input data.

W = 5.60 knots
= 9.46 feet/second
THETA = 70°

River Flows:

Flow information (Figure 17 and Figure 18) for the Alabama
River at Claiborne ‘and the Tombigbee River at Coffeeville
was provided by the U, S, Geological Survey, Montgomery,
Alabama. Calculate the average discharge rate in cubic
feet per second for each river and convert these values to
flow rates per grid unit length. The flow rate of the
Alabama River at Claiborne, Alabama from the chart is:

44000 ft3/sec
RB(1) = 6561.68 ftS = 6,706 ftz/sec

The flow rates for the other rivers are considered zero
in this example.

RB(2) = 0 (Dog River)

RB(3) = O (Fowl River)

RB(4) =0 (Bon Secour River)

RB(5) = 0 (Fish River-Weeks Bay)
= 0 (Tensas River)

RB(6)
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Fig. 16 - Typical Weather Data for the Mobile, Alabama Area.
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B. Model System Features of Mobile Bay

1.

Grid Size

Superimpose a two-dimensional grid over the bay area (see
Figure 19). Label the cells and differentiate water and land
cells., Grid spacings in x and y directions are equal and
chosen as twy kilometers (6561.68 feet (DELS)), There are

21 cells (NCPR) per row and 38 rows (IROW), giving 798

cells (NC). Since the deepest water in the bay is 40 feet,
this sets the upper limit of the incremental time for cal-
culations at

AS
At < P
v 2gHmax

At < 130 sec.
DELT = 120 is chosen as program input.

After setting the grids, record the depth of water from mean
water in each water cell from the navigation chart.

Cell No, Depth
I Z(I)
1 40
2 40
3 30
4 39
22 37
23 34
97 3
98 6
99 5
787 1
788 1
789 10
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2. Water Cell Segments (Figure 20):

Label each water cell segment by the left most boundary cell
(IBNDL) and the right most boundary cell (IBNDR).

Row No. L. Cell No. R. Gell No.
N IBNDL(N) IRNDR (N)
1 1 ; 11
2 22 32
3 43 53
4 64 70
5 89 94
6 97 99
7 109 124
3. Sea Boundaries (Figure 21):

Label the sea boundaries by SL, SB, SR, or ST. Locate tide
stations,set up the necessary data.

S. Boundary No. Type No. of Cells Rel. Infn.
I NATURE(I)  NBC(I) RINF(I)
1 SB 10 1.
2 SL ‘ 1 2.
3 SL 4 1,
4 SR 3 1,
sequence not
important
S. Boundary No, No. of Cells Cell Nos.
I J = NBC(IL) INBC(I)
1 10 2
3
2 _ 1 149
4 ' 3 11
' ’ 32

53

For SL and SB, also supply boundary depth, i.e. the depth of
cells left to or below the boundary.
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Boundary No, No. of Cells Boundary Cell Depth
I J = NBC(I) ZB(I)
1 10 40.
30.
39.
2 1 8.
3 4 42,

40.

River Boundaries (Figure 22):

Locate the river discharge cells, and the river-marsh area.
Separate the boundaries into their own categories. TFor river
boundaries, tabulate the number of cells and flow rates.
Small streams may be neglected.

R. Boundary No. Type No. of Cells Flow Rate
I NATURE (I) NBC(T) RB(L) oxr U(I)
1 RT 1 6.706
2 RL 1 0.762

For river-marsh boundaries, locate the river-marsh bottom cells
and top cells, ,

IRMBB(1) = 595, IRMB(2) = 599, IRMBT(L) = 784, LRMBT(2) = 788.

Ship Channel (Figure 23):

Locate the ship channel and label the cells along the channel.
Depths of spoil banks were obtained from the Corps of Lngineers,
Mobile, Alabama. Tabulate the cell numbers, channel axes, and
depth of spoil banks of each cell along the channel,

Total No. of Cells

NSBC
S22
Ccell No. Channel Axis  Depth of Spoil Bank (Ft)
INSBC(T) IAXIS (L) ‘ ZCH(L)
153 y 9.
174 vy 7.
195 y 7.
x 9.

196
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Fig. 23 - Ship Channel
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6. Bottom Roughness (Figure 24):

Manning coefficients which are used to calculate the bottom
friction vary from 0.010 to 0.050. A coefficient of 0.05 is
used in the marsh area to simulate the low flow rates

expected to this area. Values within the bay range from 0,010
to 0.018. The coefficients of water cells are read in segment

by segment,
Segment Manning Coefficients x 103
z(1) ‘
1 15. 15. 15, 15, 15, 15. 15. 15, 15. 15.
2 15. 15, 15, 15, 15. 15. 15. 15. 15. 15.
78 15. 50. 50. 50. 50. 15.

7. Passes (Figure 25):

Label the passes by number. Count the total number of cells
along each pass. Decide the flow direction either x or y
through each pass.

Total No. of Passes
LDSCH
2

Total No. Cells (Fach Pass) Flow Direction Cell Nos. (Each Pass)

fass NDSCH (K) LAXIS (K) TCDSCH(K,J)
2 3 v 89
: 90
91
1 1 X 149

8. Cell Modifications:
a. Zeroing of velocities;

Cells with land boundaries or sand bars on top edges
have zero flow rates across the top edges. The same
implication applies to cells with land boundaries on the
right side. Count total number of cells that require
zeroing of Vp and Up (Figure 26 and Figure 27)
respectively, and record the cell numbers.
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Total No. of Cells,vp =0 Total No. of Cells, Up=0
v U
38 38

CellNo., Vp=0
IBC(I)
25 26 64 65 66 67 etc.

CellNo., Up=0
IBC(T)
70 94 298 -320 99 124

b. Modifying Friction Factor:

Pilot runs are necessary to obtain friction factor
modification information. The following modification
is used to restrict flow in the upper part of the bay.

Count total number of cells which FXs have to be

modified and which FYs have to be modified, respectively.
Recoxrd cell nos. (Figure 28).

Total No. Cells , FX modified Total No, Cells , FY modified

NMODFX NMODFY
8 8

CellNo., & Value of FX RC(I), VF(I)
362 1.1 384 1.1 406 1.1 ...

CellNo, & Value of FY KC(I), VE(I)
383 1.1 . 405 1.1 427 1.1 ...

Model Input for Mobile Bay (Refer to page 17 for variable
description and pages 26-51 for Mobile Bay values.)

1., Input #1 - Program Control Card

IFMT, ICORF, IGONV, IORIG, IRMB, ISPBK, IDSCH, IMODF, ICK,
IMNDP, INC.

2.  Input #2 - Geometrical Information

12345678901234567890], 234567R9012345678901234567890123¢ ‘.)6769012-5“‘)6 7689012
Q1111111004

123456789012345676901284567890123456768901230567690123L 567890125456789012
39 38 38 38 B 798 Pl
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3. Input #3 ~ Physical Information
W, THETA, DELS, DELT, TIM, SLADJ

1e3456789012345678903234567890123456789012345678901231.567890123456789012
O O 6hbl.68 120. 25 : 0. 0.8

4, Input #4 - Left Boundary Cells of Each Segment
IBNDL

1e345678901234567890123456789ul12345678901234567890123456789012505678901234567890

e 23 44 65 89 97 109 £29 149 170 192 213 ¢35 25b 277 298

319 340 Jol 382 403 425 446 467 489 510 501 bb2 574 595 616 637
658 679 TUuL 721 742 763 784

5.  Input #5 = Right Boundary Cells of Each Segment
IBNDR

1¢3456789012345673901234567R9u1234567890123456789012345678Y012345678901234567590
‘1l 32 b3 70 94 9y 124 145 166 186 2us 226 247 266 286 306
327 348 3oy 389 41l 432 454 474 495 Hlb 547 5§58 bLT9 6L0 621 642
663 6BY TOS 726 747 768 789 ) : .

6. Input #6 =~ Cells that Require Zeroing of Calculated Vp
IBC '

123456789012345678901234567890123456789012345678901230567890123456789U1234567690
25 20 b4 65 66 67 67 50 51 52 43 Ht 8b S5v 57 58
59 60 bl 62 149 21p 403 467 552 575 576 577 578 166 186 206
247 260 286 348 454 2u4p
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Input #7 - Cells that Require Zeroing of Calculated Up
IBD

1238567890123456T7690123456TRIUL23U5678901234567689012310567890123456789U12345671590

70 94 99 124 145 16b
348 368 369 411 432 454
684 705 Teo T47 768 789

8.

Input #8 =~ Discharge Rate of.Rivers

RB

.

1234560789012345676201234567A90123456789012345678901231567690123456789012
670560

9.

Input #9 - Manning Coefficient

Ueold

0.0

Ue0

0.0

0.0

123456789012345676901234567A901234567890123456789012315670890123456789012
15 15 15 15 1Y

15
i5
15
15
i8
i

15

15

15
15
15
18
18
b

15
15
15
15

15
15
15
15
15

15
15
ib
15
i8

by

51

15
15
15

I8 -

15
.}
14
15
1y
18
18
18
L8
18
18
16
18
18
18
1y
18
iy
18
18
18
10
10
1o
15
15
15
15
15
1b
15
15
15

15 15
15 15

15 18
18 18
15 18
18 18
18 18

18 18
18 18
18 18
14 18
18 18
1818
18 18

18 18
18 18
18 18
18 18

15 1b
15 15

18

18
18
18
18
18

18
15
18
18

1y

15 18

18 18 1u
ly 18

16 206 226 247 206 286 298 306 320 2327
474 495 516 537 5H8 bH79 ohd 621

642 ©63
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10. Input #10 - Depth of Water Measured from Reference Plane

1&3456789012343b7b90125“5678901234567890123“5678901234567890125“56789012
40 30 39 21 21 30 35 37 4y 37
o4 39 28 17 40 30 27 38 39 40
35 21 9 9 <0 3Uu 9 30 35 440,

29 11 9 23 30
30 20 lo 5
5 -

3 14 371612 3 7 7 9 7 8
10 10 13 12 12 12 1212 10 9 7
10 41 12 12 12 11 40 10 10 11 11 10
$ 10 12 11 11 10 10 10 10 11 11 11
10 11 10 11 10 10 10 10 lu 12 12 12
10 11 11 12 11 11 10 11 1010 9 7
10 10 11 10 41 10 10 10 9 B8 5 1
9 10 12 10 11 11 10 10 B 2
9 10 11 10 11 11 10
16 10 9 12 11 11 10
10 9 11 11 10 10
10 10 91112 9 7
10 10 10 11 10 9

cooo e

G ~NNE £
w“Goyowm
oo F
Foun
(V)

BENNNOPN~NGDRECONN~NUNOO EFE W
-
[ =y

y
9 910 11 10 11 6
7 811111111 9 5
8 9 10 lu 11 10 9
8 91010 10 910 5
6 6 6 6 7 8 B8
U 910 9 8 6
101010 9 7 5
810 9 8 b 10
8 5 9 b 4 3
2 4 3 )L 6
1 1 1 1 6
10 1 1 1 110
10 1 1 1 11
10 ¢+ 1 1 11
10 1 1 1 i1u
6001 1 1 110
10 1 1 L 110
10 1 1 1 110
001 1 1 110
101 1 1 110

11. ZInput #1l1 - Modification of Friction Factor
NMODFX, NMODEY

Input #12 - Cell Number and Values of Friction Factors for FX
KC, OF '

Input # 13 - Cell Number and Values of Friction Factors for FY
KC, OF ‘

12345678901234567890123485678901234567090123456789012:3456789012545678901 234567490
] b
362 1.1 3u4

1 428 1.1 450 72 Lel 494 1.
383 1.l Hus 1 1

1.1 1.1 Sle o1
27 lel 449 1.1 471 1e}F 193 141 bHI5 1

i 1
el 537 1.

s e

Eiﬁﬁﬂ?fﬂBVFE LY OF THE

ot ey o
a0t a0l T POOR
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’

12. Input #14 - Starting Time and Number of Tide Stations
TMIL, ITSN

Input #15 - Tide Equation Goefficients and Time Phase
CA, CB, CC, CD, TD

1¢34567890123456789012545078901 2345678901 23456789012:3456789012345678901234567890
13.5 3

1403042  1.24243  0.004188  0.0567114 210.

1:08915 1.17665  0.004188 =0.003245 120.

118329  1.306828 0.000188 =0.182198 60.

o

AY

13. Input #16 - Total Number of Boundaries
NTB

1¢3456789012345678901234567R901234567890123456789012:34567890123456789uU12
7

14, Input #17 - Boundary's Nature, Total Number of Cells in the
Boundary, and Relative Information

NATURE, NBC, RZNF

Input #19 - Depth of Water Adjacent to Left or Bottom Sea
Boundaries
ZB

143“5b789u1234567890125‘4513739()123“567890123‘45678901?_.54567690125“56789012
S8 10 Le
P 3 4 5 6 7 8 9 10 11
40 30. 39e 21« 21, 26, 35, 37. U0+ 37.

