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PREFACE

This volume presents the description and program documentation of
the three-dimensional, free-surface mathematical model for thermal pollu-
tion analysis and prediction for shallow water bodies, for example, lakes
and coastal waters. The program was developed by the Thermal Pollution
Group at the University of Miami, and was successfully verified through
application to several sites. This success was made possible by funding
and technical assistance provided by the National Aeronautics and Space
Administration (NASA) and the Environmental Protection Agency (EPA).

The model is time dependent, and the leap-frog and DuFort-Frankel
schemes are adopted for solving the predictive equations based on the
conservation principles of mass, momentum and energy. The model has
been developed with minimal physical and site restrictive assumptions, and
its algorithm has sufficient generality to allow for different boundary con-
ditions specified at open boundaries. The program shows both the tem-
poral- and spatial variations of the surface water height. It computes
three-dimensional velocity and temperature fields. The model can serve
as an effective means for hydrothermal analysis and prediction. Plotting
programs employed for representing the numerous results are also in-
cluded.

The volume is intended as a user’s manual and, as such, presents
specific instructions regarding data preparation for program execution.
To illustrate further, an example case is included here with its input
data, hard copy printout and plots. The complete listing of the program
and its accessories is also included.



ABSTRACT

A mathematical model that can be used for the analysis of thermal
discharge from power plants into tidal estuaries and coastal waters is
described. This transient, free-surface, three-dimensional model can
be applied to predict the water temperature as a function of time and
position in a specified region.

In situations of practical relevance, the specified coastal or off-
shore region will be a water body of irregular bottom topography with
possible islands or keys. The user specified the boundary and boundary
conditions, as well as the water depth distribution. Semi-diurnal tide is
considered in the model. Hourly weather data is needed for wind stress
calculation and heat exchange between water and the atmosphere. The
ambient temperature is assumed of a sinusoidal form of 24-hour period.
The ambient turbulence is included by an eddy viscosity and diffusivity
formulation. The appropriate values are to be calibrated against mea-
sured currents.
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SYMBOLS

Vertical_?ddy viscosity,
cm? sec

Horizont_all eddy diffusivity,
cm? sec

Vertical_egddy diffusivity,
cm? sec -1
Coriolis factor, sec
Relative humidity in fraction
of unit

Acceler_az‘.ion of gravity,

cm sec

Local water depth with re-
spect to mean sea level, cm
Total water depth, cm
Gross sglar ragiation,

BTU ft ¢ day

Node index in the direction
of the x-axis

Node index in the direction
of the y-axis

Node index in the direction
of the z-axis

Surface heat exchange co-
efﬁciep;, BTU ft © day
deg F

Reference length, cn
Pressure, dynes cm

Time, sec

ave

o A
o Q [+}]

Water temperature, deg C
Air temperature, deg F
Average of air and dewpoint
temperatures, deg F
Dewpoint temperature, deg F
Equilibrium temperature,
deg F

Ambient surface tempera-
ture, deg F

Component of water \_{?!ocity
along x-axis, cm sec

Wind speed, mph

Component of water velocity
along the y-axis, cm sec
Component of water velogi{:y
along the z-axis, cm sec
Displacement of the free
surface with respect to the
mean water level, cm -3
Water density, gm cm
Nondimensional vertical
fluid velocity
Nondimensional vertical
coordinate
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SECTION 1
INTRODUCTION

The analysis of thermal discharges is important in order to minimize
the environmental impact and to manage efficiently and safely the waste
heat problems. The study of technological solutions to the problems of
heated water disposal involves complicated relationships, such as the
location, geometry and types of the discharge outlet, the flow condition
and temperature of the receiving water body, the meteorological conditions
of the site, the waste heat output of the power plant, etc. A thorough
understanding of the thermal effects and physical processes of heated
water dispersion to the environment is an essential part of serving the
rapidly growing demand for electrical energy, while reducing the possible
impact on the receiving ecosystem.

The thermal effluent from a power plant will have variable conse-
quences on the aquatic life of a receiving water body and the adjacent
environment depending on the temperature rise. Therefore, the prime
objective of the heated water discharge system is to bring the discharged
water into thermal equilibrium with the surrounding water by bringing
thermal outfall to the mainstream of the water body, whereby the mixing
and convective processes will increase the surface heat transfer to the
atmosphere. Thus, the temperature rise within the tolerance of natural
environmental conditions is very important on the disposal system de-
sign and the standards for regulating thermal effluent.

Under limited circumstances, in-situ measurements can serve for
diagnostic and monitoring purposes for meeting the need of analyzing
thermal impact on receiving water body. However, to provide a priori
information about the nature and extent of thermal impact for site selec-
tion and discharge system design, numerical modeling for simulating hy-
drothermal behavior of the water body is imperative.

During the past years, many numerical models have been developed
for hydrothermal studies. Dunn et al. (1975) gave a presentation of
different models developed up to then. They applied those models to
the Point Beach Nuclear Power Plant and compared the performance of
various models in predicting a standard data base. A general conclusion
that can be made from their analysis is that though some models may
perform well under certain conditions, a generalized model which accounts
for wind, current, tide, bottom topography and diverse meteorological
conditions is yet to be developed.



Since 1974 the Thermal Pollution Group at the University of Miami
has endeavored to develop a mathematical package for hydrothermal studies.
The primary motivation behind the effort was to develop a series of models
which make minimal site restrictive assumptions enabling application to
diverse basin and discharge configurations. Two separate formulations
were made, one with the rigid-lid approximation and the other with the
free-surface included. The details of the package and formulation are
presented in a number of reports by Lee et al. (1978).

The present report concerns the UM's free-surface model and its
application to the Anclote Anchorage in Florida for waste heat discharge
from a power plant. The features of the model are: a) three-dimensional,
b) nonlinear, c¢) time-dependent, d) irregular topography, e} driving
forces including wind, tide, heat and mass flux, f) graphical represen-
tation of results of velocity and temperature fields, g) prediction of
temporal and spatial variation of water surface.

The descriptions of the main program and its subroutines, main
algorithm and flow chart, program symbols, input data and logic para-
meters, as well as the description of associated plotting programs, are
contained herein for the ready access of the computer program package
to the user. A preliminary review on existing three-dimensional free-
surface models, basic concepts of the present model, assumptions, ap-
proximations, governing equations, initial and boundary conditions,
finite difference implementation and numerical solution methods is pre-
sented in Lee et al. (1979) and Carter (1977).

The report also contains a plotting program which is used to analyze
the results of the main calculation. A subroutine to compare the calcu-
lated temperature field with that obtained by IR scanning is presented in
the program. Note that the IR temperature is interpreted by hand from
the mosaic film and then read in for isotherm plotting and comparison.

The model has been tested for its adaptability. That is, the model
allows for program modifications so that different initial and boundary
conditions could be considered. The main program has several flag
statements which make different usage of same program possible. Any
program modification for the purpose of model transition should be made
with care, and the new program should be validated by sample runs to
assure that the effect of the modification is as desired. The same is
also applicable to the plotting program.

The program therefore contains two parts. Part 1 is primary and
performs calculations; Part 2 is secondary and is for analyzing and plot-
ting the results of Part 1. ANCMN is the driving program of Part 1.
The input contains parameters, geometrical and initial data, or tape which
stores intermediate results; output contains printout of results at preset
time intervals, in both hard copy and tape form. The hard copy printout
provides the base for analysis, upon which decisions and choice of the
plots needed for further analysis and detailed comparison with measured




results can be made. PLOTMN is the driving program of Part 2. The
tape output from Part 1 is the main input. In addition, control cards

assigning choice of plot, plot size, simulation hour and measured result
for comparison are also required. Output is in printout and plot tape.
The latter is used for plotting by CALCOMP plotter.



SECTION 2
RECOMMENDATIONS

The model can be enlarged to handle any passive constituent, dis-
solved or suspended, possessing arbitrary decay characteristics. The
formulation of the constituent transport is based on the convection-
diffusion equation, which is analogous to the thermal transport equation
in the present model. The enlarged model would then be an ideal tool
to study the ecological response of aquatic biota to the thermal effluents
of the power plant.

The model can be modified to include bouyancy effects caused by
fresh water /salt water sensing by including a salinity-dispersion equa-
tion. This equation will be of similar form to the energy equation.

The code is written for a constant grid size. Modifications can be
made to incorporate a coarse grid for the complete field in comparison
with a fine grid near the discharge location. This will allow a more
accurate prediction of plume behavior in the near field. A penalty in
computational cost will be incurred.




