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(i) PREFACE

This volume is the third of a three volume set presenting
the description and program documentation of a mathematical
model package for thermal pollution analyses and prediction.

Two sets of programs, both in the free-surface formulationm,
are presented and clearly explained in this volume. These
programs were developed by the Thermal Pollution Group at the
University of Miami, and were funded by NASA, thus the program
names NASUM II and NASUM III were given to reflect this joint
efforct.

These models are three-dimensional and time dependent
using the primitive equation approach. They have sufficient
generalality in programing procedure to allow application at
sites with diverse topographical features. Both programs pre-
dict surface height variations; velocity field and temperature
field for the '"complete field". 1In the case of NASUM II a far-
field formulation is used without including the plant thermal
discharge; and in the case of NASUM III, a horizontal stretching
is used to take account of the plant thermal discharge, and also

to include far-field influences such as varying tide and ambient

currents at points sufficiently far from the point of discharge.
These volumes are intended as user's manuals and, as such,

present specific instructions regarding data preparation for

program execution and specific simple problems.
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(ii) LIST OF SYMBOLS

The following list of symbols which are obtained from Volume 1

are presented here for convenience.

Al First term in no(t). which is defined below

2 Coefficient of second term in no(t)

Co phase velocity of surface gravity waves, 43H'

Cp specific heat at constant pressure

f Coriolis parameter

g acceleration due to gravity

h depth relative to the mean water level

H depth contour relative to free surface, h + n
I grid index in x-direction or o direction

J grid index in y-direction or B direction

K grid index in z-direction or ¢ direction

k thermal conductivity

KH horizontal eddy viscosity

KV vertical eddy viscosity

Kg surface heat transfer coefficient

1 width of bay at ocean-bay interface
L horizontal length scale

P pressure

Ps surface pressure

I T T
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Temperature
air Air temperature
T Water ambient temperature
amb
Ta Equilibrium temperature
t time
) time lag in no(t), which is defined below
u velocity in x-direction (dimensional)
v velocity in y-direction (dimensional)
v, Amplitude of inlet tidal velocity vo(t)
W Velocity in z-direction (dimensional)
X Horizontal coordinate
y Horizontal coordinate
z Vertical coordinate
Greek Letters
o horizontal coordinate in stretched system, = x
B horizontal coordinate in stretched system, = y
o} vertical coordinate in stretched system, = z/H
P density
¢ phase angle in tidal current velocity
Q transformed vertical velocity
w angular frequency of tidal wave
Tez surface shear stress in x-direction
Tys surface shear stress in y-direction
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n
no (€)

free surface elevation

inlet tide level = Al + Az cos w(t+t¢)

Horizontal Stretching Parameters

X

xl

x"

Yl

horizontal stretching coordinate in x-direction
horizontal stretching coordinate in y-direction

dX
da

a%y
daz

dy
a8
a%y
as?

the distance at which minimum step size is desired in
x~-direction (see transformation relation below)

the distance at which minimum step size is desired in
y~-direction (see transformation relation below)

a.b,cl,cz.c3,c4. d and e are related and defined by the
following relationships

@ =a+cy Sinh’ {cp(X-d)}

B = Db + C3 Sinh’ {Ca(Y'e)}




1. INTRODUCTION

This volume contains descriptions of the “HaSu!! I and

NASUM III computer programs together with instruc:iions on how tc
operate these programs. As outlined in Volume I of this
report, NASUMII is a three-dimensional, time dependent, rree-
surface model intended for use in large domains whare rather
coarse resolution is satisfactory. In NASUM II the horizontal
distance between nodes in the rectangular grid employed in the
model is the same throughout the domain, NASUM III has the same
basic three-dimensional, free-surface character as NASUM II but
includes a form of "horizontal stretching' which provides fine
resolution in some parts of the domiin and coarse resolution in
other parts. The horizontal dist:ance between nodes in the rec-
tangular grid employed in the model is consequently a function
of location in the domain.

The program descriptions, associated algorithms, flow
charts, program symbols, choice of input data, and sample

problems for NASUM II and NASUMIII are contained herein for the

ready access of the computer programs by the user. Note, that the

governing equations, approximations, simplifying assumptions,

and numerical methods of solution are presented in Volume I.
NASUMII (the far-field version of the free surface model)

has been applied to South Biscayne Bay, Florida and is pre-

sentea with computer results in Lee and Sengupta's (1977) report

“on Three-Dimensional Thermal Pollution Models and in a paper by

Sengupta, Lee and Miller (1977). The South Biscayne Bay is a
relatively shallow estuary with the principal driving mechanism

being tidal £flux at the ocean-bay interface, although wind
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effects are clearly evidenced in the northern part of the bay.

NASUM III (the horizontally stretched version of the free
surface model) has been applied to Hutchincon Island, St. Lucie,
Florida, which is a coastal site with a submerged d’scharge.
Horiztonal stretching was used in order to obtain resolution
in the neighborhood of the discharge, while at the same time a
large horizontal domain could be covered. If a constant grid
size had been used, thias would have required an excessively
large number of grid points tp cover the same extent of the
boundaries of the domain. Therefore, in order to circumvent
this problem, a hyperbolic sine (SINH) stretching transformation
was used in both the horizontally lateral and transverse directions,
respectively, to obtain a small grid size in the neighborhood
of the discharge and an increasingly larger grid size as dis-
tance from the discharge point increased. Waldrop and Farmer (1973)
suggested 2 tangent  (TAN) stretching transformation; however.
the SINH stretching transformation was found to have advantages
in this study. The details of the comparison between the
tangent and sinh stretching formulas are presented in Volume I.
Lee and Sengupta (1977) and Tsai (1977) present the results of
this Hutchinson Island investigation.

The effects of variable bottom topography, spatio-temporal
free surface variations, surface heat transfer based on the
equilibrium temperature concept introduced by Edinger and Geyer
(1971), tide level variation, resultant ambient currents, and
meteorological conditions have been factored into these models.
In addition, turbulence has been modelled by using the eddy

transport concept, and the effects of baroclinicity have been

-U'A__!‘”




7

included. Again, the user should refer to Volume I for the
complete mathematical formulations, approximations and assumptions,

and the numerical methods of solution.
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2. Program Descriptions

This section presents the computer program algorithms and
associated flow charts (in standard notation. c¢.f. Murrill and
Smith (1975) for the NASUM II and NASUM III.

2.1 NASUM II (The Far Field Model)

2.1.1 Description of Program Algorithm

'The program algorithm for NASUM II is a follows:

a) Integrate the surface height equation using forward-
time, central-space differencing initially (FTCS), and, there-
after, central-time, central-space is used (CICS).

b) Integrate the u-momentum equation using forward-time,
central-space differencing initially (FTCS), and, thereafter,
central-time, central-space is used (CTCS) with DuFort-Frankel
differencing applied to the vertical momentum diffusion term as
given, for example, in Roache (1972).

¢) Integrate the v-momentum equation using forward-time,
central-space differencing initially (FTCS), and, thereafter,
central-time, central-space is used (CTCS) with DuFort-Frankel
differencing applied to the vertical momentum diffusion term.

d) Theequivalent vertical velocity, @, is then computed
by knowing H, u and v. The spatial integration is performed by
appiying Simpson's rule. (c.f.Crandell (1955)).

e) The energy equation is then intregrated over time using
forward-time, central-space (FTCS) throughout.

f) The density is calculated from the equation of state.

g) The pressure field is calculated from the hydrostatic
equation using the trapezoidal rule for spatial integration.

h) Then, the value of computed real time (or simulation

time) is checked and the steps a) through g) rvpeated if so

. “ e Wi, vd
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desired. Reference tc the flow chart presented in Fig.1l will
clarify this last step in the program algorithm,
2.1.2 Flow Chart
The flow chart for NASUM II is presented in Fig. 1.
2.2 NASUM III (The horizontally stretched model)

2.2.1 Description of Program Algorithm

The program algorithm for NASUM III is as follows:

a) Intugrate the surface height equation using forwara-
time, central.-space differencing initially (FTCS), and ,
thereafter, central-time, central-space is used (CTCS).

b) Integrate the u-momentum equation using forward-time,
central-space differencing initially (FTCS), and, thereafter,
central-time, central -space is used (CTCS) without DuFort -
Frankel differencing applied to the vertical momentum diffusion
‘hen, since the vertical diffusion term does not govern the
time step value as it does for a shallow estuary.

¢) Integrate the v-momentum equation using forward-
time, central-space differencing initially (FTCS), and, tnere-
afcer, central-time, central-space is used (CTCS).

d) The equivalent vertical velocity, Q, is then computed
by knowing H, u and v. However, for a submerged discharge Q
at the bottom of the basin is not zero (c.f. Volume I). The
spatial integration is performed by applying the trapezoidal rule.

e) The energy equation is then integrated over time using
forward-time, central-space (FTCS) initially, and, thereafter,
central-time, central-space (CTCS) is used.

f) The density is calculated from the equation of state.

g) The pressure field is calculated from the hydrostatic

equation using the trapezoidal rule for spatial integration.
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h) Then, the value of computed real time (or simulation
time) is checked and the steps a) through g) rvepeated if so
desired. Reference to the flow chart presented in Fiyg. @

will clarify this last step in the program algorithm.

2.2.2 Flow Chart

The flow chart for NASUM IIT is presented in Fip.

to

o
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LIST OF PROGRAM SYMBOLS

3.1 Symbols Common to Far-Field and Horizontally Stretched

Model Programs

This section presents in alphaveiical order the program
symbols, in FORTRAN language, and :h~i: definition for those
symbols which are common to the Far-Field and Horizontally
Stretched Models. In many cases the definition is shortened
by referring to algebraic symbols already defined in

section (ii) of this volume.

A

Al : first term in no(t)

A2 : Coefficient of second term in no(t)
3

BH : BH

BV:BV
¢

CI : Coefficient of inertia term in momentum equations
CC : Coefficient of Coriolis term in momentum equations

CP : Coefficient of pressure term in momentum equations

CH : Coefficient of horizontal diffusion term in momentum

equations
CV : Coefficient of vertical diffusion term in momentum

equations
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D(1,J,K) : u(a,B,0) at t = t + At
DT : time step, At
DX : Grid size in o - direction,
DY : Grid size in B - direction,
DZ : Grid size in o - direction,
1
DUM g / "{3(Hu) + d3(Hv)} do
H ° 3o 38
DIHUTX ': 3 (HuT)
3a
DIHUUX : 3 (Huu)
3 a
DIHUVX : 3 (Huv)
da
DIHUVY : d (Huv)
98
DIHUX : 9 (Hu) at k = k
da
DIHUX1 : 3 (Hu) at k = k-1
da
DIHVTY : 3 (HvT)
3B
DIHVVY : 3 (Hvv)
B
DIHVY : 3 (Hv) at k = k
3R
DIHVY1l : 3 (Hv) at k = k-1
R
DIPX . 3p
3o
DIPY : o 3p_
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D1TX

D2TX

D1TY

D2TY

D2TZ

D1UX

D2UX

Dluy

D2uY

Dluwz

D2uzZ

D1vx

elv

@
3

Q»
2
N

@
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Q
w0

QL
J .
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D 2VX

Dlvy

D 2VY

D 1IVWZ

D2vZ

D1WTZ

E(I,J,F)
ETA(I,J)

ETAX(I)J> .

ETAY(I,J):

FF : £

G(I,J,K)
GR : g

H(I,J,K)
H(I,J)

HDWM(I,J) :

3 (QT)

30

v(a,B,0) et

n(a,B)

on
Ja

[+ %]

n

B

Q

H u(OL,B,U) at

: u(a,B) at
: H(a,R) at

(o}

14

t=t+ALt

t=t

t
t

t
t

in energy equation
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HI(I,J): h(a,8)
HN1(1,J): H(a,8) at t=t + At in energy equation
HS: Ks
HT(I1,J): H(a,3) at t=t - At in momentum equations
HTD(I,J): H(a,8) at t=t in momentum equations
HTE(I,J): H(a,8) at t=t + At in momentum equations
HTMIN: Minimum value of H(a,8) in bay

HR(I,J): —52

HY(I,J): -g-%‘—

I I: Index in a - direction
Il: Lower index for inlet along MAR=l¥*
I2: Upper index for inlet along MAR=l
I3: Lower index for outlet along MAR=2
I4: Upper index for outlet along MAR=2
I5: 1Index for inlet along MAR=3
I6: 1Index for outlet along MAR=4
IBAY: Parameter which when specified either provides
a constant time step for a shallow bay or for a
deep bay.
(=0 for shallow bay; =1 for deep bay)
IHITE: =0 for specifying initial surface
=1 for not specifying initial surface
IN: Number of grid points in o - direction
INLET: =1 for inlet along MAR=l
=2 for inlet along MAR=3
IRUN: =0 for first run
=] thereafter

*NOTE: The MAR(I,J) matrix is explained in section 6.1.3. Fig.3
illustrates the location of Il through I6 and J! through J6.
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J3:
J4:
J5:
J6:
JN:

LNI:

M:
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Index in 8 - direction

Index for inlet along MARs=l

Index for outlet along MAR=2

Lower index for inlet along MAR=3
Upper index for inlet along MAR=3
Lower index for outlet along MAR=4
Upper index for outlet along MAR=4
Number of grid points in B - direction

Index in o- direction

Ku

Number of grid points in o - direction
Ky

Index of time cycle without energy equation
Index of time cycle with energy equation
Number of time cycles without energy equation
Number of time cycles with energy equation

Parameter for either specifying Vo (t) at the inlet or
specifying No (t) at the inlet (=1 for V°,=2 for No case)

MAR(I,J): Numbering system for grid system - used to

distinguish between different boundary finite difference
schemes.

P(1,J,K): P(a,B,0)

RO(I,J,K): p(a,B,0) for variable density case '

RR:

p(a,B,0) for constant density case

T(I,J,K): T(a,B,0) at t=t

TA:

Te
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TAUX:
TAUY:
TFLAT:

THT:

TI:
TNI(I,J,K):
TPH:

TPHI:

TT:

TTOT:
TTOTL :

<

|1<

1=

W(I,J,K):

V(I,J,K):
VO:
W(I,J,K):
WUD:
WZ(1,J,K):

17

T2ZX
T2y

Time interval from initial flat surface (“o'°) to some
desired hour

Time interval from start-up to high tide
Initial temperature for isothermal bay
T(a,B,0) at t=t + At

Time 1lzg for Vo (e)

Time lagg for Ny (t)

TTOT + TTOTI

Total run time without energy equation
Total run time with energy equation

ua,B,0) at t = t - At

v(a,B,0) at t=t - At
Vo amplitude of Vo(t) at inlet

Q(a,B8,0)

1 o 3 (Hu) 3 (Hv)\ d
i (3 + Sf)ae
w(a,B,q)

3.2 Additional Svmbols for Horizontally Stretched Model Program

This section presents in alphabetical order the program symbols,

in FORLRAN language, and their definition for those additional symbols

for the Horizontally Stretched Model. Again, symbols not defined

here have already been defined in section (ii).

A: Value of (X - d)/C1

A

B

D
DEEX :
DEEY :

Value of C

B: Value of (Y - e)/C3

Value of Cl

3

.
g
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DFLX; Grid size in a- direction, Aa
DET%V: Grid size in B - direction, A8

DHDX: _3H
da

. _oH
DHDY: g3

at t=t

at t=t

EEEX: Value of d
EEEY: Value of e

HK:
HTX:

HTY:

Jzels
vole o
menxn

T(I,J,K):
TN(I,J,K):
TF(I1,J,K):

TAIR:
TAM:

T(a,B,0) at t=t = At

T(a,B,0) at t=t

T(a,B,0) at t=t + At

Air temperature

Ambient temperature of water body

UM: U(a'Bvc)

VM: V(Q,B,U)

WH: w(a,B8,0)

xx. 49X

o

XXxX: d

Q
2y

ao

* ,
.
g -
- .
e i e
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4. MAIN PROGRAMS

This section presents a detailed description of the main pro-
grams for the NASUM II and NASUM III. The main programs themselves
appear in Section 7.1,

4.1 NASUM II (Far-Field Main Program)

The following main program outline and associated description
is for the far-field version of the free surface model, The main
program name is FMAIN, and appears in Section 7.1.

a) Specify nuiber of grid points, IN, JN and KN in PARAMETER
statement (although the geometry of the domain of solution under
consideration will not cover all the grid points; MAR(I,J)=0 covers
range of grid points outside the domain of solution, where MAR(I,J)
is constructed as shown in Fig. 5 for application to the South
Biscayne Bay).
b) Specify IRUN=Q or 1. The value 0 is used for the first run
only, and 1 is used thereafter.

For IRUN = 0, READ2 and INITIA are used.

For IRUN = 1, READ1 is used.
c) Specify LN, LN1, M, INLET, IBAY, IHITE, I1, 12, I3, I4, IS5,
16, J1, J2, J3, J4, J5, J6, VO, TPH, TPH1l, Al, A2, HTMIN, THT,
TFLAT, CI, CC, CP, CH. ¢V, GR, FF, RR, DX, DY, DZ, KH, KV, BH, BV,
TI. See section 3.1 for definition of these symbols, and refer to
section 6.1.4, to follow, for a sample irnput of these parameters.
d) Specify TAUX, TAUY, TA, and HS, as defined in section 3.1,
each hour.
e) Specify DT as defined in section 3.1. (in seconds)
£) For L=1, TTOT=0.0: Energy equation is :iiot coupled to the system
of governing equations. The following subroutines are used:

HEIGHT

TIDE or VEL

DATA

UVVEL

WVEL

PRES

ETT
g) For L>1: Energy equation is not coupled to the system of gover-
ning equations, but central-time is used now after the first time step
has been executed (for L=1).
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HEILN

TIDE or VEL

DATA

UVVELN

WVEL

PRES

ETT

OLDHT

OLDUV
h) For LL>L, TT=TTOT + TTOT1l > O: Energy equation is coupled to
the system of governing equations. The following subroutines
are 1.g<a:

AEILN

TIDE or VEL

TIDAL

DATA

UVVELN

WVEL

PRES

ETT

OLDHT

OLDUV

TEMP

OLDT
i) After the final time cycle is computed, the following subroutines
are used for printing and storing on magnetic tape:

PRPARA

PRETA

PRUV

WW

PRW

PRTEMP

STORE
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4,2 NASUM III (Horizontally Stretched Main Program)

The following main program outline and associated description
is for the horizontally stretched version of the free surface model.
The main program name is FMAIN, and appears in Section 7.1.

a) Specify number of grid points, JN, JN and KN in PARAMETER
statement for the ‘omain of interest.

b) Read in all the data required and logic parameters IRUN, LN,
CcI, cC, CP, CH, CV, GR, FF, RR, HK, DX, DY, DZ, KH, KV, BH, BV, TAUX,
TAVY, TAIR, DT, DELX, DELY, DEEX, DEEY, EEEX, EEEY. See sections 3.1
and 3.2 for definition of these symbols; and refer to Section 6.2.4,
to follow, for a sample input of these parameters.

c) Generate a two-dimensional matrix MAR(I,J) for locating the
position of the points in the domain.

d) Initialize all the necessary quantities, as defined in Section
3.1; specify the discharge conditions and bottom topography.

e) Convert the real vertical velocities W into the transformed
sigma coordinate vertical velocities, Q.

£) Calculate the horizontal stretching parameters, X, X",Y',Y"
for the set of governing equations.

g) Calculate the new predicted dependent variables.

h) Store the data and new predicted dependent variables on magnetic
tape and print out these values at the desired time step.

i) For L=1l, TTOT=0.0: Forward-time differencing is used. The
following subroutines are used:

HEIGHT
UVVEL
TEMP
PRES
ETT
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j) For L>1 or TTOT>DT: Central-time differencing is used.
The following subroutines are used:

HEILN
UVVELN
WVEL
TEMPN
PRES
ETT
OLDUVT
OLDUV

k) After the final time cycle is computed, the following subroutines
are used for printing and storing on magnetic tape:

STORE
PRPARA
PRETA
PRUV
PRW
PRTEM

5. INPUT DATA

The data that is required for the execution of the main program in
either NASUM II or NASUM III is called Input Data. The data required
is listed in the order it appears in the respective programs, and the
corresponding FORMAT (in FORTRAN language) is given corresponding to
each data symbol. Section 5.1.1 lists the data input required for
running NASUM II, and Section 5.2.1 lists the data input required for
running NASUM III. The actual calculation required for several of
the input data is given in Section 6.1.3 for NASUM II, and in 6.2.3
for NASUM III. Note, the data input symbols have already been
defined in Section 3 of this volume.

5.1 NASUM II(Far-Field Model)

The following number of computer data cards, with proper FORMAT,
is now given in order as they appear in the main program in order to
execute NASUM II (refer to Section 3.1 for definition of these FORTRAN
symbols). The data that must be calculated beforehand is given in
Section 6.1.3.
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5.1.1 DATA REQUIRED AND FORMAT

CARD NO.

O O N O U - LW N -

R R S R i el i i i i el
O H O W BN WP WP O

DATA

IRUN

LN

LN1

M

INLET

IBAY

IHITE
I11,12,13,14,15,16
J1,J32,J3,34,35,J6
VO, TPH,TPH1,Al,A2
HTMIN, THT
C¢I,cc,Cp,CH,CV
GR,FF,RR
DX,DY,DZ
KH, KV
BH,BV
TI
DTAUX (13)%*
DTAUY (13)
DTA(13)
DHS (13)
DT

FORMAT

I5
I5
L5
IS
I5
I5
I5
615
615
Free
Free
Free
Free
Free
Free
Free
Free
Free
Free
Free
Free
Free

**NOTE: 13 values of TAUX and TAUY and 13 values of TA and HS
are read in for variation each hour. Note,
"D" preceeds previously defined symbols (Section 3.1),
since this was necessary for computer convenience.

the letter
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-5.2 NASUM III (Horizontally Stretched Model)

The following number of computer data cards, with proper
FORMAT, is now given in order as they appear in the main program

in order to execute NASUM III(refer to Section 3.1l and 3.2) for

definition of these FORTRAN symbols).

The data that must be

calculated beforehand is given in Section 6.2.3.

5.2.1 DATA REQUIRED AND FORMAT

CARD NO. DATA FORMAT
1 IRUN I5

2 LN I5

3 cI,cc,cp,CH,CV Free
4 GR,FF,RR,HK Free
5 DX, DY, DZ Free
6 KH,¥V, BH, BV Free
7 TAUX, TAUY Free
8 TAIR Free
9 DT Free
10 DELX Free
11 DELY Free
12 DEEX Free
13 DEEY Free
14 EEEX Free
15 EEEY Free
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6. SAMPLE CASES

The following sample cases will illustrate and clarify to
the user the proper choice of programs, subprograms (or subroutines),
calculation of input parameters, sample input. and sample output for
NASUM II and NASUM III.
6.1 NASUM II (Far Field Model)

6.1.1 Problem Statement - Application to Biscayne Bay

Given Biscayne Bay, in Dade County, Florida, as an example
application site, compute the surface heights, n, velocity field
u, v, w, and the temperature distribution T at 2:00 P.M. knowing
the meteorological data, the IR data base, and the tide data base
for April 15, 1975. The IR data base is assumed synoptic at 2:00 P.M.,
the wind velocity and ambient temperature is known every hour, and
the tide height, with respect to the mean water level, is known as
a function of time at the ocean bay interface.
Use the NASUM II far-field, free surface model program to
obtain the desired results

6.1.2 Choice of Subroutine Programs

Section 4.1 is followed in order to choose the proper subroutine
programs for this sample case. Sections 6.l1l.3and 6.1.4 to follow next,
will clearly illustrate what steps the user must follow in order to
obtain the desired results for this sample case.

6.1.3 Calculation of Input Parameters

a) Construct a three-dimensional grid system for the Biscayne Bay.
Fig. 4 illustrates the horizontal grid for the bay superimposed on
the actual geometry of the domain of interest. The governing equations

have been transformed into the a,8,0 coordinate system, which maps
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the variable depth basin into a constant depth basin. Then,
depending on the desired resolution of vertical structure, the number
of vertical grid points is selected, that is KN. The values of

IN and JN are then selected with consideration of desired horizontal
resolution versus computer storage and overall computation time.
Then, the next step is to specify IN, JN, KN in the main program,

as mentioned in section 4.1, For this application IN=34, JN=11,
KN=5,

b) Next, LN and LN1 as defined in section 3.1 are specified.

First, however, the time step DT is computed based on the criteria
given in Volume I. For the Biscayne Bay, DT is computed by the
vertical momentum diffusion criterion:

S aen2, 2
(z m%nimum)2 /K (23) LgOK96cm) /5cm2/secﬂ

DT = At <

A

Thus, DT = 10 sec. is chosen for this sample case. in order to
ensure numerical stability,

For starting the program at 7  (t=0) = 0 for April 15, 1975
LN= 1342, LN1=1380, since the program is started at 6:26.a.m. and
run without the energy equation to 10:10 am, at which time the
IR data base is read in, as an initial condition, from sub -
routine TIDAL, Then, from 10:10 am to 2:00 P.M. the energy equation
is included. This procedure ignores the effect of density currents
on the momentum and surface height equations from 6:26 am to 10:10am.
However, these density currents are quite small for the Biscayne
Bay which is dominated by the wind and the tidal flux at the ocean-
bay interface.
¢) The eddy viscosity coefficients have been estimated by applying
the '"4/3 scaling law'" to previously known water basin values used

by other researchers.
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d) Next, the matrix MAR(I,J) is constructed based on this
particular grid system as shown in Fig. 5.

e) The depth matrix HI (I,J) is then constructed by specifying
the depth below the mean water level, A {c,B) at each herizontal
grid peoint.

f) The initial temperature matrix T (I,J,K) is construccted for
the bay by first plotting the IR data base surface isotherms on
the horizontal grid. and taen interpolating to specify the
temperature at each grid pcini (I,J). (See Fig.6 ) The bay is
shallow and well mixed wvertically, hence, the vertical Lemperature
variation is initially set equal to zero. Subroutine TIDAL reads
in from data cards T(I,bJ,K).

g) The tidal current velocity ampli ude Vo is computed from the followin
formula, assuming a 90° phase shift between the tide height and

tidal current velocity at the ocean-bay interface, (Ippen 1966):

-_2aCo N (_2m1
VO -k h /\ \"x /
where a = lnol = 37 cm for April 15, 1975
c_= /gh ¥ 4.3 x 10% cm/sec
1 = 1008 = 16 x 10°cm
= = = 7
A= COT = lZCo 1.86 x 10" cm>> 1

<h> 190 cm, average at ocean-bay interface.
Thus, Vo= 30 cm/sec
h) TPH =3138.7 sec. is computed by letting Vo (t) =0 at 10:10 A.M.(high
tide where Vo(t)=Vo cos [(t + TPH)=%1] and t=o at 8:00 A.M. on 4/15/75.
TPH1 = 7800 + FLAT = 13440 sec.(where 7800 sec = 8:00 A.M. to 10:00 A.M.)

where TFLAT = 5640 sec., the time from No(t) = 0 at 6:26 A.M. for

April 15, 1975 to the beginning of the Vé(t) run at 8:00 AM on April 15,
1975.
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1) The equilibrium temperature, TA, and the equilibrium coefficient
of surface heat transfer HS, are computed following Harleman and
Stolzenbach (1973). Appendix C presents these formula.

J) The wind stresses TAUX, TAUY are dztermined as shown in
Appendix A.

6.1.4 Sample Input

The far-field solution is obtained by either specifying Vo(t)
or no(t) at the ocean-bay interface. These two sample cases will
now be given:

6.1.4.1 Velocity Case

IRUN = O

LN = 360 (begin at 0800 EST, 4/15/75, and compute until 0900 EST)
LN1=]

M=1 (Vo(t) specified at inlet)

INLET = 1 (ocean-bay interface along MAR=1)

IBAY = 0 (shallow bay), i.e., constant time step of 1l0sec is used even
in shallow regions - this was done to avoid inordinately small time
steps during low water.

IHITE = 1 (regression surface not read in at time of high tide)

I1, 12, I3, 14, 15, I6= 7, 16, 31, 33, 35, 35(refer to Fig. 3)

J1l, J2, J3, J4, J5, Je6= 11, 1, 12, 12, 12, 12(refer to Fig. 3)

Vo, TPH, TPH1l, Al, A2 =-90, 3138.7, -13420, 11.8872, 37.1856

HTMIN, THT = 60.96, 7800.0

TFLAT = 0.0

CI, ¢C, CP, CH, CV=1,, 1., 1., 1.,1.

GR, FF, RR = 980., .00006, 1.

DX, DY, DZ = 160,000., 160,000., .25

KH, KV = 10,000., 5.

BH, BV = 10,000., 5.

.,

T
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TI = 24.5

DTAUX (1) = -.37
DTAUY (1) = .15
DTA (1) = 31.7
DHS (1) = .00129

DT = 10

Next, IRUN = 1, LN = 420, LN1 = 1 (10:10aw)

Next, IRUN = 1, LN = 1, LN1 = 1380 (2:00pm)
6.1.4.2 Tide Height Case

IRUN = 0O
LN = 264 (begin at 0626 est, 4/15/75 and -compute unitl 0710 est)
LNl= 1

M =2 (n (t) specified at inlet)

INLET = 1 (ocean-bay interface closing MAR=1)

IBAY = 0 (shallow bay)

IHITE = ] (regression surface not read in at time of high tide)

Il, 12, I3, I4, 15, 16 (refer to Fig. 3)

Jl, J2, J3, J4, J5, J6 (refer to Fig. 3)

Vo, TPH, TPH1l, Al, A2 = -90, 3138.7, -13420., 11.8872, 37.1856.

HIMIN, THT = 60.96, 13420.

TFLAT = 5640

¢cI, cc, Ccp, CH, CV=1,1.,1., 1., 1.

GR, FF, RR = 980., .00006, 1.