149
8.0
SL o4 Le

r 29 44 65
»42" 40« Joe 360

SK 3 1o
11 32 L3
RU 1 0762
467
RT 1 647040
764 ’
RT 1 Us

Tu9
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15, 1Input #20 - River Marsh Boundary Bottom Cells
IRMBB

Input #21 - River Marsh Boundary Top Cells
IRMBT

Input #22 - Depth of Weir Along River Marsh Boundary
ZRB )

1234567890123456789012345678901234567890123456789012234567890123456789012
595 599
784 784

1.8

-

16. 1Input #23 = Total Number of Cells of Spoil Banks Along Ship
Channel
NSBC

Input #24 - Cell Number, Axis of the Spoil Bank in Each Cell,
Depth of Spoil Bank

INSBC, IAXIS, ZCH

1234567890123456 78901 234567R9012345678901234567890123456789012345678901234567490
22
153Y Qe L174Y 7« i95Y° 7. 196X 9. 217Y Y  208Y 8. 259Y 9. 2807 B
310Y b 322Y 5% S83Y 5, 0 364Y 6. 385Y bHe HubY 7. 427Y 5. H4BY 6.
469Y 3. 490Y 0. blly 0. 532Y 0. 553y 0« 574Y U

17. Input #25 - Total Number of Passes Where Discharge Rates will
be Calculated
LDSCH

Input #26 - Total Number of Cells at Each Pass, IAXIS of Flow
Direction

NCDSCH, IAXIS

Input #27 - Cell Number S at Each Pass
ICDSCH ‘

1£3456789012345678901234567890123456789012345678901234567690123456 789012
2 :
3y 1x
89 90 91
149



Tz " 300.00 OELTZ 2.00 NiLe T 18.50

C TI0E MEIGHT AT STATION (1)

= .30-
TIDE HETIGHT AT STATION ( 23 = .87
TIDE. HEIGHT AT STATION € 31 = 1.50°

“WOLUME ‘FLOW RATE AT LOCATION ( 1) = -237910.91 CU.ET./SEC
VOLUME FLOW RATE AT LOCATION ( 2) = 138607.38  CU.FT.7SEC

Tz 360.00 DELT= 2.00  HIL. T= 19.50
TIDE HEIGHT AT STATION ( 13 = wU8
TIOE HEIGHT AT STATION ( 2) = .59
TIDE HEIGHT AT STATION -t 3) = 1.17

VOLUME FLOW RATE AT.LOCATION (. 1) ~532609.66 CU.FT./SEC

YOLUME FLOM RATE AT {OCAVION ¢ 2) = 86843.43  CULFT./SEC
1= 420,00 PELT= L2400 . MTLe TT 20.50

TIOE HEIGHT AT STATTON ( 1) = -.09

TIDE HEIGHT AT STATTON ( 20 = o34

TIDE HEIGHT AT STATION ( 3) = +85

VOLUME FLOW RATE AT LOCATION ¢ 132 . ~656387.59 CUFT./SEC
YOLUME FLOW RATE AT LOCATION § 2y = 28599.07 CU.FT./SEC
TI. 480,00 OFLT= S 2.00 0 MIt. Tz 21.50

TIDE HEIGHT AT STATTON { 1) = -9

TIOE HEIGHT AT STATION (- 2V = o1 4

TIDE HEIGHY AT STATION (. 3) = «SH . . .
VOLUMYE FLOW RATE AT LOCATION € 13 = ~678752.15 CULFT./SEC
VOLUME FLOW RATE AT LOCATION ( 20 = -31559.35 CU.FT./SEC
RIVER.' 1 ‘FLOH RATE = =480 0. 00 CU.FT4/SEC
CRIVER =0 2. FLOM RATE = .00 CU.FT./SEC

RIVER = 3 FLOW RATE = . .00 CU.FT./SEC

RIVER = & 'FLOW RATE = .00  CU.FT./SEC

RIVER - 'S FLOW RATE = .00 - CULFT./SEC

RIVER =~ 6  FLOW RATE = .00 CU.FT./SEC

and3n0 wea3oad

8¢
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16
35
34
33
32
31
30
29
28
27
26
25
2y
23
22
21
20
19

17
16

14

93

10

15

13
12

N B WO D

1. @
1.20

59
« 57
«59
» 60

-« 97
1. 00
«38

‘1o 01

.97

- 59

-6l
.51
« 57

1.07
1.03
1.1t

1.08

1.07
1.08

l.07

.08
1.02
»39
1.00
-98
«97
95
«93

- 64
«58
62
«959

« 97
1.10
1. 03
1.08

1..10

1a12

.10~

1. 08
1.08
1. 07
1..85

1. 03

1.02

Slell

« 39
« 36
« 94
+.88
«76
«61
«63
- 64
« 55

. HEIGHT FROM REFERENCE PLANE T0 SURFACE
.38 Co : o i '

“9u

«93

e 97

«99
« 98
1.01
1.06
1. 09

1.13:

1.13
1.122
1.10
1.09
1. 07
la 05
1.03
1.03
1.01
39
«98
« 96
<30
«80
68
=64
«66
«59

1. 37
1.30
l. 17

1.05

95
-89

«89

<91
93
‘96
- 97
«97
e 97
«98
<99
1.00
1.03
1.06
1.13

1. 14 -

1. 14
16 12
1.11
1.09
1. 06
1. U5
1.03
1. 03
1.03
1.01
«99
.99
.91
. 84

« 72

63
«61

55

« 00
«0U
- uu
«00

Y]

<00
« 00
«0u
- 0u

0y

C 97
+96
«97
98

«98°

i.01
1.06
R L
1,15
1.16
1417
1.17
1.15
1.12
1.09
1.05
1.02
l.02
1.03
1.02
1.02
«99
1.01
.32

« 64
«62
57

<00
<0u
«0u
«0U
<00
=00
«au
«0u
<00
«0U
«98
- 97
- 98
«98
«93
1.03
1.12
.14

1.15

1.16
1.17
.17
1.15
le14
1.11
1.08
1.06
1.85
1.02
1.u3
1.6
1.04

-937

297

+53

«59°

«57

« 00
“e U0
-00

<00

-00

"« 00 -

- 00
- 0o
- 00
»00
.98
«97
.98
+99
1.00
1. 08
1. 14
1.16
l.16
1.15
.18
1.16
1.18
1.13
1.14
1.11
1.48
l.07
1.086

1.04

1,02
1.086
1.03
- 98

.56
.59
.58

‘A0
Y 1]
<00
.nu

‘Dn !

<00
<00
<00
" «00
.nu
«91
«96
«98
l1.00
i.08
1.10
1.1%
1.16

1a17

1.186
1.15
1.14
1.13
1.14
113
1.1}
l.09
1.07
1.06
1.08
1.U6
1.05
1.05

59
«59
+ 56

L 59
« 58
«51
«50
«S0
«51
«S53
5%
«59
«65
« 72
» 95
«98
1.04
1.08
1a11
1.186
1.18
i.2n

1.15
1.13
1.13
1.13
i.12
1.09
1.07
1.07
1.07
1.09
l.a07
i.09

1.19

1.13
l.11
1. 12
1.09
1.407
1.08
1.07
1.07
1.11
1. 16

1.10

1. 10

~leall

l.11

‘1. 09

1.U9
1.710
1.13
1.19

1. 08
1. 09
1.11

11l

1. 11
l.vln
1.12
1.20

1.0S

1.093
‘1.13

1. 16

‘le 19

1.08
1.08

117
1«17
lels®

108

«97

l. 17

113 " 1.10
1.03 - 1.02
« 96 «97

6S



VELOCTTIES IN X DIRECTION
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CVELOCITIES IN Y DIRECTION
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E, System Verification:

1.

The first step in the verification process is checking the
tide heights at each tide station with actual data., Actual
data obtained from tide charts are plotted with the data
predicted by the model. Comparison of the tidal amplitudes
and phases between each set of data is then made. An example
is showm in Figure 29,

The second step in the verification process involves the com-
parison of discharge rates at each pass within the system, Field
measurements taken by the Corps of Engineers at Main Pass and
Cedar Point are plotted with the model predicted values, Figure
30 and 31 illustrate this method.

The third step in the verification process depends on the suc-
cessful completion of a cyclic material balance. 1In this case
all of the input terms contributing to system mass minus all
of the mass output terms should be close to zero for the tidal
cycle (under normal conditions). Input terms include river
discharge rates and positive discharges at each pass, while
output terms include negative discharges at each pass and/or
river or chamnel, Table summarizes the material balance
concept for a condition in which bay behavior was normal

(i.e., no unusual wind, tidal or river flow conditionms),

The last step in the verification procedure involves checking
the flow direction and speed at various locations within the
system, This method is dependent upon the availability of
velocity data for point within the bay and, perhaps in some
cases where surface or bottom data are taken, the interpreta-
tion of data to conform to the model base (average over depth
and within the grid area), 1In most cases, this comparison
provides trend assessment rather than a specific, quantitative
check on the system, An illustration is shown in Figure 32
and Figure 33 for the entire bay. Data used were taken from
McPhearson (10) and includes ebb flow and flood flow conditions.

F. The Use of the Hydrodynamic Model:

The hydrodynamic model developed for the Mobile Bay system has been
used in several studies. Results show that the model has the capability
of handling a wide variety of problems and of providing important informa-
tion about the system over several different time frames. A list of
research studies shown below will give users an insight into several
model capabilities.

1I

Hydrodynamic parametric studies in 1972 by Hill and April (7))
wefe conducted to determine the affects of wind direction and
speed, river flow rate changes, channel effects, convective
acceleration effects and Coriolis effects on Mobile Bay water
movement, !
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2, Mobile Bay salinity distributions were studied using the
hydrodynamic model to provide average velocity and dispersion
data on a tidal cycle average time frame. This study in-
cluded the investigation of wind effects and river flow rates
on salinity patterns within the bay. An extension of this
work could relate the flushing characteristics of the bay
during seasonal variations., (7)

3. Total coliform group distribution studies were studied by
Liu and April (8 ) in a non conservative species transport
model. The hydrodynamic model was used to furnish net
velocities over the tidal cycle and maximum velocities for
each water cell within the system, Dispersion coefficients
were also provided in this study.

4, April and Brett (9 ) used the hydrodynamic model to provide
current data for isolated sections of the bay in which
maintenance dredging activities were concentrated. In these
investigations, transport and distribution of sediment brought

: up from the bay bottom during dredging were predicted using
a modified conservative species model, This model included
resuspension of sediment from the bay bottom, settling and
hindered settling mechanisms. Also studied were trend
behavior of sediment transport over long periods including
an assessment of the impact of Mobile ship channel construction
on bay bottom configuration and sediment deposition patterns,

5. The hydrodynamic behavior of Little Dauphin Bay has been
investigated using the hydrodynamic model. The initial goal
of the project is to predict the distribution and flushing
characteristics of pollutants within this restricted tidal
water body.

In addition to the above on-going investigations, the hydrodynamic model
will also be utilized in the following future studies:

1. Storm surge effects on estuary system behavior.
2, CGContinued sediment and turbidity distribution studies,

3., Adaptation of remote sensing data collection methods to
mathematical modeling techniques.

4, Mississippi Sound~-Mobile Bay interactions at Cedar Point,
5. Interactive coupling of the hydrodynamic model with the

various transport models, energy model and other related
models, '

.
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G. Limitations of the Hydrodynamic Model:

At the present time the hydrodynamic model is operational and
is capable of handling a wide variety of problems. However, there
are some restrictions which are placed on its formulation to make
it functional at an economic level. Plans to continue investigations
to modify the model and thereby remove some of the restrictions are
underway. These modifications will thus provide a model suitable
of an even wider range of applications for which bay system behavior
is needed.

In its present form the hydrodynamic model is restricted by the
following:

1., Only rigid (fixed) boundaries can be handled in the current
hydrodynamic model. TLand areas which could become flooded
during high water periods are not accounted for (except in
the river-marsh area in the northern bay).