SECTION 3
PROGRAM DESCRIPTION AND FLOW CHART FOR MAIN PROGRAM (ANCMN)

DESCRIPTION OF PROGRAM ALGORITHM

The governing partial differential equations are given in Table 1;
the symbols and definitions are referenced in Nomenclature. The problem
is set up as an initial-boundary value problem, so values of dependent
variables are assumed known initially and prescribed on boundaries.
Values at successive time steps are obtained by using a true explicit
scheme. The leap-frog finite difference format is used to calculate sur-
face elevation n and two horizontal velocity components, u and v, at
time n+1, where n is the present time step. The variables at times n-1
and n are all known. The sequence in which calculations are performed
is as follows:

1. Integrate the surface elevation equation gs‘ing central-time central-
space (CTCS) differencing. That is, n” ', 1" and u”, v" and h.
Note ’%hat h is independent of time while the present water depth H
= h+n n-ﬁ needed in 'glg_nrs calculation. In the subroutine BETA, not

only n but also Q (i, j, k), the modified vertical velocity in

transform (o) plane, is accomplished immediately after the n compu-

tation.

n

2. The next task in the sequence is to calculate the nonlinear inertia
terms that appear in the horizontal momentum equations. Here, two
subroutines are involved: BNRTIA is

TABLE 1. Governing Equations

Continuity Equation*:

9 Hu 3 Hv 3N an _
5x T3y THas tap =0
u Momentum Equation:
dHu , 3Huu , 3Hvu d3Qu du 3 n
+ —— ————
5t T ax T3y T H3g t(+a g - fVH

--H3p _ 8H _ 38n, Av3ilu
T 0 X gH (Gax+8x)+ﬁ-5_c7-



v Momentum Equation:

3Hv+aHuv 3aHvv I Qv

= = +8y -J-Hac +(1+o]3—0-8-t—+qu
=-H3p_ 3H 4 3n, , Av3ly
T p 3y gH (o 3y +ay) TH 7

Energy Equation:

AHT _ 3HUT . AHVT 3 v 3T 31
5t Ta3x Tay ‘THiz tU+adgr5
B, .2
v 32T 3 8T . 3 ¢ OT

(H ==)1

“W 357 TBh L H o 55 H 55

* This equation is vertically integrated to yield a) prognostic equation
for y, and b) synoptic equation for Q; they are

an _ _ o (8Hu _ 3Hv
s - -1l Gx tay ) d

an, 1 9Hu , 2Hv,

-9 2 )
““ant TR Gx tiy

The latter, upon transformation, yields the actual vertical velocity

3H

w=$2H+(1+u)g,21 + U ,JH 20 30

= +\'By t gyt vay

for interior points, while ABNR3 is for open boundary points. Note,
for the Anclote Anchorage sample problem, the open boundaries are
at j =1 and j = 14, and the imposing tides are applied at points
immediately outside these open boundaries. Therefore, program
modification is needed if different open boundary conditions are
employed.

3. Following the inertia terms computations, which may be skipped if
the Rossby Number is very close to zero, new values of u and v
at n+1 are computed for all points in the grid. Again, the leap-
frog and central-space scheme is used, but DuFort-Frankel differ-
encing is applied to the vertical momentum diffusion terms. Two
subroutines are called here, BVEL for interior points and ASAF3
for open boundary points. Since velocity at all points is calculated
without distinction, a subroutine GIVENU is needed to specify the
given discharge or flowrate at particular points, that is, to replace



calculated velocities at those points with known values.

Steps 1, 2 and 3 are calculations for surface elevation, modified
vertical velocity and horizontal velocity components; they constitute the
V-calculation. Whether the V-calculation is:to be carried out or not
depends on flagged statement KVEL = 1 or 0. The next group of calcu-
lations is for thermal transport, or T-calculation, and it involves the
energy equation only. Similarly, this group is to be flagged by state-
ment whether KTEMP is unity or zero.

4. The convective term in the energy equation is calculated next, using
either a given velocity field, in the case of KVEL = 0, or the pre-
sently known velocity field at n+1, in the case of KVEL = 1. The
subroutine for this purpose is CONV.

5. The energy equation itself is then integrated over time to obtain T
at n+1. The forward-time, central-space (FTCS) and DuFort-Frankel
differencing for the vertical diffusion term are used in the calcula-
tion. The subroutine involved is TCOMPT. Since temperatures at
all points are computed without distinction as to whether the points
are with given temperatures or not, subroutine GIVENT is needed to
respecify the temperature at the given points.

Clearly, Steps 4 and 5 make up the T-calculation. In either of V-
or T-calculations, vertical velocity w.is involved. Instead of w, the
rate of change of surface elevation, 5—;—1: , is used for convection in ver-
tical direction. ‘

6. The actual vertical velocity, w, is computed when it is+f\eeded fg'_ri
printout. The subroutine is WCAL, and instead of u"" ' and v
which are defined at half J and half | respectively, the interpreted
velocities at center of grid cell are used in this calculation. Since
a space-staggered scheme is used, the water level and vertical velo-
city are described at the center of grid cell, while the horizontal
velocities are described at the edges of cells.

7. The real time (or simulation time) is checked and Steps 1 through 6
are repeated; that is, the above procedure is repeated for n+2 using
values at n+1 and n.

Reference to the flow chart presented in Figure 1 will clarify the
description of program algorithm.

FLOW CHART

Figure 1 shows the main flow chart of the three-dimensional, free-
surface program applied to the Anclote Anchorage. In the flow chart,
the subroutines and their functions are described briefly. Table 2 lists
the subroutines called in the main-program, ANCMN.



Read Data Card (17)

Y Yes
[First Run? (LN =17) |

,No

READT - Read Tape for
Data of Previous Run

f

Card to Reaffirm DT,
EST & Tide Conditions

—

BAYBOT - Preliminary Data

BAYINI

- Initialization

pe-

Hourly Climatical Data

e

BETA -~ Compute ETA (n) and OM (Q)
BNRTIA - Compute RX, RY at Interior Point
ABNR3 - Compute RX, RY at Boundary Point
BVELS - Use RX, RY & Others to do U, V
ASAF3 - Do the Same for Boundary Point
GIVENU - Specify U, V at Discharge Point
V
CONV - Compute Convection Terms for T
TCOMPT - Continue to Compute T
GIVENT - Specify T at Discharge Point
\
WCAL - Convert OM (Q) to W
ANCPR - Continue Printout at Chosen Points
\ No
Enter a New Hour?
\ Yes
TPRLOK - Prints Out Hourly Results
STORET - Store Results & Data in Tape
| No
| Time Up?  (End of NCY?)]
| Yes
I_Put Another EOF on Tape
lStop ]
Figure 1.

Flow chart for calculating prcgram ANCMN and its subroutines




Description -

——— S

Subroutines Required in Main Calculating Program ANCMN

Remark

TABLE 2.

No. Name

1 BAYBOT

2 BAYINI

3 READT

4 IRREAD

5 EQTEMP

6 BETA

7 BNRTIA

3 ABNR 3

9 BVELS
10 ASAF3
11 GIVENU

Reads in bay bottom sounding
(H) and various grid book-
keeping matrices, calculates
depth matrices accordingly.

Initializes the dependent
variables suchas U, V, W, T,
ETA, RX, RY also set 107 to
values outside the calculation
region.

Reads in stored data from
tape for continuing run.

If required, it reads in IR
data as initial temperature;
thus it replaces T input
from READT.

Calculates the equilibrium
temperature over that hour.

Calculates surface elevation
ETA and vertical velocity
oM (q).

Calculates inertia terms of
momentum eq. for boundary
pts.

Calculates inertia terms of
momentum eq. for boundary
pts. on north and south
exit of the anchorage.

Calculates velocity at in-
terior pts. - main part of
velocity calculation.

Calculates velocity at boun-
dary pts. along north and
south boundaries.

Specifies velocity at control
pts., such as discharge, in-
take and river head.

Skip if LN=1, depends
on problem and grid
work, data file AMATN
preferred.

Also depends on probelm

and run conditions. RX
RY are inertia terms.

Skip if LN=1.

No need if T-calculation
began with ambient
temperature.

Number of hour is NCY.

Mandatory in
V-calculation.

il
o

Skip if ROSSBY

Skip if ROSSBY

]
Q



TABLE 2.

No.

Name

(Continued)

Description

Subroutines Required in Main Calculating Program ANCMN

Remark

16

17

18

19

20

21

CONV

TCOMPT
GIVENT

WCAL

ANCPR

TPRLOK

STORET

ZZ1

AMATN

C2007

Calculates convective terms of
energy equilibrium.

Calculates temperature.

Specifies temperature at dis-
charge outlet.

Converts the OM (Q) vertical
velocity to physical vertical
velocity W.

Prints surface elevation,
velocity (mag. with dir.) and
temperature at 4 chosen loca-
tions after completion of
marching of DT, i.e. printout
after each time step.

Prints out the velocity field,
water depth, surface elevation
and temperature field after
one hour of simulation time.

After TPRLOK for printout,
the same data and relevant
parameters are stored onto
tape, either for later plotting
or for continued calculation.

A subroutine called by ANCPR
and TPRLOK; it is for finding
velocity dir. based on U and
V components.

Is a data file containing all
grid matrices and bottom depth
matrix to be read in BAYBOT.

Climatical data used in the
run; the data is on hourly
basis.

Depends on run condi-
tion.

Locations are to be
chosen by user.

Skip if KSTORE = 0.

Same data could be in
card form, inserted
after TINIT card.

Could also be in card
form.

|

10



SUBROUTINE DESCRIPTIONS

This section describes the subroutines used in ANCMN, in order of
their appearance.

BAYBOT

It reads the marker matrix MAR; the elevation matrix ELEV which is
changed to depth matrix H by adding a constant STAGE; then four more
marker matrices, MEX, MEY, MX and MY. It interpolates H according
to marker MEX, MX and MY to find additional depth matrices, called HB,
HU and HV, respectively.

BAYINI

It initializes most of the variable matrices. Since the initial condi-
tion for velocity is a quiescent condition, U1, U2, U3, V1, V2, V3, RX,
RY, ETA1, ETA, ETA3, UB, VB, OM, W and TC are set to zero. The
quiet bay is assumed to have a constant temperature TINIT to begin with,
so Tl, T2, T3 and TB are set to TINIT.

READT

This subroutine reads in input parameters, physical quantities
and intermediate results stored on tape.

IRREAD

It reads in in-situ measured or IR scanned temperature as an alter-
native initial condition to temperature calculation. This temperature is
interpolated by hand and stored in the form of matrix T1.