1




S e S

———

P s enees

DX, DY, DZ =~ 160,000., 160,000,

KH, KV = 10,000., 5.
BH, BV = 10,000, 5.
TI = 24.5

DTAUX(l) = -.37
DTAUY(1l) = .15
DTA(l) = 31.7

DHS (1) = .00129

DT = 10

Next, IRUN = 1, LN =

Next, IRUN = 1, LN =

Next, IRUN = 1, LN =

Next, IRUN = 1, LN = 1, LNl =

31

y 25,

300, LN1 = 1 (8:00am)
300, LN1 = 1 (9:00am)
420, LN1 = 1 (10:10am)

1380 (2:00pm)
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6.1.5 Program Execution Procedure (NASUM 1II)

This section describes the procedure by which the user

executes the NASUM II program.

a) Input Parameters: The user must first follow the steps

outlined in section 4.1, and becowe quite familiar with all the

input parameters listed in section 5.1 and section 6.1.3.

b) First Run: In order to obtain surface heights and three-
dimensional velocity and three-dimensional temperature, the main
program FMAIN is executed. In FMAIN there are two tape units. One
is a READ unit designated as Unit 7. The other is a STORE unit des-
ignated as unit 8. During the first run, ther is no need for unit 7,

and unit 8 has to bpe provided to store results on a magnetic tape.

c) Run Continuation: For extending the results, the run has

to be continued. The magnetic tape which was '"unit 8" in the first
run will now be read'" Unit 7", for reading the previously stored

results. Another magnetic tape is now to be provided as '"unit 8" for

storing the extended run results. The above procedure can be repeated

until the results are obtained for the desired time. It is to be

noted that for the first run IRUN=0, and for extended runs IRUN=l,




6.1.6

Sample Output

The output from the model sample run is listed as follows:

a)
bl
c)
d)
-@)

33

Parameters

Surface heights

Horizontal components of velocity
Vertical velocity component
Temperatures

yoe oot
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6.2, NASUM IIT (Horizontal Stretched Model): 5

6.2.1. Problem Statement:

Given the Hutchinson Island, St Lucie, Florida as an
example application site, compute the three dimensional
velocity and temperature distribution for the following
discharge and mateorological conditions.

Discharge volume from the

Condensers of Power Plant}- 363,000 6 p.m.

Discharge Temperature = 35.0°%
Ambient Temperature = 25.0°C
Air Temperature = 30.0%
Current = 2 cm/sec South

-

6.3. Calculation of Input Parameters:

In this section, the specification of grid system,
reference quantities and calculation of discharge velocities
chosen will be presented first followed by the actual cal-
culation of input data as they appear in the main program.

6.3.1. Grid System

The remote sensing data and ground truth data was
available for the Hutchinson Island site and it is used
to determine the size of the domain. The domain selected
was 2380 m x 2000 m. The domain has a variable depth and
so a variable bottom topography is used. A horizontally
stretched grid system as shown in Fig.( ) is used. This
would ¢ive more resolution of the plume in the near field

where the effects of the thermal discharge are predominant.

i INTENTIGRALY B

2z il
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The grid system is also stretched in the vertical direction
for ease of programming. In this way, same number of grid
points can be used in shallow and deep regions of the basin.

6.3.2. Calculation of Discharge Velocity:

In the numerical model a 9 point discharge is chosen,
The discharge velocity is calculated by balancing the
mass as shown below.
For the numerical grid system, the mass into the domain =
(Discharge Area x Velocity) = A x V
The grid size chosen at the discharge is the minimum grid
and equal to 50 m. So the discharge area is equal to

(150 x 150) m? as shown below

oo
b |
- N
i

F-
| - - §e .

LI

, H—150m—>

’ “+ A= (150 x 150) x 10* cm

2

V x A = Discharged volume (given)
363,000 G.P.M

363,000 x 0.0038 x 10° cm?
60 sec

V = 0.102 cm/sec

V x (150x150x10*)

/.Velocity at discharge or inlet velocity for the model is
0.102 cm/sec.

6.3.3. Reference Quantities:

The reference eddy viscosity and diffusivity are de-
termined using the 4/3 power law as below

A .= 0.0025 (Ly4/3

ref
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Where A, . 18 the reference eddy viscosity and L is the
maximum length of the domain in centimeters.
A_ge = 0.0025 (2380 x 102)%/3

re
m 40,000 em?/sec
Aref)
ref

For turbulent prandgtdl number of 1 (Prt =

B.os¢ (Eddy diffusivity) = 40,000 cm?
sec
The vertical eddy viscosity and diffusivity chosen was

10 cm?
sec

6.3.4. Calculation of Input Data as It Appears In

the Main Program

Card No Fortran Quantit
=y ""'IKU%"""'Z

IRUN = 0 for the first run and equal to 1 for later rums.

Card No Fortran Quantity
2 LN

LN is the number of cycles required. It is always advised
to run the program for 10 or 15 cycles and check how the

model is running.

Card No Fortran Quantit
=== ""KETG%E"_—;X

If KSTORE is equal to zero the model sill store the results
on the tape to be provided and if it is equal to 1 the model
will not store results on the tape. For KSTORE equal to

zero or 1 the model will print results at the end of the

run,

Card No Fortran Quantit
4 CI,CC,CH,CV,C
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The values of these quantities are equal to 1,0

Card No Fortran guantitx
5 ] [ ] 1]

GR is gravity = 980.0 cm/sec

FF is coriolis term 2 0.0006

For small domain this terms is negligible and may be kept
equal to 0.0 for all practical purposes

RR is density = 1.0
HK = "PE%KV‘
h = 1200 BTU/day °F - ft = 0.00678 Ca/sec,®°C cm

0,00678
Lot = 0.000678

Card No Fortran Quantity
b X ,DY,DZ
DX,DY,DZ are the minimum grid sizes chosen and they are

DX = 5000.0

DY = 5000.0

= 1 = l = l =
Dz l{N'l 5_1 T 0.25

When KN is the number of grids in the vertical direction

‘Card No Fortran Quantity
: 1 ] HDB

These are reference horizontal and vertical eddy viscosities

HK =

and diffusivities. These are calculated in section 6.3.3.
KH = 40000.0
KV = 10.0
BH = 40000.0
BV = 10.0

Card No Fortran guantitx
-8 LX, , DEEX,D , EEEX, E
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DELX and DELY are minimum grid sizes chosen = 5000 cm
In order to determine DEEX,DEEY,EEEX,EEEY, another main
program ''CONST'" has to be run twice. The input cards needed
for the program ''CONST'" are
First time XB,A,DX, AN
Second time YB,B,DY,BN
Where XB = ‘X boundary = 238000.0 cm
A = a constant = 38,000.0
DX = DELTA X = 5000.0 cm
AN = Number of grids in x direction = 20
Similarly YB = 200000.0 cm
B = 100000.0
DY = 5000.0 cm
BN = 20
The output of this main program will give the constants
Cl,D and C1,D
First Cl,D are equal to EEEX and DEEX
Second Cl,D are equal to EEEY and DEEEY.
For the sample problem they are equal to
DEEX = 29333.03
DEEY = 47503.21
EEEX = 22947.29
EEEY = 20957.83

Card No Fortran Quantity
9 » TAUY

For the sample problem the effect of wind is neglected and
they are equal to 0.0,0.0. 1If the effects wind are to be

considered, they can be easily calculated as explained in

Appendix A.




aaal

46

Card No Fortran Quantit
- 10 TK%R —

TAIR, the air temp = 30.0%

Card No FortranB%uantitz
- I

The value of DT used in the sample problem is 5 sec. In
general it 1s always advised to start with a small value

and increase it to the point when the model would not go

unstable.

Note: The sample problem presented is a simplified version

of the Hutchinson Island dischazge problem.




47

6,3.5, Program Execution Procedure (NASUM III)

This section describes the procedure by which the User
executes the NASUM III program,
a) Input Parameter:

The User must first follow the steps outlined in
the sample problem and become quite familiar with all the
input parameters,

b) First Run:

In order to obtain three-dimensional velocity and
three-dimensional temperature, the main program TMAIN3 is
executed. In TMAIN3 there are two tape units, One is a
READ unit designated as Unit 7. During the first run, there
is no need for unit 7, and unit 8 has to be provided to store
results on a magnetic tape,

¢) Run Contfnuation:

For extending the results, the run has to be con-
tinued, The magnetic tape which was "unit 8" in the first j
run will now be read "unit 7", for reading the previously
stored results, Another magnetic tape is now to be provided
as "unit 8" for storing the extended run results. The above
procedure can be repeated until the results are obtained for
the desired time. It is to be noted that for the first run

IRUN = 0, and for extended runs IRUN = 1.




6,3.6,

Card No

1

0 ~N O U W

10
11l
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Sample Input

Symbol
IRUN

LN

KSTORE
¢1,cc,Cp,CH,CV
GR,FF,RR,HK
DX,DY,D2
KH,KV,BH,BV
DELX,DELY, DEEX,
DEEY, EEEX,EEEY
TAUX, TAUY

TAIR

DT

Value & Format
BbpBHEO
B ¥ 700
bbopHO
1.0,1.0,1.0,1.0,1.0
980.0,0.00006,1.0,0.000678
5000.0,5000.0,0.25
40000.0,10.0,40009.0,10.0
5000.0,5000.0,29333.03,
47503.21,22947.29,20957 .83
0.6,0.0
30.0
5.0
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6.3.7. Sample Output

Some of the output from the model sample run are listed

as follows:
a) Parameters
b) Surface (K=l) horizontal velocities, u and v.

¢)
d)

The surface isotherms obtained after 1 hour of simula-

Vertical velocity, Q, at K=2

Surface temperatures (J=1 at left-hand side)
(J=JN at right-hand side)

I=1 at top

I=IN at bottom

tion are shown in Fig. (# ).
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MAIN PROGRAM FOR NASUM II
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55
c FMAIN
CORBOU P IUB Ut e S IRERRE AR U SRR R RSN IR R AR ABRE S SRR P USSR ORE SR F G RN KPR OR N
C THIS PROGRAM CALCULATES THE SURFACE ELEVATIONS, CIRCULATION AND
c TEMPERATURE DISTRIGUTION FOR THE THREE-DIMENSIONAL FREE SURFACE
c FAR=FICLD MODEL

COPFBRNOEBRBRNB SR U A SERBAE SRS NS AP RN RS S SRR ERES P E S O NG E RRB SRR kN RE R W

PARAMETER INZYY ,UNZ11,KNZS
REAL KHy KV
DIMENSION UCINyJUNJKNDI g VIEINQuJINgKND o C1NgJUNKND,y
CHTCINGUND) JHICIN qUNDJETACINYJUND) JHTECINGUN)
CHUIMNogUNgKND) gG EINpINgKM ) gDUINgUNyKN) gECINgUNYKN)
CHXCUINGUND gHYCIN gUN) ¢MARCINGJUNY JHTDCIN JN)
CROCINGUN gKND) g PLINgJN oK N) gHDUMCIN g JN )
CoyTUINGUNJKN) g TNLILINgUNGKND) g W2ZCINyUNyKN)
ColIULIN),DTACL3) DHSELII)DTAUXILIZ)DTAUY(13)
READ 1,IRUN
READ 1,LN
READ 1,LM1
READ 14M
READ 1y INLET
READ 1,1IBAY
READ 1,IKI1TE
1 FORMAT (1I5)
READ 11,81,12,12,14,15,16
READ 11,J143J2¢Jd33J044Jd5,yJ8
11 FORMATIETD)
READ 2,VYUsTPHoTPH1,ALpA2
READ 2yHTMIN,THT
READ Z,TFLAT
READ 2y CILCC,CFyCH,4CV
READ 2y GHRyFF 4RP
READ 2, [XDY,D2Z
READ 25 KHyKV
READ 2yBH,8Y
READ 2,71
READ 2,(DTAUX(IY,I=1,13)
READ 2,(0TAUY(I)eIZ1,412)
READ 2,(CTAlI),IZ=1,12)
READ 2,(DHStI),I=1,133
DO 100 I=1,13
DHSCI)=DHS(I} /L0,
1CC CONTINUE
READ 2,0T
s TORMAT( ?
IF(IRUNCGTL0) GO TO &
CALL READZ2(INGJINGMAE JHI HXyHY 0X ,0Y )
CALL INITVIACINGJUN KN JETA  HT yHI JHTD HYE T JUyV  WyROyPyGRyRR,DZ4Dy
CC ’H'G'TI vT'TNl’
TT0T=3.0
TTOTi=G. 0
TAUX=C.C
TAELYTD.0
GO 1C o
4 CURT INUE
CALL BEADICINGUMNGKN UV ok gHTI sHT JHTD +HX Y M ERGZITAZP ROy C I,
CCCHClIgCV P DXy Y g2yl Ty TAUX pTAUY QY TOT gt g Gyt Th 37 TTOT1,4WZ)

. / t
u ) [ ”“(L’ﬂ‘l‘lqﬂ‘.’ﬁml&k “p, .
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33
34

50

80

000

65

4000

401

57
CONTINUE
DO 5 Lzg,,LN
IF(TTIOT.GE.THTY GO TO 1000
TTOT=TTO0T+DT
TT=7107

IF(M.,EQel) GO To 33

CALL TYIOECINGJNQTY oL oD T o HTCoHToHYEWINLET o120 I20ulod3odloIS, TPH]
CoAl,42)

GO Y0 34

CALL VEL CINQUN QKN U sV oH o GoBoE o TToVOeTPHI1 4124180140l INLET)
CONTINUE .

CALL DATACTAUX yTAUY oTToTAHS DTAUXDTAUY OTALDHS,TFLAT)
IT107=770Y

IF(LeGT 1.0RITTOYGT,0) GC TO SO

CALL HEIGHT I gu oK gINGUN KN qMAR UV HT HTD4aDZ+DT oDXo DY o HOUMe Mo I
CI24I3,18,15,16,d1,d24J34dledS,deb)

CALL UVVEL(INGUNIKNyUeVoH GoOXoeDY DZ ,W,TAUX ,YAUY, DT ,HT,
CHX sHY yETA 4P oMAR G CToCCoCP. CHeCVeKH KV o GRRRyFI ¢HTD RO, T,I1,12,13,
CIuelSolbedled2ed3edliedSedb M) .

CALL MVELCINGJNGKN H oG oW HTD (DX DY D2 oMARMoI1l0e12:eJd30dl)

CALL PRESIINGINGKNGHTD RO4GR4P4D2)

GO 10 80

CONTINUE

CALL HEILNUINGUN KNy MARGH oG oHTD HT yHTE «DZ oDV oDX eDY s HOUMeMeTL0T2s
CIZWIU,I5,164J1,J2,d3sdliedSdb)

CALL UVVELNCINGUNGKN UV H G oD oEoDXoDY DZouwoTAUX,TAUY,DT,
CHT o HTD o HTE yHX g HY ¢ STA P ¢ MAR ¢KHoKVoGRyRR 4 FF (CP ,CC o CICHGCV,RO,T,I1
Col20130lleIB0eT60dled2edlodliedbedboi)

CALL HVEL(INQJ’\QKNoDOEoN.HTEQDX'DY'DZ'MAROM0110120J3VJ“)

CALL PRES(INJJN,KN,HTE ,ROL,GR,P,02})

CALL FTT{INGJIN, HTE,HI MARLETA)

CALL OLOUVIINGJIN KN U,V HeGsDE)

CALL OLDHT(If yuNeHTE JHTD HT)

CONTINUE

CONTINUE

CONTINUE .

0O 15 LL=1,LN1

TTZTTOT1+TTOT

IF(TT.LT.THT) CO TO 3000

IFLIBAY.EQ.1) GO TO Sqg02 -

DO 211 I=i1,IN

00 211 J=1.JN .

IFLETA(IJ)LT0.0) GO TO 65

GC 10 211

CONTINUE

IHIZHI(I,Jd) '

IHTMINZHTMIN

IF(IHTI.EQ.IHTMIN) GO TO 40CO

GO Y0 4pQy

CONTINUE

HTMZHTMIN®3C, .48

HI(I J)zHTM

HT T WJITHTIC(TIWJI+ETA(T LY

HIDUTI WD) ZHT (T u)

HTEAT ,JYZHT(T,.,)

CONTINUE

1‘ ivv N

o INGHR QL LY Rwstid




114
115
118
117
118
119
129
121
122
123
124
125
126
127
128
129
139
121
132
133
134
135
138
127
138
139
140
141
142
143
134
145
146
147
143
149
159
151
152
153
154
155
156
157
158
159
163
161
1562
163
154
1565
1556
167
158

59 .
A==30.,48

HYMZHTMIN® 3D, 48

IF(ETACTI gU) oLEo A ANDHItT gJ)eLEsHTM) GO TO 318
GO TOo 211

311 CONTINUE
HIC1,J)=HTMe30, U8
HIGIZJISETALI yJIOHI(IJ)
HYIDUIGJISHTLI WJ)
HTIEC(LgJ)SHT(] 4J)
21} CONTINUE
5002 CONTINUE
IF(M.,EQ.1) GO TO 330
CALL TIDE(INgUNgTT ) LL DT oHTDoHI JHTE INLET 91101291 ,U39d%,yI5,TPHL
Cohl,A2) :
GO TO 340
330 CALL VEL(INGJUNgKNgUgVoH oG oD yEyTT oVO yTPHoT 19129159 J39Jd3pJUINLET)
340 CONTINUE
CALL DATA(TAUX, TAUY pTT,TASHS oDTAUX, DTAUYyOTAZDHS o TFLAT)
ITT=71T
ITHT=THT
IF(ITTLEQ.ITHT) GO TO 2000
TTOTLI=TTOTieDY
s00 CONTINUE
CALL HEILNCINGJIN KN MARyH G yHTD yHT gy HTE,NZ 0T DX, DY HIUMyM, 11,
CI2 13,148,315, 169J1,3d2yd39Jl8,J5,J6)
GO Y0 2001
2000 CONTINUE
CALL TIDALCINGJNGKNgETAQHIGHT yHTDyHTEZIT T, IHITE)
TTOTI=TTOT1+0Y
IF(IHITE .EQ.1) GO TO 500
2001 CONTINUE
CALL UVVELNUINGJUNGJKN UGV HeGCyD9E oDX DY ¢DZ oW ¢ TAUX o TAUY 0T,
CHTY yHTD oy HTEJHX gH Y ETA WP yMAR gy KH oKV yGR gRR ¢y FF gyCP yCCoCIyCHoCVyROyTodily
CI2 I3 eIt yI15,16,U1pJdCsdIedlydSedb )
CALL WVEL(IN JUN KN oD oE oW yHTE sDX gOYoDZyMARgM oI 1pI2¢d3y Uk}
CALL PRES(INGJUNJKNJHTEZROyGR+P,402)
CALL ETTUINZUNGHTE HIMARLETA)
CALL OLDUVIIN JNgKN UgVoHyG4D,4E)
CALL OLDHTU(INZJNJHTE HTD4HT)
CALL TEMPUIN  JH KNy TyH¢GyWeDXy0Y gD2Z 30T yHT y8HyBVyMAR,TN1,HTD,QRAD,
CRRyHS,TA4RO) '
CALL OLDTCINGJN KNyT,TNL)
15 CONTINUE
3000 CONTINUE
CALL PRPARA(CYI,CH LV CPoyCCyDX DY DZ yDT o TAUX 4 TAUY ,TTOT4GR,FF4RR,
CKHoKVoBH BVoQRADy TI ,TTOTL 9 TAGHS)
CALL PRETAU(I yJyINJJN,L,ETA)
CALL PRUVIIJJ oK 9iNyJNeKN yHyeG)
CALL WWCINJUNJKN HT JHTGyETA H Gyl g ZyMARyOX y0DY 402 ¢yDTyHXyHY)
CALL PRULINGUNyKNH2Z)
CALL PRTEMPUI gJ oK 9INJNoKN,T)
CALL STORE(INUNyKN UV ywoHTIyHT yHTD yHX gHY ¢MARJETAGWP,4RO0yC1I,
CCCoyCHeCV yCPyDXg LY yDZ DTy TAUXyTAUY g7 TCT yH oGy HTEZT,TTOT1,40k2)
sTOP
ENO

ORIGINAL pagE
'd - . ,
S INTEROUGNE B OF POOR QUALn'vs
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7.1.1 READ 2

This subroutine is used by specifying IRUN=Q0. First, the
two-dimensional MAR matrix, MAR (I,J) is read in from data
cards (a sample problem will illustrate this in Section 6.1.

The MAR numbering system is used for distinguishing
between spatial differencing of the terms of the system of govern-
ing equations in the interior of the domain of solution, on the
boundaries, and outside the domain. Points outside the domain
are assigned a value MAR=0, and calculations are not performed.
The MAR matrix, as will be shown in a sample problem, is constructed
by the user by first establishing a grid system which closely
follows the geometry of the application site. Then the MAR
numbering system is specified as f£~nllows:

MAR (I,J) =0 points outside domain

MAR (I,J) =1 upper horizontal boundary

MAR (I,J) =2 lower horizontal boundary

MAR (I,J) =3 left vertical boundary

MAR (I,J) =4 right vertical boundary

MAR (I,J) =5 through MAR (I,J) = 10 are boundary corners and
are specified below:

MAR (I,J) =llinterior of domain.

e i”/ 777 : ’77"—'-)/ 7
= 5 6 7 8 9 10

MAR
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Next, this subroutine reads in from data cards the two-
dimensional matrix, HI\I,J), which specifies the depth (in
feet) below the mean water level at each grid point. Then the
depths are converted into centimeters for calculation of the
bottom gradients, HX(I,J) and HY(I,J) in the x and y directions,
respectively. Note, that calculation of the bottom gradients is
performed by using central differencing in the interior and the
point single-sided differencing on the boundary. Again, for
MAR=6 and MAR=8 central differencing is used, since these part-

icular corners may be treated as being interior points.




T e v
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CoOPPC R SR Es L SN B PSS ENER VLA US NS PSR EA G SURS ISR NB IS S ¥BERECICE SN SRS OISV

c THIS SUBROUTINE READS IN UATYA FOR THE APPLICATION SITE DOMAIN
c AND ACTUAL BOTTICM TOPOGRAPHY

CISC R NB USSR SRR PR S SEN SN RN B SE RN AE RN RECREIIRR S BRI SO NS EARSESB PO SR Y,

SUGROUTINE READ2CIN gJUN yMARPGHI yHX o HY 4DX4DY)
DIMENSION MARCINGUND gHICINGUN) yHX(INGJIND oHY (INyJUN)
0O 10 I=1,IN
10 READ 1,(MARCI J)oJd=1,JN)
DO 99 IS 1,IN
99 READ 1,(HItI4J) ¢J=1pJN)
1 FORMATL )
DO 15 I=1,IN
00 15 J=i,UN
HI(IJI=30,U48"HITI,J)
15 CONTINUE
DO 50 I=1,IN
DO 50 J=1,JN
IF(MARLI yJ)sEQs0) GO TO &0
IF(MAR(IHJ)EQs1) GO TO 31
IFI(MAR(I J)EQ.2) GO TO 32
IF(MAR(I J)sECe2) GC TO 33
IFCMAR(I ,J) oEQe i} GO TO 34
IF(MARCI J)4EQeC) GO TO 315
IF(MARIXyJ)eEQ.6) GO TO 36
IFIMAR(I yJ)eEQe7) GO TO 37
IF(MAR(I J)4EQe8) GO TO 38
IF(MAR(I yJ) sEQe9) GO TO 39
IF(MAR(I yJ)¢EQ.10) GO TO 4O
HX(Tgd)S(HI(I*)1,,J)=HI(I=1,U)2)/7(2.%0X}?
HYCI 3 tHI(Y gJ el )=HI(I ,J=1))/(2.¢DY)
GO TO 50
31 CONTINUE
HXEI ) (HI(I 4] yJ)=HItI~1,J))/(2,%DX)
HY(TgJ)SU3aHI(] gJ)OHI(I g =2)=U4*HI(I ,J=102/(28DY)
G0 V0 SO
32 CONTINUE
HXCIyJ)S(HICI ) yJ)=HI(I=1,U))/(2,%0X)
HYCI oIS (UBHI (T gJ 41 ) =33HI (] JI=HI(I ,u®2))2/(2=0Y)
60 TO S50
33 CONTINUE
HXAI g )T (UBHI (T 41 gJ)=3%HTI(I ¢J)=HII42,J))/(2%0X?
HY(I3JISHtHT(TI yJ el )=HI(I,J=1)2/(2,2DY)
60 T0 5Q
3 CONTINUE
HXCEI o JIZU3oHI (I yJIHI(I =24 ) =UsHI(I=1,U))/7(2#DX)
HYCI gJIS(HIC(I gJo L) =HI(I,U=1))/(2.%DY)
GO Y0 50
35 CONTINUE
HXETgJIZ(USHI(TI 41 oJ)=3HTI(T yJ)=HI(I42,U))7(250X)
HYCLgJIS(34HTI U] yJIOHI(I ,U=C)=42H]I(l,J=1})/(2*DY)
GO T0 50
36 CONT INUE
HX(IgJYStHICI*L4d)=HItI=1,J))/7(2.%0D%)
HY(T gJISHUHI(T gJ L) =HI(L,yJd=1))/(2.%0Y)
GO 70 40
37 CONTINUE

ML




T

57
58
59

61
62
53
b4
55
65
67
5%
59
13
71
72
3

38

39

40

50

67

HXCT g JIS(UOHI (T 01 yJ)=39HI(TyJ)=HI(192,J))/(2%0X)
HYCT g CUvHI (T yJ o) =30HI(] yJ)=HI(] yJe2))/(200Y)
GO TO 50

CONTINVE

HXCT 4 JIS(HIET 0L yJdd=HI(I=14J))/(2.%DX)

HYCI ) JISUHItT yJ o)) =HI(1,yJ=1)0/(2.%DY)

60 To SO

CONTINUE

HXET o) SU30HI (I yU)OHI(TI=2,J)=UsHI(]l =1,J))/(2¢0X)
HYCI o QIS (asHT (] yJ*2 D =30HI(] yJ)=HI(I yJo2)1])/(2%0Y)
GO YO S0 )

CONTINUE

HXLT gU)SCYRHIA(T pJ)OHI(T=2,J ) =4sHIIT=1,J))/7(2n0X)
HY (I ZJISC30HI T oJ)OHI(LI gJ=2)=4sHI(] yJ=1))/(200DY)
CONTINUE

RETURN
ENO
..
- Ty,
s,
. v""’l\;./
“Jé/ S

¢

{
B INTETOS Y gt

S K
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7.1.2 INITIA

This subroutine is used by specifying IRUN =0. The initial

vaiues of n, H, u, v, 2, T, P and p are specified as was out-

lined in section 4.1.
n=20
us=20
ve=20
Q=0
*T w Tonif ™ const.
P = Po + pgHo
° = Punif
In terms of the symbols used in the program, we have:
ETA(L,J) = O
HT(I,J) = HI(I,bJ)
HTD(I,J) = HI(I,J)
HTE(I,J) = HI(I,J)
U(I,J,K) =0
H(I,J,K) = 0
D(I,J,K) = 0
V(I,J,K) =0
G(I,J,K) =0
E(I,J,K) =0
W(I,J,K) =0
T(I,J,K) =TI

TN1(I,J,K)=TI

RO(I,J,K) =RR

P(I,J,K)

=RR¥*GR*HT(I,J)*K-1)*DZ

*NOTE: The energy equation is only coupled to the system of governing
equations after the IR data base is inputted at 10:10pm for 4/15/75
into the program, and therefore an initial value of T is not actually

required.