2, The model assumes a constant density throughout the system.
Thus density induced currents are considered negligible,
Simulation of salt wedge effects (stratification) is possible
in those portions of the system where this behavior is known
to exist,

3. Wind velocities are restricted to values below 25 knots,
This condition is partly related to the ability of the model
to handle only predesignated water cells under restriction
number 1 above.
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VII. Appendix A

This appendix contains a detailed program listing of the
general hydrodynamic model.
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WELT ol HAMGMALN
CLiLT? KLaB70 L1/&Y=17:455 51 (60v)

0Luuly Ube C

yJduuo2 us7 C

yuuoos us7 [« GCNERAL HYDRODYHAMIC PROGRAM = VERSION 1,28.76

Juuuoy 057 C + *

g0uousS 057 C :

V0uulo Ubo DIMEMSION VOL (200, RE(20)s ~KC(100)r VFL100), AMNY (2500) »
uiuou7 L5 116C(250), lED(Z50), ISPACE(3)s FX (25000, FY(2500),
gouous 050 ZTU(20) s HDB(20)» DISR(20) s SDISRP(20) SDISRN(20)

00u099 U506 C

[V IVHBRY] Obe CUMMON 747 2(2500), H{2500), D(2500), IBNDL(Z200), IBNDR(ZOO)'
o0uull 0506 1HUM(100)» THEP{200)

oouui2 ubo - .C

uouo13 050 COMIAON /B/ VMAG(2500), BETA(2500) s AH1(2500), AHZ(ZSUO)I
Wouols uso LSUMX(2500) s SUMNY(2500)» SUMXNT (25000, SUMYNT (2500),
golo1s U5¢ 2U{Z500) s V{2500) UP(2500), VP (2500)

Jlullio 1) [«

. 00UUL7 05¢ CUMMON /C/ MCPR, NC» IROWs ISBs INP. 1P, IPRNT(6)s IFRM(10) s

Uuudlis ABe T OLIFLD (W) s INCENT(100)

Uluuly 050 C

ovoo20 056 DATA IPRNT #tH v YHO's ¢HLYy tH¥t, 10I13,Tr, v ' T/
0guu2l - U506 C

uouoz2 056 DATA IFRM /t{1%, tHO®, ¢ LA Sy v gy ty
d0uo2s 050 1tFotet,lr, ty v )Y/

QouD2H 056 o

00up2s 05% DATA IFLD /Zve0%s v, 1vy " ,2% *,3%/

V0uyzo 056 c

uouoz? 056 DATA ISPACE . /tFS*-FEvs'F7*/

ouvL2u 050 C

ugudz9 [1}-1-3 : DATA INDtNT /'1'7'2'1'3"‘q'1'57116'7'7'"8'1'9'!'10'
goLu3y 050 A0L10, 0120, 013, v iy, 015,150,017, 18 010y, 21200,
ouou3l 050 AV2L N 1D PRI 1RG0 1250, 126091 271,128% 1291, '30",
0003032 056 AVI1T U320, V2BV, 1340, 0350, 0300, 9371,1381, 1391, 1407,
0uLo3d Udo - "“L"VQZ’rf43'v'“u‘r'ﬁs'v'46't'u7' VLB g, Y501,
Uuouu 3y 050 1011, 9521, 0531, 15441550, 95610 p1571,1581, 1591, Y YO0,

T 000U3S 056 tlul'v'62'"63"'6“'0’65"'66'!'67'!'68'7'69'}'70"
Q0UU 30 050 . VTN VT2 VTR T TS TR 97T 178 e 1T 80y
Vouu37 U50 ALBLY V821, 183V BY 1851186 18T, 1RARYITEYL1T0
U0ubJb 050 4'91'1'92'0'°3'v'9Q'I'95"’°6"'97'0'98"'99"'100'/
A0L03Y 050 C
00uUY0 - 056 C PRINTER
Quuoyl 056 [ (e -
0ouuy2 056 c TAPE
0ouug3 056 CITAPE2 = 2
000U44 050 1TAPE3 =3
000045 © U506 [ READER
vovuyo 050 Ik = §
oguuy7 050 C
uoUOsy ©Ubw lic =y
0UL08Y U0ho PY = 4.#ATAN(L1.)
0ouus0 0So ANKAD =.180+/P1
sou0sI V56 DY 5 1= 1 20
uuuose [14) DISREL)Y =- U
oouuss 056 .- 5 CUNTINUE
o0QulLY USu 1JaM = 4

00uUbLYL 056 ILP =3

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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MNGHUO10
MNGHUU20
MNGHO030
MNGHDO4O
MNGHO050
MNGHUO060
MHGHOD070
MNGHO0B0
MNGHU0Y0
HNGHU100
MNGHU110
MNGHU120
MNGHO130
MNGHG 140
MNGHU150
MNGHU160
MHGHO170
MNGHU 180
MNGHO190
MNGH0200
MNGHU210
MNGH0220
MNGHD230
MNGIHO240
MNGH0250
MNGHO260
MNGI40270
MNGIHG280
MNGH0290
MNGH0300
MNGHO310
MNGH0320
HNGHU330
MNGHO340 -
MNGHU350
NNGHO360
MNGHU370
MNGHO380
MNGH0390
MNGHOL 00
MNGHUU 10
MHGHO420
MNGHOY430
MNGHO4Y {
MNGHOUS0
MNGHO460
MINGHOL 70
MNGHO480
MNGHO490
MNGHDS00
MNGHLS 10
MNGHDS520

“MNGHOS530

MNGHOS40
MHGHO550



(VIVIVE¢R.19)
0QUuL7

0ULOYbY

uouusHy
uluuLeu
UiUuul
uGutbe
Uyuubo
GOJULGYH
(VVEVIVESY)

bUUGuwo

voubL?
U0ulod
uuvuey
oauuu7d
Couu7l
Guuu72
upbu73
Q0LY74
QULUT7S
00ul7u
oQuur?
uDLL7y
uLaouTY
D0LLYo
Opuusl
duuusge
uou0as

S uguLsh

(VIRTIVEYY
Quuidso
0oL087
ouulys
UGuLad
[¢JARVRVE TV
JouuGl
0oUUY2
EVITOR)
Uuovlgy
PRVIVIVE 1.
00uUUYo
vgLo97
[FXVIVIVET:S
uyudagl
ouuiuu
JUulUl
uuuio2
oQuiNd
00uyluy
ooulos
Uyuite
Q0vlo?
tuulog

QLULDY-

Uoui1o
uoulll
Jlulle

usL
ubo
050
Udo
(1310}
050
050
UbSo
U50.
Ubo
Ubo
U050
050
056
56
052
050
U%o
058
056
Ubo
Ubo
050
086
050
050
056

VTS

056
056

10

il

30

31

40

41

Bu

90

ISETL = 1
I5tT2 =1 \
1S5ET3 = 1 :

WRITE(1P,9)

FORMAT(?1¢2T10e20xe  INPUT DATA CHECK seavy//7/)
READ I PROGRAM COMNTROL CARD )
READ (1P 1U) IFMT, ICORFy TCONV, 10RIGr IRMU, 15PpKy 1DSCHY
LIMODE, ICKe IMNDP, INC .
FUKMAT (1112} .

wnxréxxp.xl) IFMT, ICORF, ICONV, IORIGs IRMB, ISPBKs» IDSCH»
11MODF, TCKe IMEDF, THCK

FORMAT(t *21112)

IF (IFNT.EQ,O0) IFMT = 6

IFRA(7) = ISPACE(IFYUT-4)

READ 11: HEOMETRICAL INFORMATION

READ(11iPy 30) ISBe IROW, 1V IU, TRe NCrs MNCPR
FURMATLITIS) ,

WRITE (IP,31) IS5- IROWs IVe IU, IRy NCr NCPR
FURMAT (v +,715)

REAQ 10 PHYSICAL IHNFORMATION .
READCILPyy0) W, THETA, DELS, DELT, TIM, SLaDJ
FURMAT(7F1043)

WRITELIP, 41} Wy THETA. DELSs DELT, TIM: SLADJ
FUIGAAT (1 #7F 16 3)

Fap = GELT/Z4,

FAis = DELT/DELS

FAC = 1o.1*DELT/DELS
TIv = TIved600,

INC = INC#3600

T = 0. :

READ Il LEFT AMD RIGHT BOUMDARY CELLS OF WATER CELL' SEGMENTS
READ (IR, 6U) (ILHNOL(T) s I=1,1SB)

READ(IHP50) (ILNOR(I) e 1=1,1SB)

FURMAT((16{5)) . .

WRITE(IPyel) LILNDLLT), I=1r1SB)

ARITECIP L) (TLNDRII)» I=1¢18B) _

ORMAT (1 121615) _ _
ER:P?I) u OF PRINT REPETITIONS FOR EACH SEGMENT IN A ROW
pU 65 1 = 1,1ISB ; BT .

ReP (1) = IBNOR(I) = IBN + ]
&uﬁci;)ls THE SPACE INDENTED BEFORE PRINTING BEGINS IN EACH ROw
NUM(1) = (IQNDLCL) =1 J¥IFMT 4.5
DO 7a-J = 2,150
KR o= IoNDL{d) = I8OL (J) ZNCPR&IICPR = )

PRINT FOUMAT IS F(IFMT),%s THEREFORE KK#IFMT
NUidtd) = KKeIFHT +.5

ORTIWUE .
ﬁeig 1t CELLS THAT REQUIRE ZEROING OF CALCULATED VEL.
READ (LR, AU CTLCLUT )y I21edV)

READCIHP v 8L) CIRD(I) e 1210 dW)
FORMAT (1olb%) -

W ITCUIP, 81 CTFCLIy 151, 1V)
RLTECIP, 1) LLER DY T21e1W)
FORMATLY -9, 1614)

READ Iy UISCHAIRGE ‘RATES. OF RIVERS
TREALCTP a0 (Re(I)e I=1eIRY
FORMAT({HFLEL5))

T e, rratie faanli el e
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MNGII0S60
MNGHOS70
MHNGIHOS80
tMHGHUS90
MNGHOK00
tINGHICB1 0
mMhNeHG620
MUGHUE30
141GHOBHO
PHGHDB50
MHNGHO660
MHGHUBT0
MNGHI680
MNGIH0B90
MNGHO700
MHNGHO710
MNGHO720
MNGHOT30
#NGHO740
MNGHOT750
MNGIHOT7060
MNGHUT770
MNGHO T80
MHGHOTS0
MNGROB00
MNGHOB10
NMNGH0B820
MNGHOB30
MNGHO8U40
MNGHORS0
MHGHU 860
MNGHO870
MNGHOBED
MNGHOB90
MMNGHD900
MNGI10910
MNGHE920
MNGHU930
MNGHD940
NGH0950
MNGH0960
HNGHO970
MNGHG980
MNGH0990
MNGHH1000

- MHGHI1010

HNGH1D20
MMNGH1030
MHGHL040
MNGH1050
MNGH1060
MNGI{1070
MNGH1080

L EHEHI090

MMGHL100
MNGH1110
MNGNH1120



00ulll
UJdulli
UL1lYy
00ullo
vuull7
V0UllY
ululily
0ouleu
ouotLal
voulz2
o0ui23
Soulan
00ulad%
oool2e
uyulaz
govizaad
voulzay
00U130
00ul31
Vou 132
00ul133
fHully
(TP L)
Udullo
00uls?
Uduiis
upu139
00ulu0
woulal
vouluz
0UV143
soulyy
ooulus
J0uiyo
0ooiu?
0001u8
00uly9
Doulibu
ooulsl
0oulse
goulsna

DOLIBY

00uUlhYL
ululso
BoL1LT
oouisa
00uln9
DOuULHY

[SRVAVETLY O

ooulsd
[efP IR R
LG Llo
OuUl6h
00uvleo
Loule?
V0U1bb
00Uley

056
ubou
U506
Ub0
056
Uho
056
056
VETY)
U506
050
050
056
050
0bo
USL

~0%86

Ubu
[V1-1%)

050

50
050
056
U050
050
056
056
056
050
056
056
050

Ubo
05b
d5u
USo

S Ubo

056

J5o .