EQTEMP

It calculates the equilibrium temperature Te and surface heat ex-
change coefficient K_ of a natural water surface. The procedures for
these calculations arg as follows:

1. Td = Ta - (14.55 + 0.114 Ta)(I-—f) - [(2.5 + 0.007 Ta)(1—ﬂ]3
where T d°= dewpoint temperature in °F

Ta = gir temperature in °F
f~ = relative humidity in fraction of unit

= - 2
2, B8 = 0.255 - 0.0085 Tave + 0.000204 Tave

where T ave
T

S

%(Ts»+ T,), and 8 is an intermediate step
ambient surface temperature in °F

o

3. f(u) =70 + 0.7 u?, and u is wind speed in mph

11



4, KS = 15.7 + (B + 0.26) f(u)

where KS = surface heat exchange coefficient in BTU/(ft? day °F)

HS
5. Te=Td+-K—;

where Te equilibrium temperature in °F

Hs = gross solar radiation in BTU/(ft? day)

Note: The T_, f, u, H_and T_ are climatological data; however, care
must be takerf for the hdurly data TAIR, HUMID, WIND, SRAD and TSURF
are in metric units. Therefore, in the above calculations, the basic data
must first be transformed into English units, then the final results, T and
K_, must again be transformed back to metric units. T_ (TEQ) and

(SK) are used in subroutine CONV for T-caiculation. s

BETA
n+1 n+1 . . .
Computes n (ETA3) and Q (OM) by using central differencing
from the continuity equation. The vertical integration is done using
Simpson's rule. The following symbols are used:
DR = depth at half-integer j point on right edge, i + 1, of the cell.
DL = depth at half-integer j point on left edge, i, of the cell.

D2

depth at half-integer i point on upper edge, j + 1, of the cell.

D1 = depth at half-integer i point on lower edge, j, of the cell.

_ 3Hu

DHUX = ™
DHVY = 2HY
ay

AH = total depth at the center of the cell, a half-grid point.
BNRTIA

It computes the sums of the nonlinear inertia terms, RX and RY,
in the x and y momentum equation at each interior point of the domain.
Note that RX (i, j, k) = RY (i, j, k) = 0 for k = KN. The following
symbols are used, in their order of appearance:

AH = depth either at u-point or at v-point

- an
DET = 5
_ dHuu _ 3dHuv
DHUUX = X DHUVX = X

12




DHUVY = JHuv DHVVY = 2Hvv
3y 3y

depth at forward half-grid point in either x or y direction.

D2

D1

]

depth at backward half-grid point in either x or y direction.
UBAR2 = average u at forward half-grid point.

UBAR1 = average u at backward half-grid point.

VBAR2

average v at forward half-grid point.

VBAR1

average v at backward half-grid point.
E2 =averaged nat (i, j+ 1) or (i + 1, j)
E1 = averaged n at (i, j)

D2

H

depth at (i, j+ 1) or (i +1, j)

D1 = depth at (i, j)

DUOMS = 2uf DVOMS = &
90 c
pus = &4 DVS = &
Yo ‘ tJo]
R = dHuu 3Huv ., 3ug +(1+q) u2n
3 X 3y 30 30 9t
_ 9Huv IHvv vy 3van
RY-ax +ay+Hac +“+°)ot
ABNR3

It computes RX and RY for points on boundary. The tide heights
at half-grid points outside the north and south boundary are computed
first. Since the open boundary is in x-direction, that is, only the v-
point appears, RX = 0 and RY is given by
RY = 3Huv , 3Hvv uQ

+ +H ——+ (1 + q)

- vV 3 n
3 X 3 v do

dg at

In the computation, it is assumed:

D2 = depth at half-grid point just outside the boundary
= HV (i, JN) + North Tide Height, if D2 is HB (i, JN)
= HV (i, 1) + South Tide Height, if D2 is HB (i, 0)
VBAR2

= v at half-grid point just outside the boundary
=V2 (i, JN, K) if it is north boundary
=V2 (i, 1, k) if it is south boundary

13



BVELS

It calculates um'1 (U3) and vn'"1 (V3) at interior points by central
time differencing and DuFort-Frankel scheme. Note that the horizontal

diffusion of momentum is neglected in the model.

The equations for u and v are

LN
1 3Hu _ e dn . vidu _1
A3t VT 9% Y2 vz THRX
g
A .2
1 aHv _ . _ 3n vawv 1
A3t - U-9% +H2302 A RY

where RX and RY are the nonlinear inertia terms.

The following symbols are introduced for briefness.

A2 = Coriolis term
=g a0 an
Al =g = or g 3y
A5 = 1 RX or 1 RY
H H
A6 = the rest of vertical diffusion term.
ASAF3

This calculates vm'1 (V3) at the v-points on the south (j = 1)
and north (j = JN) boundaries. It is similar to ABNR3. The tide heights
at imaginary half-grid points jugt outside the south and north boundary
are computed first. The term -a—n is calculated at v-point at both j = 1
and JN, with tide height at outside half-grid point and n at inside half-
grid point. Since the u velocity on these boundaries are assumed zero,
the Coriolis force term B2 is set to zero. Symbols B4, B5 and B6 stand
for pressure, convection and diffusion terms respectively.

GIVENU

It specifies velocities at cooling system outlet and intake. These
velocities are determined from power plant flowrate. The river flowrate
is also simulated by imposing velocities at river entry point.
CONV

It computes the sum of the convective terms in the energy equation
at each point. Note that T is designated at half-grid points. The follow-
ing symbols are used in this subroutine:

AH = depth at point (i, j) where TC (i, j, k) is to be calculated.

14



DR = depth at forward u-point
DL = depth at backward u-point
D2 = depth at forward v-point

D1 = depth at backward v-point

DTZ (i, j) = temperature slope gIc at the surface

UR = forward u but at T-level

UL = backward u but at T-level

3 HuUT
3 X

VR = forward v but at T-level

DHUTX =

VL = backward v but at T-level

DHVTY = 2HVT
3y
The convection term TC is written for
_ 9HuUT |, S3HvVT aqnT 3T 3an
TC=3x *3y *Hig+0+d 7 57

TCOMPT

n+1

This subroutine computes temperature T (T 3) for each point in

the domain. The equation is
_ _Vv 3T 32T i
= 5o +Bh(8x2 +8y2) TC
where TC is the convection term obtained from subroutine CONV. The
boundary condition on solid boundary is adiabatic, but on open boundary,
T is a}sliumed known. There are three different formulas for computing
the although the same DuFort-Frankel format is used throughout.
This'is because the surface temperature slope is DTZ (i, j) and the bottom
is adiabatic. The symbols here are
D2TX = -3—Z—r— paTy = 2L
ax 3y

GIVENT

It specifies the temperature of cooling system discharge water and
river delivery.
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WCAL

This subroutine calculates vertical velocity w (i, j, k) from modified
vertical velocity @ (i, j, k) by using c—transformahon formula. The fol-
lowing symbols are used:

_9an

DEX = 21 DEY = 2L
pAHX = 2H DAHY = 3H ’

39X 3y

ANCPR

It prints continuous records of elevation, velocity and temperature
at certain particular points.

All data are printed on a single line, with the first item on the
line being the total simulation time TTOT in sec. Items for each point
are: surface elevation, resultant velocity, direction in which the velocity
vector points (deg positive clockw1se from North), and temperature, in
that order.

TPRLOK

This subroutine performs the major printing tasks. The following
variables are printed hourly, or controlled by printout interval TPRT:

AVR

resultant velocity, cm/sec

ANG = direction in which the velocity points

W = vertical velocity, cm/sec
ETA = surface elevation, cm
T2 = temperature, deg C

After TPRLOK is executed, the main program ANCMN prints out the total
depth, H = h + n, at each point. Thus, the hourly printout of the rele-
vant variables is completed. In this subroutine, there are two flags,
KUV and KPROF. If both are zero, it skips the printing of velocity
components u and v either presented in layers (k = 1, KZ) or in cross
section along x-direction (j = 1, JM). These two flags are flipped only
by interchanging the statements in the subroutine.

\

STORET

It records all the relevant data and resuits of the preceding simula-
tion hour. STORET puts one EOF on tape after each block, while the
main program ANCMN puts another EOF after the last block of data is
recorded.

16



ZZ1

This subroutine finds the direction of the resultant horizontal velo-
city.

17



SECTION 4
LIST OF PROGRAM SYMBOLS OF MAIN PROGRAM

This section presents the program symbols and their definition in
alphabetical order. In many cases, the symbols are described with the
aid of diagram to show the definition.

DESCRIPTION OF MAIN VARIABLES

The relative position and designation of variables are shown in
Figure 2. The water depth, h, is described in integer values of i and
j; the u-component is described at half-integer value of j and integer
values of i and k; the v-component at half-integer value of i and integer
values of j and k; the w-component at integer value of k and half-
integer values of i and j; the surface elevation, n, is described at half-
integer values of i and j; and the temperature, T, is described at half-
integer values of i, j and k. The modified vertical velocity, @, is de-
scribed at the same place as w-component. Figure 3 shows the space-
staggered grid system in horizontal.projection.

Table 3 lists all the symbols used for dependent variables appearing
in the program. Since three levels of time step are used, same variable
at different level is assigned with different symbols.- The rule for
symbolizing the dependent variables is: for variable Fiax, jAy, kAo,
nat), Fi(i, j, k) is used to denote the value of variable at n-1; F2(i,

j. K) is the present value; while F3(i, j, k) is the value at n+1 thus to
be computed; and FB(i, j, k) is the interpreted value of F2(i, j, k) at
a set of grid points differing from where it is designated.
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Figure 3. Space-staggered grid system - plan



TABLE 3.

Symbols used in the program

Symbols

Argument

smemmcanesian

h

Description

U1, U2, U3, UB

Vi, V1, V3, VB

T1, T2, T3, TB

ETA1, ETA2, ETA3
TIDEIN, TIDE2N, TIDE3N

TIDE1S, TIDE2S, TIDE3S

DTZ

G, j, k)

(i, j, k)

(i, j, K)
G, )
(i)

(i)

(i,

G, j. K)

(i, j, k)

(i, 1)

u-component
v-component
Temperature T
Surface Elevation n

Tide Outside North
Boundary

Tide Outside South
Boundary

Heat Exchange at Water
Surface

Convection Terms in u;
v; T equation

w-component; Non-dimen-
sional @

Total Water Depth or
h +n

Note: In the program ANCMN, ETA2 is labeled as ETA and ETX; the
former is used for calculation while the latter for printout.

MARKER MATRICES

The following integer-valued matrices are introduced to describe the
grid system and to distinguish boundary from interior.