However, if no IR data is available an isothermal bay ma

be assumed initially and the coupling to the energy equation initia

fly.
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|
1 c THIS PROGPRAM INITIALIZ2ES VARIABLES FOR CONSTANT DENS1TY MODEL i
F4 c
' 3 COBIOIIICINEISPIIB ISR USIIEPONBPIPIIERPI UNREEE IS NEOININIEN ORI SIS AN
[} Cc THIS SUBRRCUTIME INITIALIZES THE VARJIABLES FOR THE VARIALBLE DENSITY * |
s C'.“Ot“.“.‘O“.‘.‘ﬂ‘.‘.“.i“““‘#'.‘.“.00“‘.0‘.“.‘.‘00*‘0“.'0#.‘b l
b SUBROUTINE TNITIACIN QUNoKNQETAGHT JHI JHTD JHTE gI1,U Vo gRO,PyGRyKR, ;
{ 7 COZ DoEogHeGoTIoTHIN})
] DIMENSION 575(1N.JN’.NT(IN.JN).HX‘IN.JNI.HTD(KN.JND.HTE(XN,Jh). |
9 CIHIM.U(!N.JN,KN!.V(IN,JN.KNI.DQINpJN.KNI.E(IH.JN.KNI.U(IN.JN.KN! ;
13 C.RO(IN.JN.KNI,H(!N,JN.KND.G(IN.Jh.KN)'P(IN.JN,KN).TCIN.JN.KN).
11 CTNICINGUNLKND i
’ 12 00 2C IZ1,IN |
| 13 D0 20 J=1,uN
‘ 14 ETALI,J)=0.0 1
| 15 HTCTyJ)SHICL,J)4ETALT,J) |
D 15 HTDE I, J)SHTIT 0 |
17 HYECLyJISHTLL od) ‘
19 20 CONTINUE
19 DO & I=i1,IN 1
20 DO 8 J=1,JH
2! DO 8 K=1,KN
Y 22 UtIyJdyklzCe
23 HElyJeK)=Cs
24 DClyJdeK)=0o
25 ViIgJeK) =0, |
) 26 GlIydoK)=0,
27 EtleoJek) =0
23 NUI,dyK)=0, |
29 TllyJyK)ZT] |
L 3] TRICI 4y KIZT] |
7! RO(T o JyKI=1,029U31=,000020%T(T4J,K) =s00000488(T(IoyJyKInu?)
’ 52 8 CONTINUE ‘
33 DO 25 I=1,IN |
Iy DO 25 J=l1,UN j‘
35 DO 21 K=1,KN |
38 RRZROUIyJeK)
37 PUIyJyK) ZGROHT(T,J)*RR*(K=1 1%D2 ;
38 21 CONTINUE
. 39 F4) CONY INUE
) RETURN :
41 END ;
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7.1.3 READ 1 \
This subroutine is used by specifying IRUN=1., The results !

of a previous run are read in from a magnetic tape for the

purpose of running the program over a long period of time in

segments. The system variables n, H, u, v, @, T. P and »

are read in as well as physical and numerical parameters, as

e i i
P

follows:

HI(I,J) = depths at each grid points (in cm)
HX(I,J) = bottom gradient in x-direction
HY(I,J) = bottom gradient in y-direction
MAR(I,J) = domain numbering system

CI, CC, CH, CV, CP = constants always = 1

DX = horizontal grid size in z-direction (in cm) g
DY = horizontal grid size in y-direction (in cm) |
DZ = vertical grid size = AZ/HI(I,(J)

*DT = time step (in seconds)

TAUX = wind stress component in x-direction (dynes/cmzﬁ

TAUY = wind stress component in y-direction (dynes/cm;)

TTOT = total run time without energy ecuation (in seconds)

TTOT1 = total run time with energy equation (in seconds)

% NOTE: The determination of At is presented in the sample problem
in section 6.1.
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1
F4 CEOB20 eSS P 0e s SRS SS REVSEBER R RN SRR R URE SRS SR G S S SRS S AR TR REESEERERPE S KL
' 3 c THIS SUBROUTINE READS IN(FROM MAGNETIC TAPE) VALUES FOR THE VARIABLE.
L] c AND PHYSICAL AND NUMERICAL PARAMEYERS FROM A PREVIOUS COMPUTER RUN
5 C FOR THE VARIABLE DENSITY »ODEL
[ (2R II I I R RIS R TR FIS RS TR RPN SIS E IR RS RIZRIR RT3 21300
4 SUEROUTINE READ 1CINgUN KN yU oV W g HIpHT yHTD yHX MY y MARZETA,P4R0,CI,
8 CCCoyCHyCV CPoD Xy DY D2 oD T o TAUX TAUY yTTOT yH gGoHTE, T ,TTOT 1,42}
9 DIMENSION UCINgJUN KNI gVIINgUNGKN) yil (INJUNSKND oPCINyJINQKN) o
1D CHICINGUN) yHTUINGUN) ¢HTD (TN gJN) ¢ HXCINGJIND g HY (INQJUN) yMARCINJUND,
11 CETACINGJMNIGROCINQUNJKN) gHUIN guJN oKN) gGUINgJN oKN) g HTEC(IN, UN)
5 12 CoTUINQUNJKND g WNZ LINyJNyKN)
f 13 READ (1) CCCUCT oo KoK= yKN D UL yJNDY I IND,
% 14 COCIVLIgU oK) oK=L oKNYoJSLpuN) pIS1HIN),
’ 15 CLOGMET J KD gK =2 yKND) U= o JN) yIZL,IND
: 15 CUUCHLTI ZJ oK) gK ST gKN) gUSLgJN) yI=1yIN),
} 17 COUIGET  J g H) gK =1 pKNJ yJ=19yJND L ISE,INDY,
. 18 CUCIPCI oS oK) oK =1 gKND gd=19JdM) yIZ1,INY,
| 19 COCCRO(IZ oK) g K1 oKN DY QU1 4uUN)IZ1,IND,
20 COOHTD(IyJ)gJS 3N IS1,IN),
21 CUCHTEC(IZJ)yJZ= 1, UN)IZL,IN),
J . 22 COCHItIZJI 31 yJND,121,IN),
23 CUUHXEI J)gUS14JNIIZ1,IND,
4 CUUHY(TpJ)yU=1edN)pI=1,INY,
. 25 COUMARCIZUDgJ=1,UND I, IND,
26 CUIHTIL,0) U= 4JN)IZ1,INDY,
27 CULETA(I,ZJ),J=1,UN),IZ1,IN),
28 CUOUT T gd oK) oK=L yKN) gJ=1,JN)IZI,INY,
29 COUUWZ T gJoK) g KT LgKNDY yJS1 3 UND IS ,INY,
30 CCI CCyCHYyCVCP X y0YDZ2,0T,TAUX,TAUY,,TTOT,TTOT!
31 RETURN
’ 32 END

[ . e 70 U . [ . U - STt TUIT S
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7.1.4 TIDE (M=2)

This subroutine specifies the tide height at the ocean-bay
opening as a function of time (i.e. TTOT or TTOT + TTOTl) in the
form:

o (t) = Al + A2 cos m(t+t§}

or in terms of the program symbols:

ETA = Al + A2 *cos ((TT + TPH1)*(6.23/12.15 *3600))

where Al and A2 are read in from data cards, TT = TTOT or

=TTCT + TTOTl and TPH1l is computed as will be illustrated in the
sample problem.

This is the actual tidal condition case for tidal flux at
the ocean-bay opening. Note, this subroutine is not used when
the current velocity is specified at this open boundary (i.e.

M=l for specifying Vo(t)). It is further pointed out that

the user must start the computer run at t=0 (TTOT=0) with a flat
surface). ETA(I,J)=0, and ETA=0 at the open boundary. Otherwise,
the large step in surface height at the open boundary will

result in numerical instability, since the governing equations do
not adjust sufficiently fast to yield a compatible and realistic
situation between surface heights and currents. Since, the domain
of solution is assumed to be '"still" (i.e. u=v=Q=¢) initially

for the case of not having an adequate initial data base for spec-
ifying currents, the above noted specification of ETA(I,J) at

t=0 must be followed to insure numerical stability.

T
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40

2C00

15

icoo

THIS SUAROUTINE CALCULATES THE SURFACE ELEVATION AT THE OCEAN=BAY i
OPENING AY EVERY TIMC SYEP

SUBROUTINE TIDE CINyJUNTTOT,LoDT o HTD JHI G HTE INLET 9T1,12,J2,Jd3,J4
CoIS,TPHI AL ,A D)

DIMENSION HTD (INyUND JHICINyUN) gHTECINyJN)
ETAZALJOA2®COS({TTOTOTPHID#( 6426/ (12.154360C+01))

IFCINLET.GT.3) CO TO 2000

DO 40 I=I1,12

ITTOT=TTOT

IF(LoGTo1.0RITTOTLGT.C) GO YO S

HTD(I,J1)SETACHI(I,J1)

GO TO 40

HTE(I,J1)ZETACHT(I,J1)

CONTINUE

G0 Y0 1000

CONTINUE

DO 50 J=J2,J4

ITIOT=TTOT

IF(LeGTa1s0ReITTOT.GTo0) GO TO 16

HTD(I5,J)ZETACHI(IS ) |
GO TO S0
HTECISyJIZETACHI(IS pu)
CONTINUE

CONTINUE

RETURN

END
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7.1.5 VEL(M=1)

This subroutine specifies the current velocity at the ocean-
bay opening as a function of time (ie TTOT or TTOT + TTOT1)
in the form:
A (t) = Vo cos w (t + to¢) or:
U, (£) = U, cos w (t + t¢) depending on which axis the open

o
boundary is aligned.

Then, in terms of the program symbols:

Vo = Vo*cos ((TT + TPH) ¥*(6.24)/(12.15 * 3600))

Where Vo is computed as an estimate and TPH is computed as will
be illustrated in the sample problem. TT = TTOT or TT = TTOT +
TTOT1. Similarl, Vo (t) = 0 at t = 0 is recommended along with

an initially 'flat' surface to insure compatibility between

the surface heights and the velocity field.
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CHOBBURINEINERENSE PRSP RPN RN IIE PR RE SRR EIB ISP RP I NRE SO S ISR P RR NN ROB R
c THIS SUBROUTINE CALCULATES THE CURRENT VELOCLITY AT THE OCEAN-BAY

c OPLNING AT EVERY TIME STEP
COFSOINBIPNSHE NI IS AB BN I RN AR RS SIEEBI RNBO BSOS BNEES ORGP IR GRS NG R R RRA RSOGO ST,

SULROUTINE VELCINgUN gKNoU oV gHeGpDoE oTT oVO o TPHIL g12,150J10ud3yJ4,
CINLET)
DIMENSION UCINgJIN KNI oV EINGUINoKND gH CINgJIN gKND oG C INyUN KN )
CoDCINQUNgKND o ECIN JUN JKN )
KNIZKN=1
DO 1000 K=1,KN1
IFCINLET.GTel) €O TO 2000
DO 100 I=I1,I2
VII,JlyK)ZVORCOS((TTOTPH)I®((428/(12,15¢3600.0)))
GLIoJlgKIZVIIgd1yK)
ECI,J1oK)ZGUT qd1yK)
1CC  CONTINUE
GO TO 1300
2000 CONTINUE
DO 200 JzJ3,J4
UCIS g JyKIZVORCOSE(TTOTPH)I 46428/ (12 415%3600,0)))
HOISgJgKISUCT Sy JyK)
DUIS,JyKITHIIG, JyK)
2CC  CONTINUE
1000 CONTINUE
RETURN
END

e il
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7.1.6 TIDAL

This subroutine specifies T(I,J,K) as an initial temperature
distribution which is constructed by the user from an IR-Data
Base. This will be illustrated in the sample problem. Spec-
ification of an initial surface as constructed from an adequate
} tide data base may be inputted into the model but is left

optional for the user.

Rl
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(S ITIXIERY IS RIN ISR RIS SIS 2 I AT R YT LRI RAR ]l 1 R ]y I

C THIS SUBROUTINE READS IN THE INITVIAL VALUES FOR THE TEMPERATURE
c DYSTRIBUTION AND THE INITIAL VALUES FOR THE SURFACE
c ELEVATIONS(OPTYICNALY

(Y TIII RSN RIS RIS RN IS SIS RTINS IR QIR 2R 22 R 230 Rt ln
SUBROUTINE TIDALUCINGUNJKNJETAGJHI JHT yHTDyHTE 91Xy T 4IHITE)
DIMENSION JICINDJETACINGUND gHICINQUNDI pHT A INyJN)y HTD(INyJNY,

CHTLCUINGyUNYy TUINJUNQKN])
00 100 I=1,IN
READ Sy (TUI4J0e11yJ21,JN)

) FORMATL )

1C0 CONTINUE
00 101 I=1,IN
00 101 J=1,UN
DO 102 K=24KN
TULeJgKI=T(LI Uy 1)

102 CONTINUE

101 CONTINUE
IF(IHITE .EQs1) GO TO 25
DO 10 I=1,IN
READ 1y IICIVZ(ETALTI gy d=1ydNY?

i FORMAT(I 3 11FT.2)

10 CONTINUE
D0 20 I=1,IN
00 20 J=1i,JN
HT(IZJISETACTI yJIOHI (]I 4J)

HYDL I JIZHTII )
HTEC(IZJISHTLI U}

20 CONTINUE

25 CONTINUE
RETURN
END

v et 00 A B A L e

T
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7.1.7 DATA

This subroutine specifies the wind stresses, equilibrium
temperature and the surface heat transfer coefficient every
hour. However, these physical parameters must be calculated by
the user as will be shown in the sample problem. Note, that this
subroutine has been programmed for a maximum computer run of 12
hours. However, this subroutine can be used for less than 12 hours,
or it may be easily modified by the user for computer runs in
excess of 12 hours, by merely reading in values of these physiecal

parameters for the desired increase in number of hours,
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CHENRES B USRS SSR S IR R SR SRV ERF A SSE B BRSO ERSE S SESSEBUNESS S SNt S ONC D,
c THIS SUBROUTINE READS IN HOURLY VALUES OF SURFACE WIND SHEAP STRESS,
c EQUILIBRIUM TEMPERATURE, AND SURFACE HEAT TRANSFER COEFFICIENT
(I IYI A IR NI YR RS T RTINS TIY AT RSS2 10 R )]t
SUBROUTINE ODATAU(TAUX yTAUY ,TTOT yTA,HS DTAUXoDTAUY yDTA,DHSyTFLAT)
DIMENSION OTAUX(12),DTAUY(LZ),DTALL2),DHS(L13)
TTOTSTTIOT=TFLAY
IF(TTOT.LY.0.0) GO YO 50
IFCTTOTGE«OsCoANDTTOTHLT.2600.,0) GO TO
IFCTTOTeLYeT200 ANDoTTOT,GE+36D004) GO 70O 2
IFETTOT,LT.1080CeAND.TTOT4GEL72004) GO TO 3
JIFCTTOTALTe14400ANDLTTOT,(EL108004) GO TO
IFCTTOTeLT418C00ANDSTTOT.CEL44C0.) GO TO
IFUTTOTeLTe21CICANDSTTOT.GC016C004) GO TO
IFCTTOTeLTe2520CeAND«TTOT 6EL216C0.) GO TO
IF(TTOTALTe2880CeANDSTTOT.GEL252C04) GO TO
IF(TTOToLTo324004AND.TTOT.GF,28800,) GO TO
TFUTTOTaLTe36CICAND.TTOT.CELI2400,) GO TO
IFCTTOTeLTo3IPCICANDTTOT GELZ600061) GO0 TO
IFCTTOToLTeld4320CeANDSTTOTLCEL396C0.) GO TO 12
IF(TTOTeLTol468006ANDSTTOTGEL432CC04) 60 TO 13
1 CONTINUE
TAUXZDTAUX(L)
TAUYZOTAUY(L)
TAZDTA(L)
HSZOHS(1)
G0 T0 SO
Z CONTINUE
TAUXSDTAUX(2)
TAUY=DTAUYL2)
TA=DTA(2)
HS=DHS(2)
GO T0 50
3 CONTINUE
TAUX=DTAUX{3)
TAUY=DTAUY(Z)
TAZDTALD)
HS=DHSL3)
G0 T0 50
4 CONTINUE
TAUX=DTAUX(4)
TLUY=DTAUYLY)
TAZDTACH)
HS=DHS (4 )
GO T0 SO
5 CONTINUE
TAUXZDTAUXIS)
TAUY=0TAUY(S)
TA=DTA(S)
HSZDHS(5)
€O 70 53
6 CONTINUE
TAUXZDTAUX(E)
TAUYZDTAUY(E)
TAZOTACLG)
HS=DHSL6)

e DN

S
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60 T0 50

7 COKTINUE
TAUXZDTAUXET)
TAUYZDTAUYIT)
TASOTA(T)
HSSOHS(T)

60 T0 50

. CONTINUE
TAUX=DTAUX(S)
TAUYZDTAUY(B)
TASDTA(S)
HS=DHS(8)

60 10 S0

9 CONTINUE
TAUXZDTAUX(9)
TAUYZOTAUY(?)
TASDTA(9)
HSZDHS(9)

10 CONTINUE
TAUX=DTAUX(10)
TAUY=SOTAUY(10)
TAZDTA(1O)
HS=DHS(10)

GO Y0 5C

11 CONTINUE
TAUX=DTAUXELY)
HSZOHS(11)

GO T0 80

12 CONTINUE
TAUY=DTAUY(12)
TASOTA(12)
HS=DHS(12)

60 TO 50

L7 CONTINUE
TAUXSDTAUXL13)
TAUYSOTAUY(13)
TAZOTA(L 3D
HS=DH5(13)

50 CONTINUE
TTOT=TTOT*TIFLAY
RETURN
END

PRECE )
DiNG CAGE ELAKK moT FiLMep

SRR O
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7.1.8 HEIGHT
This subroutine calculates H(x,y) the depth contour with
respect to the free surface, at t = At (=HTD(I,J)) by forward
differencing the surface height equation in time with respect
to the initial depth contour matrix H(x,y) at t=0 (=HT(I,J)).
Note, this subroutine is used only for the first time cycle.
The integration in this subroutine is performed by applying
Simpson's Rule.”* The general inlet and outlet conditions are
specified by reading in from data cards parameters which impose
the locarion of the inlet, either on the upper horizontal
boundary or on the left vertical boundary of the grid system.
However, this subroutine can be easily modified by the user for
having an inlet on the lower horizontal boundary or on the right
vertical boundary. The only change required is respecifying
MAR(I,J) corresponding to the inlet location and reading in from
data cards the values of I and J which properly locate the inlet.
The derivatives in the integral are obtained by central
differencing in space for interior points, including MAR=6
and MAR=8. Three point single sided differencing is performed

on the boundaries. These differert schemes are given inVolume I.

X5
*For KN =5 TfrGayax % ax (1/3F(x)) +4/3F(xy) + 2/3 F (xy)
x1 +4/3 F(x,) + 1/3F (xg))
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COBS0 0880500000000 NRR0RSRCOEIBERRIPEINOSRBORNIERUISPESPISOOIEPIBROSOIIRLIOOOSY

c
c
c

TH1S SUBRCUTINE CALCULATES THE TYOTAL DEPTH AT EACH X=Y LOCATION

IN THE DOMAIN FOR THE FIPST VIME STEP USING A FORWAR) DIFFERENCING

SCHEME IN TIME

CEB B0 OB TRRIS BS NS ES PN PSPUEHBIP SR SROIPIEE PN ROPOCL BSOS RTR NS BEROER UL
SUBROUTINE HEIGHT (I g yK gINguUN ;KN MAR UV oHT yHTD 02 ,CY 40X ,DY,HDUM,

11

12

14

13

20

15

CHYIL T201301U,15,76,J80J2,Jd3)J4,d5,J6)

OINMENSION MAR(XN'JNl.U(IN.JN,KN),V(IN.JN.KN).H!(IN.J\I.H‘D(!N.JN);

CHOUM(IN, JN)

KNMIZKN=1]

DO 50 I=1,4IN

00 50 J=1,UN

HDUM(TI,J)=0.0

DO 6C K= 1,yKN

IF(MAR(LI yJ)EQe ) GO TO SC

IF(MARIT yJU)WEQW 1Y) GO YO 33

IF(MARCY ) oEQe3) GO TO 12

IF(MAR(TI 9uJ) sEQ4) GO TO 19

IFIMAR(TI ¢J)eEQe2) CO TO 13

IFIMARLTI g ) EQs ) GO TO 34

IF(MAR(I J)EQe2) GO TO 2C

IF(MARCTI J)EQ.T7) GO TO 1S

IF(MARCI yJ)+EQe9) GO YO 16

IFIMAR(I J).EQ.10) GO TO 17

IF(MARLIJ)eEC.6) GO TO 11

IF(MARLI yJ)EQ.P) GO YO 11

DIHUXS(HT(I®L o IsU(T ) U K) =HT(I=1,J)0U(T=],JeK) )}/ (2,¢0X)
DIMVYSIHT(I SOl )ISVIT qJel K)=HTUI yJ=1)sV (I J=l K} )/(2,0DY)
GO TC 24

CONTINUE

IF(IeEQaISeAND e JeGEsU3eANDeJsLEoJU s ANDLH,6T41) GO TO 50
DIHUXZS(USHT(I ) yJisU(I 0], ,JpK)=T3nHT(I,J)BUCT JeK) =HT(I®2,U)%
CULI* Uy KIDN/(2480X)

DIHVYSUHTII pJ oLl IoVIT qJo oK) =HTITI qJ =308V (] ,J=],yK))/(2,%DY)
GO Y0 24

CONTINUE

DIHUXSCISHTAI yJ IBU(T g J KD oHT (102, 2U(]=2,J ) K)=linHT{I=1,)J)®
CUCI=1yJyKID/(2.40X) .

DIHVYSUHT (I pJol)wVII yJ ol gl ) =HT I J=1)8V (] gJ=2yK))/(2,¢DY)
GO T0 24

CONTINUE

DIHUXSUHT(IO L yJ 1U(TeLl,J K)=HT(1=1,J)2U(I=l,JyK))/(2,%0DX)
DIHVYSUUSHTIL gJ 2308V (T gJel gK)I=3#HT (I J)eV ] oJoK) «HT(L,J02)%
CVIIsJe29K)N/L2,#0Y)

GO TO 24

CONTINUE

IF(JEUeJIoAND s ToGEeI1aANDe ToelEo 126 ANDeMoGT4L1) GO TO £O
DIHUXSUHTIIOL y S )oULT 4L )J oK) =HT (Tl qJ)tUCI=1 JyK) D/ (2.%0X)
DIHVYZUIOHTII g )8VI] gJ ) KD oHT LI gJ=2) 8V (T gd=2yK)=huHT(I,,J=1)"
CVIIyJ=19KI))/L2.%0DY)

GO TO 24

CONTINUE

DIHUX-‘-(Q*HT(IOI |J"U(I‘1'J|K”3‘HT‘I'J,.U(I .J'K’ ‘“T‘X‘Z'J,*
CUCIsCcyJeKII/L2,7DX)

DIHVYS(USHTOI yJ 41 I0 VLI yJe) gV ) =3olRT T JIAV LT gJoh) =HT(T 44022
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16

17

24

c....

101

102

103
éC

50

85

CVITode2,K))/(2,900Y)

GO Y0 2

CONYINUE

DIHUXS(UAHTETI 0L gJ)sU(L ¢S oo K)o38HT (T oJ)oUTaUeK) =HTIL]®2,J)s
CUlIeZ JpK)D/L2.0DX)

DINVYZSUIOHTIL yJ IOV yJ K )OHT (T oJ =28V (T oJ=2 ) K)=UoHT(I,u=1)»
CVEl,yJd=1,K))/(2.%DY)

GO T0 24

CONTINUE

DIHUXS(ISHT(I qJ 18U yJ ) K DOHT(TI=2 o J)sU(T=2dyK)=tsHT(I=},J)s
CULI=1,JpK))/(2,%0X) ‘

DIHVYS(USHTITL yJol)eV (I Jel  K)o3aHT{I JI®V (I uyK) =HT(],Jd02)5
CVIIyue2,KI/Z(2,%0Y)

60 70 24

CONTINUE

DIHUXZCEI®HTIL qJ I0UCT qJ yK)OHT(I=2,J)2U(I=23JpK)=ltoHT(]=},u)s
CULI=1,JoK))/(2,%0X)

DIHVYSUISHT(T gd I VIT qJ oK JOHT (I gJ=2) 0V (I g =2 K )=tUsHT (], d=})e
CVIIgJd=1yK)}/(2.2DY)

GO TO 24

CONTINUE

SIMPSON'S RULE IS USED FOR IKTEGRATION

IFIKeEGe1oORGKoF QD) GO TO 101

IFIKsEQe2,0RsKeLQoti) GO 10 102
HOUMCIoJ)IZC(DIHUXOODIHVY ) D2Zw(2:/3:) )eHOUMLIT )

GO 70 103

HDUMCIJ)I=((D IHUXODIHVYIND2/ 34 ) oHOUMET ,  J)

GO Y0 103

HOUMITIpJISU(DIHUXS0IHVY)ISDNZ (4 o/34) )*HOUMITI )

CONTINUE

CONTINUE

HTDCIyJIZHTCI yJ )=HOUM (I ,J)

CONTINUE

RETURN

ENOD

I INTOOTIONALLY MK
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7.1.9 HEILN

This subroutine calculates H at time level n+l (=HTE(I,J))
from H at time level n(=HTD(I,J)) and H at time level n-1(=HT(I,J))
by using central differencing in time,
Volume I gives the detailed finite difference scheme used by
this subroutine Zor solving the surface height equation. The
integration, once again, is performed by using Simpson's Rule.
The general inlet and outlet conditions are incorporated as was

just discussed for subroutine HEIGHT.

s . A ~ . " " cwas .J




1 ¢
, . 4 CORESERSRR SIS RIN RO IR S PSS NC R AP E NI NSRS BESE RS RV R ES U NN RE GO OB RER RS BA U
3 (3 THIS SUBROUTINE CALCULATES THE TOTAL DEPTH AT EACH X=Y LOCATION
. c IN THE DOMAIN FOR THE SECOND TIME STEP AND THEREAFTERY USING A CENTRAL
5 3 DIFFERENCING SCHEME IN TIME
l Y CHESR 024000V E Rbsd S 0S R B UGN RNEREE RN R RSB OEP SO S EC R BBk b bbb R bkl
’ 7 SUBROUTINE HEILNCIN guN oKN oM AR o'V oHT yHTD g HT E 4 DLy DT DX DY, HOUM, M
.8 Collol2el s Uel5016,d1,029d3,dlU5,d6)
9 DIMENSION MARCINGUND yUCTH gUNgKND oV (TN oJNoKND gHT CINoUNI s HTDCINGUND
13 CHOUMCIN, UN)yHTE (INyJN) .
11 KNMiZKN=1
N 12 DO 50 I=1,IN
! 13 DO SO J=1,JN
; 14 HOUM(I,J)=0.0
15 DO 60 K=1,KN
) 16 IF(MARCT ,J3.EQ.0) GO TO S50
\ 17 IF(MARCI,J)eECs11) GO TO 11
18 IF(MARCL J)eE0s3) GO TO 12
19 IFCHARCI ,J)eEGeS) GO TO 19
23 IF(MARCT yJU)eEQe2) GO YO 13
21 IF(MARCI 4J) oEQs1) GG TO 20
22 IF(MAREI 4 J)4EQa4) GO TO 14
23 IF(MAR(I ;J)eEQeT) GO TO 15
24 IF(MARCI yJ)eECe9) GO TO 16
, . 25 IF(MARCT ,J) «EQ.30) GO TO 17
26 IF(MAREI yJ)eEQe€) GO TO 1
P 27 IFIMAPITI,J)4E0.8) GO TO 11
28 11 DSHUXSCHTCIO1 0 )8 UIT 01 4 J oK) =HT (I=1,00%U (I=1,JyK) }/(2,%0X)
29 DIHVYZC(HTC(I pJol )4AVIT 3 o1 oK) =HT (T yJ=2)*V (] J=1,K)}/(2,4DY)
39 GO TO 24
| 31 12 CONTINUE
32 IF(TeE0eI5eAND s JoBE eU3e ANDeJoLEsUlie ANDaMGTo1) GO TO 50
] 33 DIHUXZ (U MHTII 41 9J)8UCI 4L g JpK)=IkHTET g %UCTI g oK) =HT(I22,J)%
3u CUCT*2,U9 KID/(24%0X)
35 DIHVY=(HT(I yJ oL )RV IT 309 1,K)=HT (T ,J=100V (T J=1,K})/(248DY)
| 35 GO TO 24
37 14 CONTINUE
38 DIHUXZ(3#HTT g JRUCT oJ K SHT (I =2 3 JISUCI=2 yu pK) =t SHT(I =1, J) %
39 CUCI=1yJyK))/(26%DX)
; %3 DIHVYS(HY(Z yJ o128Vl Ul K)=HT (I ,J=1)8V (T J=1,K)3/(2s40Y)
41 GO TO 24
T 82 13 CONTINUE
' 43 DIHUXSCHT(IO1 3  14UCT 41 U gK) =HT (T =1, J)%U(I=1yJyK) )/ (Ze#DX)
4a DIHVYSC(USHTIT J 9102V (L 343, K)=38HT (T, J3 8V (T gdgK) =HT(I Je2)%*
35 CVLI,J*2,K))/(2.%DY)
46 GO TO 24
47 20 CONT INUE
48 IF(JeEQeJleAND e TaBE eIl o ANDs TeLEaI2. ANDeMsGTo1) GO TO 50
! 49 DIHUXSCHTCI#L cd DoUCT 41 3J  K)=HT (T=1,J)%UCTI=1,dyK) )/ (2.4DX)
| 50 DLHVYZ(3#HTUI ¢ J4VII jJ JK YORT (I, J=2) 8Vl J=2 K} ~tuHT (I d=1)%
51 CV(Isd=19KI)/(24%DY)
52 60 TO 24
53 15 CONTINUE
54 DIHUXS (U HT(I 1 yd ) U(T 01 g Uy KI=ZHHT (T30 AU ydyK) =HT(I42,0) %
55 CUCI*2,U,K))/(242%0X]} !
56 DIHVYZ (G HTET g 21 VLT g Uy K)eTAHTU I gd )WV (I yJyK)=HT(I jJe )%
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CVIIyJe2,K))/(2,%DY)

GO TO 24

CONTINUE

DIHUXZ (AN #HT (1 el yJ)IoU(I 91 ,J,K)=30HT(I,J)2U(] JyK) ~HT(]e2,J)»
CULII29UyKD)D/(2e%DX)

DIHVYSUIOHTII o )%VI] g g K)HT (T gJ=2) %V (] J=2,K)=UsHT(I,J=1)%
CV(IygJd=l,oyK))/(2:.%DY)

GO TO 24

CONTINUE

DIHUXZSCISHT(L oJ 32UCT gl yK ) OHT (T =2 3 J)3UCI=2 g JgK)=UsHT(I=1,yJ)8
CUCI=1,JeK))/(24%DX)

DIHVYS(UsHT(I yJ el eV (T ,Jel, K)'S‘HT‘IQJ’*V(I, oK) =HT(I gJe2) %
CVIUIgue2,K))/(Ce20DY)

GO TO 24

CONTINUE

DIHUXSEIsHT(I o YRU(T yJ yK) eHT (T =2 3 J) 2U(I=29d yK]1=GxHT(I=1pJ)*
CUCI=1yJdeKIV/(2e¥DX)

DIHVY=U3I*HTUI yJ 32V I gJgK ISHT(T yU=2) 5%V (I pJ=2yK)=U4tHT(IyJ=1)%
CVIIyu=1,K))/(2.%0Y])

GO TO 24

CONTINUE
SIMPSON®S RULE IS USED FOR INTEGRATION

IFLK.EQeleORWKeEQ.DY GG TO 10}

IF(KeEQe24s0RK,EQel4) GO TO 1002
HOUMCIoJIS((DIHUXADIHVY)RDZ%(24/34) P4HOUM(TI U}

GO 70 103

HDUMET yJ)SH (D IHUXSDIHVYISDZ/ 2 )+HOUM(T,J)

GO TO 103

HOUM(IoJIZ((D IHUXSDIHVY)RDZ % (11 4/ 3e) )eHDUNMLI, J)

CONTINUE

LONTINUE

HTECIgJYSHTD( I3 J=HDUM(I ,J) #22DT

CONTINUL

RETURN

END
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7.1.10 UVVEL

This subroutine calculates the horizontal components of
velocity, u and v, at t = At (=H(I,J,K) and G(I,J,K», res-
pectively) from u and v at t=0 (-U(I.J,K) and V(I,J.K))by
using a forward differencing in time.