Ubt

ML)

[1:14)
Ubu

- USuw

USu

91

8Y

1u0
95
101

110

140
120
141

Cr
(3~

OO e

172

173

o

WHRITC(IP,OL) (RELIY, IS101H)
FORMAT (! t9(BF1045))

0L 15 1 = 1NC
AMbY (1) = 0,0
21y = 0.0

0V 99 K = 1¢ISh
KF = IBHDLIK)

KL = IEHDRK)

READ Xt HARMIIING COFFFICIENTS
READ CIMP LU0) (ARIIY (1) 9 TZKF KLY
FORMAT((26F3.0))

WRITE(IP,201) (AMNY (1) l=hFeKL)
FURMAT (Y 1 {26F3.0))

Bu 1ty 1 = 1oNC

AMNY (1) = AMMY (1)} /1000,

DO 120 K = 1,15R

KF = . 18NDL(K)

KL = IuMUR(K)

RLAD Tiv DERPTHS OF WATEP CELLS
READ (1MP140) L2(T) y 1=KFsKL)
FURMAT ((206F2,0))

wit ITECIP 1410 (2011 - I=KFKL)
FORMAT LY 4 (26F3.0)2)

DO-15% K = 1. 158

ISTRT = IONDL(K)

IQUIT = IHLDR(IK)

PO 1Sy I = ISTRT, 1QUIT

Z{1) = Z(I)+SLADJY

CUNTIHUE
INITIALIZATION
pO-170 I = 1#NC
Utly = 0,0

V(1) = 0.0 ’
uP(r) = 0.0
vP{1) = 0,0
titly = 0,0

UGlIy = 2(1)
VMAG(I) = 0.0
BeTA(LY = 0.0
SUMX(I) = 0,0
SUMY (1) = 0.0
SUMXHT (1) =2 0,0
SUMYNT(I) = 0,0
EX¢I) = 1,0 .
FY{I) = 1,0
CONTIHUE

R =-0,0

VELOCITIES MODIFICATION FACTOR

1F - CIMODF,E£Q.0) GO TO 100

INPUT HO OF CELLS TO BE MODIFIFD

RUAD(LHIRG 172) WMODF Xy HIMODFY

FORMAT (219)

WRITE (IR, 173) NMODFX, NMODFY

EURMAT (v 04215)

TWPUT CcELL HO & VELOCITY MOCIFICATION FACTOR
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MNGHI130
MNGH1140
MNGHL 150
MNGH1160
MNGH 1170
MHGIH1180
MUGHI190
MNGH1.200
MNGH1210
MNGH1220
MNGH1230
MPGH1240
MHGH1250
MNGH1260
MNGH1270
MNGH1280
MNGH1290
MNGH1300
MNGHI1 310
MNGH1320
MNGHL330
MNGH1340
MHNGH 1350
MNGH 1360
MHNGH1370
MNGH1L2L
MNGI1390
MNGH1400
MNGH1410
MNGHI420
MNGHIH30
MNGH1440
MNGH1450
MNGH1460
MNGH14T70
MNGIL4 80
MIGH1490
MNGH1500
MNGHLS10
MNGH1520
MNGH1530
MNGH1540
MNGH 1550
MNGH1560
MNGH1570
MNGHIS580
MMHGH1590
MNGH1600
-~ MNGH1H10
MHGH1&620
MNGH1E30
CMHGHIGHO
MNGH1 650
MNGIH1 660
MRNGH1670
rMNGHYI 680
MNGH 1690



Quul70
VoLL7L
Liul7e
Vovi17s
ulul74
UoLiTS
U0ul7o
Voul?7
ugul7d
00v17Y
uoulgy
Juu1sl
ouulg2
Uullad
00ulsy
ooulias
00uldo
oguia?
ogulas
0guigy
Quulg0
0UUL9i
ouulo2
00u19d
G0U194
Juul9s
0Uu196

. 0uv197

0u0198
uuul99
goweoo

oou2ol -

oouzo2
duuzol
guuaoy

0Gu2us .

tuuaee
ugu2a7
0uu2es
Uou2uy
004210
ogu2il

-~ pouz12
- 00u213

uuL214
woueLs
000215

VIS & A

oouel1sd
oou21y
gouzau
Ouu2al
00vcel
oouezs
vonzau
00uez25
uov22v

050
050
056
Obv
ubo
050
uSe
050
Uho

Js6

USu
V5w

Ob0
. 050

050
050
050
050
050
0560
050
050
050
050
050
056
050
G50
050
050
056
05u
05¢&
050

" 050

050
055

0he -

050

050~

U50
050
056
056
050
ubo
054

O0bo

Gho
050

.0bv

U5Se
054
USv
05u
050
[12.18)

220
230

OO0 n OO0

(sNoRaN sl

X=5IRECTION

IF (1W0DFX.LG.0) GG TO 180
FLAD(LIHP179) (KC(I)YoVF(1)s121,HMODFX)
FORMAT(B(IDeF5,2))

anlUTiIPe176) (KC(I) W VFLT) o 1=1,HIMODFX)
' PO B (TR F5,2))

1 = 1,MNOUFX

Fal(d) = VFLD)

Y=3IRECTION

IF (NMODFYLEQ.0) GO TO 190

REAV(INP ) 155) (KC(I)vVF(I)ylzlvNMODFY)
FORMAT(B(154F5,2))

WRITE(IP,186) (KC(I)yVF{X)+1=1,NMOCFY)
FURMAT (Y vpEl19F5,2))

DU 189 1 = 1.NMODFY

Joz KC(I)

FY(J)y = VF(I)

CuNTINUE

CALCULATE WIND STRESS

IF (w,LT.,23.64) GO TO 220

AK = (,0001) 4 ,00025%(1,-23,6446/W))/100.
G TO 230 :

AK = ,0000011

CUNTINUE

REMEMBER -TO MEMTION THE DIRECTIOM OF CALCULATIQN
THETA 1S MEASURED FROM X-AXIS COUNTER-CLOCKWISE

X = AK*4swW*COS(THETA)
Y= AKsWey«SIN(THETA)

CALCULATE CORIOLIS FORCE

COR = 0,0000727
IF {ICORF,EQ.0) COR=0.0

PRINTING CONTROL FOR MANNING FRICTION FACTOR AND INITIAL DEPTH

IF (IMNDPLEG.O).GO TO 245

CALL PRINTL (U AWNY»
LrEIANMING FRICTION FACTOR

CALL PRINTL(2+L0
LYOLPTH OF MATER.FROWM BOTTOM OF gAY TO REFERCENCE PLANE

DU 250 .1 = TeMNC,

AMBYLT) = 14,57+ (AANY (1) *%2)

11C = INC + T e
“Cabl 30UNDL CINE TR, TMIL, ITSH TDHDB»FABFAC» DELT+DELS ) NCPR/R)
KEAD * TAPE

1IF LICK,EQ0) GO TO 450

RewINJ ITAPES.

READ (ITAPE3B0U) (H(T), I=1aNC)

READ(ITARPE3 4007 {UCT) 7 T=1eNC)

REPRODUCIBILITY OF T3
ORIGINAL PAGHE 1S POOR

83

MHGH1700
MNGH1710
MNGH1720
MHGH1730
MNGH1T40
MNGH1750
MHGHLET60
MNGH1770
MNGH1780
MNGH1790
MNGH1 800
MMNGH1B810
MNGH1820
MNGH1830
MHNGH1B40
MNGH1850
MNGH 1860
MNGH1870
MNGH1830
MNGH1890
MNGH1900
MMGH1910
MNGH1920
MNGH19 30
MNGH1940
MNGH1950
MNGH1960
MNGH1970
MNGH1980
MNGH1990
MNGH2000
MNGH2010
MNGH2020
MtGH2030
MNGH2040
MNGH2050
MNGH2060
MNGHZ2070
MNGH2080
MNGH2090
MNGH2100
MNGH2110
MNGH2120
MNGH2130
MNGH2 140
1 IMNGH2150
MNGH2160
P IYMMNGH2170
MNGHZz180
MNGH2190
MNGHZ2200
MNGH2210
MNGH2220
MNGHZ230
MNGH2240
MNGH2250
- mHGH2260



oouz27
Vlue2ls
00ue2Y
uouedu
0due3l
Vovede
w0233
[T
oLuzab
vouR3L
006237
00U&38
o0uu239
ouuzso
gguzgul
guuz4e
o002ed
o0ueyy
uoueus
00uglo
ouu24u7
ogu24a
V0UzZHg
00u250
oov2sit

00uase

000253
000254

S 00U25y

0guz5e6
oouzs7
00u58
0gu259
vluctlu
00026l
o0ueee
00U203
00uceY
00uz26S
lucoo
quues?
000263
oouU269
gou27U
00ue71
ogoz72
voue?3
uuueTH

00ve75

vuu27e
ouL277
00u274
U079
00u280
oou2al
VoUza2
oou283

056
boo
ubo
056

- 050

Ube
(31
0656

USL -

056
(TT)
050
1119
05y
V50
050
050
U506
056
056
050
050
UHo
056
055
056
U50
056

056

050
050
050
O0bb
055
U506
Ubo
USb
056

U500

040
050
U500
056

.. 050

USo

400
450

460
500

540
550

590

oll

610
6195

KEAD(ITAPEZ 400) (V(I)e I=1,NC)
FURLATIT2,10F7,3/T2411F7,3)
COKTINLE

IF (ISET1,kG,2) GO TO 460

CALL VELL (INP o IPo TRMBCPR oty DEL T [ELS» TORIG s ICONV » AMILY o COR 2 IUY

1IveIBD TOC ISEIFX FY FAA FABCFACI X0 Y)
ILETL = 2
G0 TO 470

CALL VEL2(IHP, 1P IRMBWNCPK, NC:DELT'DELS'IORIG'ICONV AMNY 5 COR ¢ 1Us

IV, IBDPIBCISHIFXFYIFARWFABIFACIXeY)

IF (ISPRK.EQ.0) GO TO 500

1F (ISET2,EG,2) GO TO 480

Cath SEANKLCILE »IP s NCPRIDELTDELS  FAAY FAC»COR.X.Y)

ISET2 = 2

GG YO 500

Cill SHANK2(INP 1P 1CPR, DtLT.DELS;FAA;FAC'COR-X:Y)
CONTINUE

IF (IDSCH.EQ.U) GO TO 550

1F (ISET3,E0.2).G0 TO 540

CiALL DISCHICINP,IP,DELS,DELT,VOL,DISR, SDISRP.SDISRN«LDSCH)
I5ET3 = 2

GO TO 550 - : o
CALL DISCHZ(INP'!PIDELS'DELT[VOL’DISR[SDISRPISDISRNULDSCH}
CONTINUE

DO 590 J = 1,158

ISTRT = IsiDL(J)

IQUIT = 1IBNDRIJ)

DO 590 I = ISTRT.IQUIT

XAX = SUMX(I)~

XXP = ABS(UP(I))}

IF (XXP.GT.XXX) SUMX(I) = XXP

YYY = SUMY (1)

YYP = ABS(VR{I})

IF (YYP.GT.YYY) SUMY(I} = YYP

- CURTIWUE L

CONVERT VP TO V AND UP TO' U

U0 600 J = 1:158

ISTRT = IghDOL (J)

IQUIT = IBNDR{(J)

00 600 I = I1STRTPIGUIT

SUMXMT (1) = SUMXNT(1) 4 UP{I)/D(])
SUMYNT(I) = SUMYNT(I) + VP(I)/D(I})

LED) = UPCL)

ViIy = ve(n)

ChLCULATE TIDE HEIGHT IN BAY

DU 610 J = 1,150

IF - (IBHDL (J) W GE v {NC= NCPR)) GO T0 615
ISTRT = I@WDL(J)

IQUIT = IRNDR(N)

DO 610 1 = ISTRT,IQUIT

HUI) = H(I) + FABs(UP(I)+VP(I)=UP(1+1)=VP(I+NCPRY)+RsDELT
CUNT INUE

IF (AMOD (TMIL,14404) LT, 0, 0001) TMIL_D 0
T = T + DELT

TNIL = TWIL + CELT/60,

ChLL 50UHDE(INP¢IP'TMILoITSN'TD'HDBoFABtFAC'DﬁLT'DtLSoNCPR 'R}
N =7
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MNGH2270
MNGH2280
MNGH2290
MNGH2300
MNGH2310
MNGH2320
MNGH2330
MHGH2340
MHGH2350
MNGH2360
MNGH2370
MNGH2380
MNGH2390
MNGH2400
MNGH2410
MNGH2420
MNGH24 30
#NGH24 40
MNGH2450
MNGHZ2u460
MNGHZY 70
MNGHZU80
MNGH2490
MNGH2500
MNGH2510
MHGH2520
MNGH2530
MNGH2540. -
MNGH2550
MNGH2560
MNGH2570
MNGH2580
MNGH2590
MNGH2600
tNGH2610
MNGH2620
MMGH2630
MNGH2640
MNGH2650
MNGH2660
MNGH2670
MNGH2680
MNGH2690
MNGH2700
MNGH2710
MNGH2720
MNGH2730
MHGH274 0
MNGIH2750
MNGH2760
MNGH2770
wNGH2780

MHGH2790

MNGH2800
NNGH2E10.
MHGH2820 -
MNGH2830
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oouu0d 024 - C
uouuoe 024 C +
006003 G24 C VERSION 1,28,70
vouoLy o2s ¢ +
000U05 024 c
0000VH o2u SUBROUTINE "PRINTL(IXY,STOREL,X)
ouuoo7 02v DIMENSION STOREL(2500)+ STORE2(2500) s X(11)
00G00s o2u CUMMOI /A7 2(2900), H{2500)s D(2500), IBNDL(200)e IBNDR(200).
ooLon9 o2u INUM{100) » TREP(200)
Uguo10 020 COMMON /C/ MCPRs NC» IROW, ISBy INPe IP, IPRNT(6) sy IFRM(10),
gouoll 020 LIFLD(4) - INDENT({100)
sovole 020 IPASS = 1
00uul3 020 G0 10 S
00ul1% 020 ENTRY PRINT2(IXY,STOREL»STORE2:X)
0pooLs 020 IPASS = 2
00ullo 020 5 WRITE(IP,10) X
vouo1i7 o2u 10 FORMAT (0102 T2,11A6)
uguois 020 IFRM(3) = IPRNT(5)
Gou0i9 P IFRM(B) = IFLD(IXY)
006020 020 JR.= 158
000021 02u M=z 0
Qguu2e nav DO 70 K = 1,IROW
oguu23 020 M = JIROW - K + 1
vpuo24 02u IFRM(2) = IPRNT(1)
000U295 [VF-1Y Jho 2 JK
0pLo26 020 51 Jboz JL-}
00027 020 IF (JL.EQ,0) GO TO 52
Govozs 02U IF ((IBHDL{JL) /NCPR+1).,EQ.M) GO TO 51
0g0029 020 52 JF = Jb
000030 020 54 Ju o= Jdlo+0)
00u031 u2o0 N4 = NUMTJL)
0QuUN32 o2u IFRMTY) = INDENT (NM}
000033 02u IR = IREP(JL)
000034 o2u IFRM(6)Y = INDENT{IR)
00003 020 ISTRT. = IgWOL{JL)
0uUlL3o 02u 1GUIT = IBWDR(JL)