MAR (i, j)

MAR (i, j) identifies nodes in the full-grid system, i.e.

MAR

MAR
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0, (i, j) outside of boundary, hence no calculation

1, (i, j) inside or on a boundary, as shown in Figure 4.
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Figure 4. MAR (i, j) matrix

MEX (i, j) provides marker to the half-grid system with reference
to the y-direction boundaries, i.e.

MEX
MEX
MEX
MEX

l.<

= 0, (i, j) outside of y-boundary, or exterior
=1, (i, j) just inside an east boundary
= 2, (i, j)} just inside a west boundary
= 3, (i, j) nowhere near to y-boundary, or interior, as shown
in Figure 5.
]
y F
A - T
A L, ’
A 4
f 1 3 3 3 2 0 {
y 2 '
bk bl 2 N
g “ E
A
———
Figure 5. MEX (i, j) matrix
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MEY (i, j)

MEY (i, j) provides marker to the half-grid system with reference
to the x-direction boundaries, as shown in Figure 6.

MEY = 0, (i, j) outside of x-boundary, or exterior

MEY =1, (i, j) just inside a south boundary

MEY = 2, (i, j) just inside a north boundary
MEY = 3, (k, j) nowhere near to x-boundary, or interior
jIILZLLA//’:____'-_—_r—
4 ! !
2 ¢ 0 1 0
/ ! !
(’/////// A_,_-.._L-
A !
y ; :
3 2 . 0 1
/ 1
:/I//II/I//'//
3 3 2
1 1 1
FPT77T7T T T T7TTTrrrrrrIryrwrrryrrr>rrrzr> - X
Figure 6. MEY (i, j) matrix
MX (i, j)

MX (i, j) provides marker to u-points, as shown in Figure 6.

MX

i
(=]
~

(i, j) outside of y-boundary, or exterior
MX =1, (i, j) on east boundary
MX = 2, (i, j) on west boundary

MX = 3, (i, j) nowhere near to y-boundary
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MY (i, j)
MY (i, j) provides marker to v-points, as also shown in Figure 6.

MY = 0, (i, j) outside of x-boundary, or exterior

MYy

1]
b
-

(i, j) on south boundary
MY

I
N
~

(i, j) on north boundary

MY = 3, (i, j) nowhere near to x-boundary

LM y
) 0 1 1 /
}r_____*___;l////,fj//’/
|
| /
i A
i 2 / 3
/'1 ez |
g {
/
/
1 3 3
/] t 1
} 1
A
/1
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1 3
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Figure 7. MX (i, j) and MY (i, j) matrices
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DEPTH MATRIX AND ITS DERIVATIVE

The bathymetry of the area of interest is given by the matrix ELEV
(i, j) designated at full-grid points. The values in feet are positive for
lake or inland waters as elevation above MSL. However, for coastal
water, the depths are read from the survey chart and are designated by
positive values. For certain periods of the year, the water level may
differ from MSL; a stage (STAGE1) is added to the ELEV (i, j) to obtain
the actual depth matrix H (i, j). Note that the values of H (i, j) are in
cm. To facilitate the calculation, the matrices HB (i, j), HU (i, j) and
HV (i, j) are derived from H (i, j), and are for depths at half-grid
points, u-points and v-points, respectively. Thus, the following real -
valued matrices are introduced.

ELEV (i, j) elevations of the bottom with respect to MSL

HB (i, j) depth at half-grid points, in accordance with MEX/MEY

HU (i, j) depth at u-points, in accordance with MX

HV (i, j) depth at v-points, in accordance with MY
SIZE OF THE MATRICES, OR DIMENSIONS OF SUBSCRIPTED QUANTITIES

Let the grid work consist of IN x JN x KN nodes, i.e. IN nodes in
x (i) direction, JN nodes in y(j) direction, and KN levels in o(k) direction.
Then there are IM = IN - 1 half-grid points in x-direction, JM = JN - 1
half-grid points in y-direction, and KZ = KN ~ 1 layers in o direction.

The values IN, JN, KN, IM and JM are the parameters to be specified
at the beginning of the program and are determined by the grid used.
Therefore, the dimensions of the matrices are given in terms of these

parameters. Table 4 shows the size of the matrices already defined.

TABLE 4. Size of the Matrices

arr————
— sttt

Symbol Least Size Given Size
ul, U2, U3 (IN, JM, KN) (IN, JN, KN)
Vi1, V2, V3 (IM, JN, KN) (IN, JN, KN)
T1, T2, T3, TC, TB (IM, IM, KZ) (IM, JM, KN)
uB, VB (IM, IM, KZ) (IM, JM, KN)
W, oM (IM, JM, KN) (IM, JM, KN)
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TABLE 4.

Size of the Matrices
{Continued)

e ——

Symbol Least Size Given Size
RX, RY (IM, JM, KZ) (IN, JN, KN)
ETA1, ETA, ETX, ETA3 (IM, IM) (M, IM)
WAT, DTZ (IM, M) (1M, IM)
ELEV, H (IN, JN) (IN, JN)
HB (M, IM) (IM, JM)
HU (IN, JM) (IN, JN)
HV (IM, JN) (IN, JN)
TIDEIN ... TIDE3S (IM) (IM)
AVR, ANG (IM) (M)
MAR (IN, JN) (IN, JN)
MEX, MEY (IM, IM) (M, M)
MX (IN, IM) (IN, IN)
My (IM, IN) (IN, JN)

AVR and ANG are used to facilitate printout of velocity and angle re-

spectively.

OTHER SYMBOLS OCCURRING IN PROGRAM ANCMN

ALREF:

AV: \Vertical eddy viscosity, estimated by means of

A, = 0.0018 p/3

Reference horizontal length L in cm.

. . -1
, Hin cm, AV in cm? sec .

BH: Horizontal eddy diffusivity, estimated by means of

Bh = 0.0018 L

4/3

. . -1
, Lin cm, Bh in cm? sec .

BV: Vertical eddy diffusivity, estimated by the same formula as AV,
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thus turbulent Prandtl No. is one.
DHR: Time increment in hour as simulation continues.
DTX: As a check on when to printout.
DS: Increment in o-direction, in fraction of unit.
DT: Time step in second.
DX: Increment in x-direction, in cm.

DY: Increment in y-direction, in cm.

DUMS: 2DS.
DUMX: 2DX.
DuUMY: 2DY.

EST: Eastern standard time in the day of simulation.

FCOR: Coriolis factor = M_ sin (latitude), sec . ’
We = earth's angular rate of rotation.

G: Earth's gravitation = 980 cm sec 2.

I: Index for x-axis.

IGO: Flag. Set as 1 initially; it changes to 0 when the calculation be-
comes unstable. ,

IM: Maximum number of half-grid point in x-direction.
IN: Maximum number of full-grid point in x-direction.
J: Index for y-axis.

JCTR: Index for simulation hour.

JM: Maximum number of half—grid point in y-direction.
JN: Maximum number of full-grid point in x-direction.
K: Index for o-axis.

KN: Maximum number of full-grid point in o-direction.

KZ: Maximum number of half-grid point in c-direction.
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KSTORE: Flag. Set as 1 to store hourly result on tape.
Set as 0 if no store is needed.

KVEL: Flag. Set as 1 if velocities are to be calculated, otherwise set
as 0.

KTEMP: Flag. Set as 1 if temperature is to be calculated, otherwise
set as 0.

LN: Set as 1 for 1st run of present case; set as n for subsequent nth

run.

MBLOK: Data block number which is to compare with data block NBLOK
which is to be read in. Used only when LN > 1.

NBLOK: Index for data block.

NCASE: Case number.

NCY: Number of hours to be simulated in this run.

QQ: 87.3, used for changing from deg to rad.

ROSSBY: Rossby number.

RR: Water density, = 1.

RWEX: Number of hours between climatological input data, = 1.
TABN: Ambient water temperature outside of north entrance.
TABS: Ambient water temperature outside of south entrance.
THETA: Angle between north and y-axis, clockwise positive.

TINIT: Water temperature at initial instant before the waste heat dis-
charge start.

TPRT: Time between printouts, in sec.

TTOT: Total simulation time, in sec.

TZ: Record of time for hourly printout.

TZERO: EST hour at the beginning of present simulation run.
The following symbols are used to specify tidal condition.

AMPLIT: Tide amplitude, in cm.
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DPHASE: Phase lag per Ax, in hour.
PERIOD: Tide period, in hour.
PHASE: Phase difference between tides at north and south entrance.

STAGE: Difference in cm between daily mean level and short-term
(weekly) average sea level.

STAGE1: Difference in cm between short-term (weekly) average sea
level and long term average level (MSL).

TSHIFT: Time shift for adjusting tide with EST, in hour.

The following symbols are used to specify the hourly climatological
conditions.

TAIR: Ambient air temperature, deg C. <
HUMID: Relative humidity, fraction.
WIND: Wind speed, cm sec .

WDIR: Direction from which wind is coming, deg measured clockwise
from North.

SRAD: Gross solar radiation, in BTU/ (ft? day).
TSURF: Surface water temperature, deg C.

The following symbols are related to climatological data and appear
in the calculation of wind stress, equilibrium ambient temperature and
heat exchange at surface.

EPSLON: Direction to which wind blows, in rad.

WPR: Wind speed in m sec ..

CTEN: Empirical constant appears in wind stress formula.
TAU: Wind stress .

TAUX: x-component of wind stress Tt

TAUY: y-component of wind stress Ty‘

TDEW: Dewpoint temperature, deg C.

TEQ: Equilibrium temperature, deg C.

SK: Surface heat exchange coefficient in cal/(cm? sec °C).
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SECTION 5
PREPARATION OF SIMULATION RUN

This section describes the preparation work needed for ANCMN run.
The flow chart and the associated subroutines in Figure 1 and Table 2
are referred to in the following description.