Volume I details how the u and v momentun equations are solved.
Note, this subroutine is used only for the first time cycle.

The general inlet and outlet conditions are specified by reading

in from data cards values of the parameters which set the location
properly or the boundary. Modification, ac mentioned earlier

in the description of subroutine HEIGHT, may be easily incorporated
by the user.

The spatial derivatives have been replaced by central diff-
erencing in the interior of the domain and three point single
sided differencing on the boundaries, as shown in Volume I.

Again, MAR=6 and MAR=8 houndary corners are tested as interior

points.
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THIS SUBROUTINE CALCULATES THE HORIZONTAL VELOCITIES,U,V, AT EACH
X=Y LOCATION AND DEPTH IN THE DOMAIN FOR THE FIRSTY TIME STEP USING
A FORWARD DIFFEFENCING SCHEME IN TIME

CEB BB U U A BEB R RSB RS PSSR BE NS LAY BEE I U SE PSR RSN E S NSRS S E B RS GE RNy
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101

SUBROUTINE UVVEL CIN gUN KN UV yHoGoyDX DY yDZ oW ,TAUX,TAUY,
CDT.HT.HX.HY.EYA.P,nAR.CI.CC.CP.CH.CV.KH.KV.GR.RR.FF,HTD,RO.T.II
ColZel3glltgICel69d1pd29dT el ydSydb ot

REAL KHyHYV )

DIMENSION UCINyJUNJKN) qVIINgJNgKN) gHUINQJNJKND) 3GEINGUNQKND
CHTUINQUND pHXCIN JND) gHY CINJUND JETACIN JNY,
CPUINQJUNQKN) gMAR LINGJUN) gHTDULINGJUN) g CINgJUNyKN)
CoROCINGUNJKNI g TIINGJUNYKN)

KNL1=KN~}

DO 1C I=1,IN

DO 10 J=1yJdN

IFIMERLYI J)4EQ.Q) GO TO 1D

IF(MARCI J)EQe®) GO TO 10O

IF(MAR(T yJ)4EQe7) GO TO IO

IF(MAR(I,J)EQe%) GO TO 10

IF(MARITI J)eEQe2lC) GO TO 10

IF(MAR(I J).EQ.2) GO TO 10

IF(MAR(I, J).,EC.4) GO TO 10O

DO 8 K=1,KAN]

IF(MARCI ¢J)4EQsE&) GO TO 11

IF(MAR(I, J).EQ.8) GO TO 11

IF(MARCI yJ3EQe11) GO TO 1

IF(MAR( I J)EQsL) GO TO 101}

IF(MAR(LIyJ)sEQe2) GO TO 102

CONTINUE

ETAXSHETA(I®L J)=ETA(I=1,4))/(2%2DX)

ETAYZU(ETA(I yJo1)=ETA(L yJu=101)/7(240Y)

DIPXSUPL I yJyK)=PlI]l,J,,K)V/(2%DX)

DIHUUXSCUII® 1 gJ yKI%ULTI 1 g Jy KIRHT (T4 1,J) =U(I=1,JyKI®UlTI=1,JykK)%
CHT(I=1,U))/7(2%DX)

DIHUVYS(ULI pJ41l JKIRVII U4l ,KISHT (I, U01)=U(]l yJ=l K)IkV(TIJe]l,K)%
CHT(IyJ=12)/(2%0Y)

DIUXS(UL T4 oK)eULTI=1oJogK) )/ 12%0X)

D2UXS(UCI®LyJyKIoUCI=1 yJ oK) =2oU(TedyK)DIZLDX%DX)

DIUYSCEUC IgJd s oK) =UCI J=1,K)IZ2(2%0DY)

DUYS(U( I Jol K JoUCL =1, ,n)=27U{1,J,K))/7(DY%DY)

GO TO0 100

CONTINUE

IF(JeEGQeJIoANDeToGEWTL1ANDsT4LELI2) GO TO 10

DHYS(IRHT(I yJ ) HTHI yJ=2)~4xHT (I ,J=11)/(2%0Y)

ETAXSCETA(I L J)=ETA(I=1,U) )/ (2%DX)

ETAYSU(SRETACIL o JISETA(I jU=2)=42ETA(]L yJ=131)7(2%DY)

DIFXS(PUI®1 JyK)=PlI=1,J,K)}/(2%0DX)

DIHUUXSCULI®L yU oK IRU(T 4] Uy KIKHT (L1011 ,3J)=U(T=1ydyKInU(I=],yJyK)%
CHT(I~1,J})/712%DX)

DIRUVYS(30UCT yd JK ISV (T g JK)SHT(T ) ULT yd =23 KIRV (T J=2,K)
CoHTlI yd=2)=U4%UlTyJ=1 K I¥VII yJd=]lyKIeHT(ToJ=1))/(2%DY)

DIUXSCUL Il JKI=UtI=1,J,K)} )/ (2%0X)

D2UXZ(UCI~lygd ol 32U =13 J i) =2%UtIJyl})I/Z(CX*DX)

DluyYy=0.0
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D2UYSCUL T J K)o U], J=2,K)=28U(I,J=],K))/(0DYsDY)
60 Y0 10C
102 CONTINUE
JIF(JeEQe JSoAND o J4GE oIS oANDeTILELIU) CO TO 1D
ETAXSC(ETA(LI® L U )=ETA(I=1,J) )/ (2%0X)
ETAYSCUSETACL jJo))=I8ETA(I JI=ETA(] Je2))/(2¢0DY)
DHYS(USHTII g J o1 )=T8HTII s J)=HT 1T, Je2))/(28CY)
DIPXSIPLIOL U K )=PlI=1,J,K) )/ (2%0X)
DIHUUXSCUITIOL qJ oK IBU(I0) gJeKISHT (TI01,3J)=Ull=1,JpKIvU(I=],JyK)*
CHT(I=1,4d))}/7(2#DX)
DIHUVYS(UaUCT yJ ol KISV IT U0l yKIPHT{TI Je1)=38U(I,JeKIEV(T,J,K)
CHHTUTI gJ) UL gJOo Sy KIRVI]I g Je2 o KIPHT (1,443} /(280Y)
DIUXSCUC IeLgd oK )=ULTI=1yJ oK)/ (2%0X)
D2UXS(UC Il gd yKIoULTI =1 JyK)=2%U(IsJyK))/(DX20X)
DluY=0.0
D2UYS(UC T yJ K IoUtT qJo2 K dm2 U] ,do] ,K))/(DYR0Y)
100 CONTINUE
ROCTI o JeK)S14029U31=00000208T(I3JoK)=e00000U8(T(I JoK)sn2)
RRERO(I, JyK)
IF(K.EQ.1) GO TO 70
DIUWZS(ULI pJ Ko L)W (I pJ oKl )=UCT gJyK=1)®N (I, LyK=1))/(260D2)
D2UZZ(UC T gdg K1 ) oULT g oK =1 =2%UCTIgJyK))I/(DZ%02Z)
GO TO &0
10 DIUNZSC(LSUCT g o KOJIBN(T U gK21)=ToUCT o JoKI®H I jJyK)I=U(IyJgKe2)
CWCI JpKe2))2/(2.%02) .
D2UZ=(2%UCT g yK 21 )0 (TAUX/KV IRHY (I ,J)%2202 «2%U(I,JeK))/(0DZ*D2)
80 CONTINUE
UISCI*(D1HUUX4D IHUVYSHT (I, J)I%D1UWZ)
UPSCPHHT (I ,J)* (L TAX%GR)I®(=],)
UCSCCRHT (I JIRFF VLI yJyK)
UHSCHEKH S (HX (I3 JIDIUXCETAR XD IUXSHT (1 ,J)%D2UXIoCHEKHe (HY(I,J}%DIUY
CeETAYXDIUYIHT (I 4J)%D2UY)
UV=CVUSKVX02UZ/H T(I,J)
HEIopJoeK)} = ((=UI UP=UCOUHAUV INUDTHHT (I yJI*U (] 34Uy K) }/HTD(I, J)
8 CONTINUE
10 CONT INUE
IF(M.EQ.1) GO TO 70CO
IF(INLET.EQel) GO TO 7000
DO 6000 K=1,KN1
SUM=C.0
00 6302 J=J3,J4
SUM=SUMAHIIS® 1, JyK)
6002 CONTINUE
DO 6003 J=J3,J4
HOIS41,J,K)SSUM/(JU=y3+])
6003 CONTINUE
6300 CONTINUE \
7000 CONTINUE
00 970 I=1,IN
D0 970 J=1,JN
DO 960 ¢ T1,KN1
IF I eEQaISeAND e JeCE eI eANDe JoLEs U ANDeMsGETH1) GO TO 5002
IF(TEQeT6aANDeJeGE eJEwANDeJoLECUO) GO TO 2005
GO YO 970
5C02 HUI,JeK)ZH(I®1,J,K)
GO T0 970
ZCUS H(I,JyK':H‘I"lgdgK)
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121
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133
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136
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139
143
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42
142
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
150
151
152
163
154
165
168
157
168
169
170
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201
202
203

204

95

CONTINUE

CONTINUE

00 30 I=1,IN

00 30 J=1,uN

IFIMARLII,J).EQ.0) GO TO 30

IF(MAR(IJ)EQ.5) GO TO 30

IF(MAR(I,J)+EQ.T) GO YO 20

IF(MAR(I,J).EQ.9) GO YO 30

IF(MARCI J)+EQ.,10) GO TO 30

Do 7 K=l gKND

IF(MAR(I, J).EC.6) GO TO 12

IF(MAR(I J)eEQ.B) GO 10 12

IF(MARET ,J)0EQ.31) GO TO 12

IF(MAR(I,J1eEQs1) GO TO 201

IFt(MAR(TI J)sEQe2) GO TO 202

IF(MAREI,J)EQ.2) GO TO 203

IFIMARITI yJ)eEQeld) GO TO 204

CONTINUE

ETAXS(ETA(I®L ,J)=ETA(I=1,J))/(2%DX}
ETAYSUIETALLI UL )=ETALTIJ=1))/(2%DY)
DIPYS(P(IoJolyK ) =PI J=1,K))/(2%0DY)

DIHUVXZSQULLA] gJ gK IV (I0] g JgKIBHT (I pJ)=U(T=] JyK)aV(T=lyJgK)n
CHT(I-1,J))/7(2%0X)

DIHVVYSUVII gU 2L gKINV(T jJ e KISHT (I ,J01)=V (I J=1 K)2V(]I,J=]1,K)%
CHT(IJ=1)0/(2%0Y)
DIVXSUIVUI®l gJ oK) =VI1=1,J,K]1)/(2%DX)
D2VXS(VII®lgd oK )IOV(T =1, JyK)=2%VII,JyK))/(DX®DX)
DIVYSUIVI(I g JelyK)=V(I, J=1,K)}/(28DY])

D2VYS (VI IgJol K )eV(I =2y K) =28V (I,J,K})/(0V»0Y)

GO TO 200

CONTINUE

GO T0 30

CONTINUE

GO T0 230

CONTINUE

IF(IEQe15sANDeJeGE e JZeANDeJoLESJU) GO TO 30
ETAXSCUSRETACI®L yJ)=35ETA(T,JI=ETALI42,J1)7(2%0X)
ETAYSUETA(I yJeLl)=ETA(T yJ=113/7(2%DY) .
DHXS(UsHT(LeL yJ ) =38HTII ,J)~HT(I+2,J))/7(250X)
DIPYS(PUIgJolyK)=PlT J=1,K))/(2%0Y)

DIHUVXZ(URUCTI®L g gK IRV (T4 JyKIBHT LI qU)=3%ULI pJoKIEVLI],JyK)
CRHT(Iyd) =ULI¥2,JgKIRVIT @24 KINHT (I42,J))/(2%0X}
DIHVVYS(VII S oK IKRVIT (U4 gKIBHT (I9Jel )=V (I gJd=lpKI)V(IyJ=1,yK)n
CHT(I,J=1))/(2*0Y)

Div¥=0.0

D2UXSEVE I gdoKIOVIT®2,J K= VT4l ,JyK))/(DX%DX)
DIVYSUVITgdel K )=Vi1l,yJ=1,K2)/21270Y)
D2VYZSHV(IgJdlgK DeVII gd=~1,K)=27V{IyJeK))/(DY*DY)

G0 TO 200

CONTINUE

IFUTeEQeI6eANDe JeGE aulSeANDsJolEedb) GO TO 20
ETAXS(IRETALT yJ)VETA(TI =2 4J) »4RETALL=1,J)3/¢2%0X)
ETAYSUETALL pJ41)=ETA(T 4J=1)3/7(2%0LY)

DRXS(Z¥HTUI yJ Yo HT I =2 J)=btxHT(I=]1,d))/(2%DX)
OIPYZU(P(I4J® 1l K )=PUTJ=L,K))/0220Y)

DIHUVXZ € 20Ul T yJyK ISV IT jJ yKI®HT (T g3 aUCT=2,3J K)eV{TI=Ty JgK)
CH¥HT I =23 dl=42U(I= gk VII=yJyKISHT(TI=1,J))/(2%DX)
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172
173
17
175
175
177
178
179
182
181
162
183
104
185
185
187
183
189
190
191
192
193
194
19§
196
197
193
199
220
231
232
233
234
208
21%
227
208
239
210
211
212
213
214
215
21
217
218
219
220
221
222
223
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DIHVVYZUVII gJol oKV (Y qJel g KIOHT (TI,J03)oV I gd=lyKIBV(Iod=1oK)e
CHT(I,J=1))/(2%0DY)
DivX=0.0
D2VXSEVE T oJoKDIOVITI=23J M) =28V (I=],JeK))/7{0X®DX)
DIVYSIVII JoleK)=ViIJ=l,yK)}/(2%0Y)
D2VYSIVE T JolgK )oV(I U=l ,K) =28V (IoJyK))/00Y*DY)
2C0 CONT INUE
ROITgJoK)IZ1e0290431=,C0C020%T (T yJ oK) =o00000USHIT(I  JyK)ns2)
RRZRO(I,y JyK)
IF(K.EQs 1) GO TO SC
DIVWZSA(V I JpKe 1 IRW(I yJ K e ) =VIT yJpK=l )W (I yJoK=1))/(2%D2)
D2VZS(VII JgKe1)oV(I JK=1) =20V (I ,J,K))/(D2%0Z)
GO T0 95
90 DIVNZS(U V(T g oK el)dW(T gJ oKl )=TaV (T JoKIbW (I oK) =V(IgdyoK*2)®
CHlIoJeK*2))/(2.%02)
DEVZU2%VII gy K4L)e(TAUY/KVISHT (I oJd)w20D2 =28V (1yJeK))/(D2%D2)
9S CONTINUE
60 VIZCI®(D IHUVX 4D IHVVYOHT LI J)D1VWZ)
VPZCPRHT (I, J)*(ETAY*GR )% (=1,.)
VC=CCoHT (I ,J)sFFuU(] yJyK)
VHECH®KHR(HX( 1y J)SDIVXSETAXHDIVX ¢HT (1 oJ)wD2VXISCHOKHO(HY(TIoJ)%D1VY
COETAYSDIVYSHT (I ,u)eD2VY)
VVZCVeKV=D2VZ/HT(I,U)
GUIgJoKI = ((=VISVPVCHVHIVV ISDTOHT (I JIRV (I qJdyKIDI/HTI(I V)
7 CONTINUE
30 CONTINUE
IF(M.EQ. 1) GO TO 700
IFCINLET «GTe1) GO TO 700
DO 600 K=1,KN1I
SUM=0.0
DO 602 I=Ii,I2
SUNSSUMeG(I,ul=1,K)}
602 CONTINUE
DO 603 I=TI1,I2
GlIyJl=1,K)ZSUM/(12=11¢1)
603 CONTINUE
600 CONTINUE
100 CONTINUE
DO 97 I=1,IN
DO 97 J=1,JN
DO 96 K=1,KN}
IF(JeEQeJ2eAND eI oGE vIZeANDeIsLELIU) GO TO 205
IF(JeEQeJloANDeIoeGE eIl ANUeTIalLEeI2s ANDoaMGTW41) GO TO 502
GO T0 97
2C5 CONTINUE
ClIoJeK)ISGELgU®1,4K)
GO 70 97
502 CONTINUE
GllyJyK)=G(IJd=1,K)

96 CONTINUE

97 CONTINUE
RETURN
END
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7.1.11 UVVELN

This subroutine calculates the horizontal components of
velocity u and v at time level n+l (=D(I,J,K) and E(I,J,K)
respectively) from u and v at time level n (=H(I,J,K) and
G(I,J,K) and u and v at time level n-1 (=U(I,J,K) and V(1,J,K))
by using central differencing in time. 'the numerical scheme used
for solving these equations is given in Volume I. Again, the
general inlet and outlet conditions are specified and may be
modified by the user. Note, DuFort-Frankel differencing is used
for the vertical momentum diffusion term. The spatial derivatives

have been differenced as shown in Volume I.
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1 c
2 CHOONS B OUNIIS I SNBSS S SO PSP EBEIPY ARBRE SO SBDPES NS RSSO BEI RGOS PRS PSSP RNS L
3 c THIS SUBROUTIMC CALCULATES THE MORIZONTAL VELOCITIES, UyV, AT EACH
‘. (4 XY LOCATION AND DEPTH IN THE DOMAIN FOR THE SCCOND TIME STEP AND
s c THEREAFTER USING A CENTRAL DIFFERENCING SCHEME IN TIME
5 CHOESS SRR RN S ER VRO S BIN B OGS RSS SRS RRE G A DS SRSC RIS RGOS PPN G SO Sl tE RGBS W,
» 14 SUBROUTINE UVVELNIIN gUN JKNo U,V oH  GyDyE DX oDY 02 yN,TAUX,TAUY,OT,
(] CHTY yHTOHTE  HX gHY ETA WP yMARy KH oKV ¢GR yRR¢FF yCP,CCoCT3CAoCV,RO,T,11
) Col2o13,TUgIS,T6,U1yJ2oUT ul ¢J5ydb M)
10 REAL KH, KV :
11 DIMENSION UCIMoUN KNI yVEINgUN KN D oH (INQUN JKND 3G U INgUN9KND
12 COCINGUNGKND JE (T HgUN gKN ) gHTUIN gUND yHTDCIN gUN D gHTECTIN GUN) yHXCTINyUND
, 13 CHY CINgUND g TACILgUND gPUINgUN KN D ¢MARCINGUND o (1IN gUNoKN)
| 14 CoROCINGUNGKNY 9T LIN,UNKN)
15 KNI=KN=1
| 16 00 1U I=1,IN
17 DO 10 J=1,UN
| 18 IF(MARCILJY.EQ.T) GO TO 10
, 19 IF(MARII,J)4EQeS) GO TO 10
20 IF(MAR(TI ,J)EQe7) GO TO 10
' 21 IF(MARIT  J)eECeS) GO TO 10
22 IF(MAR(I V) 4EC1C) GO TO 1G
s 23 IF(MARCI U} eEQe3) GO TO 10
24 IF(MAR(TI  JIoECoU) GO TO 10
2S DO 8 K=1,KN}
2% IF(MARCI pJ)oEQ.€6) GO TO 11 |
27 IF(MAR(CI J)4EC.E) GO TO 11 !
28 IF(MARC(I,J)LEC.12) GO TO 11 |
29 IF(MARCI,ZJ) 4EQ.1) GO TO 101 |
30 IF(IAR(IZJ)EQeD) GO TO 102 |
31 11 CONTINUE |
32 ETAXS(ETA(I® U )=ETA(I=1,U))/(2%0X) |
33 DHXS(HT(I4)y3d ) =HT(I=3,J))/(2%DX) |
V 34 DHYZ (HTC T, Je 1 )=HT (I ud=1007(2%DY)
35 DIPXS(PCI®Ly d K )=PlI=1,J,K))/(2%DX)
35 DIHUUXZCHEIAL yJ K )H (T 01 yJ KIAHTD (I 01, ,J)=H(T=]1,J,K)u
37 CHUI=1,J KIWHTD(I=1,J))7(2%DX)
38 DIHUVYS(HCE oL oK IWG (T gJ o1 KISHTOUL yuel)=HILd=1 k)%
39 CGUI U=y KISHTD(TI,J=1)1/(20Y)
40 DIUXSIUCINL,d oK )=U(T=1,J4K))/(2%DX)
41 D2UXZ(UC I, UK IoUCTI=1,JyK)=2%U(I4J KI)}/(DX*DX)
42 DIUYSCUC I, el ,K)=U(I J=1,K))/(2%DY)
43 ‘ D2UYSIUC T ded gK IoUCT 3d=1,K)=28UCI,J,K))/(DYSCY)
99 GO TO 100
45 1C1  CONTINUE
T IF(JeEQedloANDeToCE ¢ 114 ANDe T4LELIZ) G0 TO 1C
A7 ETAXS(ETACLIOL U )=ETA(TI=0,u) )/ (2%0LX)
49 DHXZ(HT (T4l dd=HT (I =140 )/ (230X)
49 DHYZ (Z8HTOI 4 U)o liT (I yd=2) =% HT (1,4u=13)/(2%0Y)
50 DIPXZUPU Il Jdy K I =P(T=,d,K) )/ (20X}
51 DIHUUXS(HOIAY gd oK) FH (T 41 g Uy KIRHTL (I 413 d)=H{I=1,U,4K)*
52 CHUI=1,J,K)eHTD(T=1,J)1/(280X)
5§73 DIHUVYZ O IAHOI g gk 186G (T qJ gy M) UHTD LI gJItH(T 3 d=2 4y KIEG(IgJ=24K)
54 CHHTID (T g =20 =i %h (] pJd =1 oK I RGLT =] g K)INXHTID(I yJ=1))/7 (270Y)
56 DIUXSHUCISYyd K I=U(T=yd,¥3)/(250X)
56 D2UXZCUC T4 gJyK)ot{I=1,d, Kl =2%UCIed KIDZ(DXRDX)

v;'




l 101 ~
!
57 piluY=0n,.0
59 D2UYSHUC I gJoK)OU(Tou=2,K ) =20Ul]lyd=]1,K))Z(DY*0Y)
59 GO Y0 100
' 60 102 CONTINUE
61 IFtJeEQeJ2eANDe ToGEI3.ANDTILLE.1I4) GO TO 10O
62 ETAXS(ETA(LO) yJ)=ETA(I=1,J))/(2%DX)
63 OHXZCHT Il yJ ) =HT(I=19U) )/ (200X}
54 DHYS(UBHT( (I yJ ol )=3sHT(I yJ)=HT(]1,4e2))/(2%0Y)
55 DIPXS(PEI0 g oK J=P(I=1yJ,K) )/ (200X)
1 1) DIHUUXStH(TIOL yJ oK IWH (I @2 gUoKIOHTD(I 1,y =HlI=1yJyK)®
57 CHUI=1yJdyK)SHTD(I=1,d))/7(2%0X)
68 DIHUVYSCUSHIT gJ ol gK )G (T qJo )l oK IPHTD (T gJel)=38H(T yJyK)sBlL,Jok)
89 CoHTD (I yJIHII gJ o2 oK VG U] g Je 2 )KIRHTD (I (9J02))/(280Y)
73 DIUXS(UCI®)gd oK )=UlT=l,ydyK) )/ (ZnDX)
11 D2UXSCUC IOl gJ K IoU(I=1J K)=2%U(L,JyK))/ZLDX*DX)
12 D1uY=0,.90
: 73 DRUYSIUC I yJoK I ULT gJe2 K )=220U(ToJel K))/(DYRDY)
74 100 CONTINUE
} 15 RO(IyJeK1=1,029431=,0000208T(X,JyK)=e000004UBS(T(I JyK)nuo2)
16 RR=RO(I,y JyK)
I ’ 17 IF(K.EQ.1) GO TO 70
[ 78 DIUNZSIHIT gJoHe JD0W (T gJ oK ol )oHIT g K=t )oW (] yJyK=1))/(2%02)
. 79 UZSHEI gy KoL H (T g yK=1)=UlT,J9K)
80 GO YO 80
81 70 DIUNZS(UOH(T g g KeL) oUW T gU oK @) =3sH{T U oK) (I gJyK)=HII U Ke2)n
82 CWiTyJeKe2))/(2,%02) j
83 UZSCeHET oo KoL) ¢ (TAUX/KVISHTID(T yJ ) 2%0Z=U(] yJ oK) ;
84 8C CONT INUE i
85 UISCI®(D IHUUX D IHUVYSHTD (I, J)sD1UNZ) i
86 UPSCP®HTD(I yJ)S(ETAXSGR)I®(=1,)
87 UCSCCHHTD (I ,J )SFF 4G (1 ,d oK ) |
68 UHZCH¥KH®(DHX*D JUXSHT(I y JI14D2UX) oCHLKHY (DHY*D1UY ¢HTII yJ) #D2UY) i
89 DOIgdoKI Sl ((=UISUP=ULSUH)I#2R0OT*((CYNKVSUZ I/ (D2%0Z2¥%HTI(IoJ)) )2 |
’ 90 COTOULI WU yKISHTCI yJII/HTECTI UM/ (s tCVRKY /(DZHDZuHTDlIJ) ) ) 2207 |
91 C/HTE(I,Jd))
92 8 CONTINUE
93 10 CONTINUE
94 IF(M.EQs1) GO TO 700C
95 IFCINLET.EQ.1) CO TO 7000
' 9% DO 6000 K=1l,KN1 |
97 SUM=0.0
$8 DO 6C02 J=J3,J4
99 SUMSSUMID(1S5¢ 1,y JyK)
. 139 6002 CONTINUE
3 131 DO 6C03 Jz=JUZ,J4
] 122 DCIS*1,JyHKITSUM/(JL=y3e})
123 6003 CONTINUE
134 6000 CONTINUE
13§ TC00 CONTIHUE
125 CO 970 I=1,IN
137 D0 970 J=1,JN
1213 DO 960 K=ly,KN1
139 IFCIoEQeICeANDeJeBE o3 oA Do JelEsJUoe ALDMeGTel) GO TO 5002
: 110 IF(IeEQeTCeANDaJeCGE aUE e ANDeJolEwub) GO TO 20CS
| 111 GO TO 97C
112 5002 DI JyK)IZD(Ie1,U4K)
113 63 T0 970
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119
119
123
121
122
123
12%
325
126
127
128
129
139
131
132
133
134
135
136
137
128
139
180
141
182
143
144
145
146
w7
148
149
152
151
152
153
154
155
156
157
158
159
150
151
152
153
164
185
155
157
158
159
117

103

2005 O(IoJoK)IZD(I=19J9K)

960
970

2C1
202
203

204

CONTINUE

CONTINUE

00 30 I=1l,1k

DO 30 J=1,yJh

IF(MARLTI yJIGEC.C) GO TO 20

IF(MARLTI ) JECo%) GO TO 30

IFIMARII ZJ)GEC.T7) GO YO 30

IF(MAR(TI yJ)ECe9) GO YO 27

IFC(MARCT gJ)EQ.10) GO TO 2D

DO 7 K= ,KNh}

IF(MARCLI yJ)eE0e6) GO TO 12

IFCHAR(TI yJ)eECQ.B8) GO TO 12

IF(MAR(T J) EQ063)) GO YO 12

IFIMARCIJ)EQW1) GO YO 201}

IF(MAREI J)eECH2) GO TO 2R2

IFIMARII yJ)eECeY) GO TO 2C3

IF(MARCY yJYeEC,4) GO TO 204

CONTINUE

ETAYS(ETA(L gy J oL I =ETA(L gy =1) 2/ (2%DY)

DHX=(HT (I3, J ) =HT(I=1,J0)/7(2%0X)

DHYS(HT (I ogJol)=HT (]l yJ=1))/(2%DY)
DIPYSIP(IJol K )=Pll,J=1,K))/(29DY)
DIHUVXSCH(IOL gJ oK IBG (T 91 yJoK)HTO(I®L ) J)oHlI=1 ) J  KIRG(]l=]lyJyK])®
CHTD(I=3,J))/7(240X)

DINVVYSICEIoJ el oK ISG (T g Ul oKISHTDII yuel)=G(IyJd=1,K)&
CGlIogJd=1yKISHTD(IyJ=1))/(2%0DY)

DIVXSEV LelodoK ) VI(I=),JK))/(2%0X)
D2VXSUVII®Lsd K)oV Il  J K) =28V (] ,J,k})}/C(DX®CX)
DIVYSUVE I Jel K )=V(T Ju=1,K) )}/ (2%0Y)
D2VYSUVIToJel K)oV gUu=1 K} =22V(1lyJyKk))/LDYS0Y)
GO0 Y0 200

CONT INUE

60 T0 30

CONTINUE

60 10 30

CONTINUE

IFITeEQeISeANNeJeGEsJIsANDeJoLE,UU) GO TO 30
ETAYS(ETA(I JUeLl)=ETA(T ,J=1)1/(2*0Y)
DHXS(USHTII® ] yd ) =20HT(I yJI=HT(I92,4))/7(2%DX )}
DHYS (HT (I oJo ) =HT (I yJ=1))/t2%DY)

DIPY=S(PU Y pJol K ) =P(Tl,yJ=1,K)1/(C0DY)
DIHUVXS(URHITI 01 gJ oK )G (Tl JgKINHTD (101 9U)=3%HIT yJyK}S3(]IoJdyK)
CrHTDUI U =HII 2 ,J K ISG(T92,J)KI*HTD(142,J))/1250DX}
DIHVVY=(G(IoJ ol qK IS (I gty KINHTDI(I yJ0l)=G(I,J=1,K}®
CGllyJd=1yKISHTDlTI yd=1))/022D7)