- 0000387 02u IF (IPASS.EQ.3) GO .TO 55
govo3s 020 WIRITE(IP+ IFRM) Ms (STOREL(L),I2ISTRT,IQUIT)
0gL039 020 IF (JL.EG.1): 60 -TO 58

.-0p0o40 020 IF {JL,EQ,JK) 6O TO S8
opuoul 020 Gy TO 56
oouug2 020 55 WRITE (1P IFRM) Me (STORE2(1)» I=ISTRT, IQUIT)
00U043 nau 1F (JL,EQ.1) GO TO 70
00uULY 0240 1F (JLLEQ,JK) GO TO 59
000045 02u 56 IFRM(2) = IPRNT(4)
00u04b 020 - 6GU TO 54
oobuy7 g2u 58 IF (IPASS.EQ.1) GO TO 60
0000yl Gel IFRM(2) = 1PRNT(1}
000049 020 IPASS = 3
0Qu0s0 v20 JL oz JF
oulosL 020 GO0 TO S4
o00uus2 o2y 59 1Pa8S = 2
0oLUs3 02v 60 JK = JF :
00UusY u20 IFRMeZ2y = 1PRNT (1)
DLUOSY S 020 70 CONTINUE ;
00UUYHE uau RETURN '
gouus7 020 ENU
ENDELT,
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1PRTO0010
1PRTOD20
1PRTUO30
1PRTO0KO
1PRT0OCS0
1PRTO060
1PRT00O70
1PRT0080
1PRTD090
1PRT0100
1PRTO110
1PRY0120
1PRTO130
1PRTO140
1PRT0150
1PRTO160
1PRT0170
1PRT0180
1PRTO190
1PRT0200
1PRTO210
1PRTO220
1PRT0230
1PRTO240
1PRT0250
1PRTO0260
1PRTO0270
1PRT0280
1PRT0290
1PRTO0300
1PRTO310
1PRTO320
1PRT0330
1PRTO340
1PRT0350
1PRT0360
1PRT0370
1PRT0O380
1PRT0390
1PRTO400
LPRTOLIN
1PRTO420
1PRT0430
1PRTO440
1PRTO4SO
1PRTO460
APRTO470
1PRT0O480

~1PRT0490

1PRTO500
1PRTUS10
1PRT0S20
1IPRT0530
1PRYO540

1PRTO550
IPRIGH60

1PRT0570
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uoouul usz . C 2RPT0010
00002 052 ¢ + . . 2RPTLU20

00VUU3 05z € VERSION 1,28,70 - 2RPT0030

00U0UY 0he ¢ + ZRPTUOHD

aoouns 052 ¢ 2RPT0050

oUULVUL 048 SUBROUTINE REPRTI(IP, NP, ILP,LESCH, INSCHy IRy R TJAM, IT, 1TCy 2RPTU06D

vovuo? V4o 11NC,DELT OELS e ToTIMIVOLoNC) ITAPE2, ITAPE3 13059 ) 2RPT0070

000008 (Y DIMENSION VOL(20). RB(20)» RF(20) 2RPTU080

000009 048 CUMMON /a7 2(2500) HI2500)+ D(2500), IBNDL(200)» IBNDR(200), 2RPT0090

! . vouole 048 1INUM(100), IREP(200) ) 2RPTU100
¢ 0GUULY ~  Ouys COMMOI /fs/ VMAG(2500), RETA(2500), AHL(2500), AH2(2500), 2ZRPTOL1Q
000012 Y2 1SUMX (25009 ¢ SUMY(2500) s SUMXHT (2500) ¢ SUMYNT (25006)+U(2500) 2RPT0120

: 00uU1L3 V4 EV{2500),UP(2500) VP (2500) 2RPTOL130
VoUO1LY Oue IF (ILP "T,3) GO TO 90 - 2RPTOL40

oouuls 048 IF (1D, EQ.0) GO TO 30 2RPTU150

0Quole . oua : DU 10 I = 1,LDSCH ) 2RPTN160

ovvol? 048 10 WRITE(IPy2u) T, VOL(I) 2RPTOLTO

00u018 V48 20 . FORMAT(T2, 'VOLUME FLOW RATE AT LOCATION (veI20%) =V4F15,2, 2RPTO180

Uouuo1Y ous 12X, t*CUFT,/SEC) 2RPT0190

oguv20 048 A0 CUNTINUE 2RPT0200

uouon2l 048 TJA = TJAM + 1 2RPT0210

guuue2 ous IF. (I1T,EG.ITC)Y GO TO 35 2RPT0220

000023 ous RETURNZ20 2RPTU230

tuuo2y OuH . 35 ° CONTINUE 2RPTO240

00uL25 o4a DO 40 I = 1,IR 2RPT0250

000U26 vy RF = R3(])*DELS - 2RPT0260

vovo27 048 WRITEU1IP, 38) 2RPTU270

0ouo02g oud . 3 FORMATLY 19/} 2RPT0280

; vou029 048 40 WRITE(IP,S0) 1. R&(I) 2RPT0290
g . 0VbLU3D ond. - 50 FORMAT(T2y *RIVER = ':IZ:ZX"FLOW RATE =',F10,2+2Xs 2RPT0300
| 000UL31 oud 1*CUFT,./SECY) ZRPTO310
f ooun3z ) ITC = 1TC + INC 2RPTU320
| DuuL33 L 0u8 CALL PRINT1(3¢He 2RPTU330
00U03Y Y 1IEIGHT FROM REFERENCE PLANE TO SURFACE *) 2RPTOA40

00UU35 Ve CaLl PRINTL(2/U, . 2RPT0350

U0UD3u Oud Lt VELOCITIES IN X DIRECTION i ) *)2RPT0360

S 00u037 oug CALL PRINTL(2+Ve 2RPTO370

o0UusY vy 1+VELOCITIES IN 'Y DIRECTION . *)2RPT0380

00003 048 Call PRINT2(2/)VHAGIBETA» ) 2RPT0390

00ul4y vus 2 MAGNITUDE ANG DIRECTION OF VELOCITIES v} 2RPT0400

v 00U041 og8 CALL PRINT2(4,AHL,AH2, 2RPTG410

i 00uU0s2 ous 1+ CONVECTIVE ACCELERATION +)2RPTO420

oUuly3 04 90 CONTINUE 2RPT0430

00U04Y 048 ENTRY REPRT2(IF,INPyILPLOSCH, IDSCH/IRYRB, TUAM, : 2RPTUY4Q

VoUULS oby 1175 £TCr INC1OELT»DELS»To TIMeVOL  HC, ITAPE2) ITAPES S+ $1$) 2RPTO4S50

00UU46 oud D0 95 T = 1.NC 2RPTOU6D

00U047 . oal 9y DIy = Z¢1) + htl) : 2RPTO470

00UU4y oul IF (ILP,LT.3) RETURNZ2L 2RPTOU80

00uU049 - - 048 : 1F (T.LT,TIM) RETURNZ2 2RPTO4G0

00u0sU oud DO 100 I = 1¢NC i - 2RPTO0500

00ULLL o4s SUMXNT{T) = SUMXNT(1)«DELT/TIM 2RPT0510

000052 oud 160 SUMYNT(T) = SUNYNT(I)»0DELT/TIM 2RPT0520

00u053 046 CALL PRINT2(Ly SUMX, SUMY.. : 2RPTO5 350

ouLULY oub < L PDISPERSION COEFFICIENTS ‘ , : 1) 2RPTOS40

[I{VELT) o4 ReWIND - ITAPE2 © : 2RPT0550

000056 048 REWIND ITAPE3 : ) 2RPTO0560

LOLOST oub . WRITE(ITAPE2, 110} (SUMX(T1»1214MC) ) 2RPT0S70

06U058 oud WRITECITAPEZy 1103 - (SUMYLT) v I51eNCY S - 2RPTUBH0

00uG59 ous ARITE{ITAPEZ» 110) - (SUMXNT (1), I=1yNC) ) 2RPT05490

0UUUBY LY WRITE (ETAPE2+110) (SUMYHT{I)yI=1sNC) 2RPTO600

goutel o4& - 110 . FORMAT((12+:7F8.0+/)) . . 2RPTU&LO

. 00U062 ©0us i WRITE(ITAPE3,115) “(H(I)+I=1,NC) 2RPTO620
00uLL3 oud WRITEUITAPES+115) (UCI)s I=1.NC) : C 2RPT0630

UouoeY oug. WRITE(ITAPE3»115) (V(I}sIztyNC) 2RPTO64D

00u0GD UgE 115 FORMATITZ,1CF7.3/T2¢11F7.3) : 2RPT0650

CLEEYN ous DO 117 Iz 1aeNC } 2RPTU6ED

000067 oy : SUMXNT(1) = SUMXNT(I)#»1000 2RPT670

QuUUCes . oWd 117 SUMYNT(1) = SUNYNT(1)%1D00 : . 2RPT0660

QUu0RY 048 CALL PRINT2(1,SUMXLT ySUMYNT . 2RIBT0690

ao0670 048 2'HET VELOCITIES IN X~Y DIRECTION # 1000 . C : ~)2RPT0700

GLoo07L o 0eg OV 1207 = 1eMC. , _ ‘2RPT0710

Guuu72 o4 . SUMXHT LI). = SUSMXNT(I)/1000, . 2RPTU720

0oU073 T L TOu8B T 120 SUYNTLTY = SUMYNT(I)/1000, - : : ) 2RPTO730

0ou074 coUdg o RETURN2L : . o 2RPTQ740

00UU7S" Lo4e o END : . S : : 2RPTU750
END ELT.
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1 gouuol 0o - C 3VELGO10
Yuuyn2 e € 3VELUO020
0uuou3 Vo C VLRSION 1.28.76 3VEL0O30
00ULLON v € + 3VEL0O40
0uL00Y Ubu € 3VELOOS0
00UN0G 00S SURROUTINE VELL(IHP, 1P, THISG o HICPR N sDEL T o DELS » JTORTIG . TCONV, AMNY,  3VELOO60

. oouuu7 005 1COR IUVIV THD I IHC ISR FXF T, FAAIFAILIFACIXeY) 3VELUO70
0uLLOL ued DIMENSION AMNY (2500), IRMuts(2)s IRMET(2)s FA(2500), 3VELOD8O
00u009 00Y LEY(2500) 10C(250), -ILD(257) 3VELOO90
00u010 00% COMMON /A/ Z12500), H{Z500), D(2500), IBNOL(Z00F, IBNDR(200), 3VELU1UO
o0Uu011 uos : 1NUM100), IREP(200) IVELO11D
vou012 U0s5 CuIfM0l /87 VHMAGI2500) BETA(2500), AHL1(2500)» AH2(2500) . . 3VELU120
ooLuLs 005 1SUMX12500) +- SUMT (250103 s SUMXHT (25001 » SUMYNT (2500)y U(2500) BVELO130
00ulUIY 005 2V12500), UPI2500), VP(2500) LVELD140
uuuoLY 05 ¢ 3VELO150
00u0io 005 ¢ IVELO160
000017 005 € CALCULATE VELOCITIES IN X=Y DIRECTIOMS 3VELO170
Goutls 005 ¢ THIS SECTION 1S DESIGNED FOR: THE RIVER MARSH. BOUNDARY IN MOBIL 3VEL0180
00UU1Y oL ¢ AY SYSTEM OR SIMILAR SYSTEM 3VELO190
ouo020 005 IFROW = 99999 3VELU200
oouual ous IF (IRMELVEG.0) 60 TO 100 ) 3VELDL210
000022 005 READ(IFNP»S0) (IRMBSLI)»1=142) 3VELO0220