1. Specify number of full-grid points, IN, JN, KN and number of half-
grid points, IM, JM, in PARAMETER statement. Although the domain
of solution under consideration is usually smaller than the rectangular
space of IN x JN x KN, the marker matrices will assure that the grid
points outside of domain skip the calculation. To have a Slear print-
out, the variables at off domain point have been set to 10°. This
value is beyond the capacity of the computer printout in printing real
numbers (F format) so that stars will be printed and show the off
domain area.

2. Specify run number by input data LN, card #2:

For LN =1, i.e. first run, data file or card deck of AMATN
is needed.

For LN > 1, i.e. subsequent run, tape with previous result
is needed.

Specify flag for storage by KSTORE, card #3:
For KSTORE

0, desire no storage.

For KSTORE = 1, tape must be provided for storing results.
Specify flag for velocity calculation by KVEL, card #4:
For KVEL = 0, no V-calculation, thus thermal dispersion only.

For KVEL = 1, do V-calculation, thus circulation included.

Specify flag for temperature calculation by KTEMP, card #5:

For KTEMP = 0, no T-calculation, thus only a hydrodynamic
model.
For KTEMP = 1, do T-calculation, a complete hydrothermal model.
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Specify data block number MBLOK, to make sure the data read in
from tape is correct, card #6.

Specify number of hours to be simulated in this run by NCY, card #7.
Specify the time between successive printouts by TPRT, card #8.
Specify grid size by input data DX, DY, DS, card #9.

Specify time step DT and tide data STAGE, AMPLIT, PHASE, DPHASE,
PERIOD, TSHIFT by input data, card #10.

Specify Coriolis factor FCOR and stage STAGE1 by data, card #11.

Specify the angle between North and the y-axis of grid system by
THETA, card #12.

Specify reference length ALREF and Rossby No. ROSSBY, card #13.
Specify number of hours between weather observations RWEX, card #14.

Specify TZERO, the Eastern Standard Time when the simulation starts,
card #15.

Specify water density, vertical eddy viscosity, vertical eddy and
horizontal eddy diffusivity, RR, AV, BV, BH, card #16.

Specify initial temperature TINIT, a constant for whole domain, card #17.
In general, the first run of present case has:
LN =1, KSTORE = 1, KVEL = 1, KTEMP = 1, MBLOK = 0.

Then the subroutines BAYBOT and BAYIN! are used to initialize
the calculation. This includes reading matrices, MAR, ELEV, MEX,
MEY, MX, MY, by BAYBOT from data file AMATN. The same sub-
routine calculates the derivative height matrices, HB, HU and HV.
The initialization of various variable matrices is done in subroutine
BAYINI and in the main program itself.

th

In general, the continued n~" run has the same NCASE with:

LN = n, KSTORE =1, KVEL = 1, KTEMP = 1.

MBLOK = index number of the data block which is to be read in; the
calculation will continue thereafter. In fact, the data being read con-
tains all the information needed to continue the run. However, to
allow for the freedom of matching tide of different amplitude, period
and phase shift, an additional card (#18) specifying NBLOK, TTOT,
DT, EST, AMPLIT, PHASE, DPHASE, PERIOD and TSHIFT is needed.
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The data may be same as those contained in the tape or different
from them so that the calculation goes on to follow ancther tide
format. In accordance with this change of tide, the NBLOK, TTOT,
DT, EST may be reset.

The main loop in the main program ANCMN is the hourly simulation
loop, which is started with hourly climatological data card containing
TAIR, HUMID, WIND, WDIR, SRAD and TSURF. The wind stress
and equilibrium temperature are then computed and held thereafter
as constants throughout that hour.

The main part of the hourly loop is an internal loop for At increment,
in which the main calculation is done in the order of (n, Q), (u, v},
T, W, then a printout of elevation, surface velocity and surface
temperature at certain chosen half-grid points.

The V-calculation controlled by flag KVEL consists of subroutines
BETA, BNRTIA, ABNR3, BVEL, ASAF3 and GIVENU. BETA computes
n and Q. BNRTIA and ABNR3 compute the convection terms, RX and
RY, for the momentum equations; this computation is decided by
whether ROSSBY is zero or not. The (u, v) calculations are done by
BVELS and ASAF3. The given velocities at control points are re-
specified by GIVENU. The BNRTIA and BVELS are for interior
points while ABNR3 and ASAF3 perform the same purpose except for
normal velocity points along open boundaries, where the water eleva-
tion is specified as a function of time.

The T-calculation controlled by flag KTEMP consists of CONV, TCOMPT
and GIVENT. CONV computes the convective term TC, then TCOMPT
computes T, and GIVENT respecifies T at discharge points.

After the completion of marching forward to (n+1)At, the variables are
relabeled and UB and VB are computed as the horizontal components
of velocity at centers of (I, J) blocks. Finally, before the printout
of newly obtained variables at fixed locations to serve as flow develop-
ment at fixed point, the surface velocity and temperature at a critical
point are compared with preset values to see whether an instability
has developed. If instability does occur, the program terminates after
producing a hard copy of the latest result.

The subroutine ANCPR produces step-by-step records of surface
elevation, surface velocity and surface temperature at certain chosen
points. These points are selected because of the variables that are
believed to undergo the most change, as they are close to open
boundaries, river exit and discharge outlet.

The hourly loop included subroutines SOTRET and TPRLOK too; the
former stores the hourly results as well as all pertinent data onto
tape for later uses, and the latter produces a printout of resultant
horizontal velocities, vertical velocities, temperatures at four levels
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and elevation of free surface. In addition, the main program ANCMN
itself does the calculation and printout of total water depth, H = h +
n, before starting next hourly loop.

ANCMN performs the hourly loop NCY a number of times.

Therefore, NCY number of climatological data cards are needed to
provide the necessary data.
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SECTION 6
INPUT DATA
The input cards for running ANCMN are given in Table 5 below.
Note that the data symbols have already been defined in the previous
section; however, the following remarks should be considered.
* Free format is used for all data input.
* Distinction must be made for integer and real number.

* The order of these cards must be followed.

TABLE 5. Input Data for ANCMN

Card .
Input Content Symbol Definition/Value
#1 1 NCASE =Case No.
#2 1 LN =1, if it is first run then data file
. or card deck AMATN is needed in
#18 th
=n, ifitis n run
#3 1 KSTORE = 0 no store, then there are no
continued runs
= 1 store intermediate results on tape
for plotting or next run
#4 1 KVEL = 0 no V-calculation, i.e. dispersion
of T by given (u, v) field
= 1 do V-calculation, so momentum
is under dispersion
#5 1 KTEMP = 0 no T-calculation, i.e. hydrody-
namic only
= 1 i.e. hydrothermal model
#6 1 MBLOK = No. of latest hour of last run




TABLE 5. Input Data for ANCMN
{Continued)
Input Card Symbol Definition /Value
P Content
#7 1 NCY = Number of hours intended for
simulation in this run
#8 1 TPRT = 3600 seconds, hourly loop
#9 3 DX = x-direction grid size in cm
DY = y-direction grid size in cm
DS = ¢g-direction grid size in nondimen-
sional unit
= Ti i ., foll
#10 7 DT Ifrme< ﬂ?&&'s%cy) ollows
J—Zghmax
STAGE = Average level of tide-MWL, in cm
AMPLIT = Amplitude of tide, in cm
PHASE = Phase lag of the north tide behind
the south tide, in hr
DPHASE = Phase lag in east-west direction,
in hour per Ax
PERIOD = Period of tide at entrances, in hr
TSHIFT = Time shift (in hr) for tide to agree
with EST time
#11 2 FCOR = Coriglis factor = W _ sin(lat), in
, - e
sec
STAGE1 = MWL-MSL (datum for sounding),
if MWL # MSL, in cm
#12 1 THETA = Clockwise angle from North to the
y-axis of grid work, in deg
#13 2 ALREF = Horizontal reference length, in cm
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TABLE 5. Input Data for ANCMN
(Continued)

Card ns
Input Content Symbol Definition /Value
ROSSBY = Rossby No. which controls whether
advection is needed to account for
in the equations of motion, zero or
nonzero
#14 1 RWEX = Number of hours between climatical
data, generally it agrees with hour-
ly loop
#15 1 TZERO = EST when the simulation run starts
#16 4 RR = Density of water = 1.0
AV = 0.002 (AHREF) */3, AHREF = refer-
ence depth in cm
BvV = Same value as Av
BH = 0.002 (ALREF)*/3
#17 1 TINIT = Initial temperature, a constant for
the whole domain
#18 A deck of cards or data file, called AMATN, to specify
matrices MAR, ELEV, MEX, MEY, MX and MY. It is re-
quired only if LN = 1.
#19 9 NBLOK = To reset data block number
TOTT = To reset total time in sec if
necessary
DT = To reset time step AT if necessary
EST = To reset EST
AMPLIT = If tide changes
PHASE = New phase lag
DPHASE = New phase lag per AX
PERIOD = If tide has different period
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TABLE 5. Input Data for ANCMN
(Continued)

Card .
Input Content Symbol Definition /Value
TSHIFT = Time shift of the new tide
#20 A deck of NCY cards, each card contains six hourly
weather data:
TAIR = Air temperature, deg C
HUMID = Relative humidity in fraction of unit
WIND = Surface wind speed, cm/sec
WDIR = Wind direction, from which direc-
tion wind is blowing
SRAD = Gross solar radiation, BTU/(ft? day)
TSURF = Ambient surface water temperature,
deg C
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SECTION 7
PLOTTING PROGRAM

This section presents the descriptions of main plotting program
PLOTMN and its subroutines. As mentioned earlier, the plotting and
analyzing of the results constitute Part 2 of the three-dimensional, free-
surface model. Here, the tape containing the hourly resuits of simulation
is the main input. The control data cards help the user to choose the hour,
the plot and the comparison. The output is in a plot tape which is used
by a CALCOMP plotter to generate plots.