D1vx=0.0

D2VXSUVE I oK IOVITe2,J,K)=28V{]e),J,K))/(DX*DX)
DIVYSUtV(Igdoe ), K)=VII,J=1,K))/(2%DY)

DAVYSUV LI oJe Ll K)oV ] U= K} =22V (],J,K))/7(0Y20Y)
GO Y0 200

CONTINUE

IFCIeEQoelbeAliGeadeGEsJTeANDeJoLELJE) GO TO 30
ETAYZSUETACL yJ+l ) =ETR2(T yJ=1)1)/7(2%DY)
DHXZ(ISHTII IO HTUI =2y J)~UnHT(I=1,4,J)}/(2%DX )
DHYZ(HT U I yJel)=HT(I J=1))3/7(T*DY)
DIPYZU(PUIgJel 4K )=P(Igd=1,R) I/ L*DYI

et INTENTIGHARLY, Bise
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111
172
173
17
118
176
117
118
179
180
181
182
183
184
18%
186
187
188
189
193
194
192
193
194
198
195
197
198
199
20
201
292
e}
229
235
22%
207
28
229
21
211
212
213
219
215
216
217
218
219
223
221
222
223
224
225
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OSHUVXZE IoHEL oJ gK 106 UX g J oK I SHTD (I g ) 0HLTI=2,00K)0GE1=24U9K)
COHTD (I =2, ) sl (I =] yJ oK )Gl Ie] U, KISHID(I=],U))/(20DX)
OIHVVYS(GIT g Jo) oK )oG Ul U0l K)SHTD(I ydel) =Gl d=] K)o
COUY =)y KIMHTDITI yJ=1))/(28DY)
DIVX=0.0
D2VXSUIVE I odoK doVII=2,,0 oK )=28Vii=1,J,K))/¢CX®DX)
DIVYSIVIIgdel K oVl J=1,K))/(2%0Y)
D22VYSIVEIgJdol ok JoVII U=l ,K)=20V(],d,yK))/7(0YDY)
2C0 CONTINUE
RO(l JpK)T 10029“31'0000020‘7‘1QJ'K"OCUOCQQBGC"!'J.K"‘Z’
RR-ROCI.J.K!
IF(K.EQel) GO TO SO
DIVUZEIG (T oo Ko 1 IO (T U oKL )=GlI yJoK=)0W L] yJyK=2))/(20D2)
VZSGUTgJoKel )G (T gdgh=3)=V T JyK)
GO YO 95
90 DIVWZZUU 6T g g KoL)oW(I gJoKol) TGl yJo Kt (I ogdoK)=GlIydyKe2)n
CHtloydyKe2))/(2.%02)
VZI29G( I g JoeKe 1) 0 TAUY/KV )ISHTD (T 3 ) 02202 =V (I ,JK)
95 CONTINUE
VISCIS(DIHUVX D IHVVYIHTD (I, J)sDL¥NZ)
VPECP*HTC(LyJ)S (ETAYSGRIN(~1,)
VCZCCOHTO(I pJ IsTFoH (I, JyK )
VHECHSAH S (DHXSD JVXOHT(I 4 J)sD2VX ) SCHOKHS(DHYSDIVY ¢HT(I 4 u) #0D2VY)
ECToJoK)IS(C=VIIVPOVCIVHIS2WDTO((CVBKVEVZ )/ (DZ*D22HTI(L,J)))e200T
COVIToJgKIBHTCTIoJII/HTECT yUI I/ 810 (CVEKY/(D2D2¢HTD(TI U ) *2%0T
C/HTE(I,,J))
7 CONTINUE
30 CONTINUE
IF(M.EG.1) GO TO 700
IFCINLET «GTel) GO TO 700
DO 600 K=1,KN1
SUM=p,.0
DO 602 I=Ii,I2
SUMSSUMeELL,J1=1,K)
602 CONTINUE
00 03 I=T1412
E(IyJdl=1,K)= SUM/(I2=1141)
603 CONTINU£
600 CONTINWE
700 CONTINUE
DO 97 I=!,IN
DO 97 J=1,JN
00 96 K=1eKNI
IFtJUWEC e J2oANDe Y eGEoIZeANDe ToLEsId) GO TO 205
IF(JeEQo U eANDOY ,GE I LeANDsYoLEsI2sANDeMCTol) GO TO 502
GO T0 97
205% CONTINUE
EC(l,J,K)2E(T Je1,K)
GO0 Y0 97
sc2 CONTINUE
EtIyJ,K)zE(I,d=1,K)

96 CONTINUE

97 CONTINUE
RETURN
END
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7.1.12 WVEL

This subroutine calculates the equivalent vertical vel-
ocity 9(I.J,K) in the a, 8, o (=x,y,0) coordinate system at each
X, ¥y location and depth o in the domain Q(I,J,K) at t = At
(=W(I,J,K)) is calculated from u, v, and H at t = 2t (=H(I,J,K))
G(I.J.Kb HTD(I,J,K)) as shown in Volume I. Thereafteir, §(I,J,K)
at time level n+l is calculated from u,v and H at time level
n+l (=D(I,J,K); E(I,J,K), HTE(I.J)) Simpson's Rule is used for

performing the integration.




[T
0 D BW YT NE v N

P g 0o g
- e ™

N P® po 0O o0 P
O VW o W

N NN NN
~dPUE N e

w NN
W O w

[P R NV N NP
Ut & Lk N v

W W
-

&£ W ve
[& 38 -

41

&sfs oS
U E e

i -
O W~ O

U U Lt
N e O

VYN WY On
UN U F -

c

COovocs Pttt vt tis s isutsdudtstrestontatsAoees il dooutetesitotssdsursonted:
THIS SUBROUTINE CALCULATES THE EQUIVALENT VERTICAL VELOCITY IN THE S

c
c
c

(A IIITY SIS LTI NI R R RPN YIRS NI NI A AT LR YYR AN TN A addyy

11

12

24

27

28

11!

1ce

107

COORDINATE SYSTEM AT EACH X=Y LOCATION AND DEPTH IN THE ODOMAIN
AT EACH TIME STEP

SUBROUTINE HVCL(lN,JN,KN,U.V.H.Hl.DX.DV.DZ.HAH.H.II.IZ.JS.J“D
ODIVENSION VCINGUNnN Do VEIN UN KN ) HT (TN QJIRD gu (IN g JHgKN) g MAR(INy IN)
KNITKNe=]

00 1g I=3eIN

00 10 Jz1yJdN

DUMZ ],

DO 9 K=3 KN

IF(MARCI ,J)EQ,C) GO TO 30

IFIMARLI s U)WEQe1)) GO TO 13

IFIMARET yJ) sECet) Go TO 11

IF(MAR(Y U) ,ECeg) GO TO 11
IF(H‘QKI.J)QEOoI.lND.J.GE.II.‘ND.IoLCoIZaANDoHoGTOX’ GO0 10 12
IFIMARIT yJ) oE 00 30 ANDeJeGEsJZeANDeJoLEoJB o AND WM GT,1) GO TO 212
IF(MaARETgu) ol Toll) GO TO 1O

OIHUXSUHTIIO ) IvU(T41,JyK)=HT (T, )V (T=],yJyK))/(2s8DX)
DxHVv=¢HT(!.J‘l)¢V(I'JQI.K)'NY(X,J'l)‘V(I'J-ﬁg“',/(20‘07,

G0 TO0 24

CONTINUE

CALL WVELI(Y gJoKoINguUN JiN UV oHT 40X DY ¢MAR,DIHUX yD1HVY)
CoNTINUE

IFIKoEGe 1oORaKeQeS) GO YO 27

IF(KeEQu2+0R K, EC,4) GO TO 28

ODUMSDUMeD 2802 4/ 24 )e (DIHUXDINVYI/HT (T 4J)

G0 Y70 9

DUMZDUMO (DL/ 34 ) (DIHUXSDIHVY)/HT LT, y)

GO0 T0 9

DUMZDUM D258/ 7o ) tDIHUX D THVY ) /HT (1 ,J)

CONTINUE

WUD=2.

DO 8 K=2,KN

IF(MAR(I J)LEQC.C) GO TO 12

IF(MARC T sU)eEDL 1Y) GO 1O 111

IF(MAR(I J)4EQu() 6O TC 113

IFIMAR(I yuJ) oECs 8) 60 TC 113

IFAMARCT gU) oE Qe Y afND T oGL ol eANDeIalLEsI20ANDM,GT,1) GO TO 112
IFAMARIT pU) 0ECo 2o AND e oGl o I eANDoJoLEeJU s ANDeMeGT,o1) GO TO 112
IFIMAR(TI 4 J) 4L Te )l GO TO !0

DIHUXSUHTC(IO] 3 18 UCT 93 gJyK)=HTUI=1,U)al)t]=2gJ,K))/(2.90X)
DIHUXISC(HT(I Oy U oUI oLy dyK=1)=HT (I =1yJ)eU(Telodyk=123/12,%0Xx)
DIHYYS(HT(I pdol)mV (T Jal K)=HT(I J=i)oV{1gJd=1gl))/(le®DY)
DIUVYLISOHTOLp U L)V Tpd gk =00 =NHTUI yd=128VITyJ=] yK=1))/(2+40Y)
GO TO 200

CCNTINUE

CALL WVELZHT gJgKygINGUN JHN JU oV oHT gUX JLY W ARy DLIHUX yC 1KV Y,
CDIKHUXL1,D1IHVY L)

CONTINUL

IF(KJEGeC) GO TO 101

IF(K.ECed) CU TO 101

IT(K.ECe 3) GO To 1p°?

WUDZWUUO D00 /3% (DIHUXIADIHVY D201 4/3 ) (DLHUXODINYY))/
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lig

57
58
59
53
51
52
43
b4
55
b6

87

109
CHTC(T,,J)
60 TO 300
108 WUDSKUDYD2%((1,/3,)%(DIHUXIODIHVY1) ¢(2:/34)8(DIHUXSDIHVY) )/
CHT(L,J)
60 Y0 300

300 CONTINUE
W(I,Jyh)=-WUDDUM*(K=1)#D2

8 CONTINUE

ic CONTINUE
RETURN
END
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7.1.13 WVELl

This subroutine calculates the differential terms, in diff-
erenced form, in the definite integral for the equivalent
vertical velocity, at zach time step, from u, v, H at t=At,

and at the time level n+l, thereafter.
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CHES G uaine st S840 S AR SRS SRR NS RENGRESERIENSE IS RISPERESEEBSRBBSSE B OO AN
THIS SUBROQUTIME CALCULATES THE DIFFERENTIAL(OIFFERENZED) TERMS IN THE
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CEFINITE INTECRAL FOR THE EQUIVALENT VERYICAL VELOCITY AT
EACH TIME STEP

CHoR eSS EERIIS SR BBIS RIS SIS RESYRUBESSESIREE SRR EBESSE IS ESRSISIRE B EPR B

12

14

13

31

20

32

18

19

SUBROUTINE WVEL (I ,J K IN (JN KN, U,V 4HT DX yOY ¢MAR yDIHUY (D 1HVY)

DIMENSION U(INQJNvKN,'V(IN JN'KN).HT(IN JN) H‘R(IN Jy)
IFIMARII yJ)oEQa32 GO TO 12

IF(MAR(I ,J).EQs5) GO TO 19

IF(H‘RfIQJ'.EQ.Z, GO TO 13

IFIMARIL yJ)eEQe 1) GO TO 20

IF(MARLI yJ} sEQebl) GO TO 19

IF(MAR(I 4J)«EQe7) GO TO 15

IF(HARCTI ¢J)«EQe9) GO TO 16

IF(MARCI 9J)«EQ.10) Go TO 17

CONTINUE

DIHUXS (U *HT (I 02 U )sULTI 01 3 gy KD =ThHT (I odI®ULI gJyK) =HT(L102,U)%
CUCI*20U9KII/Z(2,%DX)

DIHVYSUHT I g el ) RVIT yUel )K) =HT Ty U=1)2V (] J=1,K))/(2.%DY)
60 TO 24

CONTINUE

DIHUXS(IMHTIY od 1%UCT gJ gKJoHT (I =2,0J) UCI=2,J 4K )=4sHT(I=1,U)8
CUCI=1yJdeK))/(2:.2D%)

DIRVYS(HTC(I yJ ol )V IpUt]lyK)=HT (I =108yl od=1sK))/(2.4DY)
GO T0 24

CONTINUE

XF(J EQeleAND oI eGEs33sAND,ILEL33) GO TO 31

DIHUXS(HT(I®L Jd)mylIel, d K)-HT(I 1,J)%U(I=1,J,K))(2,¢DX)
DinvVY= ‘“‘HT(I'J‘I)‘V(I'J’IQK) 3*HT(I|J’*V(I.J'K,'HT(IQJ'Z’#
CVII Je2,K))/02,%DY)

60 TO 2“

CONTINUE

DIHUXS(HT (T4 J)%UCT4],3JyK)=HT(TIm]yJ)nU(I=1,JyK) )}/ (2% X)
DIAVYS(USHT(I gJ 9102V (] U9 K )=TuHT (1] Jl*V‘I'J'K’-HT(I Je 2w
CVIIoJecs,yK)N/(2.%0Y)

GO TO 24

CONTINUE

IF(JeEQe 11eANDoIoGES7 ,AND I LE,16) GO TO 32

DIHUXSCHTIIN U )U(T 41 ,J4K) =HT (I=1,J)%U(I=1,JU K} )/ (2,%DX}
CIHVYSUIBHT(I ¢ )VIT 3 K ) HT (T gy J=22 0V (T gU=2 9K ) =U4SHT(IyJ=1)n
CV(I,J=1,K))/( 2420V}

GO 70 24

CONTINUE

DIHUXS(HT(I®L JI%UCI0],J ) K)=HT(T=g,JIsU(I=),deKk))/(2:,%0X)
DIHVV:(3*HT‘IQJ’*V(I|J9K)QHT(I,J'Z)*V(I.J‘Z.K)‘Q*HT(IpJ-l)*
CVLIpJ=~1yK3)/(2e%DY)

GO TO 24

CONTINUE

DIRUXS(4SHT(I 91 ,J 15U 01 ,JgK)m3%HT (I, J)NUCT UK} =HTII42,J)
CULINZ UK/t 26%DX)

DIHVYZ(UAHT(I yJ o1 3%V (T, el oK) =3aHTUI,JI2y (I UK} =HT(I, ,Je2)%
CitIyJe2,K))/L2,%DY)

GO0 10 24

CONTINUE

DIHUXS(UAHTII AL gJd)BULT 9] gdgKI=3*HT (T yJIBU (T oK) =HT(I®2,U) %
CUCI*2)Jp K2}/ (24 2DX)

LA AT Yod
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59
52
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63
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11
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16

17
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DIHVYS(SHHTIL yU)8VII 3J K I HT (T, J=2) oV (I J=2 gK)=4nHT(I J=])n
CVIUIydoloyKI)IZ(2,%DY)

60 T0 24

CONTINUE

DIHUXS(ZOHTII qJIsULT g pK)OHT{I=2,3U)sU(TI=2,doKIi=4sliT(I=1,J)@
CULI=1,JsK))/¢249DX)

DIHVYSUG #HTUI gJ 018V oJ*1 3K =30HT (] .UV I] gJsK) =HTI{I J02)
CV(I,Je2yaK)) 0 2,90Y)

GO TOo 24

CONTINUE

DIHUXS(IHHT (I yJ YOUCT g yK JOHT (122, ) 2U(TI=2 3 JyK)=tnHT(I=l,J)w
CUCLI=1yJyK))/(2.%0X)

OIHVYZUSSHTII U 1BVIT oK) *HT (T ,U=2) 2y (1 ,U=2yK) =t uHY(I,J=1)»
CVIIgU=14K)1/(2,%0Y)

CONTINUE

RETURN

END

racGEDING PAGE Lufiilt NOT FILMED

., #?
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7.1.14 WVEL2
This subroutine calculates the differential time, in diff-

erenced form, in the indefinite integral for the equivalent
vertical velocitv at each time step. u, v, and HT are used at

t = At and D, E, HTE are used at time level n+l, thereafter.
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114

113

311

120

THIS SUBROUTINE CALCULATES THE OIFFERENTIAL(DIFFERENSED) TERMS IN

THE INDEFINITE INTEGRAL FOR THE ECUIVALENT VERTICAL VELOCITY
AT EACH TIME STEP

SUBROUTINE WVEL (T ,J K ¢IN guUN (KN U gV oHT ¢OX yDY ¢MAR yDIHUX, DIHV Y,
CO1HUX1,D1IHVYL)

DIMENSION UCGIMNgJUNJKN) g VEINy UNo KNI oHTIINgJUN) s MAR( INUN)
IF(MAR(I yJ)JEQ,3) GO TO 112

IF(MARLIJ)eEQeS) GO TO 119

IF(MAR(I J)eEQe2) Go TO 113

IF(MAR(I, J),EQ,1) GO TO 120

IF(MAR(T J) eEQel) GO TO 114

IF(MARCI yJ) eEQe7) GO TO 115

IFIMARII yJ)eEQeS) Go TO 116

IF(MARII yJ) ,EQ,.10D) 50 T0 117

CONTINUE
DI“UX'l“UHT(IOI'J’#U(I‘lpJ.K’-S‘HT(!'J,‘U‘IQJ'K,'HT(I'Z.J,‘
CUCI*29UpK))/{2.20Y)

DIHUXISCOUBHT(TIO L) gIRUCT*L gd oK=L ) =32HT I oJ I ULIgd oK~ 1)=HT (I42,J)%
CU(I+2,U,K=1))/(2,%DX)

DlHVy-iHT‘I'J‘I)‘V(I JOl JK)=UT (I yJ=1)8V (T yJw) oK) )/ (2,5DY)
DlHVYl'CHY(IpJ'1)'\(1:J‘1.K 1)=HT(I pd=1)eV(IsJ=) yK=1))/(2,%DY)
60 T0 200

CONTINUE

DIHUXS(ISHT (I JJ )3ULI J JK J4HT (T =2, ,J)8U(Iw2,J K} =4sHT(l=1,J)%
CUCI=1pdoK))/026%0%)

DIHUXISUSYHTUT o JIRUMT oo K= JOHT (I=2 y)0U(I=2,JyK=1)~4uHT(I=1,J)*
CUCI=tydyKal))/(2,7%0DX)

DIHVYS(HT(I ¢J*Ll)uV (T Jal K)=HT (I, J=1)8V(I,J=1,K))/(2.,%DY)
DIHVYLIZ(KT(Y, J’l"V(IvJ‘vi‘l) HT(I;J 1V eVEIgd=1 yK=12)/(2e%DY)
GO TO 200

CONTINUE

IF(JeCQe 14AND eI «GE4 314 AND,I,LEL,33) GO TO 311
DiHUX-(Hf(I’IvJ’*U(I‘l.J'K)'HY(I 1 JIsUCI =1 qJyK) ) (2,%DX)
DIHUXIZS(HT(I®1,J)%U(I4}, JQK’!)’HT(I‘I,J"U(I 1 JeK=11)/(2,%0X)
DIHVY=(U*HT(I L)V (T g4 g KD 3AHT (T gV (I ydyK) ~HT(Iyde2) %
CV(IoJ’Z'K’)/(so*DY)

DIHVYISC(UHT (I, gol) oV (T ?l yK=1)30HT(T yJ)I*V(IgJ,yK= 1) =HT (I,J¢2)»
CVII,Je2,K=1))/,(2,%DY)

GO0 10 200

CONTINUE

DIHUXZ(HT (Lol J 1sU(T 41, J oK) =hHT (Tl yJ)hU(T=1ydyK))/(2s%pX)
DIHUXISEHTIIN Ly I sULIol g gK=d )=HT (1 =1,J)2UCI=1,J,Kald)/(2,%DX)
DIHVYZ(USHT(I U410V (T yJolyK)=3%HTITI Uy (I ,UsK) =HT(I,Je2)%
CVIIouUe2,K))/(2,%DY)

DIHVYLISCURHT (T JelpnV (Ll Jel JK=1)=38HT(I ,J)4V( (I, Ke)) =HT(I,Je2)*
CVIIyJde2,K=1))/(2.40Y)

GO TO 200

CONTINUE

IF(J.EO.1’.ANO-I.GE.7.AND.I.LE.lﬁ’ GO TO 321}

DIHUXTEHT(I® Ly )eU(I4],J K)=HT(I=1 J)sU(I=1,J,K)),(2,%DX)
D!HUXI:fHT‘I’1|J)*U‘1‘1!J’K'l"HT(I'IQJ’*U(I‘lpJ,K‘l)’/(Zo&DX)

D1lHVY= (3¢HT(IpJ)*V(I.J.K)‘HT(I'J'Z)*V‘IyJ‘Z.Kl'“*HT‘Ivd'I)‘

CVIlIed=1yK))/(2e2DY)

DlLHVYL= J*iT(I.J)*V(I,J'K'X)‘HT(I;J'Z,#V(1|J'2,K'1)'“¢HT(I,J'1’*




321

118

119

116

117

200

117

CVIiIgd=1ogK=1))/(2.,%0Y)

60 Y0 200

CONTINUE
DlHUX:(HT(IOl.J"U(’Ol.J'K’OHY(I-!'J’.U‘I'!QJ'K‘,/‘QO'DX)
DINUXIS(HTITO L J)ullelodpKol)=HT (I1=],J)0Uil=1,J,Kay))/l2,00X)
DIHVYSEINHTII ol I8VIT yJ K I HT (I gu=2) "W J=ZyK)=UaHT(I)yd=i) @
CVIL,d=1,K))/(2,%0Y)
DIHVVI:‘3'HT(I.J|‘V(I'J'K‘llOHf(1QJ'Z"V‘I'JOZQK'!,'“‘HY(I'J'I)‘
CVIlgJ=lp Kl ,)/732e¢DY)

GO0 YO 2¢¢C

CONTINUE .

DIRUXS(USHT(I 41 JJIsU(T 0] yJyK)aInHTCI d)2ULI juyK) =HT(I®2,J)s
CUCI®2,Jy K2/t 2, %DX)

DIHUXIZSCUOHTITIO 1 ) nUlIoL g oK ) =30 HT(I  JI*U(TyJgk=1)=HT(T02,U)%
CU(Le2,J0K=1)) /L 2.%0X)

DLHVYSZ(UWHT(I qJ o) )uV ¢l ,JO!.K)’3*NT‘I'J,*V(1 pd oK) =HT(I U8 2)
CVIIaJe2,K))/(2.%DY)

DINVYIZUQoHT Ty U 1) oVITguo) gK=l ) o3n T Ty )V ITIgJpK=2) =HT(TyJo2)"
CVIIpJe24K=1))72(2e%0Y)

G9 To 200

CONTINUE
DxHUX:(“*HT(I’;.J,‘U(I’IQJ'K”B*HT(I.J’.U!I'JQK)'Hf(I'Z.J,‘
CUlIs2,uy K/ (2,2DX)
Dluux‘=‘“‘HT|;0!.J)*U(I’l|J|K'1"3*”7‘I'J)#U(I.J.K'!)'HT(I.Z.J)‘
CU(I‘Z|J' Kei})/7C2.%0X)

OIHVYSC(I®RTIT g 1VIT g oK) *HT (T 9U=2)*y(IgyJ=2yKI=UuHT(Iyd=1)w
CV(I,JelyK})/t2,5DY)

DIHVYIZU3IaHT(T, J)OV L U K= HT(I qJ=R)2V (I, J=2)K=1)=ly*HT(IyJ=1}¥*
CVIIgd=lo=1))/(2.%0Y)

GO0 Y0 200

CONTINUE

DIHUXS(IWHT(I (J )MULT qd yK I HT (T2l 2UCTI =2 yJyK)=UBHT(I=1,uJ)%
CULI=1yJoK)I/(2.DX)

DIHUXISCZeHTUT s JIRULT gy K =1 ) oHTII=2 yJ)xU(I=2,JpK=1)=t4HT(I=1,J}*
CULI=1,J,K=1))/(2,%DY)

DIHYYS(UNHTII oJ 2108V (Lol K)=30HT I JIEV (T JyK) =HT(I Je2)#
CVIIoJe2,K))/(2,%0DY)

DIRVYLIZCUnHT T Jo ) VT pJ4l o K=1)=32HT (T o)V IIyJdyK=1)=HT(IyJe2)%
CVIIyJe29K=1))/(2:%DY)

G0 T0 200

CONTINUE

DIHUXS(IMHTIT U )8ULT UK IOHT (I =2 o) 3UCT =2 yJpK)=U4[T(I=1pJ)*
CUlLl=YyJdpK))/(2.2%0X)

DIHUXISCIAHTC Ty J)PU(T yJ K=l ) oHT(I=2 ,J)aU(I=2,J,K=1)=4xHT(I=1,J)*
CUlI=19JeK=1))/(2.%DX)

DIHVYS(3HHTIT qJ I8VII U yK I HT (I gJ=C) V(I yd=2yK)=UnHT(I ,J=1)2®
CVLIgJd=leK))/€2.%0Y)

DIHVYLIZ(3#HTIT UV qJpK=1VOHT (I yU=2)3V(IyJ=2,)K=1)=U4aHT(I,J=]1)»
CV(I,sd=lyK=l)) /0 2,%DY)

CONTINUE

RETURN

END

P
RECEDING PLGE pLane NOT Foo o ’
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7.1.15 WW

This subroutine converts  to W, that is the vertical

component of velocity. The following analytic expression is used

for this conversion:

W-QH+(c)g%+(c-l)%%

The actual vertical velocity component, W is defined as WZ(I,J,K)
in the model program, and it is calculated at each x, y,c.
Since WZ(I1,J,K) is not used in solving the system of governing

equations, this subroutine is used only after the last time

cycle for each computer run.

3 v oW
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1 COOITLEIUtttaeNIsr PSRRI IOEIRNIBEON 3 00t tsstsstsneesstssssnrorntsies
2 c THIS SUBROUTINE TRANSFORMS THE EQUIVALENY VERTICAL VELOCITY
3 c CIN THE SIGMA COORDINATE SYSTEM) INTO THE ACTUAL VERPTIcAL VELOCITY
L] c CIN THE X=Y=2 COORDINATE SYSTEM) AT EACH X=Y LOCATION AND DEPTH
5 C IN THE OOMAIN
6 COSRBPEREINSEE NRIS B IS SR ESBSUN SRS RHOSSUEONIOIO RN SN EPRREEEEEOROPROBURNYL
14 SUBROUTINE Hh(IN.JN,KN,HTD.H!E.EY‘,D.[.U.HZ,HAR.OX.DV.DZ.DY.HX.HY)
8 DIMENSION HTDCIN)UND JHTE LIN GUND JETA LINGUND oW (IN N KN),
9 CHZ(INGJUNJKN) g MATILIN eUND qDCINGUNGKN) gECINg UNgKND) g KXEINGJN)
10 CoHYLINgJUN) :
11 KNIZKN=}
12 DO 10 I=1IN
13 DO 10 Jz1,uN
1% DO 9 K=1,KNI
15 W2(19sJeKk)=0.0
18 IF(MARIT yJ)eEQ.C) Go TO 9
17 IF(MARELI ,J),EC,11) GO TO 12
13 IF(MARCTI 4J)oEQaC) GO TO 1%
19 IFIMARUETI J)EQ,2) GO TO 11
23 IF(MARCT yJ)eECL 1) Gp TO 1l
el IF(MARCIJ),£Q,2) GO TO 102
e IF(MAREI JJ)eEC.Z) GO TO 302
23 IF(MAR(I yJ)eEQ, ) 50 TO 104
4] IF(“AR(Y J)EQ.S) GO YO 105
2S IF(MARCTI U LEQe7) GO TO 107
26 IF(MARCTI JJ)WECL9) GO TO 3C9
e7 IF(MAR(IJ)0EQ.10) GC TO 11O
r:} 11 CONTINUE
29 EVANSUETA(IN Ly )=ETA(I=1,U))/(Co®pX )
30 EYAYZ(ETA(I,Jed 1=ETA(I jd=l)d/l2,00Y])
31 60 Yo Ig0
32 1C1 ETAXS(ETACI® L pJ)=ETA(TI=1,4))/(24%0X)
33 ETAYS(ISETALL U JAETALT gJa2) =y WETALI yd=1))/(2,%0Y)
34 Go Y0 100
35 192 ETAXSULTACLIOL gJI=ETA(TI=1,J) 2/ (24%DX)
36 ETAYS(URETA(L yJ 01 3=3ETA(I JI=ETA(]4Je2))/(24%0Y)
37 60 Y0 100
Ky} 1p3 EYAXS(UMETACI @) J)=39ETA(T ,J)I=ETA(I®2,J))/(2,%DX)
39 ETAYS(ETALLyJAL)=ETA(I gd=1) )/ (2.0DY)
497 60 10 i1co
LD 104 ETAXS(SSETACL U IIETAI =24 ) ~4nETA(TI=1,J)3/(2.%DX)
2 ETAYZ(ETACLyJ*L)=ETA(I ,J=11)/(2.%DY)
43 Go T0 100
44 108 ETAXSIURETA(I®L yJ)=e1wETA(T,J)=ETA(I42,U))/(2.%pX)
45 ETAYSUISETACT gJIGETA(T yJ=2)=UnETA(] yJd=1))/(2,¢DY )}
46 60 TO 100
W 107 ETAXZ(ysETAIT 41 ,J)=28ETAC(T, U)=CTACTI, L))/ L2.2DX)
48 ETAYZ(U®ETA(I yJ41)=22ETALT J)=ETACI yJe2))/(2.%0Y)
49 Go To 1pe
50 139 ETAXTUINETALT UV eETA(T =2y ) ~UsETA(T =14J))/(2%0X])
51 ETAYZ(uaETACI J 1) =3ETALT yJ)=ETALI yJ22))/712a%0Y)
52 GO0 10 100
53 110 ETAXTUSAETACL pU JoETA (I =2, J)~UnETA(I =14J)) /(2 ,%0X)
54 ETAYSUI®ETACI U YOETALT gJ =) =unETALL yJ=3) )/ (Ze%DY)
55 100 CONT INUE
55 W7 (o K IZHTE (1 pd )W (T 3J K)o ((K=1)uDZ=1, )8t (HTE(T ,JI=HTO(T,J} /DT
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58
59
53
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CODUY JUyK IPETAXOE (T oJ K ISETAYIO((K=118D2)0(DI]yJoK)

121

CoHX(Tod) oL JyKISHY (I ,J))

ConTINUE
CONTINUE
RETURN
END

fx"\r,"r\p'hghh’\ Lol ¥aY o 31 ANty
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7.1.16 PRES

This subroutine calculates the pressure field at time level
n+l by knowing the contour depth, H and density, o at n+l. Note,
that this is the integrated form of the hydrostatic equation.