| 0ou023 005 50 FORMAT(215) : 3VEL0230
; uouo2y 005 WRITE(IP,51) (IRMBd(I)eIz142) 3VELU24D
; 000625 005 51 FORMAT( -+ ,215) . 3IVELO250
; pouLes 00bH READ (INP, 50) (IRMBT(I),1=12) 3VEL0260
: oguu2? OIVEY READ(INP60) ZKY 3VELO270
vuuo28 00y 6l FURMAT(F10.5) 3VELO280
000U29- 00% WRITE(IP,S1)  (IRMBT(X) 121425 : 3VEL0290
0uUU30 aus wRITE(IP,61) ZRB 3vcLo300
; ; QOu031 00b 6l FORMAT(Y +9F10.5) 3VELO310
1 : UouUae 0UyS . 80 DV Yo I = 1yNC . 3veL0320
: 00uU33 0o% YU DI} = H(l) #+ 2(D) . , 3AVEL0330
VOUU3L 0os IFROW = IRMBB{1)/NCPR + 1 IVELU340
o0uu3s 005 ENTRY VEL2(INP,IP, IRMBNCPRHC,NELT 1DELS s IORIG,TCONV s AMNY 7 COR,IUy 3VELO350
000U3s 20H LIV, 18D I0C ISBrFX FYiFAATFARIFACIXeY) 3IVELG360
ovUU37 005 100 DU 310 J = 1.1SB 3IVELD370
00VO38 80b IF: (1BNDL (J) +GE+ (NC=-NCPR)) GO TO 350 3VELD3BO
0OU039 009 ISTRT = IBNOL(J) 3VELU390

pouGED u0b O TQUIT = 18WDRIJ) 3VELO400
o0uUou1 00s UCONVA = 0.0 3VELO410
Gouou uos VCONVA = 0.0 IVELNY20
UluUu43 V0> pU 3 I = ISTRT-IGUXT : 3VELUL30
GoVUYY 005 I8 = I + NCPR AVELU4YO
Uouu4sS 005 S1 .= V(1) + VEI+l) + VIIH) 4+ VIH+1) : - ‘ 3VELOUS0
00UU4o . 00% S2 = U(I) + U(l+l) + UCIH) + U(IH#L) 3VELOY460
WDy T 1IF ((IQUIT=-1STRT),.EQ,0) S2 = 0, o 3VELOY470
GOLU4S 0GY. . CCC ‘ 3VELOU&0
] 000U4Y9 005 C ; 3VELOY490
i , 00UUSY oy ¢ ‘ IVELDS00
i ouvLsHL (N IF (ICONV.EG.O) GO TO 150 ; 3VELUS10
SR . 00005z -~ .- 005 “1F ({ISTRTZMCPR).LT,.3) &0.TO 150 , 3VELO520
: AL LDEY) 00% IF (J.GE.IFROW) GO TO: 150 3VELOD3D
GO00SY vos . FACC = DELT/(DLLS:(Z(I)+Z(X¢1))) 3AVELOS40
- 00VUSY 005 FACD = DELT/Z(DELS#(Z(I3+Z(HD) ’ 3VEL0550

S | ~ REPRODUCIBILITY OF THR
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, VOUO0SH 005 XCK = U(I+1) IVELO0S60

, 00uus7? 00% YCK = V(I IVELOS70

¢ suuosHy 0ob IF (XCK,LT,0,0) GO To 110 3VELO5H0
VUV059 (111 uLoMVa = -(u.:U(hu.(uuox)-uu))+uun).(vmmvumu-vu) 3VEL0GS90

OLulLY 0oL 1=V {T41))+S1a(U(I+1)=U(I=HCPR+1))/2,)#FACC 3VEL06GO

00ulBl 005 Gu TO 115 3VELO610

vouvvea 005 110 UCOHVA = =(4,sU(T+1)a{U(T+2)~UT+1))4UCT41) o (VIIH) +V(IH+1)-V (1) BVELOE20

00U Ue3 085 1=V(141))+S1s(U(IH+1)=U(141))/2,)%FACC 3VELO630

. 00UL6Y ©005 0 145 CUNTIMUE 3VELUGNO

3 0UQt6D 005 IF (YCK,.,LT.0,0) GO TO 120 3VeL 0650
00UUvL 00% VLUIVA = = (B¢ VITH e (VIIID =V ) +V(IH) *(U(T41)+U(IH+1) = 3VELG660

00ulo7 0oy LUCLY=U(IH) ) +S28 (V(IH)=V(IH=1})/2,) «FACD 3VELO6T0

VOUOGs 005 60 TO 125 3vel o680

00u0B9 U0% 120 VCUNVA = = (4, #VIIH) % (V(TIH+HNCPR)=V(IH) Y4V (IH} s (U(IH+2) ¢ 3VEL0690

‘ oguo7u . 00D QU411 =ULT)=U{TH) )+528 1V IH+1)=V(IH) ) /24 ) *FACD : 3VELO700
| , 0ouo7l 005 125  COWTIILE 3VELO710
{ guuu7e 00> IF ((IAUIT-1STRT).EG,0) UCONVA = 0, 3VELO720
’ o 0DVUT3 D E] AH1(1) = UCONVA IVELG730
000074 uoa AH2 (1) = VCONVA 3VELO740

‘ uoou?yH’ U0s 150 . CONTINUE - - : 3VELO750
‘. UouLo76 0us IF (IORIG.EG,D) GO TO 200 . 3VEL0760
! uouLo?7 00% F = AMIY(1)/(D(1)+#0,3333) 3VELO770
| 00uU78 uob Gl = 1.4FsDELT*((Llo.sU{T41)&U{T42) 453511 #20:5)/70(0(1)4D(1+41))+42)3VELOT780
i 00uL79 V05 AL = UCI41)4FACK(D(I)I+D(1+2) )% (H(T)-H(I+1) ) +X*DELT+FAA¥S1#COR 3VELO0790
vob0nAY uas 1+UCONVA 3VELUBGD

oouousl 005 G2 = LeAFSUCLTY ( (16w sV (IH)#V (TH)+52982) #0.5) /L (D(1)+D(IH)Yee2)  3VELOHIO
! Juu0s2 005 A2 = V(D) +FAC* (OCI)+D(IH) )« (H(T)=H{IH) ) +Y*DELT-FAA+52#COR+VCONVA 3VELOB20
: OUUUBS uo> UP(I+1) = AL/Z(GL#FX(I41)) IVEL0B3D
{ ; UouGCdU 005 CVPLIH) - = A272(G2AFY (IH)) 3VELOBY40
! 00ULUa3 005 GO TO 300 : ZVELUBSO
! 00Ug8BL . 00S . 260  CONTIIUE 3VELGB6D
L (Y uos F o= AMRY(ID) 3VELDB70
! vpuoas uos UP(I41) = U(I+1)4FAA4S1#COR+FACH(D(T)+D(I41))a(H{T) 3VELU8E0
VuuoE9 605 1=1{{I#1) Y+ X«DELT=~F+DELT#U(I+1 ) %ABS(U(I+1)) /7 (({D(T) 3VELO890

ugudaL 005 24DLI+1)) /2. ) 2824 3333) ~ 3VELOS00

i vouoel oY S (IR V(IHHFAA»SatCORfFAC*(D(1)+D(IH))t(H(l)-H(IH)) 3VEL0SL0
oouuye 005 14YADELT-F «DELT#V (T ®ABS (VITH) ) /S LD (T +D(IH) ) /2.) ##2.3333) 3VELO920
! U0u093 NS - 3600 CUNTINUE 3VEL0930
; UUv094 go7 1F ((IGUIT=ISTKT).NE.0) GO TO 310 ~ 3VELOG40
: Uoul9s . U0 UP{1auiT) = 0, IVELDSSC
. U0U0Y%o - 00S 305 . UPLTGUIT+1) = C. ) “ 3VELO0Y&0
0uuu97 UuS 310 CUNTIWUE 3VELO970

g 000098 005 °  CC 3VEL980
] oLU0YY 005 350 Lk = J IVELD93D
; : uoulou 05 355  ISTRT = IgNDLILL) 3VEL1000
Uuu101 00y IGUIT = ‘THNERILL) : ~ IVELL1D1Q

tovioz vo5 PU-380 1 = ISTRTIQUIT 3VEL1020

00ulU3 By IF ({1STRT=1QUIT),EC.0) GO TO 360 , . 3VEL1030

‘ uou 1LY ST Fox AMBY(T)Z(D(])#20,3333) 3VEL104D
, TTERIE 6uY S1 = V(I) + V{I+1) 3VEL1050
! UbUl0b U05 Gl = 1. +FnUELT*((1u.tU(I+1)kU(I+1)4Sloa1)ttO 8/ 3VEL1060
! goula? uos : IADUT) 40 (I+1)) #22) ) 3VEL1070
P 00UL0Y 005 hi = UCI+11+FACS(DUI)4D{T+1) ) s (H(I)~H(T+1))+X4DELT 3VEL108D
' S 0uu109 ugs LFAA»S1aCOR 3VEL1090
s : Quullu uos UP(T41) =-A1/6G1 3VEL1100
! vuulit (s E) GU TO 380 3VEL1110

~00ulle 005 3607 UP(T1+1) = Uy ' 3VELL120
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Govliy
0uulla
QUulio
vuulil?
u0ulldy
00J119
Uyulzu
gouial
00012
uoul123
goulay
uouizs
Uouize
vogl27
syui2g
uouL29
00U 30
uoulal
QUulie
0Q0u133
000134
00J13%
vluiie
oouL3y
0u0138
00u139
ohulyy
UQolyl
Guilyd
ROUIYD
Uduigs
Juuigy
Guulyn
(MY
Duulya
Juulys
Uuulsyg
JuuisSl

END ELT.

(i1}
ous
Jid
607
vo>
005
()
uos
00>
00
[(i)s]
uub
005
vos
00b
0ab
005
00y
upy
uoY
0us
005
uus
Ou>
007
005
005
005
aQb
[ 0%

pob

005
005
005
005
005
005
uob
0ub

su¢

OGO

3450
385

442
401
10

400
450
4490
200

cC

510

-HCK3

30

UB{I0UIT) = 0.

CUNY IO

LL = LL+t

IF (LL,LE,I58) GO .TO 385
RIVER MARSH B.

IV (IFPOw, E0,99999) GO TO 490

D6 450 K = $s2

ISTRT = IRMBR(M)

TWUIT = IRMETIK)

00 4%g-1 = ISTRTIGUIT,HCPR

18 ((141CPR)YLGTLHCY 60 TO 390

S o= V(1) + V(I+l) # VII4NCPR) 4+ V(I+NCPR+1)

G0 TO 395

SL = V(L) ¢V(1+1)

HEKL = H{1) = H{I+1)

Rin2 2rn = H{l+1)

H(L) = ZRB

IF (HCK1) #01,u403,402

1€ (HCK3) 400,u00y410

1F (HCK2) 410,400,400

[B¢] Uebs (T4 4H (T ) ) ~ZRB

AL U(1+1)4FAC*(D(I)+D(1+1))&(H(I)-H(Z+1))+X*DELT+FAA3511COR
Gl SOELT# (L (14114001 ) #ABS(U(T+1) Y/ (0. 184DBsDE*DELS)
UP(1+1) = Al/G1

[AARE IR

GO TO 450
UP(I+1) =.0,0
CONTINUE

[0 %0y 1 = 1.1V
Jo=oIpcinh

VP {J+HCPK) = Oy

NO MERL TQ éEPO THE VELOCITIES OF THE RIGHT MOST CELL
Ulv EACUH SEGVYENT

PO 818 1= LsIU

Joz Inhil)

UP(J+l) = 0.0

RETURN

END

:» ) IE
-EPRODUCIBHJITY OF TH
gﬂl@lNAL PAGE IS PQOR

IVEL L1130
IVELLLI4D
AVELL150
3VELL160
3VELLLTO
3VELL1180
IVEL1:90
3VEL1200
3VELL1210
IVELLIZ20
SVELL1230
IVELL 240
3VeL1250
IVELLZ260
IVELL270
3VEL1280
IVEL1290
AVEL L300
IVELLI310
IVEL 1320
3IVEL1330
3VEL1I40
3VveL 1350
JVEL1360
3VEL1370
3VEL1380
3Vell13gg
3VELIL0D0
JVELI410
3VEL1I420
3VELI43Q
JVEL1GHO
IVEL1450
3VEL14e0
3VEL1470
AVEL L1480
3VEL149D
SVEL1500
AVELLS10
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VEKSION 1,2R70
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OaoONcGoO

SUBROUTINE SBAUKL{INP, 1P NCPRyDELTRELS+FAAFACICOR X1 Y)
DJaMENSTION 1HSGC(100), ZCH(100)» TAXIS(100)
CON0IL ZA/ Z2(2500) HL2500)+ D(2500), 188DLEI200) TUNDR(200),

1hum 100y e TREP(200)

COMMO /137 VMAG{2500)» BETA(2500), AHL(2500) HH2(2500) ¢
1SUNK(2500) ¢ SUMY{2500) ) SUMXNT (2500}, SUMYNT (2500},
20(2500) s V(2500) UP(2500) VP(2500)

INTEGER TEST(2) /oXryrYe/

READ(IHIP,10) nSBC

16 FORMAT (15)

vRITE(IP,11) 1iSBC
i1 FORAAT (v 94 15)