DESCRIPTION AND FLOW CHART OF PLOTMN

The purpose of PLOTMN is to read in the measured and/or calcu-
lated temperature fields and to plot the isotherms. In addition, the cal-
culated velocity field is plotted in o-planes (c-axis), in certain x-cross
sections {y-axis) and in y-cross sections (x-axis), and the surface
elevation field is plotted in contour plots.

Since the main input is the data block from Part 1, the symbols
and their dimensions agree with those that appear im ANCMN. In order
to store the IR scanned surface temperature at four tidal stages for later
comparison with calculated results, a TIR (IM, JM, 4} matrix is added.
It is to be noted that temperature fields are interpolated at half-grid
points from the mosaic IR images by hand. Several data cards contain-
ing the quantities to be used in plot caption are read in as well as con-
trol cards which assign the data block to be used (NPLOUT) and the plot
to be done (IPLOT). A flag NSTAND is to assign which measured tem-
perature field is to be compared with the calculated. The algorithm for
PLOTMN is simple and straightforward since no complicated calculation
is involved. The only calculation is to compute average deviation of
calculated temperature field from measured temperature field at the same
tide stage. The average deviation is given by

5 (TB(i, j, 1) - TIR(i, jJ)?

z (i, J)
i

§2 =

. where TB is the calculated temperature while TIR is the measured tem-

perature by infrared, and E (1, j) is the number of surface half-grid
points in the domain.
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The isotherms of TIR and TB are the plots of main concern, as one
is to be compared with the other in order to assess the accuracy of the
model in predicting the hydrothermal dispersion of waste heat. Occasion-
ally, the water surface contour, the surface current and the velocity
profile are also of interest, as they depict the circulation set up by the
tide and the wind in conformity with the configuration and bathymetry
of the waters. The surface elevation contour is done by the subroutine
ECHKON which is also used for plotting isotherms, but care must be
taken to assign the contour values, since the surface elevation changes
with tide; thus, the hard copy printout of surface elevation ETA must
be consulted in order to choose the right contour values. The surface
current is done by PLOTUV, while the velocity profiles in j(y)-cross
sections and i(x)-cross sections are plotted by PLOTUW and PLOTVW,
respectively. It is noted that the velocity scale for horizontal components
is different from that for vertical component. The ratio is to remain the
same as the ratio of horizontal to vertical length scale. Therefore, the
velocity profiles are exaggerated in vertical direction; however, since
the horizontal velocities of the top level (¢ = 0) are plotted right on the
water surface, they show free-surface profiles too. Note that the j-sec-
tions and i-sections are fixed by given |- J- values. They are chosen
by the user's concern about the effect of plan-form configuration and
bathymetry on currents.

The flow chart for the main program PLOTMN is presented in Figure
4, and the subroutines are listed in Table 4 for quick reference. It is
to be noted that several CALCOMP subroutines are also listed.

SUBROUTINES
ECHKON

This subroutine calls subroutines CONLIN and ENDER. This program
was developed by the National Hurricane center for map contouring using
CALCOMP or MILGO-type plotter. ECHKON is the entry point for the
package. |t scans the rectangular gridded scalar field, such as surface
temperature or surface elevation, to determine where to start a new con-
tour. Each contour is done in a loop. Inside the loop the subroutine
CONLIN is called to do the interpolation and drawing, and ENDER is
called by CONLIN to label each contour of the same contour value. The
exit of contour loop in ECHKON is made when the final contour value
increased by increment has reached the specified maximum. Here,
ECHKON is used for contouring TIR(i, j, N =1, 4), TB{(i, j, 1) and
ETA(i, j).

PLOTUV
It computes the horizontal resultant velocity from components u and
v at each level. In general, there are four levels corresponding to k = 1

to 4. However, for the present problem, only the surface current is of
interest; therefore, KPLOT is set to 1.
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Read IPLOIR, IPLOCM, NIR, KPLOT, NCY

Read Contour Values for TIR and Caption Data
Read Control Vectors IPLOT, NPLOUT, NSTAND
Read Contour Values for ETA and Plot Size XL(in)

NIR Loops

[IPLOIR = 0

No

i

ECHKON: Plot Isotherm for Measured Temperature at Each Stage

NCY Loops

Yes

READT: Read in Data Block from Tape
Check Whether NPLOUT = 0 and NSTAND = 0
No
\
Point by Point Comparison of Computed T with Measured T
:
IPLOT (1) = 1 5. PLOTUV: Do UV Plot
No - |
[IPLOT (2) = 1 —=25.{ PLOTUW: Do UW Plot
No = |
[IPLOT (3) = 1 —Ye5.] PLOTVW: Do VW Plot
No € —
[IPLOT (4) = 1 —255] ECHKON: Do n Contours
No b I
[(PLOT(5) = 1 25> ECHKON: Do T Contours
No -
-
— a—

I Stop l

Figure 8. Flow chart for plotting program PLOTMN and its subroutines
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TABLE 6. Subroutines Required in Main Plotting Program PLOTMN
No.| Name Description Remark
1 | FACTOR
. In UCS « ACALCOMP
2 PLOTS Are CALCOMP Subroutines of UNIVAC 1100
3 PLOT
4 | ECHKON | Subroutine for plotting isotherms| Calls subroutines ENDER,
and contour of surface elevation;| CONLIN, OUTLIN
also draws the domain '
5 READT Same as READT in ANCMN, for
read in-stored data from tape
6 | PLOTUV | Plot U, V on different layer, to | Calls subroutine OUTLIN
select the layer one can choose
KPLOT value; normally it is the
surface layer
7 | PLOTUW | Plot U, W on chosen J sections |J section once chosen
west-east across the bay is fixed
8 | PLOTVW | Plot V, W on chosen | sections I section once chosen
south-north across the bay is fixed
9 | CAPTN1 | Write common heading on each
diagram
10 | CAPTN2 | Write title for UV Plot
11 | CAPTN3 | Write title for IR-T isotherms
12 | CAPTN4 | Write deviation of calculated
temperature from IR-T
13 | CAPTN5 | Write tidal stage on the
diagram
14 | CAPTNG6 | Write title for UW plot
15 | CAPTN7 | Write title for VW plot
16 | CAPTN8 | Write title for surface eleva-
tion contours

1




TABLE &.

Subroutines Required in Main Plotting Program PLOTMN
(Continued)

E_— ———_——

No.| Name Description Remark

17 | CAPTNS| Write title for calculated surface
isotherm

18 ENDER Write contour value to label Subroutine of CONLIN
contour

19 | CONLIN | Called upon to draw individual Subroutine of ECHKON
contour

20 | OUTLIN | Called upon to draw outline of Subroutine of ECHKON
the computational domain and PLOTUV

21 FIT Fit a parabola to three point Subroutine of PLOTUV
used in PLOTUV to interpolate
water depth

22 VECT Calculates the velocity and Subroutine of PLOTUV
calls AROHD to draw the vector

23 | AROHD
Are CALCOMP subroutines, In library file UCS *

24 | NUMBER | called upon in various sub- ACALCOMP of UNIVAC
routines used in PLOTMN 1100

25 | SYMBOL

WW
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PLOTUW

It computes the resultant velocity based on components u and w.
As mentioned, the vertical and horizontal components cannot be made to
the same scale; therefore, the velocity profiles are distorted. The j-cross
sections on which the velocity is computed and plotted are preassigned in
the subroutine itself. For the present problem, plots are drawn for j =
4, 8, 12. All three plots are done on the same sheet.

PLOTVW

It computes the resultant velocity based on components v and w,
and plots the velocity vectors on the vertical cross section along y-
direction. The i values are likewise preassigned in the subroutine.

Here plots are drawn for i = 4, 8, 12 and are on one sheet.
INPUT DATA

Table 7 lists the data to for PLOTMN. Free format is used generally.
The total input consists of data cards and data files, but in the list,
the input data have been numbered in the order of their appearance,
regardless of whether card form or file form is used.
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TABLE 7.

Input Data for PLOTMN

W
Card . oo
Input Content Symbol Definition/Value
#1 5 IPLOIR = 0, if no isotherm of IR obtained tempera-
ture is desired
= 1, otherwise
IPLOCM = 0, if no isotherm of computed temperature
is to be plotted
= 1, otherwise
NIR = Number of IR obtained temperature fields
KPLOT = Number of the o-level to be plotted
NCY = Number of simulation hours
#2 NIR TL(D = Array of min. contour values for TIR
#3 NIR TH(I) = Array of max. contour values for TIR
#4 NIR TI(1) = Array of increment values for TIR con-
touring
#5 NIR TA1(1) = Array of ambient temperature, assigned
to out-domain points
#6 NIR Q1) = Array of EST time, for caption
#7 NIR Qa(l) = Array of wind speed values, for caption
on TIR plot
#8 NIR Q3(1) = Array of wind direction values, for cap-
tion on TIR Plot
#9 NIR Qu(l) = Array of air temperature for caption on
TIR plot
#10 NIR Qs5(l) = Array of discharge temperature for cap-
tion on TIR plot
#11 1 Qs = Discharge flowrate, for caption in general
#12 5 IPLOT (1) = Array of integers to assign the plot desired
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TABLE 7. Input Data for PLOTMN

(Continued)
P e e e —————————
Card ‘ ee
Input Content Symbol Definition /Value

#13 NCY NPLOUT (1) | = Array of integers to assign the hour de-
sired to be plotted

#14 NCY NSTAND(1) | = Array of intergers to assign the TIR to
be compared with

#15 NIR ETAL(1) = Array of min. contour values for ETA

#16 NIR ETAH(1) = Array of max. contour values for ETA

#17 NIR ETAINT (1) | = Array qf increment values for ETA
contouring

#18 1 XL = Plot size in x-direction (in)

#19 2 DX, DY = Spacing in x- and y-direction (cm)

#20 | Data File i, J = The (i, j) value of boundary nodes, used

for drawing domain's boundary

#21 | Data File{TIR(1,J,N) | = To read in the IR measured temperature
fields of different tidal stage, files like
HDATA, EDATA, LDATA, FDATA
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APPENDIX A
EXAMPLE CASE

INTRODUCTION

The present model has been successfully applied to thermal disper-
sion study at Anclote Anchorage. The Anchorage is located on Florida's
Gulf coast and north of St. Petersburg (Figure 9). It is a relatively
shallow passage between the mainland and the Anclote Key. A series of
barrier islands separates the anchorage from the Gulf of Mexico. Through
natural channels to the north and south of the Keys, the Anchorage has
an unrestricted exchange of water with the Gulf.