The integration is performed by applying tha trapezoidal rule.

PYd
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c i
CAONINO NP USRI BISESNO RS VNINOS ORI NBIENOOD ' $000000 0400000000 COIROSRIBIIRSRIORYS " ;
c TH1S SUTROUTINE CILCULATES THE PRESSURE FICLOD f
CrOUOPPEUINUDE GNPOR IS NS U e Rnu I NNt RN ARERO BSOS PREOrRERSOEIINSREEPOIOOSRSET ;
SUBRCUTINE PRESEIN UN KNy HT oK 0 9GRoP 402) |
DIMENSION HYGIN gJb) gROCIN oJNJKN) yPEINgJN9KN) i
00 1€ I=14IN
DO 10 uz1,JN !
PllyJyi)=0.0 i
D0 8 K=24KN i
PUL, U KISPIT gy K=1)9CROHT (I yJIS(ROCI )JyK=1)4RO(TyJyK))I®D2/2.0
8 CONTINUE
10 CONTINUE
RETURN
END

m.’“la'iﬂ" n!‘{:p .
N .f'L;(:J“{ QL’ALITY

7

PN ',09,,1‘
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7.1.17 TEMP

This subroutine calculater the temperature distribution
T(I,J,K) at x, y,v at each time step using a forward differencing
in time. T(x, y, o) at t= At (=T(I,J,K) 1is calculated from

T(x,y,0) at t=0 (=TN1(I,J,K)). Thereafter, T at time level

n+l (=TN1(I,J,K)) is calculated from T at time level n(=T(I,J,K)).

The spatial derivatives, once again, have been approal..n=nd by
central differencing in the interior of the domain, and three
point single sided differencing on the boundaries, except ot
MAR=6 and MAR=8. The numerical scheme is given in Volume I.
Note, that the adiabatic approximatio: given in Volume I
calculates the temperature at boundary points after tne energy

equation is solved at interior points and at MAR=6 and MAR=8,
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THIS SUBROUTINE CALCULATES THE TEMPERATURE ODISTRIBUTION AT EACH X=Y
LOCATION AND DEPTH IN THE OCMAIN AT EACH TIME STEP USING A
FORWARD DIFFERENCING SCHEME IN TIME

Cresss vt ses B atEs s SRR RNEE RSN SNBSS AE NSO ERESETEERRBNO PSS S S UNEEE BB A

11

71

40

SUBPOUTINE TEMP (IN,UN KN T, U,V W y0X (DY (D2 ,0T N BH o5V, MAR, TN 1, HNE,
CORADRRy K3y TA4RO)

OIMENSION TCINgJUNKND JUCINQUNgKND oV (INpJNoKND qWEINJUN KN yHCINgJN)
CyMAR(CIN,UND JTNLIINGJUNKH ) ¢HNLIINgJN)
C,RO(IN.JN.KN) '

DO 10 I=1,1IN

DO 10 JS3eJN

IF(MARII 4J)EQs0) GO TO 10

DO 8 K=2,KN

IF(MARITI J) ECQLLL) GO TO 11

IF(MARLT yJ) eEQe€) GO TO 11}

IF(MAR(I J)eECe2) GO TO 11

IFIMAR(TI U)oL Tell) GO To 10

CONTINUE

DHX=(H{I +1,d)=H 11=1,J))/ (2 %0X)
OHYS(HITI pJol) =H (I 9d=1))/7(2.%0DY)
DITXSUTO(IN g yK)=T(I=],JyK2)I/(2,%DX}

DITYZ(TU I ool ) K)uT{I U=y K) ¥/ (2.5DY)

D2TX=(TCIL ) JpK)oT(I=1,J,KD=2e%T (I,Jyk)}/(0OX®0X)

D2TYSUTCU o t ok ) *TUT pd=19K) =2e BT (IyJyK))/LDYRDY)
DIHUTXS(H(L®19JsUCIOl3d oK) aT(I0) 3dyK)oH(I=2 g ) ®U(I=1gJeK)*
CTtI~1l9JyK))/(2.7DX)

DIHVTIYSOHCI g ¢l )nulT pd ol gKIRT (I gd 9l K ) =H(I ,J=1)*V(IJ=1yK)*®
CTUI J=1,K))/(2.%0Y)

IF(KeEQeS) GO TO 71
DINTZS(R(TgJpKe 1T UI oKl =N (T JyK=1 12T (I ,JyK=1))/(2,%D2)
D2TZUTUIgJe Kol )9T T odoK=1)=2e3T(X3JeK))/tD2*02)}

GO TO 80
DlHTZ:(S*T(I,J,K)*H(I.J.K)'T(I.J.K-Z’*ﬂ(I.J,K-Z)-Q*T(IpJoK-I)*
CHCIyJdeK=1))/(2.%D2)

D2T2=2%(T(IgJyk=1)=T(IoJyK))/(D2%D2Z)

CONTINUE

TCZ(DIHUTXODIHVTY*H (I ,,J)*DIWT2Z)

TKX=BH® (DHX%D LTX+H(T yJ)=02TX)

TKY=BH*(DHYSD ITYSH(TI ,J)%D2TY)

TKZ=BVY#(D2TZ/H(I,J})
THIC(IGJgKISCO=TCHTKXOTKYOTKZIXOT¢HC LI pJ)%T (I g yK} ) /HNL(I )
CONT INUE

CONTINUE

00 1000 I=1,IN

DO 1000 J=1,JN

IF(MARET gJ) JEQag) GO TO 1000

IF(MAR(I JJ)E0.T7) GO TO 100D

IF(MARITI yJ).EQ.8) GO TO 100N

IF(PLR(IsJDeEQ9) GO TO 1000

IF(MARIT 4J)EQ,10) GO TO ICOO

IF(MARCI ,J) eECe 1) GO TO 315CO

DO 131 K=2,KN

IFCPARCTI I)eEQaC) TNI(I yJyKIZDW0

IF(HARET ¢Jd) oF QW )} TNI‘I'J'H,:TNI(I'J"IQK)

7

- --w'a*ﬂ




87 IFIMARET g J)oECL )
58 IF(MARL I 4 J) 0E0L X)

59 IF(PARCT gD eECQe ) TNJUIpJyKISTNL(TI=] yJyK)
50 1003 CONTINUE
61 1000 CONTINUE
$2 DO 2C0J I=1,IN
53 " DO 2200 JElyuM
54 IFIHARCL+9) e£CoC) GO TO 2000
65 IF(MARCI yJ)eEQR. 1) GO TO 200C
66 IFCHMARCIZJIoEC. ) GO TO 2000
57 IF(MARCY gJDLECL,3) g0 TO 2000
58 IF(MMARET yJ)eEQ,0) GO TO 2000
$9 IF(VARCIJ)oC0Wt) GO TO 2C2C
79 IF(MARC]Y ) eECC) Go TO 2000
71 IF(MARCIJ) JEQ.11) GO TO 23CO
T2 DO 2001 K=Z2,KN
13 IF(MARCI gJ) eECeS) TNI(I U K ISHTNI(TI S JsKI*TNI(T J=1yK)) /2,
74 IFIMARLIT I UIEQ.T) TNl(IQJ.K)z(TNI(I‘IQJ'K"TN](I,JO!.K"/:.
75 IFIMARCI gJ) €00 9) TNICI yJoKISITNI(TI =y oKI*TNILT yJ*13K)Y/2,
76 IF(VMARCT gJ)eEQe 1) INI(I U KIZITNI( I, J oK) OTNLI( T yJ=1,yK)) /2,
77 2003 CONTINUE
78 2000 CONTINUE
79 DO 100 IZ1,IN
80 DO 100 J=1,UN
8l IF(HARC T oI 0EQQaC) THI(I Jel =N
. 82 RO(I, Jg10=1,029431=4COCO20#T(I,Jy1)=,00000uUB®(T(
83 RR:RO(I.J,X'
By TERMT LD 2*#HS yHN]) (I oJ )/ (RR%BV))
85 TNICIoJp LISUTNLCL yUp2)#TARTERMI/ (14 Q4TERM)
86 100 CONTINUE
87 RETURN
88 END

Seaeitin o
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TNICIyJgKIZSTNI (T Je3,4K)
THNICTgJyKIZTNL (T gJyK)

PREﬁ“ﬂD“W@ Fonot
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7.1.18 OLDHT

This subroutine transforms H(x,y,u) at time level n+l
(=HTE(I,J)) into H at time level n (=HTD(I,J)) and H at time
level n is transformed to H at time level n-1(=HT(I,J)). These

transformations are performed at the end of each time step.

-

4
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e e O RPN voson.

(Y Y L LI T T Y R Y LYy N R L Y P I I Y LY Yy Ty Y N I Y TN Y Y TR YT
TH1S SURRCUTINE TRANSFONMS MATRIX HTE INTO HT FOR THE NEXT TIME cYcL,
CALCULATION oF IHE TOTAL
CHEBPARURRPEREDRSE R SR SURBEE VR EREBOUB BV SISO SRR E SRS RIS AC SRR EUBEDI BN Ly,
SUBRCGUTINE OLDHTEIN oo/ ,i'TEyHTDyHT)
DIMINSION HYD (INUN ) o YU CINJUND W HT CTIiyJN)
DO 10 Iz1,IN

00 1C U= 1,uN
HYC(IyJISHTICIT yJ)
HTD (T 4JISHIE (T4 d)

c
c

10

CONTINUE
RETURN
END

CEPTH AT EACH X=Y LOCATION IN THE DOMAIN

«

w =waw




130

7.1.19 OLDUV

This subroutine tranforms u and v at time level n=l
(=DI,J,K) and B(I,J.K» into u and v at time level n(=H(I,J,K)
and G(I,J,K)), and u and v at time level n is transformed into
u and v at time level n-1 (=U(I,J,K) and V(I,J,K)). These trans-

L formations are performed at the end of each time cycle.

i
|
i
|
1
a
|
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THIS SUBROUTINE TRANSFORMS MAYRICES DyE INTO U,v, RCSPECTIVELY,
FOR THE NKEXY TIMC CYCLE CALCULATICN OF HORIZONTAL VELOCITIES AT
EACH X=Y LUCATICN AND DEPTH IN YHE DQMALIN

CottisusaRstsRsdsR R taVESE RS EUR RS NANS B KSR EEBEBBUCESRES SR BE AR B IB NS IR GNP B

10

SUBROUTINE OLDUV‘XN,JN'KN.U,V'H'G.D.E’
DIMENLSION U(XNQJN'KN"V(IN,JN'KN,.D(IN.JH.KN"E(XN.JN.KN"
CHEINQUNgKND 9 GETI o JNOKN)

DO 10 K=1,KN

D0 10 I=i,IN

DO 10 J=1yJh

UCIgJyKIZTH(Ty Jp K]

VIIgJdoR)ZG(TIgJpK)

HEI,JgK)Z0CTydyK)

GCI,JpK)ZEGTodyK)

CONTINUE

RETURN

ENO
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7.1.20 OLDT

This subroutine transforms T at time level n+l (=TN1(I,J,K))

into T at time level n(-T(I,J,K». This transformation is per-

formed at the end of each time cycle.




= po pe
N O QB YP N E WN

CoEBOSONUENEERISE VNS SN BNUB PRSI ANIRURR SO U NI ICE oy s b PN S PSR NS FEBRE RPN
C THIS SUBROUTINE TRANSFORMS MpTRIX TNL INTO T FOR THE NEXT JIME CyCLE
c CALCULATION OF TEMPERATURE AT EACH X=Y LOCATION AND JEPTH IN THe pOM4
(A2 II T IR T I RIS IR A YRR ARt FTY T RIS LRSI AIRY TR 2121021 Y YO

SUGROUTINE OLDTUINZJUNYKN,,T,TNY)

DIMENSION TUINGJUN KNI TNLCIN ,JUN,KN)

00 10 K=1,KN

DO 10 I=1,IN

D0 10 J=1,uN

TEIgJyK)ZINLIETy JeK)
10 CONTINUE

RE TURN

END




e
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7.1.21 ETIT

This subroutine calculates the wave neight, n (x,y)
(=ETA(I1,J)) at the end of each time step.
ETA(I,J) = HT(1,J) = HI(I,(J)
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(X XTI T ATITITI NI YT AT R YT RTR LTI YIS RS I Y I IR R Tl 2]ty Iy

c
c

THIS SUBROUTINE CALCULATES THE WAVE HEIGHT(SURFACE ELEVATION ABOVE

MEAN WATER LEVEL) AT EACH X=Y LOCATION IN THC DOMAIM AT EACH TIvE STL®

(I3 TR ITY ST RITREIRI RIS IR A TR TId 400 2311 Ad I PP TYZIIIYIYI R 2 )

10

SUBROUTINE ETTCINGJIN HT HI,FARLETA)

DIMENSION MTCINgJN ) oHI (IN UND) JMAR (1N, JN) ETACING UN)
00 10 1I=1,IN

DO 10 u=,JN

IF(MARITI,J)+E0+C) GO TO 1C

ETACI U SHT(L yJI=HI(T 4 J)

CONTINUE

RETURN

END

J

o
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7.1.22 PRPARA
This subroutine writes out the physical and numerical

parameters at the end of each computer run, i.e, after the last

time cycle for a particular computer run.

b

S




oo it

b

o pe 0 g po
BN ) PR NPV E WP o

oo g o PB b
OB g »n

137

c
COvNtnntstatortunretsuvirisnossiiteerosivInedvseetstitsnorisvesteesvetnges
¢ THIS SUBROUTINE PRINTS THE PHYSICAL AND NUMERICAL PARMETERS puR Ty
c VARTABLE DPENSITY MODEL AT THE ENL OF EACH COMPUTER RUN

CoB b0 a0ttt tinnatsvrnttrsssstsnitsnotisstsirnorsiviotesssissesdynonntvecs:
SUBROUTINE PRPARAICT yCHyCVyCPyCCoDX y0Y4DZ 4D Ty TAUX,TAUY,TTOT,GNyFF,

CRRO“"'KV'EH'BVQOR‘OQYI'Y'O'!"‘.NS'
IFETTOT]LGTeDo) TTOTIZTTOTL=DY

PRINT I.C!.CH.CV.CC.CP.OxVDY.DZ.DT.TAuxpfAUV.TYOI,OP.FF.RR.KN.KV

CoBHyBVyQRADyTIy TTOT1,TAHS
1 FORMAT(/® CIZ®)E15eTy/° CHZ" E15479/7° CV=*,C15.7/0 CP=%,E15.7,

C/' CC=% ,Ei8,7,7"* DX=*,E£18e747° DY yE15e7 47 D22%,E15e7,7° D=0,
CE!S.?,I' TAUXZY yE15e74¢° TAUYS® JE18 479/ TTOT=S®,E38aT4/° GgR=*,
CEL5e79/° FFZ®4E15e79/° RRZ*4ELE,7,4/° KHZ9, E15eT 4% KVE?,E15,7/y
C/° BHS®yE15479/7° BVS*)EL1547,7" CRADZ"GE15:7,4/7° TIZ* 218,74/
Co TTOTLIS*E1507/" TAZY,E15,7,/° HS Z*9E1547/)

TTOTI=TTOT1eDY

RETURN

END

—~

-« g sw
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7.1.23 PRETA

This subroutine writes out ETA(I,J) at the end of the compiter
run.




g

139 , 11
| c |
z c‘......‘.‘..‘.‘..‘..‘.“.“."‘."‘.".“'."““.‘..“‘....‘.‘..‘..‘Q'.Q
3 c IHIS SUBROGUTIME PPINTS THE WAVE HCIGHT AT EACH Xe¥Y LICATION IN THE
[ Cc DOMAIN AT TME EnD OF EACH CCMPUTER RUN
- SUBROUTINE PRETALI JyINgJN, ETR)

[ DIMENSION ETA(IN,UN)

7 00 10 I=3,IN

s 10 PRINT 11910(ETA (L .J),JZI,JN’

9 11 FORMATL/® I 3%°,13/° WAVE~HEIGHT "/ (5X8C15.7))
17 RETURN .

1 END

b s . . . N AH‘_A_;_A__.,.D,‘
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7.1.24 PRUV
This subroutine writes out U(I,J,K) and V(I,J,K) at the end

of the computer run.
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c
Cevnssstsa v at s e it st NS NG N NAR YRR FREUE SRS BEOGES RO IR PEE RO 000 AP SEBISE Mgy

CHEBBE e p e et bR R BRSNS AR RIR VSN OEN SR SNBSS NN S PN RS ER RSN RRRA RS S
c YHIS SUCKQUTINE PRINTS THE HORIZONTAL VELOCITIES U,V AT EACH XY {OC
c AND DEPTH IN THE QpOMAIN AT THE END oF EACH COMPUTER RUN
CHRERSEERE st et NS RR RSB FE RPN R IR R RNE SRR E RS E R ENEE LSS FE ¢SSP SN RS R Rk S b
SUBROUTINE PRUV L] oJ K ,INJUNJKN,U,V)
DIMENSION UCINgUNIKN) oVIINyJUNGKN)
KN1ZKN=]
DO 10 K=1eKM}
DO 130 I=1,IN
PRINT 13 3Kelg (UL yJyK) pd=1yuN?
10 PRINY 12,30V I yJ ol DedT1eJdN)

11 FORMATI/® K=y I3, 3X,01=9v,I3,/° UVELOCITY*/(sXygEL15.7))
12 FORMATI® V-VELOCITY®/(5X,BEL15.7))

RETURN

END
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7.1.25 PRW

This subroutine writes out WZ(I,J,K) at the end of the computer

run.

.. et
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COCNE BN NN SRS SR SU USRS SR SE SRR RN S SRR UE SN RS E BB g oSG B CE BB AN BP k hBR
c THIS SUBROUTINE PRINTS THE ACTUAL VERTICAL VELOCITY AT EACH X=v¥
c LOCATION AND DEPTH IN THE DOMAIN AT THE END OF EACH COMPUTER RUN
CRENRERPBLUBLE SO BB B SBRRIUERERER R Yy u At SR RSP E RS L ARG E RRA SO R A SRR BB S E NN LRN,

SUBROUTINE PRW(INJINJKNyk)

DIMENSION W(INpJN KN)

KNI1=KN=1

DO 10 “S1yKNIL

DO 10 1=31,IN
10 PRINT 11,KoTpiM (I doeK) pd=l,yyN)
11 FORMAT(/ ® K=%,17¢3X9* I =% I3,/° W «VELOCITY®/(5X,8E15.7))

RETURN

END

oW




<l e s
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7.1.25 PRTEMP
This subroutine writes out T(I,J,K) at the end of the computer

run.




WA DO B g UTE N oo

[ W )

PURR,

N e e e

CH¥BABEPAIBINBE S IR E BB PE LRI IRRNB USSR IB PSR BOSPEBERENS gt S RN bR RS RSE L&
C THIS SUBROUTINE PRINTS THE TEMPERATURE AY EACH X=Y LOCATION AND DEPTH
c IN THE DOMAIN AT THE END OF EACH COMPUTER RUN
c“‘.."““‘**“"'.”“"““‘.“‘.‘.“"W“.““““‘““.“t“#‘.“..“ﬂﬁ

SULROUTINE PRYEMPAI g ot g INgUJNJKN,T)

DIMENSION TUINGJUNKN)

D0 10 K=314KN

00 10 I=1,IN

PRINT 11 oKeIolT (I odyK)eJd=1,3uUN)

11 FORMAT(/® KS912y3Xy® I=°,13,/° TEMPERATURE®/(5X 48EL1547))
10 CONTINUE

RETURN

END

-~ W

" eWaw
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7.1.27 STORE

This subroutine writes on magnetic tape all calculated
system variables and numerical parameters, DX, DY, DZ, DT, TTOT
and TTOTL1.
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c
CHREBERIENEBEENIRIESERN S BN RSP NI RS SAEERS FESIO AR P IREPHIBSESSEONORIANE NS, .
c THIS SUBROUTINE WRITES ON MAGCNETIC TAPE, FOR THE VARIABLE DENSITY

c MOUELy THE VALUES FOR THLC VARIABLES AND PHYSICAL AND NUMERICAL

¢ PARAMETERS FOR STORAGE AND FOR READING IN DATA FOR YHE NEXT COMPUTE:

CHrensedadsidsd Re s s s NS ds YR st aNt SBE et ¥ NP BRSO SR A RS RRO PR U R PSR PSS SSSEd by
SUBROUTINE STORC (IN 'JN 'KN ,U ,V,H 'HI .H! 'HYD pHX o HY .MAR.ETI.P.RO.CI.
CCCoCHICVICPO X DY D2y DTy TAUX yTAUY 9 TTOT gH Gy HTE,T ,TTOT1,42)
DIMENSION UCINGUN KN gVEINQUN JKN) JU CINyUN ok N oPLIN)JNGKND
CHICINQUNY HYLINUN) JHTDUINQUNTJHXCINQUND oHY (TN JN) ¢MaREINGJN),
ct"‘IN'JN"RO(IN'JN'“N’Q"‘I"'J"'“")'6‘IN,J~'“N"N?e'xNQJN,
CoTUIINoUN KNI gWZ IINyJUNJKN)
WRITE ¢B83CLIUTT ju ol ) KT yUNDY U=y UNDIZTIND,
c“‘v‘l,d.“"“:llKN,'sz'JN’.x=1'1",|
COUUWITo oK) oK=L oKN) 9JZLgUND 9 IS1,IND,
C(((H‘I'J'N"Kzl'“N"J=1'JN,.x=1;1""
C( ((G(I,J.K),K=1.KN)'J'-‘I.JN).I:;'INl [
c‘(‘P(!'JQ“,'K=1'KN’9J=1'JN)9131.!")'
CUUIROIT g JoKIpKZ1gUN D g g= Ly UNT IS IND,
C((MTD(I.J).J-‘-I.JN).I=1.I!\').
CUIHTE(T g J)yJd=1ydND I, INY,
CULHICTI Ul gdTlguNI Il INY,
CUIRX(T,J) = yUN),121,IN)Y,
CHUtHY LI, JDdZiydN) 415y IND,
COIMARCTI ) gJd=yJdh) eIt IR,
CUIHT T U)yuS )l gdN)oITteIN)Y,
CULIETACI o J)yUS1yUND,I21,INY,
C(!(T(I.J'K)pK=1.nN)'J=1oJN).I=1.IN).
CLUIUWZUI g JgK) g KS19KN) yJSL1yJIND,,ISL,IN),
CCIZCCoCHyCVyCPy DXeDYoDZoDTy TAUX,TAUY,TTOT,TTOT]
END FILE 8
RETURN
END

v 1)
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7.2.1, TMAIN3
This is the main program for free-surface complete

field model. This program reads in the data, initializes
the necessary quantities, co-ordinates the subroutines and
calculates the velocity and temperatures in the whole domain
under consideration. The parameter statement defines the
size of the computational domain. The subroutine "XYSH"
does horizontal stretching. The subroutine ''READ 2" réads
the MAR matrics which distinguishes the various points in
the domain. The subroutine "INITIB'" sets the initial condi-
tions on velocities, temperatures, surface height and reads
the depths at various points in the domain. The subroutine
"CURNT" which is called after "INITIB'" sets the velocities
everywhere in the domain equal to the current velocity.
The subroutine "INLET' puts the discharge velocity and tem-
perature at the discharge location. Then it follows a set
of subroutines to calculate the velocity and tcwperature
field for the entire domain. The values of variable at

different time levels are given in the Table (l).
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PARAMETER INZ20,JNZ20,ANZS

REAL KH,KV,RH,BV

DIMENSTION UCINGUN KR gV EIN gUNGKNY W EINQUNJKND UM CTH UNGKN D,
CHTCIN QUN) JHTI (TN GUNDI GETACINQUNDI G HTECTIN GUND VM IINgJMKND
CXXEIND oYY RUND g XX X EIM) g YYYUUND o X CIND oY IUND JALIND qBLUND,
CHUINGUN gHN) oG OIM qUNGKND gD CIN G UN G KN o E CINQJUNJKN) o WH (TN oJUN KN
CMAR(IINGUNIJHIDIEINQUND gPOCTHoUMeUN) gP LINJUNGJKND
CoTCINGUM KNI g TNEINgUNgKN D g TF (IN gJN KN )y TAM{INJN JKN)

READ 1,IRUN

REAND 1,LN

READ 1,KSTCT®

FORMAT t1S)

READ 24 CI,CCoCP,CH,CV '

READ 2, OX,DY,02

READ 2y KM KV,BH,BY

READ 2,DELX4DELY DEEXyDEEY ,EEEX JEEEY

CALL XYSHUINJNDELX DELY JDEEXN(DEEY QEEEX yEEEY o XX oYY o XXX 3 YYY 5 A0
CX,aY)

FORMATCL )

IFIIRUN.GT,N) GO T0 &

CALL READZ(IN,UNMAR)

CALL INTTIGOIN QUN KNJETA ¢HTGHT U ¥ o0 4P GR4PR DT y11TD 3D oE 4H Gy
CHTE.T.YN,TF.YAP;U“.VH,H.OX.DY’

CALL CUPHNTLT qJ oK g INQJN KM Uy Vo HG4D,E)

CALL INLETHT ¢J oK gINgUN KN Wt ,ToTN,TF)

CALL WHYON(TIMNgUN gKNyHTE gHTDyHTD qETA g H 4G oW owH DX 0Y (DZ,0T,
CMAR XX, YY)

1707=0.0

60 T0 6

CONTINUF

CALL READICINGQUN gKNqU VoW oHIyHT G HTO g MARZETALPoROLCI o UMyVM,
CCCoCHoyCV CP DX yDY 302 90T o TAUX yTAUY yTTOT  HyGyHTE 4T 3TN TF4TAM,TAIR,D,
CE)

CCNTINUE

RFAD 2,TAUX,TAUY

READ 2,TAIR

READ 2,07

00 & L=1,LN

TTOT=TTOT0T

CALL UVELIU(INGUNGKNqUyVoH Gy oE 90X yDY 02U, TAUX,TAUY,,NT,
FNYO,HTD.HTE.HX.HY.EY&,P.HAV.KH,KV.GR,RR.FF.
COPLCCLCIoCHoCV RO TN XX YY XXX, YYY)

CALL WVELUINGUNGKY gH )G oW yHTD g DX g DY 4D 2 gi4AR oXX yYY o WH)

CALL TEMS(IN JUNgKMgHTD JHTD W HTE qUXG0Y ,CZoNTHH BV T, TN TF,
Con gH oG gMAR JHK ¢ TATR g TAM gRO o XX, Y Y o XXX YYY, L 4LN)

CALL LOUNR2C L gJoKy I MydMgKNqUgVeH GoD g€ M yHIGHTE T ,TN T}
CALL DOFNSTY(IMN N KNyRO,LTF)

CALL PRES(IN gUN KM HTE JRO GR P, NZ)

CALL FTTCINGUINGHTE JHIsMARLZETA)

CALL OLNHIOETIMN UM HTE JHTD 4MT)

CALL CLNDUVTLINGUNGUNGU gV oH oG oDy F o ToTN,TF)

CALL INLETUT gl g INgdMN KN il g Ty TH,TF )

CALL MINTAUI g ogKyllodHogKNyTN)

CALL THLETUT gJdelKglivgdN KN Wity ToTH,TF )

CALL YIOE (l 'J'“.INl\“l'K”."'v ,H"".D.F 'f,YN ,(F!