READ(ILP,20) (XNSBC(I)vIAKIQ(I)oZCH(I) e T21,N5BC)
24 FURMAT(R(IDyALIFE, 1))

WAITECIPe21) (IHS3CUT) #IAXIS{I) ¢ ZCHIT) » I=1,NSBC)
21 FORAATLY 18IS ALPF4.1))

ENTRY SBANK2(INP» IPINCPR/DELT)DELS,FAAPFAC,CORIXeY)

LU 100 J = 1,MSBC

I = 1INSBC(J)

IF (1AYIS,EQ, TEST(I)) 60 TO 50

IF (IAXIS.EQ.TEST(2)) GO TO 30

¢ CALL ERROR({ : )
3 Do = 0,5%(H{TY+H{TI+1))- ZCH(I
) SL = V(I)0#(141)*V(HCPR¢1)+V(NCPR+I+1)
IF(DB.LT«0.0) GO TO 70
61 = 1. +DELTH(DEI+#1Y4D41)) *ABS(UCT+2))/{C. 15¢Dd~vd-DELS)
AL = u(1+1)+FACo(D(1)&D(I+1))w(H(I)-H(I+1))
1+ XeDELT+FAA¥S1#COR
UP(I+1). = AL/GL
GY TO 10D
B OB = 045% (1 (1) 4+ I+HICPR) ) =ZCH( 1)
2. = U(L)+U{I+1Y+U(NICPR+I)+UINCPR+I+1)
1F (b, LT.U,0) GO TO A0
G2 = 1. +DELT‘(J(I+NCPR)+D(I))*ABS(V(I+HCPR))/
1(0,18+DR*DB4DELS)
A2 = V(I%NCPR)+rACt(D(I)+D(I+NCPR))v(H(I)-H(IfNCPR))
14Y*DELT=FAA#S24COR )
VP (T4NCPR) = AZ/6G2
GU TO 100
70 UP(I+1) = 0,0
GU TO. 100
89 VP {I4+4CPR) .= 0,0
1n0  CuUNTINUE ‘
RETURN
€12

4S@K0010
usSpKa020
4SpK0030
4SpK0040
w5pro0s0
4SnK0060
4SERED70
4SpBKO0BOo
45aK0090
4SHK0100
4SpEK0L10
4SPRR0120
4SpKko130
4SRRG1I40
458K0150
45EKU160
ySpho170
USRKN1H0
4SpK0196
4SpKG200
4SAK0210
4SpK0220
4SpK0230
4SEK0240
45pK0250
45pK0260
458K0270
4SRKG280
4SBK0290
4SpK0300
HSBKO0310
LSEKO320
4SEKO330
4SBKO340
4SBK0U3S0
4SpK0360
4SpKO370
4SRK 0380
4SK0390
45pK0400
4SKou1D
4SprROu29
ySpROY 30
45pK0u40
LSEKO4S5Q
4SpKOuGH
45aK0470
ySpKOL88a
4SPIKU490
4SpKOS00
4SRKUSL0
4SRK0520
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WELY oL DARLSUBD
eLIUT7 KLAUTU NL/729=1T386319=(24)

Ouvuul g2 - C

Voulue uas C +

00u00Y u24. C VERSIDL 1.,28470

0ouU0UY u24%  C +

VIR gau o C

UluuLe g2u SUBROUTIIIE MAGUIR{ISBHCPRSNC)ANRADPL)
voLuo? v2u  CC OLRECTION 1S MEASURED FROM X=pAXIS COUMNTER-CLOCKWISE
00uloo 020 CC

bouv00Y pau CUMMON /A7 Z(2500), H{2500)s D(2500) s 1aNOL (200D IBNDRL200)
Vouulo vav UM (Tu0) e IREP(£00)

oLl 02V CUMA0N 7B/ VMAG(2500) s BETA(2500), AH1(2500), AH2(2500),
Juubie gau 1SUMA (2500} e SURY (2500) » SUMXNT(2500) ¢ SUMYNT{(2500):
00UDL3 2y 2U12506), VI2500L) e UP(2500), VP{2500)
VOUlLY gan pu 150 K = 1,158 :

UULBLY 020 IF (IgHDL(K) . 6T, (NC-NCPR})) GO TO 160
Uuullo a2y I15TRT- = IphDL(K)

oouuL? vat TWLIT = IRNPR(K)

Ubu0ia g2u pv i0u 1 = ISTRTIQUIT

00uuly vat IF {(I1GUIT=1STKT).EQ,0) GO TO 30

Vyuo2u T Gu -TO 40

upuo2l 020 30 vWoz Vi)

(U PrS vav. Ug = 3,

00ub23 020 . - .GV TO 50 :

Bog04. T u2u T HE uu = (Ul +U(I+1) /2,

00uu25 020 Vv oz (VI19#V{I+NCPR) ) /2,

00udeo Q2v . 540 . IF (UU) 70,05960

ouuo2? 020 oy IF.(Vv) 80+90,90

puuo2s. . 02U 70 BeTACIY = (ATANIVV/UU)Y +P 1) *ANRAD

utuvey - - uay VOIAGLI) = ({UUsUUsVVeVV)Y$x0,5)/D(I)
DOUY3Y 020 6L TO 100

ALIThEYS 020 8y HeTALT) = (ATANTVV/UUY+2,#PT)»ANRAD
Juiopae 020 VeinG (1) = {{(UU2UU4 YV &VV) %40,5) /D(])
opuUv3d g2u Gu TO 100

TR 020 CC CHECK ABOVE

00u035 020 8 1F(VV)859100+87

UoUU3o . . 02V  do RETACLY = 270

0ou037 g2u VilaG (1) = ABSIVVI/ZD(D)

UoLU3d pau 60 TO 100

00u039 020 .87 HETA(L) = 90,

00U040 020 VMAG(I) = VV/D(L)

00Ul 020 oo T 10U

vuuvu2 029 90 AETALI) = (ATAR(VV/UU) YxANRAD

V0UVN3 p2u VIAGTTY = {(UUSUN VYUV 240,53 /D(1)
upuoyY gau 100 . CuliTinuE

00U045 g2y 159 CeNTINUE.

V0004 o u20 100 RETURY

0o Su.Y oan B

END ELY.

51600010
5MGD0020
SMGDU030
5MGDO040
£MGD0050
SMGDU0BY
sMGL0070
SMGDO0BS
5MGDC090
5MGD0100
sMGDUL110
sMGDHL120
5MGDU130
5MGN0140
SMGD0150
LMGHU160
SMGDUL70
SMGL U130
5MGC0190
5MGD0200
5MGC0210
sMGL0220
5MGG0230
SMGR0240
5MGL 0250
5MELU260
SMGD0270
5MGL0280
5MGL0290
5MGO0300
5MGD0310
5MGDU320
5MGDO330
516D0 340
SMGDRO350
5MGDO36E0
5MGD0.370
SMGO0380
5MEDU30
SMGDO400
5MGDO410
5MGL0420
5MGDO43Q

- SMGCOLY0

SMGHULS0
51600460

5MGDONTO
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- SUBROUTLIE DISCHL(INP, 1P, DELS,DELT,VOL» DISR,SDISRP,SOISRAN, LUSCH)

DIENSTON OISR(2U)ySDISRP(20)»SDISRNT{20) »VOL (20) +CDSCHI2U) ¢

11C05CH(20,50)y TAKIS(20)

COMA0IE /A/ 2(2500)» H{250U)s D(2500)s IBNDL(200)+ IBNDR(200)¢

1149 (100) » IRGCP (200)

CuMA0Y /37 VMAL(2500)« BETA(2500), AHI(2500), AH2{2500),
1SUMA(2500) v SUMY (2300) ¢ SUMXNT(2500)» SUMYNT (2500),
202500}y V(2500) UP(Z2500)s VP(2500)

INTUGER ITEST(2) /1XverYrys

READ (TP, 1U) LESCH

FORAT(IN)

WRITE(IP211) LESCH

FORMAT(* 1+15)

0O 151 1,LDSCH

DISR{1) = B.0

Vul(l) .= 0.0

SUISRP(I) = 0.0
CSDISRA(L) = 0.0 o

READ(INP,20) (ILCDSCH(K) v TAXIS(K), K=1+LDSCH}

FURMAT (16 (14 eAl))

WRITE(IR,21) (LCDSCH(K)» TAXIS(K)s K=1,LDSCH)

FORMAT( Y ¢+, 16(14vAL)) :

DU 2z J = 1.LDSCH :

JJ o= NCOSCH{Y)

READ (LR, 25) (TCDSCHIK rd) o K=1 0 )

FURMAT (1615) :

WRITE(IP,20) (ICDSCH(K J) yR=1pJJ) !

FORMAT (v +91615)

ENTRY D1SCH2(1HP e IPDELS+DELT»VOLyDISRySDISRPSOISRN,LOSCH)
‘DO 10U T = 1,LLSCH- :

TUTALVY = Q.

TOoTALU = 0,

NK = NCO5SCH(T)

It (TAXIS(L)LEGJITEST(L)) GO TO 30

IF (IAXIS(I).EG.ITEST(2)) GO TO 40

ChLL ERROR( )

D0 50 J = 1.NK

K = 1COSCHIJ ) .

TOTALU = U(KK) + TOTALU ¢ UP(KK:

CONTINVE

DISR(I) = GISR{I) + TOTALU/2,

GV TO 100

DO ol J = LNk

KK = ICDSCH{J1)

TOTALV = V{KK) + TOTALV .+ VP(KK)

CunTInlg

DISR{IY = DISR(I} + TOTALV/Z,

CuliT1WUE

RETURN

ENTRY -01SCHA(I4P 10, DELSyDELT » VOL  DISR +SDISRP SDISRH, LOSCH)

DU 15y I = 1.L0SCH

VUL (T} = DISR(1)*DELS#IELT/ 3600,

If {vol (1)) 11Usltielie

SUISRLIT) = SUISRHNIT) 4+ VOL(IV*3600.

GUTO 111

SUISRP(I) = SULSRP{I) + VOL(I)*3600.

CONTLHUE - :

DISH{TY). = 0.0

CONTIYUE

RETURN

END

6DSC0010
6DsSCU020
GDSC0030
6DSCO0U0
6&DSCO050
60SC0060
6D5CN0T0
6DSCOU80
6DSC0090
6DSC100
6DSC0110
ensco1z20
6DSCUL130
605C0140
60SC0150
6DSC0160
6DSCO170
6DSCULBO
6DSCU190
6D$C0200
60sC0210
6DSC0220
6DSC0230
60SCL240
60DSC0250
60SCH260
¢DStH2T0
505CU280
605C0290
BNSCO0300
60SLO310
6DSCUI20

“6DSC0330

60SCO340
6D5C0350
60SCO3B0
&DSCU370
6050380
60SC0390
6DSCO400
6DSCO410
6DSCO420
6DSCOoN30
6DSCALY D
6DSCO450
605CU460
6DSCOu70
6DSCG4B0
6DSCO490
&NSC0500
60SCU510
605C U520
£0SC0530
6DSCOS40
6DSCO550
6DSCUSHO
EDSC05T70
6DSCUSED
6DSCO590
HDSCU600
6DSCUEL0
6USCUB20
6USCUE30
6LSCU6YE
6DSCOB50
6DSCUBA
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VCRSTON 1,28476
+

SUBROUTINE ROUND L (IMNP, 1P, TMIL s ITSH, TO#HOR» FAB2FAC, DELT » DELSy
1HCPRR) :

GIMENSTON HOB (200 TH(20) «CA(R0),CB(20)vCC20)1,CD(20)
1i5C (200 s HATURE (20) s RIUF (20) » INBC (20050) 220200 50)

CoMMON ZA7 2125001 H(2500) s D(2500)s IBNDLI20C) I8HDR(200) ¢
11UM100) y - IREP(230)

COMMON- /§/ VMAG(2500), BETA(2500), AH1(2500), AHZ2 (2500}
1SUMX (2500) » SUMY(2500) » SUMXNT(2500), SUMYHT (2500},
2U(2500), -V(2500) ¢ URP(2500)s VP(2500)

THTEGLR TEST(8) ZVSLY 15030 1SR 98T vy YRLy YREY » tRR 0 WRT 0/

BOUNDARY CELLS ARE THOSE CELLS NEST TO THE LEFT » RIGHT,

TuP, Uk BOTTOM MOST. CELLS IN EACH ROW OR COLOUMN

READ It BEQUNDARY. CONDITIONS

INITYIAL CALCULATIONS

READ I STARTING TIME & # OF TIDE STATION wlLL BE USED
READ(I1iP2100) TMIL,ITSH

FURNAT(Fb,20 15)

WeITELIP,101) TMIL,ITSN

FORMATI(Y +9FS.2¢15)

TMIL = TMIL#60. . .