The Anclote power plant operated by the Florida Power Corporation
has two 515 MW, oil-fired, electrical generating units. Once-through
cooling water is drawn from the Anclote River through a man-made canal.
The six pumps delivering a total of 1,990,000 gpm (125.6 m3/sec) are
designed to raise the water temperature 2.8°C above the ambient. The
heated water is discharged back into the Anchorage through the dis-
charge canal with a dredged submarine extension. The designed total
flowrate is approximately 53 times the long-term average flowrate of the
Anclote River. At present, only Unit 1 is operative while Unit 2 is
still pending permission. That is, the present flowrate is 62.8 m3/sec
(995,000 gpm).

The principal driving mechanism for current circulation is tidal
flux at the north and south entrances of the Anchorage. The tide is
predominantly semidiurnal with mean range of 2 feet. Earlier measure-
ments of temperature and salinity indicated the currents flow in and out
through both entrances; however, the exchange appears to be stronger
in the south than in the north, or the currents generally flow north
during flood tide and south during ebb tide. Moreover, the wind plays
an important part too. The surface current direction depends on wind
blowing at wind speeds exceeding 15 mph.

The model as applied to the Anclote Anchorage shows its capacity
of considering the effects of geometry and bathymetry, spatio-temporal
variation of the free surface, various boundary conditions, including
tides of different phase and range, surface heat transfer based on equi-
librium temperature concept, and changing meteorological conditions. In
addition, turbulence has been considered by using the eddy transport
concept, and the effects of baroclinicity have been included. Again, the
user should refer to Tuann et al. (1979) for the general review, mathe-
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matical formulation, finite difference implementation and numerical method
of solution.

The finite difference grid work is three dimensional and is designed
to cover the area of interest. The grid size Ax x Ay x Ag is that the
least number of vertical layers is four. That is, a 4-layer, 5-level,
vertical partition is a reasonable choice for the present generation of
computer. The grid work is allowed to orient away from north-south,
east-west system, but in general, the x-axis of the grid system aligns
with west-east, and y-axis with south-north. Thus, the subscript i
increases eastward, while j increases northward. The z-axis is chosen
upward from mean water surface, while the subscript k increases down-
ward from the water surface. That is, the k = 1 level is the free
surface which is continuously changing, while k = 5 is always the bottom.

For the study of Anclote Anchorage, the grid is 16 x 14 x 5 with
five levels, each with 224 nodes for a total of 1120 nodes. The grid size
used is Ax = Ay = 417 m. Depths off the natural coastal line are read
from the Coast and Geodetic Survey chart. The maximum depth is 4
m at the south end of Anclote Key. It was found that gravity waves
were the dominating consideration with regard to the maximum allowable
time step At. A 15 second magnitude of At was found to work well for
the present grid system.

Numerical results were obtained with the University of Miami Com-
puting Center UNIVAC 1100 computer. The time histories of the three
velocity components, (u, v, w), the surface elevation, n, and the tem-
perature, T, for a 24-hour simulation period were obtained with about 90
minutes of computer time in most cases. This is a time ratio of about
16:1 (the ratio of real time to computer time).

PROBLEM STATEMENT

Florida Power Corporation has a fossil fuel power plant situated at
Tarpon Springs on the Anclote Anchorage. The discharge rate is 62.8
m3 /sec of water at temperatures, in general, 2.8°C above the ambient
water. On June 1920, 1978, a team carried out an in-situ data acquisi-
tion mission to gather field data on temperature and current. At the
same time, four flights by NASA/KSC were undertaken to obtain tempera-
ture by remote sensing method. These four flights were intended to cover
four different tidal stages in the Anchorage. The remotely sensed data
were processed into digicolor film. The in-situ measurement of surface
water temperature at the time when the airborne IR data was undertaken
provides a reference for IR temperature. With this reference, the iso-
therms were drawn from the digicolor film. The in-situ current measure-
ment data were used in plotting current of different depth. The ground
measured temperatures were used to draw surface and subsurface iso-
therms.

Once the model has been verified for its versatility and its capacity,
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and in particular, to the prediction of hydrothermal development in well-
mixed shallow coastal waters, the model was run with actual tidal and
meteorological data as input, but the initial temperature condition either
could be that of uniform state, that is to assume the power plant start
impulsively, or could be that of an IR temperature field, that is using

IR data as the initial temperature field. The demonstrative runs were
carried out to simulate the hydrothermal situation for several days. The
predicted current fields are verified against the in-situ measured currents,
and the predicted isotherms are verified against the IR-obtained surface
isotherms and the in-situ measured subsurface isotherms.

CALCULATION OF PARAMETERS AND INPUT DATA

In this section, the specification grid system, reference and physi-
cal parameters, tidal and meteorological data, discharge and intake velo-
cities, ambient and discharge temperatures will be presented. The actual
calculation of some input data quantities is carried out in detail for the
purpose of demonstration.

Grid System

The map indicating the exact locations of power plant, intake and
discharge outlets, and the sounding of the Anchorage was used to deter-
mine the size of the domain, the grid system to cover it, and the arrange-
ment of intake and discharge points in the system. So, a domain of
about 6 km x 5 km covering most of the Anchorage was used. A grid
system of 16 x 14 was selected in the horizontal plane. The size of the
grid cell is Ax = Ay = 316.7 m; this size and the grid orientation has
made the intake and discharge outlets to the open water fall in with
nodes respectively, and the intake and discharge channels have 45° and
315° orientation respectively. The depth was specified according to
sounding chart. There are five nodes in the vertical direction. This
gave a total of 16 x 14 x 5 nodes. The coordinate system and grid
work are shown in Figure 10. The MAR matrix, bottom elevation matrix
and four additional marker matrices are stored in data file AMATN.

Reference Quantities

L: Reference length = ALREF = Maximum Length = 6 km

BH: Horizontal eddy dilffhlsivity = O.OOZLL”3 =
.002 x (600,000) = 100,000 cm? /sec
4/3

BV: Vertical eddy ‘Bffusivity = 0.002H (H = maximum depth) =
0.002 x (360) = 6 cm? sec
For shallow well-mixed tidal water about three times the calculated
value was found suitable. Here, we use BV = AV = 20 cm? /sec, i.e.
Turbulent Prandtl No. = 1
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RR: Density of water = 1.0
THETA: 0, since the grid system orients along North-South

RWEX: 1.0

ROSSBY: 0.0, that is, based on test run, it was shown that the nonlinear
inertia terms can be safely neglected to save computation

TINIT: Initial uniform temperature or reference temperature = 20 deg C

Calculation of Time Step, DT

In order to determine the time step, DT, the stability criterion has
to be followed, which is done as follows.

DX _ 41760

OT < I5a/ = Tomxser - °0 sec
About 1/3 of this value is reasonably safe to use. Here we use DT = 15 sec.

Calculation of Intake and Discharge Velocities

1. Flowrate = 995,000 gpm (from power plant physical data)
62.8 m3 /sec

62.8 x 10" cm3/sec

2. Both intake and discharge canals are at 45° from N, therefore

31. 4 x 106 cm?3 /sec is crossing the Ax and Ay at the point of
intake and discharge.

3. The average depth at intake and discharge is approximately 4 or
122 cm, and the width is Ax = Ay = 41760 cm, so the cross-sectional
area is 41760 x 122 cm?2,

4. The average velocity is:

6
_ 31.4x10° _
ve = BT780x123 = 6.163 cm/sec

5. The velocity profiles are assumed as shown.

1 Sy 7.0 cm/sec
I 2 -
Ll' //
5

Uave = Va




6.

To allow for canal storage during tide change we assume the intake
and discharge velocities to be sinusoidal, i.e.

Intake: V3(14, 14, k)

H

7 - 3 x cos[==2=(EST - 7.625)]

12 5
V3(i4, 4, k) for k=1, 2, 3, &

u3(is, 3, k)
Discharge: V3(14, 8, k)

]

7-3x cos[-i-%ls-(EST - 7.9]

it

U3(15, 8, k) =-V3(14, 8, k) for k=1, 2, 3, 4
where 7.625 and 7.5 are taken to be the phase shift which takes
into account the time to travel from the south end of Anclote Key
to the concerned point.

Calculation of Tide on June 20, 1978

Simulated diurnal tide is shown in Figure 11, where
Period = 12.5 hr

Stage = short term average sea level - MSL = 48 cm
Amplitude = { short term average tide range = 65 cm
Time shift = 7.125 hr

i.e. at 7.125 a.m., June 19, 1978, the tide at the south end of
Anclote Key was zero.

W - E lapse = 0.014 hr/DX

Wave propagation speed C = ,J2gh = ,/2x980x360 = 850 cm/sec
(H = 360 cm is the maximum depth of the Anchorage.)

The time needed to travel one grid distance is

DX _ 41760 _ -
<= "&55 50 sec = 0.014 hr.

We use 0.014 hr per DX for phase shift in W - E direction and the
lmposmg tide at the south entrance is

n. = 48 + 65 sin[<=—s

s T (EST - 7.125 - 0.014(1 - 11

12 5
= grid no. in W - E direction.
S - N lapse = 0.15 hr.