Fé
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' {
N7 9 CONTINUE
aA IF(RSTORELGTLCICO 10 1C00
L CALL STQRECIN QUM gMNQU oV ol g HI gHT JHTD g MAR ETAGPoROZCTIoUMeVM,CCoCHy
(38 CCV."P.OX.DV,CZ‘.L‘!.HU'.Y‘UV.?NV.N.G.MIE,T.VN.".7‘".""‘.0.!'
(] ] 1000 CONTINUE
62 CALL PwPAPALCT JChoCVoCPoCC DX 0T NZ DT, TAUX,TAUY oTI0T,GR,FF,RR,
63 CRM KV ,OH B, TALR)
L CALL FRETA(T g olNouN,ETA)
(A CALL PRUVIELIgJoKy INGUNgKN gH,G)
(1] CALL THN(IN UM y¥N W)
o? CALL PRTEV(IThyul yKNgTN)
69 CALL PRIANTHCIN yJUNZH])
" sTO® '
71 END
13
»
Y
]
]
i
]
J
|
|
|
PRECgp
b
TF”-MED

" o

Y ;AA.I.__!!',g

el
} 5
d
3
3
|
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SUBROUTINE PROGRAMS FOR NASUM III

rECEDING PAGE BLANK NOT FILMED
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7.2.2. ROUND2
This subroutine sets the boundary conditions for
all variables. The boundary conditions for velocity are no
slip and no normal velocity on the bottom and on the shors
line (y=axis). For temperature, the bottom and shore line
arv treated as adiabatic. For oper boundarieus, the boundary
conditions on velocity and temperature are-%%— =0 and

—%g »() respectively., The temperature boundary condition

on the surface is specified in temperature subroutine '"TEMS5'",

;
- ,-,O'o-!‘d
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SUBROUTINE BOUND2CT4UeKoINQUNJKN UGV HoGyDoE yWoHIZHTE 4Ty TN,TF)
OIMENSION UCIN gUNoKN) gVEINQUN KNI JHITINJUN KN,

COUINGUNGKN) D UTIM gJNgKN) gE TINguUN gKN) g TEINyJUNGKND,

CTMOINGUNGUN) g TEOTINQUN g KN ) gWIIN UNGKN D) JHI(INQJM o HTE(INGUN)

KNl SKN=1
INIZIN=-]
JNL ZJN=-]
DO S K=1,KN
00 S5 I=}1,IN

FAR J ROUNDARY

TUI oJNKIZTHL yJM] 4K
TNET g JN oK IZSTN(T JuUNL,4K)
TRUT g JNGKIZTF (I qUNYL oK)
HTELT yUNIZHTE(T JJNT)
D(IgdNGKIZDIT yuUN] oK)
E(L JJNJKIZE(] yUNT K]
Wl gJNJKIZW T yUN] oK)
CONTIMUE

FAR [ BOUNDARY

DO 10 K=Z1,kN 7
00 10 J=1,JuM
TOINGJWKIZTEINL gJ oK)
TRNEINGJGKISTNCIND ydoK)
TFOINGJyKISTFUINDT gJ oK)
HTE CIN G JISHTECIND od)
D(I‘\‘.J.K)=O(l'¢luJ.Kl
EATM o KIZE(T ML gJ oK)
WlINgJgKIZKUINL g oK)
CONTINUE

ALONG I GOUNDARY

DO 1S5 K=1,KN

BDC 15 I=1,IN

T Ul gl oK) ZT(I 24K}
TN(T gl yK)IZTNIT,2,4K)
TFUT el yK)IZTF (T ,42,4K)
HTE(L 33 )ZHTE(T,2)
DIile14KIZDtUI,2.X)
FUI 41 4K)IZSE(T42,K)
Wil yKIZWIT 424K}
CONTINUF

ALONG SHORE L INE

00 20 K=1,KN

U0 20 J=1,.uN

TU] ooy KISTU2 3d4K)
FNCEY o d g KISTN(? 3dyK)
TFUL oy ¥ IZTF(243d,,K)
HTE(L 4 J)ZHI (] 4J)
DUl oy JoKIZDE2,yud,eK)
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E€l o JoKIZELD od oK)
WilodgKISW(2,0dyK)
CONTINUE

BOTTOM PQUNDARY CONDITION

DO 25 I=1,IN

00 25 J=1,JH
TULWJdoSIZTUI W deb)
THET aJdySIZTN(T 4Jo )
TFEToJeSISTF (T Jy4)
CONTINUE

RETURN

END

e

CEDING PAGE BLANK NOT FILMED
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7.2,3. CONST
This is a small main program and need to be run
in order to determine the constants DEEX, DEEY, EEEX, EEEY

which are used in the subroutine "XYSH'", The input cards

reads

(1) XB, A, DX, AN

(2) B, B, DY, BN
wvhere XB, YB are X and Y boundary distances. A and B are
distances from the shore line (y-axis) and x-axis respec-

tively from where the stretching starts. It is shown below,
v

— oz

i I

e, oy
o Ao AN

DX, DY are the minimum grid size needed. AN, BN are the

number of grid points in the x and y directions.
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M
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S0 READ U XB4AaDXoAN

4 FORMATL )
IF(XR.LELD.) GO TO 800
WRITE(G 411) XTU4A sDXyAN

11 FORMAY (1, " XBRMNDRYZ*,F10.1,"* AS*Fi0.1,"*
INBR POINTSZ* ,F10.1/)
El1=XB=A
£2z(AN=1,)90X
DC=.019a

18 C=0.
Jz0

8 C=C+0C
JoJdel
DCoALOG(A/CeSCRTILA/C)I®201,1))
USAMINI((E2=D)/CoeRS,)
XZA+CesSINH(UY
WRITELE,42) CoX
IFIX.GT.XF) GO TO 8
IF{JeGT1) GO TO 17
DC=NC/s2.,
GO YO 18

17 CMIM=C=-DC
CMAXZC

13 CUNTINUE

ClizCMmax
USC114ALOCCA/CIL1*SQRTI(A/CLL)ee201,))
USAMINTI((EZ=D)/C11,485,.1)
ERRI=~-E1¢Cl1eSINH(UY}

J=1

ClLi=CrAax=-nC/ 2.

1 J=ue}

[FIJLTL30) GO TO 99
DZCIZ¥ALOGLA/CL2¢SQRTI(A/CLI2)%8201,1))
UZAMINLIC(E2=C1/C12,485,.)
ERR2-=E1¢CLl2¥S INMH (U}
WRITELO,42) Cl24D4UERR2

92 FORMATLIXUF15.7)
IF(3ESUFRRI/XR)LLT.COL) GO TO 2
C137(CLII%ERRZ2-Cl12*tAR1)I/LERRZ=-ENRR])
ClizAvaAY(CIZ CuIM}
CIS=AMIMIICIZ,CMAX)
ci1=c12
c12:=C13
EPRIZFRP2
wo TO |1

¢ clz=cC1?
WRITELE,6) C1,D
6 FORMAT(IHO,"Cla®,F15,7," 0=*:F15.7/)
DuM =z,
NSINTAN)
00 2 Izl 4N
XL=(I-1)9+0X

L

-k

DELTA X=°,F1l0.1,°
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SC
£9
0
61
67
€3
6u
6%
66k
67
6F

N e

€9
14

43C

XSA*C19SINH
OELTASX=DUM
ouM=X
WRITE(6,5)
CONTINUE
FORMAT(IX,®
GO t0 S50
WRITE(6,414)
FORMAT(1X,®
€O TO 40NQ
stop

END
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ttxL=01/C1)

ToXL X 0ELTA
I1=%,74,"° XL, F10e2,° X2*,F10.2,°

NER ITERATIC(NS EXCEEDED 30°)

CRYOEDING PAGE BLAMK NOT FHLMEL

DELTA=®*,F10.1)

TR e L.
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7.2.4, CURNT
This subroutine sets the velocity field in the
whole domain equal to the current velocity. 1In this case
2 cm/mec is chosen. If the initial current is more, the

values should be made equal to the measured value of current.

If there is no initial current, this subroutine can be de-

leted from the main progran.
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SURIOUTINE CURNTY (T 43U oK o INguUN gKN UV oH 464D 0E)

DIMFENSTION U(lN.JN'“N"V(INQJN'“N' |
CoHUINGUNGKNY JGUINGUNGKN DY oD UINgJUNoKND yECINJUN oKN) |
KNLSHN =)

00 10 KT .KNY

DO 1C I=1,IN |
00 18 J=1,JN ;
Vil ,J,yK1z0,0

VIlaJdeH)z2.0

HUT ydoK) 20,0
LITodeK122,0
DIl sK1ZC0
Ell oJeK)=2,0 [ ’
CONTINUF |
RETURN |
END |
if
|
, ?.
' 1
|
RiGINgy

- . I . e awnel
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7.2.5. DENSTY
This subroutine computes for the whole domain the

density using the temperatures computed in the subroutine

"TEMS",

o
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SULRROUTINE DENSTYLIN,JUNoHNFO,T)
DIMENSION ROGTIN)UN KNI 4T LINQUNKN)
00 10 I=21,IN
00 1C J=l.dN
00 10 K=] KN
ROGT gJoX )21, 0N0U2A=0,0COCI9®(TI]IJeK}}=0,00000460
CLTET g doM )BT E] JyK))
10 CONTINUE
RETURN
END

ORIGINAL PAGE IS
OF POOR QUALITY
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7.2.6, ETT
This subroutine calculates the wave height by

subtracting mean level of water (HI) firom the total height

computed,
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c THIS PROGRAM COMPUTES THE WAVE-HLIGHT

SUBROUTINE ETTITIN o UNJNT HT JMAR,FTP)
DIMENSION HTCINGJUND gHICINGUN D HARCIN GUND WL TACINGIN)
DO 310 I=1,IN
00 10 J=1,4JN
ETALL,JISHT (T yJI=HT1,4J)
10 CONTINUE
RE TURN
END

"ECEDING PAGE BLANK NoOT FILMED
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7.2,7, HITE2

This subroutine computes the free surface height
using the equation

1 ' ' J
ot °

' 3h
Yt 57

The nuumerical scheme used is forward difference in time
and central difference in space (FTCS).

Simpsons rule is
used for numerical integratiom.

—
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SUSROUTINE HITE2 CINQUN U N gMAR QU gV oHT yHTD 4HTE oN2Z,07 ,0X,0Y HOUM
CoXX oYY W)
DIMEMNSTON MAREINQUND JUEINGUN KN D oV ITH oJN KN JHTEIN JND)JHTDUIN GJN)

OB~ E NN -

i1

CHOUMOEIN GUN) gHTE LT pUN ) o XX EIND oYY ULUND oWHETHoJN KN )

KNMIZKN=]

IMIZIN-]

JNISJM=]

D0 SC I=2,INIL

U0 SO J=2,JNI

HOUMIT,J120.0

00 60 K= ,KN

IF(MARIT ,J)eECL1L) GO TO 1}

w0 70 5N .

DIHUXSIMT (T ol Ul ol (Tol gl K IoHTITI=1oJIoUEl=1,uyK))/(2,90%)
DIHVYSUHT (T gJol)oVIT Jel yK)=HTI T J=1 1oV (] U=1yK) )/ (2,00Y)

Ceoes SIMPSCN®S RULE IS USFD FOR INTEGRATION

IFU(KGEQal aCR K JECHS) KO TO 101}

IFIKeFQe2sCP K FQ.4) GO TO 100

HOUM D yJ ISt IHUXOXX (T D00 IHVYOYY (J)IODZO 2,730 ) oHOUMIT, J!
60 10 103

1l HOUMET y ) Z(OIHUXOXX (T ICDIHVYSYY(J))ISNZ/3.)oHOUM (T J)
GO o 103
12 ARUMET o1 ZCEDIHUXSXXIT)ODIHVYSYY (J))oDZe (4,7 3.)) ¢HOUM(T ,J)
113 CanTInyE e
HYL AT yJI=HID(Td) =HOUMIT ,J)*DT
6C CONTIMUE
HYE (T gJ)SHTE (T pd ) =uH(l yJ KNI DT
cn CONTINUE
RETURN
tEND
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7.2.8, INITIB

This subroutine reads the depths for a constant
depth basin and initializes the values u,v,w,p,p,T and HI,
The program sets u,v,w and wave height ETA equal to zero.
The temperature is set equal to the ambient temperature.

The pressure is hydrostatic.
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SUBROUTINE INITIBUIN,JNoKNETAHT HI yUyVoRO 4P oGRyRR40Z¢yHTD 4N,

CEsH oG oHTE o T oTM o TF o TAM UMy VMol 40X 4LV )

DIMENSION ETACINGUN) JHT U INQUNDI g HLICTINgUND) yUCLTNQUN gKND o VIINQUNKN) o
CROCINGUNGKND g2 LINqUMoKND JHTD CIN quh ) oW IINQJN KN
C.O‘IN'JNy.‘N'.f‘!NQJN.“N: .H‘IN.JN.KN' oGl IN .JNpK'i""'f‘tN.JN’

CoTAMUINQUNGKN) g T EINQgUNQKNDY gTNIINRyUNGKNIQTF(INZJUNJKN)

CoUMIINGUNGKN) VM (INJJUN KN
00 500 J=1,JN
HI(1,J123C0.0
HI(2,J)=3%0.0
HI(3,J02400.0
HI(Hh,,Jd}2450,0
HItR,U125C00,.0
HI(A,J)=58%0,40
HI(7,J126CC.0
HI(?2,4126C0.0
HIt?,J1=6C0.0
HI(1C,Jd?z600,0
HI(11,J)2¢C0,.0
HI(12,J)2650.0
HT(13,3)=700.0
HItl4,J4)2750,0
HIt15,J)5€00.0
HI(15|J’:85000 o
H1€(17,d1=900,.0
HIt18,J4)2950.0
H1¢19,J)21000.0
HI{20,J1=21000.0
CCNTINUE
U0 117 IT1,IN
DO IC J=1,yJN
ETA(T ,J)=C.0
HT(T 3y J)=HIA(T yd)
HTD(T yJ)IZHI( T )
HTE (T 4JI=HItI WJ)
CONTINUE
DO ? I=1,IN
DO » J=14JN
0O ° KZ1,KN
UMITJeK)=CWO
VM{T,JeyK)=0W0
Wll gyJK)=0.0
Ul qdKIZUMNIT 4 JyK)
VII g JyKYSVUELT gdyK)
TAMIT yJyK1)Z25.C
TUI gy K)STAM(T gk
PUI yJyKIZGREHT (I ,J)I*IR*(K~1)%D2
HIT ydyKIZULT yUdyK)
DUl yd o KYZULT 4 J K}
Gl gy KIZVIT gUdyK)
E(l 30 KIZVHIT ydK)
THET g J 4K IZTHI yJyK )
TR g d oy XTI ,d,yK)
CONTINUE
RETURN
enND

COENEL PRGE 1
b POCR GUALITY

e e e e

- »-rnﬂd
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7.2.9. INLET
This subroutine puts the velocity and temperature
of the discharge at the discharge location. The value of
velocity specified in this subroutine should be calculated

depunding upon the mass of the discharge.

7]

. ""ﬂ‘i‘
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SURROUTINE IMLET (I yJoK oI NgUN KN yWH T ,TN,TF)
DIMENSION TEINGUNGKND obH EINQUNKN)
CoTN(IN G UNGJKN) g TF L INQUNJKN)

00 10 I=8,10

00 10 J=i1n,12

00 10 K=]1 KN

NH‘I.Jp5,='0035

Til,J,K)=35.0

TNETsJsK)=35,.0

TFIT3J,K)=35.0

CONTINUE

RETURN '
END

e

e s s wenll
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7.2,10, MIXT

This subroutine mixes the temperatures by an aver-

aging process in such that unstable density gradients are

eliminated.
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SURROUTINE MIXTUI gudoKoINQJUNQKN,T)

DIMENSION TCINGJUNZKN)

0O 10 ITl,IN

00 10 JT1,,JN

K=

IF (VUL 4JsK)eGET(IgdeKe1)) GO TU 1
AVTZHUT (T o MIT (T oUyKe1)) /2,0

Tl gJoKD)ZAVT

TGl yJeKel)ZAVTY

COMVYIMNUE

IF (VUL oJdohol)oGELTUIydgykKe2)) GO TO 2
AVT (T (T gugK ) oT UL gdool)oT (I JyKe2)) /360
TUIodoKITAVT

T(l yJdeKel)zAVT

T(LoJoeKeZ)ZAVT

CONTINUE

IF (T 0] gJoK02) oGET{]gdyKe3)) GN YO0 3
AVISUT AT gJgK D OTUT quoM ol ) oT (] qJgke2) T (T JyK*31)/4,0
TUT gt )=2VT

[l g deKel)TAVY

Tl oJeKeZ)ZAVT

TUl yJeK*3IZAVT

CONTIANUE »

17 ATHUTL o Joyke3)oCELTILgJokou)) GO YO 4

AVT ST g do M I oTUT gUoKeL) @THUI UK o2 )T (I UK o31eT (T JyKel}1/540

TiI oJeiX ) zAYY
TUl g JeK el )zAVT
FllgdeKel)ZAVTY
T4 gdogKo2)ZAVY
TUT JpReh)ZAVT
CuMNTINUE
CONTINUF
RETURM

END

o

ol ‘1)

‘“ﬁﬁy

w ewraw
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7.2.11, OLDHT

This subroutine sets the values of height HTD at
time level n to HT at time level n-1 and HTE at time level
n+l to HTD at time level n after all computation are comple-

ted. This is necessary in order to retain values of height

at one time step lag.

BT IPY
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THIS PROCRAM TRANSFERS MATRIX HTD 1O HT

SUUROUTTINE OLDHTUIN gUN HTE JHTDWHT )
OIMENMSION HTD (I UND) JHTE (TN UN) JHT CINGJIN)
00 10 I3)eIN

00 10 J=1,UN

HYCIZJIZHTDUT yu)

HTD(I,JIZHTIE(1,4)

CONTINUE

RETURN

END
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7.2.12. OLDUVT

This subroutine sets the values of velocity
and temperature at time level n+l equal to the values at
time level n and the values at time level n are made equal
to the values at time level n-1. This is necessary in order
to retain the values of velocity and temperature at the

time step lag.
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THIS PROGRAM TRANSFERS MATRICES UV TO DoE RESPECTIVELY
AND T 7O TN

(2 W2 N 23

SUBROUTINE OLOUVY (INGUNGEN U VeH G D464 T4 THN,TF)
DIMENSTON UVLINGJINKN) JVIINGUNGRNDY JDOUINgIN KN JEL TN JleKN),
CHOTNGUNGUND G GBIy SN o TEIN N oKD G THETHN s UNGKNY (TRCINGJUN KN
00 10 K31l4KN
00 10 I=3}),IWN
D0 10 J=1,JdN
UlIgdoeKISHIT gdeX)
VEToJoKISGUIT oJeK )
HEL s JoeKIZO( T gdoN )
GlIgJyRIZEL] oJoK)
TCToJoKIZTNCT yJyK )
INCToJgKISTF (T oK)
10 CONTINUE
RETURN
END

PXFY ..

- e @'s @O
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7.2.13, PRPARA
This subroutine prints the input values and the

total time the model is simulated.

o e

o _:_v_"_-__“
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1
|
| l i
; ] ' j
‘ 1 Cc THIS SUBRNMUTINE PRINTS PARAMETERS FOR THE FREF SURFACE MODEL 1
' hd c
' l 3 SUBNOUTINE PRPARA (C!QCNQCVQCPQCCQDX.0'.02.07.7‘“!."0'.7'0’.6".?". '
, : ] CRRIyKMHyKVyRHy RV, TAIR) |
5 PRINTY l.C!.':N.CV.CC.CP.DX.DV.DZ.DT.HUK.!AHV.Y!O!.GR.FF,RR,KN.(V 1
| . ) CoyBH BV, TALIR
} 7 | FORPAT(/® C1=20,F15.,7,7" CHZ €157,/ CVE*,E185.7/° CP=*,E15.7, i
t + 8 C/° CC=°,E15.,7,7° DXSOyB15%e747° DYZ*L15.7,47° D22 °4€15.7,7° DTI=, i
3" 9 CL19.747° TAUXZS*4E18e7,/7° TAUYZ® 4 €£1547,7° TTOT=®,E£15474/° Gk=*,
10 CE15e79/° FF2*,E1547,/° RRZYyL15e7¢/7° KHS®, E1%e7,4/° KVE*yE1847,/
11 C* BHI'yE15.7¢/° BVZY,F185.7,/° TAIRZ*,F15.7/)
12 RETURN
13 END
]
'
|
|
|
|
k 3
» |
‘ ' |
]
V
]
i
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AL p
' OF Poop AGE Is
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7.2.14, PRES

This subroutine calculates the pressure field
using the updated densi:ty field.

a. epronstl
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c THIS PROGRAM CALCULATES THE PRESSURE FICLO

SURROUTINE PRFSIIN N KN HT,RO,GR,P,D2) ;
DIMENSTION MTEINQJND okO (TN oUN oKN D oP CTN gUN o KN ) *
00 10 I=1,IN

00 10 J=1,JN

Ptl,Jdedtz0,.0

DO 8 MI2,KN

PULoUoKk I ZP(T od K=l 10GROHT (T, Ul (ROCT oy JoK=114ROCT ,JoK)1802/2.0
e 8 CONTINUE

1 10 CONTINUE

12 RETURN

13 END

B N, T )

DB NN T WA -

AN SEEE AN e e
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PRETA
This subroutine prints wave height (ETA).
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| c THIS PROGRAM PRINTS THE WAVE HEIGHT 3

2 ¢ |

3 SUBROUTINE PRETACTodoTN yJNETA) |

4 DIKENSION ETACINGUN)

5 00 10 IZ1,IN

5 10 PRINT 11,140ETACTI 4J0,d21,dN)

? 11 FORMAT(/' 1 =",13/° WAVE=HEIGHT®/(SX¢8E15.7))

8 RE TURN

9 END
;
|
i
3
.i

-t
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7.2.16. PRTEM

This subroutine prints temperatures in the whole

domain.
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THIS SURROUTINE PRINTS THE TEMPERATURES

SURROUTIAE PRTEMIIN,JUN,KN,T)
OIMFNSTCON TOINGJNJKN)

0N 40 KT1,nN

WRITE(L,4105) K

FORMAT(*]1*,° TEMPERATURE AT K =°,I5,,/2)
DO 20 I=1,IN

YRITELG,106) (TEIgdok)yd=1,JNI)
FORMAT(/ 420F 6.2}

CONTINUE

RETURN

£NOD

o
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7.2.17. PRUV
This subroutine prints u and v velocity in the

whole domain, ;

P 3
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HIS PROGRAM PRINTS THE HORIZONTAL VELOCITIES

SUBROUTINE PRPUVIT o oK o IN gUN KN oU V)
DIMENSION UCIN N KN)Y oVEINgUNoKN)
KNL1ZKN~-]

U0 10 K=1,KN

0O 10 I=1,IN

PRIN‘ ll.K.!.(UU.J.K'.Jtl.JNl
PRINT 120(V(YodeK)odZ1,yuN)
FORMATI/® K=y I3,3Xy*12%,13¢/" U=VELOCITY*/(5X,8E15.7))
FORMAT(® V-VELOCLITY*/(5X,8[15.7))
RETURN

LND
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7.2.18.

192

PRW

This subroutine prints 2 values in the whole domain.

I
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i
i
1
!
1
i

C THIS SUBROUTINE PRINTS THE VCRTICAL VFLOCITIES

SUBROUTINE PRWETHN yUN KNy )
DIMENSION WOIMyJUNKN)
DO 10 K= KN
D0 10 I=1,1IN
10 PRINT FloR Dot gdogh)yJd=1,UN)
11 FORMAT(/® KZ®yIXp3Xy®* 1 2,13,/ W =VELOCITY®*/(LX,8E15.7))
RETURN
END

OEeCE~NT TS wi -

-

Y e o

P 4 o . - B e e ;-Av,',ehLd
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7.2.19.

domain.
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PRWH

This subroutine prints w-velocity in the whole
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SUBROUTINE PRWHIIN gJNGKN,WH)
DIMENSION WH(INyJJUN,KN)

DO 10 K=]1,KN

00 10 I=1,IN

PRINT 11eKeXotWH{TIzJoK) od=1,JN)
FORMAT(/7° K=®oI3,43X,* I =*,13,/°"
RETURN

END

WH=VELOCITY®*/(5X,8E15.,7))

- - w sy
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7.2.20. READL

This subroutine is used to read the information
stored by subroutine "S2ORE'". Tais subroutine is used
from second run onwards in order to use the values created
in the first run (ie IRUN=0). "READ1" and "STORE'" corres-
pond to each other. The "READ 1" subroutine uses a file

designated as "UNIT 7" in order to read the information

on the tape.
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THIS SURROUTINE READS OATA FROM TAPE

SUEROUTINE READICIN oM KN gU oV o o HT yHT yHTD oMAR o FTA P JRO,CT UM, VM,
CCCoCHyCViCPy DX DY Dol T o TAUX G TAUY qTTOT gH G yHTE o7 g INGTF, TAM, TAIR, D
ct)

DIFMENSION UCINgUNGKM I gVIINQUNGKND JWEINZUNGKND gP (TN UNKND)
CHICTIRNQUNI gHT TN QUND) gHTDCIN UND) o MARCIN yJN )
CETﬂ‘INQJN’.RO‘IN,JN'KN)"“l”.JN.KN"b(lN'JN'KN"H":|xNQJN)'
CTOINGUNQKN) g TNCTN GUNGKN Y 3 TR CIN G UNGKN) oTANTING JNy KN)
CoUMUINGUNGKND gVM (TN g JN KN ) gDEIN o INGUN) gL CINguUNgKN)

CONTINUE

READCTENDZY) CEEUET gy I oK=L g MND G US4 UND IS INY,

CLUIVIT gdeK) gl ykN) yu ldel.l | 3 XN,.

COULIWITgJgK) gy KZIgKN) gJT)ouUN) o131 ,IND,
CH(H(I,J.K).K:!.KN).JH.JN).IH-IN!.

COLUGUT g JoKI oM ST oKNDY yJZ) NI LIZLIM),

CUUUD U T oo M) oKL oK) qUZ) g udND I o IND,
c“(E‘I'J'h"K:IQ“N’.J:XQJ~"I:I'IN'.
C((('f’(I.J.Kl,K:l,KH).J:I.JN),X:X.IN).
CH(RO(X.J.Kl.K=l.KN).Jﬂ.JN),I:l.!NI.

COUUUMITI o R) gKZLghN) gd= Ul Y, IZ1 1IN,

COUUVMUT gdoK) qKZTgMN ) gUST o JH) o IZ1,IND,
C(“'YD(IpJ,.J:l'JN,'l:lolN,'((H’E(I.J’QJ-’l.JN"!:leN,'

COUHItUT o) gdZ gdNY oI Tl N o CUMAICT 4 U g JdT 1y UN) IS IN),

COUHTIT Uy dT L gUND B IS g IN) B (LETALT ) gd21yUNY G IZ] 1IN,

COOOTOT g oK) oK Z1oRN) gd= g dNDY L IZLWINY, j
COOUTHC T oK) gKZT gMN) gUZ1 g UNDGIZ14IND,

COCUTF T oo K) g KTy KN pJZ g UND oIS IND,

COCUTAMI Ty Ug KD gK T gKN) 4JZ] gdN)yIZL 4 IND,
CCI,CCyCHyCVaCP DX yDYDZyDT,TAUXTAUY,,TTOT ,TAIR

RETURN

END
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READ2

This subroutine reads the "MAR" matrix. The MAR

numbering system is used in order to identify the points

in the interior, on the boundaries and outside the domain.

The
MAR
MAR
MAR
MAR
MAR
MAR

MAR

"MAR" numbering used is as follows,

(1,J)
(1,9
(1,
(1,J)
(r,n
(1,

(T,

0 for points outside the domain,

1 for upper horizontal boundary.

2 for lower horizontal boundary.

3 for left vertical boundary.

4 for right vertical boundary.

5 through MAR (I,J) = 10 are boundary corners
and are specified as below.

11 for points in the iterior.

R=7 MAR=8 MAR=>

~ L L N

MAR=1(

—

T T T O
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THIS SURIOUTIME DETINES THE MAR MARTRIX FOR LOCATING VTHE POSITIONS

SURROUTINE PEAD2IINGJNJMAR)
DIPENSTON HARCEINUN)
MAR(L, VDY

MARCL ,JUNDCS
MAR(IN,1)29
MARtINJNDZLO
INMLIZTIN=}

JNMISUN=-]

D0 103 1=22,INm}

MARIT 132
MAR(I uN )=}

00 2C JT2JNM]
MARI(IL,J)22
MAR(INyJ )Y

00 30 1-24,INM]

DO 3L JTZeJNMI

MAR (T ,J)211

ROTHRY

NN

199
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7.2.22. STORE

This subroutine is used to store the valuus

at the end of all computations on a file designated as

."'"UNIT 8".