READ IN COEFS AND TIME PHASE USED TO CcAL THE TIGE FUNCTIONS
PO 150 1 = 1o ITSH

READCINP,120) CA(I)CBII)eCC(I)CD(1) TOLD)
FORMAT(5F1046)
WRITE(IP»121)-CACT)»CBLIICCLI) yCDLI) P TDUTY

FORYMAT(? v,S5F10.6)

TUCI) = TDCI) + 0,54DELT/60.

HOB(1) = CALI)I4CBII)*COS(CCLI)#TDLIY4CD(T))

READ TOTAL # OF BOUNDARIES NOT INCLUDING RIVER’MARSH BOUNDARIES

READ(INPe160) NTB

FORMAT(15)

wrITE(IP,131) KTB

FORMAT(+ o9 1I6)

SPECIFICATION GF BOUNDARIES

DU 400 1 = 1,N1B ' ,

READ IN f OF CELLS IN THE BOUNDARY, ITS NATURE» AND INF
READ(INP,300) NATURE (1) yNBC(I) »RINFLT) o : ’ :
FORMAT(A2+13+F1U3) - - :

WRITECIP,301) NATURE(I) ¢NEC(I) »RINFLT)

FURMAT (1 00 A2¢13¢F10.3) :

EXPLAIN ABOVE S

READ IN CELL #S

NK = HRCET) - L

READCIHP306) . (INBCLT o) pJ=19NK)

FUKMAT (1619) :

WRITE(IP,306) (INBCITed) od=1NK) ,
FORMAT(*. v o1615) .~ o " : :

IF - ((NATURC(T) JEQLTEST (1) ,OR(NATURE (1) ,EQ, TEST(2)) )60 70307

GU TO 331

7ANDOO1O
7BMDUO20
78ND0030
7BNDOO4O
7BNDODSO
7BND0060
7BND0O0T0
7BNDO0BO
7BND0GY0
7BND0100
7BNDO110
7BHD0120
7BHD0130
7BNDUL40
7BNDU150
7BND0160

- 7BMDOLT70
“7BNDULED

7BNDO190
781D0200
78MD0210
78HD0220
78ND0230
78ND0240
7BNDL250
7BNDO260
7BND0270
78rD0280
7BNB 0290
78MD0300
7BNDO310
78NDG320 -
768NMDC330
7BHDO340
78BH00350
78ND0360
78ND0370
78HD0380
7BND0390
78MND0400
TBNDOY10
78ND0O420

. 7BNDO4 30

7BNDOY40
7HND0450
7BNDOU6O
7BNDO470
7BNDO4 80
TENCO490
TBNDO500
7RHDUSL0

© TBNDOS20

7BNDO530

7BMDOS40

7BNDO550
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00uobo use 397 REm)(l.af’pBU“) (ZB(L1sK)» K = 19RK) 781iD0%60

(VY e - SuB TUMMAr(lﬁFJ.O) : ' 7BMDUSTO
. noulsy uyz WRITE(IP305) (ZD(IVK)r K. = 1eNK) 7BNDOSH0
L1 0uuusy 42 309 FORMGAT (Y "leS.Q) ) : 781100590
ITRIVENT) v4e - J10 . IF (NATURELI).LA.TEST(1)) GO TO 315 7B1C0600
s0uuBL o4e G0 TO %21 ’ 7ENDUG10
00uuH2 o4Z - 319 DU 320 K = 1eNK i - - TBHD0620
OLUUGL3 o4 An = TLRC(LeK) . 7BND0630
00uUGY vue JJ = RINF(L) 7BND0640
JulLEH v4e Ui (KK). = U(FK)*FAC&(D(KK)#HDB(JJ)#ZB(I'K))t(HDd(JJ)-H(KK)) -~ 7BNDU6%0
BlUUbL Ghe 320 CUNTIWUE - ‘ 784D0660
gouu67 u4e 60 TO 400 : ‘ 78HND0670
OGulLy L42 . 321 - IF (NATURE(I).LG.TEST(2)) 60 YO 325 7BHDI680
VOLUBY Oue Gy TO 331 ) 78NDUB30
0ouu70 G2 225 DU $3u K = 1eNK . ) 7BNDOT700
souL7l 04 : KK = 10BC(I.K) : ) 7BNDGTLO
gouur2 Ube Ldd = RINF(I) . 7BNDUT20
youLo7Y U4 . 330 VP(KK) = V(KK)4FACH(D(KK)+HDBIJU) +28 (1K) ) & (HDB(JJ)=HIKK) ) 7B1D0730
o0UGTH Uz 60 TO 400 7BNDOTH0
(VIO ) 4 SR O4c 331 - - IF (KATURE(I).EO.TEST(3)) 60 TO 335 7BNDOTS0
UouL7L vy2 GU TO 341 - , : 78100760
vouL7? o2 C RICHT *0ST ROUNDARY ) E 7BHD0770
00UU7H 042 33% DO 340 K = 12NK . . . 7BNDUT780
LOUOT7Y . 04 KR = IMBC(leK) X 73ND0790
00u0Aa0 uye JJ o= RINF(IL) L . : - 78100800
gouo8l U4 . 340 - HIKK)Y = HDUL(JJ) . 7BNDOB1O
0ouus2 ou2 GO TO 400 . ‘ 7BNDG820
oouuBY 04e - 3kl IF C(NATURE(I).EQ.TEST(4)) GO TO 345 7BNDOB30
UDLUB4 ez 60 TO 351 ; 78NDO8Y40
oouuss . vuz ¢ TOP ‘BOULIDARY . : 78ND0BS0
ovyLEL 042 345 DO 350 K = leNK 7BNDUB60
oguus? 042 KR = IK3C(1eK) : 7BNDOBTO
06uUbdo - e Ju oz RINF () : : . 7BNDOBHO
Guuusl p4e 350 0 RUIRK) = HOB(JU) : 7BNDUBS0
00GYYL Oue GU TO 40U : . . 78BND0900
00u09l1 g - 3b1 T IF GWATUKE(TD) L. TEST(S)) GO TO 355 ) 7BRO0910
00UUYe vue GU TO 361 - . ) 7BND0920
0V0093 S Oye . € HIVER ENTRAMNCE FROM.LEFT 78ND0930
I ET Ude. 985S LV 360 K = 1aNK . . 7BNDOQ4 O
oOUuUYYH o042 KK = 1HBC (1K) i 7BNDU9S0
U00U9L e CL U UPAKK) = RINFA(I) i . 7BMD0Y60
uouva? 042 . 360 TUKK) = RINF(I) o : 7BND0970
00u0Yg Cuse GU TO 400. - . . 7B6NDO980
00U099 - U4z 3ol IR (HMATURE(I) LG, TEST(G)) GO TO 365 . n : 7BNDO990
eouive - Uke 60 70 371 . L . S TBNDLOOO
00ULUL C04e - 3u5 0 Dv 370 K= 1eNK . : i 7BND1010
000102 LY Kho oz IHRC(IK) 7BND1020
VU003 a0 VPHRK) = RINF(L) . - - 78ND1030
00Ui09 042 370 VIKK) = RINF(L) R L . 7BNDLO40
guuL0D u4e GU-TO 4OU o : ~ 7BND10S0

‘ 00ULlDo " 042 371 - TF(HATURE (L) .EQ.TEST(T)) 60 TO 375 L o : 7BNGL060
' C 000107 oy GV TO 341 : i P i ) 7BNDLOTO
S oguiog: Oue . 375 DY 380 K iz Lok DR SR “7BND10RD
000109 04 KR = IHBC(T0K) : : : i 7BND1090
[{\IVFSUE o044 fy = <RINF(I) 7BND1100
‘0oulll CiUye. . 380 H(kK) = u(&x)+ana(up(hx)+Vp(KK)-hB-VP(PK4NCPR))+RtDELt 7BND1110

s 00011;"“"1 O4e GU TO 400, - _ : ) ~7BNDYY20
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000131
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000140
00uiy?
Jouing

00014y -

000150
vovLsL
ouuls
Q0UL%S
U0ulsy
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042
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v42
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042
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35

399
440

cC

615

618

o0

TS ¢

oL

651

IF (NATURE(I1),EQ.TEST(5)) GO TO 655

IF (MATURE(I) LN TEST(8)) GO TO 385

CALL EIMROR( )

[0 390 K = 1leNh :

KK = I1C (1K)

ko= =RIiF(l)

H(KK) = H(KK)ofAda(UP(KK)oVP(KK)-UP(KK+1)-Ru)+RoDELT
COWTINUE

RETURI

CHTRY HOUND2 (TP e IP ) TMIL,, ITSN, T HDBWFAB, FAC.DELT.DELS.NCPR R)
CALCULATE TID HLEIGIHTS FOR T. AND DELT

U 550 I = 121T5N

TO(1)y = TD(I) + DELT/60,

HUB(I) = CA(I)I+CB(1)#COS{CC(I)*TD(I)+CR(L))

DU 700 1 = 1,NTIB

kK = NBC(D)

1IF (NATUKE(1)(EQ.TEST(1)) 60 TO 615

69 TO €2t

IF (NK.GT 1) 6C TO 618

Kl = IhaCiiet)

Codd = RIUFLD)

UP(KK) = ULKK) + FACH(D(KK) + HDR(JJ) + ZB(X;I))*(HDB(JJ)-H(KK))
60 10 700

GO 620 K- = 1»MK

KK = INpC{I,K)

Jd RINF(I)

Gl 1. 40ELT* (O (KK)4+ZR(I+K)+HDR (JJ) ) *ABS(U(KK) )/ (18,*DELS)
AL U{KK)+FACH (D (KK) +HDB(JJI+ZB (1K) )% (HDB (JJ) ~H(KK))
UP{KK) = A1/G1

6u TO 700

IF (NATURE(I),EG.TEST(2)) GO TO 625

60 TO 631

DO 630 K = 1,NK

KK = INBC(1¢K)

s RINFOD)
O VP(IKK) = V(KK)#FAC*(D(KK)+HOB(JJ)+ZB(I'K))t(HDJ(JJ)-H(KK))

GO TO 700 .

IF (HATURE(I)J.EQ.TEST(3)) GO TO 635
GV TO &4l

RIGHT ™MOST

DO 640 K = 1ehK

Kn = INBC(IsK)+1

KJd = 1€ (1K)

“d = RINF(L)

HIKK) = HOB (JJ)

Gl =.1, +DELT‘(L(KJ)*Z(KK)+H(KK))tABS(U(KK))/(lB.*DELS)
AL = U(Kh)fFAC*(D(hd)#Z(KK)+H(KK))t(H(KJ)-HUB(JJ))
UP(KK) = Al/G1

GO TO 700

IF (NATURE(I)EQ. TuST(“)) GO 10 6“5

.6GO-TO 651

TUP MUST

‘DO 650 K = 1 K
KRz 1HBC(INK)

JJ = RINF(L)
H{rK) T = HOB D)
GO TO 700
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7BNUL130
7BND1140
7BNG1150
7BND1160
7BND1170
76ND1180
7BND1190
7BND1200
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768ND1220
7BND1230
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7BND1530
7BND15S40
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78ND1590
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78ND1610
78HD16240
78ND1630
- 7BND1640
' 7BND 1650
“IBND1660
7BHND1670
7BND 1680

~ 7BND1690
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vue
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(313

670

671
075

1}

©ES

090
700

GO TO @6l

DO 66U K = 1¢NK

KR = I1.8C(1.K)

UR(KK) = RINF(1)

ULKK) = RIWF(ID)

60 7O 700

IF (NATURE(I) (EQ.TEST(6)) GO TO 665
GV TC 671 .

CO 670 K = 1:NK

KK = INBC(IeK)

VIP(KKY = RINF(I)

VAKK) =2 RINF(I)

GLU TO 700

IF (NATURE(]) EQ.TEST(7)) GO TO 675
GO 70 esl

DU 580 K.z 1¢NK

KR = INBC(I.K)

R = ~=RINF(D)

H(KK) -= H(KK)+FAB#(UP(KK)+VP(KK)-RB-VP(KK+ﬂCPR))+RtDELT

6O Y0 700

IF (HATUKE(1) .G, TEST(8)) GO TO 685
CALL ERROR(

DO 690 K = 1rHK

KR = ILGCLIlK)

R8 = =RINF(I)

HIAK) = F(KK ) +FAB% (UP (KK ) +VP (KK ) =UP (KK+1)~RB) +R*DELT

CONTIWUE
CONTINUE
RETURI
ElD

& JRODUCIBILITY, OF Lt

- pRIGINAL

PAGE 18 POOR:

97

78HDL700
THNDLIT710
7B8ND1720
7BND1730
7BND1740
78101750
7BHO1760
7BNDLTT0
78ND1780
7BND1790
7B8MD1800
78101810
78ND1820
78MD1830
7BND1B4O
7BND1850
7BMD1860
78101870
7RND1880
78101890
78NDYQ00
7BMNG1910.
78MD1920
78HND1930
7BND1940
7BND1Y950
78ND1960
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