0w vetll
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1 c THIS SUBROUTINE STORES THE DATA INTO TAPE
2 c
, ! 3 SUNROUTINE STORE (I yUNoKN gU VoW ¢yHI yHT yHTD ¢yMARGETAPJRO,CIyUMyVH,
i ; CCCoCHyCVCPyDXy DY UZyDT o TAUX TAUY TTOT HoGoHTE )T o INyTF,TAM, TALIR,
‘, CNyE)
F ‘ 6 DIMENSTON UCINQUN KN D oV IINgUN gKH ) oW LINgJUIN KN pP L INyJUNyKN)
L ‘ 7 CHTCING UMDY gHT (TN GUND) qHTOCIN gUND) ¢ MAR CINQUN) gD UINGUNGKND yZ(INgINyAN)
8 CETACINGUNIJROITIMNGUN gKN ) g HELMgUN G KND) oG IINGUNGKN) QHTE(IN)JUND,
9 CTCINGUNGKMY g TNCINGUNGKN) g TFUINQJIN oK N) 9 TAN CINyINJKN)
10 CoUMUINGUNGKNDY JUMLIN JUN, KN
11 hRITE (8’(((!)(1 Jeh ) JKS14KN ) JZT, JN’ IZ1,INY,
12 COUUVIT g JoK) oK1 4KN) yJT14JN)IZ1,IN),
} 13 C(¢(H(I'J'K)vK:l'KN)'J:leN’vleOIN)o‘
! 14 CLOLHET y oK) oK1 gKN) g1 gJN)Y IZL L IND,
' 15 C((‘G(I.J'K"K:lv."i"J:1'JN,'I:1'XN”
16 CLEIDUT g oK) oK1 oK) yUStydM)oITl o IN),
' 17 COLLECT g JyK) oK1 KND yJZLodN Do IZ1 o IND
» 18 CUUIPUY g oK) oK1 oKND yUT1yUN)GIZ1,yIN),
! : 19 COUIROCT gJoK) g KT T gKN) =1, UN) IZ1,1IN),
‘ ) 20 C(((UH(I,J'K,'K:1'KN"J:"JN"I:I'IN"
21 COUCVME Ty JeK) g KIS 1o UND 13 UNDYZIZE L IND,
22 COCHTD (L g Jdgd Sy UND) RIS IN) g ((HTE (I yJ) gd=1 4 UN) eI, IN),
Y 23 C((HI(I J’.J-loJN)'I lo N)o('HAR(I.v"J X.JN).!‘ l ]N)p
24 COCHT(Y g ) edTl gdNY gIT1 INDY G CUETA(T yU)pJdslydN) I l'IN)'
F 25 c((‘T‘I'J'K)'K:l'KN)'J:IOIJN,.I:IIIN"
‘ 26 CUOLTNET g JgK) o KTT o KN 3=y dNDY IS INY,
’ 27 COOCTFOT g JoK) gKSToKN) gJT1 yUN) o IZ) g 1N),
28 COOCTAMUT g oK) gKTY 9AN D oJT1 yUN) L IZE L INY,
29 CCIZCCyCHaCVyCPyDX DY DZyDTHyTAUX TAUY,TTOT ,TAIR
30 END FILE 8
31 END FILE 8
32 RETURN
33 END
i
]
’
|
)
|
s
3
l .
i
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7.2.23. TEMS

This subroutine computes temperature only in the
interior of the domain. The schemes used are forward in
time and central in space (F.T.C.S.). Vertical diffusion

term is treated by DuFort-Frankel scheme,
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SUPRCUTING TEMS (INgJUNg: NoHTGHTINHTE o DX 0Y o NZ,0T qRHyBV T, TN,TF,
ChgH oG o MAR GHKE g TATR g TAM RO o XX oYY XXY 3YYY L LN}
DIMENSTION HY(INQUN)gHTDCINGUN) gHTECINGJUNI yMAR(CINGJIND,
CYAMETNGUNGKND) o n (INQUN KN ) gHIINGUNGKN ) 3G IINGJNJKNI 4RO (IN G JUNJKN),
CXXETND G YYLUM) XX UIND) gYYYLUN D,
CTUINQUNGKN) g INIINQUNGKN) o TFCINyJUNJKN)

KN Thh =]

INI=IN=-)

JAlSJUN =1

D0 1T K=1,KkN]

D0 L 122,IN1

e 10 J=Z2,UNg

[FIMARIT 4J)eEQa1l) CO TO 11

60 10 37C

CONTINUF

OHUTXZIHTD(TI O] gy JIOH(I® g JoKIRTN(T#) 3 J K)=HTD(]I=],J}
COHEI=lgJyA)aTN(TI=1,J,K))/(2%DX)
OHVTIYS(HTD(T yJol 0o 0T o]l JK)STNIT U0l oK)=
CTHTID (D =1 130 (T od=1K)2TH LT qJ=1,K))2(2%0Y)

PDEY (BT U] gd* 1) =HT(Llyd=1))/71280Y])
DITYZUTN(Tgdel yK)=TNIT ,J=14K})/(2%0DY)

O2TYSH{TNA(TgJd o]l KD oTN(T U =14K)=2¢TNI(T yJoK))/(DYSDY)
DHXZUHT (T ] 4J)=HT (1=]14J))2(2rX)
GLINSUTN(To1 K =TNLT =1 qJeK) )  (2%0X)

O2TXTUTUNCIOY yJ K ) ATNUTI =1 yJoK D =2WTNIT yJeK} I/ (OXSDX)
[FIK,FI.1) GO TO &C

DIWTZTUW T gy g Kol JTNIT gy KoL) =N (T gJgK=1)oTN(TydyK=111)7(2%02)
DITTZUTN (TGS g Kol ) =TNIT JJyK=1))72(2%02)

COATTISUTINCL g UKol DTN T yUyK=1)=T(1,JK})/(D22D2)

GO TO 270

GIWTSZHUBN( Ty J Ko IATN(T qJgK o) 3aN T gJyKISTNITyJgK)~
Call g JogK*2IVTN(Tgdghel) )/ ¢2002)

DITZ=0T U JYSHKS (TINtT 4 Jy1)=TATIR)

DOTT1IZ(20INE ] o doK 41 )=THTI JJoK ) )I2(0OPNDN2Z2)=2001T2/0D2
CCHTINLS ’
DHTZUHTF LT ,J)-HTDO (1,42 0/72¢DT)

FULXZUHUTX»XX (])

TLYTDORYTYRYY (U}

TLATHTD (L 4J ) s WY 2

TLCZ (K =1)eN2 =1 )eNHTSD1TZ

TEZTLXeTLYSTLZSTLC

TrhazoHd COMXOXX (T ) ®DITY SXX (I)HT (I qJ) XX AT INXX LI SD2TXOHT (I, J)*
CAxX(lrenN1TX)
TPYZEHa(ORYSYY(J)ODITYRYY (U HT (I ,J) oYY (JIBYY(J)BN2TYHHT (I ,,J)®
TYYYLUYPLTY)

un T S07

JA~TEXeTHY

TRVZLVeRTZI/ZHTD (T 4 J)

TW=THieTIDY

TFAT g Jy K IZHUTR=TLISNToHTI (T3 JISTN(TyJpK})/
CLHTF AT o)AV T /(D Z2R0ZoHTID(T 4d) 1))

Lo TO 8

TFUT S KIZTAMUT gJoh)

CONTINBDE

CONTINUE

RETURM

(R
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7.2.24, TIDE
This sets the values of velocity at one boundary

equal to the value of current comming into the domain.
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SUEROUTINE TIDECT qUoMoIN gUNpKNoU oV H 4GyDoEoT,TNyTIF}
DIMENSION UCINGINGKND ¢V EINGUNgKM) qKEINGJUNKN)
OIMENSTION GUINGUNGUND y Dt INJUNGKND gE CIMoJN JKN)
UIMENSION TUINGUNGKN) o ITNCINQUNG KN o TF (INJJUNJKN)
KNLTKN=1

DO 1C I=1,IN

DO §N K=1,KN1L

Vil 1,122,080

G(I,l1,K)z2.0

E¢l,1,Kk022.0

CONTINUE

RETURN

END )

‘e

- »-"“J
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7.2.25. UVEL3

This subroutine computes u and v velocities from

the two horizontal momentum equations. The schemes used

are forward in time and central in space., DuFort-Frankel

scheme is used on the vertical viscous terms., This subroutine

computes velocities only in the interior,

e Y

i b i e
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SUFEROUTIMNE UVELICINGUNGUN qUoV oM oG 40 oE DX DY 4D2Z oW oTAUX,TAUY DT,
CHT GJHTN JHTF HX gHY gETA WP MAR JKH o HY gCA g RN oFF oCPoCCoCI yCHyCV RO, T
CXX g YY  XXXQVYYY)

REAL KH &V

DIMENTTON UCINGUNGUN) o VEINQUNGKNI gHEINQUNGKM ) 3G EIN JJN KN D
COCT g UM gKP ) gECIN qUNKN D gHY (TN QUND) JHTO(INQUN) JHTE (INQUND yHX(INQUN) 4
CHY(CINQUNDY oS TACINGUN) yP (TN gUNoHN) yMAR T INGUNDY g WEIMgUNyKNY
C.FO(IV.JN.KN).NIN.JN.KNI.

CXXUOTA) G YYIUND XXX TIN) G YYY LUN)

KNI Sh* =]

IMITIMe]

JN]ZJN -} '

ud 10 IT2,41IN1

00 10 J=2,JNl

N0 3 K=1,KN1

IF(~8 (T,J)eEQLIL) GO TO 11

6o 10 10

CENTINUE

ETAYZHETA(TI ALl qJ)=ETA(T=],oJ))2(2%DX)

DHXT(HT (I g d) =HT(T=14J))/7(2%0X)

NHYZ(HI(T ,J2 1) =HT (] ,J=1))/(29DY)

CIPYZUP(T oL gdsK)=P(T=1,JyK))2(2%DX)

DIHNMUYZUMOL® L gJoMIOH(T ¢ JJ K IWHTD(I] yd)=ci(T=1ydyK)e
CHUTI=1,3JeKI®HTN(TI =1,J))/7(2%0X)

DIHUVYS(HOT ¢ JOoloKISGUT yJo0l oK )OHTDII gUel )=H(T  J=1,K])%

COUT gJ=14KIEHTIN(T ;J=1))/7(2380Y)

PHIUXZSIHET oL gJgK)=HIf=1gJyK))Z12%DX)

DIUXTUH(TP] g dgKYSH{I=1 gJyKI=2oH (]l yJyKID)ZLNX*DX)

DIUYSHH(T gJo ] oK) =HIT yd~1,K))/712«0Y)

D2UYZUHET yJo ] gK)eH(Tgd=14K)=ZoH T ,,JyK} )/ (DYDY

CONTINUF

IFIK.EQsl) GO TO 7C

CIUU1:‘H(T|J'K'I "H'I 'J'K OXI-H(I.-I.K-I)*U”'JpK-U ,/‘Z‘OZ,
DIUZS(HET gdoKol1 ) =HIT J,K=1)1/7(2¢N2) .

D2UZIS(HIT g oKl ) eH{T oo K=1)=UI(1,3JyK) I/ (DZ7%NZ)
¢ 10 ar
DIUNZZ(UsHT g oKl )l Lo oKt 1) =2 T yUyK)ENITyJysK)=H{TyJyKe?2)»
C:i(l QJ'K’A”,/"I“D?’

IUST(TAUXSHTIN(T g JIV/tKY)

DOUZIZHDON(T g oKl )=UlT,yJeK))/LD2Z9L2)=28D01U7/D2

CunTINUF
OHT =UHIF T3 J)=HTU(T U )Z7(DT)
UISCTs(NIHUUXeXX LTI eCIHUVYSYY (U) oHTN (T J)s0D IUNZ
Cl(K=1)8N/=1 )P UZ*LHT)

UL TTCHOHTN(IT gJ)I¥(FIAXOCR ) (=],)¢XYX(])

UP2 AR XY XL, ) /PRYISHTIN (T WJ)

UP T~ (i eXX{I )eUhX®(K=1)%CTZ)KHTD(T,J)

UPTUPLsU'P2elFRY
UCICCSHTO(T g J)SFFeG(]gdyek)

UHZCHUKHW (DHXeXX (TISXXIT ) #DIUNOHT(I )8 XX (T aXX({I)eN2UX
ConT Ul yJdIaXXY{T)alIuUY) e
CCHeRMAIOHYSYY (J)*YY(UIODIUYOHT(T Ul YY(J)eYY(J)eD2UY
ComlCT JhuyYYY (U)eL LIV
UVZUKVADPDUZLI/ZHTO(T ,J)

DUT g JyKIZUU=UTOUCHUHAUNVIICTIHTIDA(T g d)oHIT 4ok )Y/

CLHTF AT qd) o (VDT Y /(D2 LT *HID(T 4} )}

—

e @t s eetl
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CONTINUE

00 0 I°2,1IN)

DC 0 Js2,4JdN!

DO 7 K= ,KN)

IFAMARETY 4J)0EQW13) GO TO 12

60 1O ID

CONTINUE

ETAYSHIETA(L o)) =F TALTod=1))7(200Y)

GHY (T (1ol gd)=HT(I=1,4J)) /(290X

OHYZIHT (] g0 1) =HT(2yd=1))/7(280Y)
UDIPYZUPUTI yJo o) =P (lod=1,K})/(2%0Y)

DIHOVY S (W (101 g JgK )G (T 0] g0 K ISHTOL101 gd) =H({I=1,JgKIBGLI=]oJyK)®
CHTD(I=1,J))/(2eDX) .
UIHVVYSHG (D qJolgKING(T gU oK IMHTDITgJ913=G(] ,Jd=1,K)®
CO(Yod=1leKISHIN(T J=1))/712%0Y)

DIVXSHG T gdoK)=Gil=] J oK)/ (290X)

DIVYSHIGUI AL g oKISC (Tl o JgKI=29GLTyJogh))/{DXRDX)
DIVYSHUGUIgJolyK)=C I Jd=1,4K))/(2%DY)

COVYSUG T qJdol yK) 00T gd=1 ,K)=20G( gJyK))/Z(DYROY)
IF(K.,FQal) GO TO 9C

DIVYZS Ut T oo Kol I oul] qUdgKel)oGll JoK=1)8W(lJyK=11)/(2%02)
DIVZ=(GIT yJgKo11 =Gl JKk=1))17(2%D7)

D2VZIZ(OlT oo K1 DGl oo K=1)=V(I JoK3)/(DZ002)

LG 10 9¢ s

CIVWZT(un 0Ty Jok ol it oy Xel)=38G (] yJogKItULI gJoK)=G(TyJyKe2)8
CallodeKeZ))/7(2%D2Y

DIVZZ(TAUYSHTINU(T 4 J)V/(KV)
D2VZ21S(2%06LT oK o1 )=V 1oJdyK))2(DZ2%D7)=-2%013V2/02
CONTI™US

DHYITHHTS(T,J)=HTOD(TI,J))2(DT)

VIZSCIe(NITHUVXSXX (T)CTIHVVYSYY(J)OHTD (I, J)SD1VWZ
Clid=11%NZ=1)sN]1VYZ+CHT)

VPITCPHHTR(T yJIC(ETAYSCR I (=1,8YY{J)

VP2 Z=(DIPYRYY(J)/ERIRHID (T ,J)
VPIZ(EQ*YY(J)OMHY® (K= )807 )2HTOt 4J)

VPIVP1eVP2eYP3

VCZCCsHTOD(I g JISFFoanl{] gJdeK)

VHICHSKHS LOHXBYX (T )IoXX(T) . IXOHT (T, J)eXX(I)aXXIT)sN2VYX
CONTLT y XXX LT I 1VX)

COoCHIKHTADHYVYY LJ)BYYLJISCIVYOHT (T, ) aYY(JUISYY(JIRD2VY
CHOHTHT ZyJYeYYY (J)DIVY)

VVZKVe QI VZIZHTDE] o J)

EllogdoK)Z({=VTIIVCOVHOVVI ANTOHTD(TI,,J)80G(T UK/

CIHTF LTI yJ)otKYeDT ) /(D% 02oHTD(T4d)))

CONTINUE

CONTIMUF

RETURY

END

R page *<CEDING PAGE BLANK NOT FiLmep




210

7.2.26, WHTOW
This subroutine calculates the value of W(%) which

is used in the model from the value of WH (w) specified.
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SUBROUTINE WHTOW (INQUN oKN JHTOHTEQHT gETA Do F yW oW Hy DX yNY 4 DZ,0T,MAR,
CaxX,YY)

DIMENSION HYCINGUNDIGJHTO(INQUNI GHTECLIN gJN) JMARCIN 3 JND oDUINGUNJKN) o
CECINGUNGKND gWEIN gUNoKNY gWHIINGJINGKNDY JETALINGUND) g XXIIN)oYY{UN)

KNl =KN=]

INIZIN=}

JMl SJN=]

D0 10 K=T2,KN

D0 10 I=2,INI

U0 10 Jz=2,UN}

IFIMAR(],J)EQ.11) GO TO uW

GO T0 )0 '

OHXSUNTE (o] yJ)=HTE(T=1,U))/7(2¢DX)

OHYSUHTE (T gJol)=HTEIL yJ=11)7(2eDY)
ETAXTUETALIS L gJI=ETA(TI=]1,J))/ 120X}
ETAYZUIETALL gl )=ETAL] yJ=1))/120Y)

DHTS(HIN(TI,J)~HTE(I,J))Z(DT)

W L ool IS IWH (T qU oK)=l ((K=])002«1)0DHT=D(I JoyKI®ETAXEXX{T)
CoC (Vg JyKINETAYRYY(UIo(h=1)0020N(ToJoKISDHXOXX(]1)O(K=]1)8DZ®

CECTI yJoKISPHYSYY(JUIII/HTLL (J)

CONTINUF
RETURM
END

R MY AL 1

BT T
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7.2.27. WVEL

This subroutine computes the vertical velocity

() by using the equation )

o . 1S Y, o AHY) 0 ' 3 (HU
o

sy D) g0 4 2w - v, X SRS vy 3y

the numerical scheme used is central in space and (rapezoidal

rule is for numerical integration.

-
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THIS PROGRAM CALCULATES THE VERTICAL VELOCITY IN THE GAMMA COORDS

SUBROUTINE WVELUINQJUNQUN qU VoW oHT JDX qDY D2 ,MAR XX oYY JWH)
DIMENSION QDUOLINGUNGKN) gVEINQUN QKNI JHY (INgJN) g Wi INQJNGKND) gMAR( TNy UN)
CoXXCTHY JYYULUN) JWHIINGJUNJKN)

KNI TKN=1

INITIN=]

JNIZJUN=

DO 10 I=2,IN]

DN 10 J=2,JN1}

oumM=0,

D0 9 K=t ,KN

IF(“aAR(T,J)EQ.1)) GO YO 20

6Q T0 10

DIHUXSUHT (I o g Ud sl (T U oK)=HT(T=1,J)0UlT=],J,K})/(P20DX)
DIHVYSUIHT UL g JolioVITaJol yKi=HT(T yJ=1)sVI] d=],K) )/ (2e0Y)

IF (KeEQel) GO TO 17

IFIK,EQ.KN) GO YO 17

OUMZOUM D23 tOTHUXOXX (I )ODIHVYSYY (J))/HT (]I U}

GO0 10 9

DUMSGUMeDZO(DIHUXSXXLT IO INVYSYY (J)) Z7U2OHT(T J))

CONTINUE

GUMTOUMeW LT g JoKN)

Wwuns=le R

DO * K=2, KNI

IF(~a®t1,J),E0.11) GO 10 4O

g 10 10

DIHMUNISUHTII O yJ)o Ut g doK=1)=HT (o1 J)o(T=,JeK=1)07(2%0X)
DIHUY Z(HT (I 0] g1l (10l yd o K)=HTtT =l d)mUlL=1,JdeyK} )/ (200X}
DIHVYZUHT (I g Jo ) sV (1,00l yK)=KT(T yJ=1)1oVII, d=1,K11}/(2e0Y)
CIHVYYIZtHTUT ydol 3oVl quo ) yKol)=UT(l yJ=1)8V( T od=1,K=1)1/7¢290Y)
BUDZWLUD D29 tDIHUXSXX ()2 DIHUX I XX (1) 20IHVYSYY (U +DLIHVYIOYY(J))/
TATeHT( T d )

vl gJeK)Z=aUUSLUM(K=1)9D7

CONTINUE

CORNTINUF

RETURN

END

"ty
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7.2.28. XYSH

This subroutine does the stretching in both hori-
zontal directions and determines the constants XX(I), YY(J),
XXX(I) and YYY(J). This subroutine needs the values of
DEEX, DEEY, EEEX which are read in:the main program., In
order to obtain these values, another main program ''CONST"

|
has to be run. !
|
|
i
|
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THIS SUPROUTINC COMPUTES THE HORIZONTAL STRETCHING CCNSTANY

SUMROQUTINEG XYSHOINgUNQDELY JDELY JOEEX JOEEY JEFEXEEEYoXX,YY,
CXYX GYYY o h o BoX,Y)

DIFFREION XEIND o XX AIND QXXXEIND QY LUNDY oYY LUND) YYYEUND L ALIN) yBLUN)
Vo 10 I=) 1M

XtlIctl=3)eDELX

ALLIZUIXCT)=NLEXI/ZELFX

XX¢1)31./72C0SHEACED)
XAXAD)S=SINHCALT DI Z(EECXOCOSHIA(TIDI0n])

CONTINUE

DO 2C JT1,JM

YUOJIStu~L)eDELY

ElJISUIYIJI=-DEEYYIELCEY

YY(JIZL o /COSHIT(JY)

YYY U UIZ=SIANHLIR (DD I ZLEELYSCOSH(B(U) )eed)

CONTINUE

RETURN

(LN
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TABLE 1: Representation of variables at different time

levels
VARIABLE n-1 n n+l
Height HT HTD HTE
(H)
Height HI HI HI
(h)
u-velocity U H D
v-velocity \Y G E
w-velocity WH WH WH
Q W W W
Density RR RR RR
Temperature T TN TF
n ETA ETA ETA




Sithidhtididithiididn
mEmEmlemEE gl

- Fig. 1 Flow chart for NASUM II
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TTOT = AT
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THERMAL POLLUTION LAB
UNIVERSITY OF MIAMI
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Fig. 7 Florida Power and Light Companys Hutchinson
Island Site Power Plant
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Discnarge volume 263,000 G.P.M
Discharge Velocity: 0.102 ¢
A/ Discharge Temperature: 35.0°C

Current: 2 cm/sec
(Parallel to shoreline)
Wind: None

Total Time: 60 min.

@

Fig.ll Surface isotherms obtained after 1 hour
of simulation of the free surface model

for the sample problem.

0 500 m

(Hutchinson Island Site)
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Air temperature = 20° C
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Figure 12 Wind shear stress reiation.
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APPENDIX A

Wind Stresses

The wind shear stresses T,x and sz are computed by using
the Wilson curve as shown in Fig.l2, First, the magnitude
of the wind velocity, in meters/sec., is used to read off from
this curve the resultant shear stress;T,. and Tyz are deter-
mined by simply resolving t into its respective components.
As an example, consider a wind of 10 mph from the South
West direction. Assume that the direction of North is in the
same direction as the positive x-axis, and East is in the same
direction as the positive y-axis as shown below.
X N T
45}4;
| sT2X

AR
y oy

Then 1, = 7t cos 45° = .4 cos 45° = 283 dynes/cm2

T,y = T osin 45° = 4 sin 45° = 283 dynes/cm?

Where 1 = .4 dynes/cm2 for 10 mph = 4.47 meters/sec.
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APPENDIX B
HEAT TRANSFER MECHANISMS
The analysis in this section is taken from Harleman et al.
(1973)
l. Solar Radiation (short wave)

The incident solar radiation impinging on the water surface

may be expressed as:

95 = 9, (1-0.65¢2)

Where Y8c= clear sky solar radiation obtained using the 100%
possible sunshine curve (given in Appendix B)
C = fraction of sky covered by clouds
The reflected solar radiation is typically 6% of incident solar
radiation, hence the net solar radiation absorbed by the water

surface is:

®sn * P = @

~ P
or - 0+940__(1-0.65¢%)

2. Atmospheric Radiation (long wave)

The basic equation for the incident atmospheric radiation,

Pa is given as:

® = cor™
2 ¢oT
Where € = average emmitance of the atmosphere
0 = Stefan-Boltzmann constant
Ta* = air temperature (absolute)

IR
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However, good agreement with experimental data has indicated
that 1is a function of T, ( ), and specifically, 73*6
dependence gives best results for atmospheric radiation at low
temperatures, as well as providing a good fit at high temperatures.

Clear sky incident rt!mospheric radiation, 9y, , may be expressed as:

- *
O ™ -4 %10 13(Ta)6

and, then incident atmospheric radiation including cloudiness

uay be expressed as:

0y = Paell + 0.17¢%)

A figure of 3% is usually accepted as reflectance of a water
surface to longwave radiation. Thus the net atmospheric rad-

iation absorbed by the surface is:

°Il‘l = Qa - Qar = 0097¢a

and, therefore, we have:

- *
9gy = 116 x 20713z 6 (1 + 0.17¢%)

3. Longwave Radiation from the Water Surface °br

In reference ( ) it is noted that the emmissivity of a
water surface is independent of temperature and salt or coll-

oidal concentrations, and gives a value of 0.97. Thus we obtain:

Qbr = 0097° (T:) 4

Where T, = water surface temperature.
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4. Evaporative Heat Flux, a

Evaporation from a water surface occurs as a result of both
forced (wind driven) convection and free (bouyancy driven)
convection. The evaporation rom a water surface is usually

written (mass/area/time) as:
E=pF(W )(e, =-e))
b4 8. a
Y
Where, E = mass flux (mass/area/time)
P = density of water
W, = windspeed at height z above surface
F(Wz)=windspeed function for mass flux including both
free and forced convection effects (length/time/
pressure)

e = saturated vapor pressure at TS

e_= vapor pressure at height z above surface
Then writing the above equation in heat units, the evaporative

heat flux, Pe is given by:

Pe = F(W’z)(es -e)

Z

Where F(wz) = windspeed function for heat flux (energy/area/
tima/pressure)

Now, dropping the z subscript (and assuming W measured ''z"

above the surface =~ W at the surface) we may expres F(W) for

a natural water surface and for an artificially heated water

surface as:

F(W) = 17W . . . natural water surface
1
and F(W) = 22.4(Ts-Ta) /3 + 14W . . . artificially heated surface
surface

b
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5. Conduction Heat Flux,

Bowen (see reference ) has suggested that conduction can

be directly related to evaporative fluxes by assuming that

eddy diffusivities of heat and mass are identical.

¥ - vac
" T =T .i
ere = . -5-—-4__ = Bowen Ratio
h Rb cb e’ °a

and G = Bowen constant = 0.255 mm H§/°P

and, therefore the conduction heat flux, ¢ ot may be expressed

9, = GF (M) (7,~7,)

Thus,
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APPENDIX C
THE EQUILIBRIUM TEMPERATURE AND THE
SURFACE HEAT TRANSFER COEFFICIENT
The net heat transfer ( ) through a water surface is
composed of radiation penetrating the water surface from above,
radiation out of the water surface, evaporation, and conduction

transfer. These are indicated schematically in the following

figure: |
\qh. ®a %r
solar \ atmos. back | evapora- conduc-
rad. \ rad. -vad, tion L. kion
\S/f°sr // Car %e [”c

Fig. F-1l. Heat Transfer Mechanisms at the Water
Surface. :

The follow...g heat balance results,

O, 9, - 9 +o0. -0 - -9, . -0 ...........(F-la)
n s sy a__ Par T Ybr. e c .
Pan ®an '
where 9, = net heat input = P t Pan ~ Ppr " % " %% eee (F-1b)

Now, equation (F-l) may be rewritten as,
Qn = @r - QL ooooooo..ooooo-oooooooooooooo.ooooooooo.(F‘Z)

- 3 1 o= +
Where @r net absorbed radiation %2n aan

= +
and o Ppr + O ©q

A. Equilibrium Temperature Calculation, Te (See Appendix E)

Under equilibrium conditions equation (F-2) yields,

¢n=°=°r-°L {
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so that,

'r - vL. ......‘00.0...O..0...'0.....000.‘0.0.‘..... u"3)

Then by using the approximate formulae in reference ( )

we obtain by setting Ty = Tg

0.5 ® _(1-0.65¢%) + 1.16 x 107237 8 (140.176%)
- o 970(r, % g (ag=0,) + G, (T -7, 11 .. (F-4)

aere Vg ™ clear sky solar radiation
C = cloudiness ratio
T, " air temperature (°~ ox °F)
'1'. = aﬁuilibrium temperature (°c or °F)
T* = absolute temperature °k oz °R)
F M) = windspeed functic;n (8TU/ ftz/day , mm Hg)
e, = saturated vapor pressure at water surface

temperature (mm Hg)

e, = saturated vapor pressure at air temperature

(nm Hg)

¢ = Stefan-Boltzmann constant :‘4.1 X .O'8 BTUAftz,

day, °R4

c:b = Bowen constant = 0.255 mm Hg/oF (see Appendix E)

W = windspeed (mph)
For a natural water surface,

FUW) = L7W ittt ittt eia e cn s (F-5a)
and, for an artificially heated surface,

F(W) = 22.4 (Te-Ta) 1/3 4+ L4W. ..o (F-5b)

‘r‘ﬂ-
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Thus, equation (F-4) becomes,
0.94 9, (1-0.65¢") + 1.16 x 10713 (z *)® (140.17¢%)

. . ‘ o |
W - -
= 0.979 (Tg*)" + L7W [{e ~e,) + 0.255(T -T,)]
or,
0.94 o, (1-0.65¢%) + 1.16 x 1073 (z %) 6 (140.17¢?)
= 0.9% (2,)% +1 22.4(z -7 ) M3 4+ 149

[(e,-e,) + 0.255(T -T,) ] :
Therefore for known °sc’ ®s’ Ca’ T, and W T, can be
determined by trial and error methods.

B. Surface Heat Transfer Coefficient (K)

From reference ( ) the surface heat transfer coefficient

K, can be determined as follows,

K= = since o o_(T ) and . . —t = 0,
T,y 3T, r r'’s ' 3T,

where T,, =(Tg + 're)/z
Thus,

de

* 3 s
K= 3,880(T.)° + F(W)[(3s==) + ]
s 0T mup %

+ Lley - o) +oylry - 7))

where 2EM0 _ 0 . for natural water surface
T -

1/3(22'4)(T5-Ta)-2/; for artificially heat~d
, water surface

-t

P———

< oamntens
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C. Numerical Example

Consider natural water surface
C =0

T, =25°C

W =10 mph

Location - Miami (latitude 26°N)
Date - December 20

From reference ( ),

er, = 25% - e, = 0.43 psia
0'1'. = 27% 95_935_;5_": e, = e, = 0,51 psia
From reference ( ), Figure 2,15, pg. 2-61 (sece Figure F--3)
Pac ¥ 425 lLangleys/day = 1560 B‘I‘ir/ftz/day eee uUsing
100%sunshine curve at 26°N, Dec. 20
Note: 1 Langley/min. = 220.62 B'I'U/ftz, hr, = 1 calarie/cmzmin.

Then using equation (F-6) with ¢ = 0,

0.94 (1560) (1) + 1.16 x 1013 (5.37x10%)8 (1) = 4250

4 x 1078 (5.406x102)% + 170 (.255) (2)+(.08) (51.7)]
4206 close enough!

° -~ o
e o Te = 27 C
(where 1 psia = 51.7 mm Hg)

Then from equation ( ),

K= 3.88 x 4.1 x 1078 (5.406x10%)3 + 170 (.255+0.0251x51.7)
-d
K = 290 BTU/ft%, °F, day

aes ~ Sa"C;
where - = ,0251
oT Te ’I‘a
'1‘=‘I‘av

el
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D. Discuasion

The equilibrium surface temperature, Te , for a natural
water surface, can be greater than the atmcspheric temperature,
Tar whereby Ts increases from values below T, up <o T, as
equilibrium is reached. As can be seen in the figure below
(F=2) Te can be greater or smaller than Ta depending on the time
of the day. Simply Ty> Ty during the hours of sunshine and

Te>'1‘a at night when the water surface is cooling.

s

4 8 12 16 20 24

*This plot is taken from ( ) and has no relation to the num-
erical example given in this paper. However, the numerical

example considered 100% possible hours of sunshine (Te> Ta)'
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