Distance from south entrance to north entrance is about 543,000 cm.
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Time for wave to travel this distance is 28350—09- = 0.18 hr. We take
0.15 hr as phase difference between the sou?h and the north boun-
daries; there, the imposing tide at the north entrance is

S . 2T _ _ _ _
N, = 18 + 65 sm[-i—z:—s-(EST 7.125 - 0.15 - 0.014(1 1]

Calculation of Anclote River Flowrate and Temperature

1.

2'

3.

The distance traveled from South Anclote Key to Tarpon Springs is
20 DX. We estimate a time lapse of 0.5 hr to account for the re-
tardation due to buffering effect of river storage and Anclote River's
natural outflow.

The average current is estimated to be 20 cm/sec, therefore, we take

U3(1e, 1, k) = 20 cos[,—g-l’-s-(EST ~ 7.625)]
V3(15, 1, k) = -20 cos[-2"—(EST - 7.625)]

12.5
for k =1, 2, 3, 4.

The surface elevation at Tarpon Springs is to be calculated.

To be in accordance with given velocities at Tarpon Springs, the

temperature there is also assigned and its value has a 24 hr period
instead of 12.5 hr. This temperature is

T3(15, 1, k) = 26.9 + 0.5 sin[%(EST - 12)]

where the 12 hr shift is to make the peak temperature occur at 1800.
Thus, the water in and out at Tarpon Springs has a temperature
ranging from 26.4 (before dawn) to 27.4 (late afternoon).

Discharge Temperature and Gulf Water Temperature

1.

2.

On June 19-20, 1978, the recorded discharge temperature at daytime
is in the range of 29.3-30.3. To account for the further drop of
discharge temperature due to cooler ambient temperature at nighttime,

we assume a sinusoidal variation of discharge temperature with diurnal
period.

Discharge temperature is estimated
T3(14, 8, k) = 29.4 + 0.4 sin[2N(EST - 12)]

therefore, the highest discharge temperature of 30.3°C occurs at
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6 p.m. and the lowest (29.3°C) at 6 a.m.

3. The Gulf water outside the Anclote Anchorage as well as the atmos-
phere is sink to the heat disposal from the power plant; therefore,
the boundary condition on temperature at the north and south en-
trance is not considered as adiabatic as in normal case of far-field
thermal pollution problem. Instead, we specify the outside-anchorage
ambient temperatures. Again, they are 24 hr periodic and their
values should be in accordance with the measured temperature in the
same neighborhood. Here in compliance with measured data, we use

- 2T e
Tab = 27.0 + 0.2 sm[za(EST 12)]

for both ambient temperature outside the south and the north boun-
daries.

EXECUTION DECKS FOR CALCULATION AND PLOTTING RUNS 4

The following execution decks are for use in UNIVAC 1100 computer
at the University of Miami. These may have to be modified if a different
computer is used. The programs and subroutines used in these runs are
all compiled and stored in the file.

Calcuiation Run

First Run--
1. @ ASG, A FILENAME.
The file 'FILENAME' is assigned for the run.

2. @ASG, T 8., 16N, TAPENAME1
A tape file names '8' is being assigned. The tape is %track, and
the reel number is 'TAPENAME1.'

3. @ PRT, S FILENAME.ANCMN
The main program 'ANCMN' is printed.

4, @ PACK FILENAME.
'FILENAME' is packed together, eliminating the space left by deleted
elements, and thus, condensing the file.

5. @ PREP FILENAME.
Prepare an entry point table for the 'FILENAME.!

6. @ MAP, S
Combines relocatable elements to form an executable absolute element.

7. IN FILENAME.ANCMN
8. LIB FILENAME.
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

END
@ XQT

3
Case number (NCASE).

1.
First run (LN).

1
Store the calculation results on to tape 'TAPENAME1' (KSTORE).

1
Calculate velocities (KVEL).

1
Calculate temperatures (KTEMP).

0
Specify numbers of the latest hour of the last run (MBLOCK]).

13
Number of hours to be simulated (NCY).

3600.
Print the results at each 3600 seconds (TPRT).

41760., 41760., 0.25
Grid sizes in x-, y- and o-direction (DX, DY, DS).

15.0, 0., 60., 0.08, 0.005, 12.5, 7.125

Specify time step, the difference of average tidal level and mean
water level, amplitude of tide, north-south phase lag, east-west
phase lag per DX, period of tide, and time shift (DT, STAGE,

AMPLIT, PHASE, DPHASE, PERIOD, TSHIFT).

0.66E-4, 48.8
Coriolis factor and the difference of mean water level and mean sea
level (FCOR, STAGE1).

0.
The y-axis coincides with North (THETA).

8.E5, 0.
Horizontal reference length and Rossby number (ALREF, ROSSBY).

1.
Number of hours between climatic data (RWEX).
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25.

26.

27.

28'

29.

30.

31.

7.
Simulation run starts at EST 0700 (TZERO).

1.026, 20., 20., 50000.
Specify water density, vertical eddy viscosity, vertical eddy diffu-
sivity, horizontal eddy diffusivity (RR, AV, BV, BH).

27.0
Initial water temperature (TINT).

@ ADD FILENAME.AMATN
Input data file '"AMATN' for specifying grid matrices and initial
water depth.

@ ADD FILENAME.FDATA
Input data file 'FDATA' for initializing temperature distribution.

@ ADD FILENAME.C2007
Input dhta file 'C2007' of climatic data.

@ FIN
Terminate this calculation run.

Sebsequent Run—-

1.

2.

@ ASG, A FILENAME.

@ ASG, T 7., 16N, TAPENAME1

A tape file named '7' is being assigned; the reel number is 'T APE-
NAME1.' This tape was used in the first run for storing the hourly
calculation results for 13 hours in 13 blocks.

@ MOVE 7., 12

Move TAPENAME1 to the 13th block which is the last hour result of
the first run and is going to be used as input data for this subse-
quent run.

@ ASG, T 8., 16N, TAPENAME2
A new tape named 'TAPENAME?2' is assigned to store the calculation
results of this run.

5-13. Same as the cards 311 of the first run.

14.

2
Continuing run (LN).

15~17. Same as the cards 1315 of the first run.

18.

13
The last hour of the first run is 13.

19-29, Same as the cards 17-27 of the first run.



30.

31.

32.

33.

Same as the card 20 of the first run. [f new tidal data is needed,
this card has to be changed.

@ ADD FILENAME.FDATA
If different IR temperature distribution is needed, FDATA has to
be changed.

@ ADD FILENAME.C2007
The data file C2007 has to be changed since the weather condition
will be different from the first run.

@ FIN

Plotting Run

1.

2‘

10.

11.
12.

13.

14,

@ ASG, A FILENAME.

@ ASG, T 7., 16N, TAPENAME1

A tape file named '7' is being assigned. 'TAPENAME1' stored the
results of the calculation run.

@ ASG, T 11., 16, TAPENAME2

A tape file named '11' is being assigned. The tape is 7-track, and
the reel number is 'TAPENAME2.' This is used for plotting tape.
@ PRT, S FILENAME.PLOTMN

@ PACK FILENAME.

@ PREP FILENAME.

@ MAP, S

IN FILENAME.PLOTMN

LIB FILENAME.

LIB UCS*ACALCOMP.
Call 'CALCOMP! plotter library.

END

@ XQT

11 11 11 11 6

Plot IR isotherms and computed isotherms; only one IR temperature
field is to be plotted. Plot isotherms on the surface level only,
and run for 6 simulation hours (IPLOIR, IPLOCM, NIR, KPLOT,
NCY).

27.5
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Minimum contour value for IR plot (TL).

15. 30.0
Maximum contour value for IR Plot (TH).

16. 0.75
Increment of contour value for IR plot (TI).

17. 27.0
Ambient temperature (TA1).

18. 13.
EST for caption (Q1).

19. 358.0
Wind speed in cm/sec for caption (Q2).

20. 110,
Wind direction for caption (Q3).

21, 29.4
Air temperature for caption (Q#4).

22. 29.5
Discharge temperature for caption (Q5).

23. 62.7
Discharge flowrate in cm3/sec for caption (Q6).

24, 1, 1, 1, 0, 1
Plot UV, UW, VW velocities and isotherms (IPLOT). ‘

25. 0, 0, 0, 0, O, 1
Plot the results at the 6th hour {NPLOUT).

26. 0,0,0,0, 1,1

Compare the deviation of computed temperature from IR tempterature
(NSTAND).

27. 0.0
Minimum contour value for surface height (ETAL).

28. 0.0
Maximum contour value for surface height (ETAH).

29. 0.0
Increment of contour value for surface height (ETAINT).

30. 6.
6" plot size in x-direction (XL).
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31. 42000., 42000.
GCrid size (cm) in x- and y-direction (DX, DY).

32. @ ADD FILENAME.APER1
Specify boundary nodes for plotting the boundary.

33. @ ADD FILENAME.EDATA
Input data file 'EDATA ;' specify IR temperature distribution at

ebb tidal stage.

34. @ FIN
Terminate this plotting run.

The input data file AMATN, FDATA, C2007, APER1 and EDATA
are listed in the Appendix B. If these data are not stored in the
'FILENAME,' card decks have to be substituted.
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SAMPLE OUTPUT (EST 1300, June 20, 1978)
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'SAMPLE PLOTTING

TIME(JUNE 20, 197813 13.0

WIND SPEED(CM/SEC): 358.0

WIND DIRECTIGNC(DEG/NI: 110.

RIR TEMPERATURE(DEG-C): 29 .4

D1SCHRRGE TEMP(DEG-C): 29.5

D1SCH FLOWRATE(CUM/SEC): 62.7

LENGTH SCARLE(1ICM= X CM): 41339.

VELQCITY SCRLE(CM/SEC): 52.49
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Figure 12. Surface velocity, Anclote Anchorage by modeling
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TIMECJUNE 20, 139781): 13.0

WIND SPEED(CM/SEC): 358.0
WIND DIRECTIGN(DEG/N]: 110.
RIR TEMPERRTURE(DEG-C): 29 .4
OISCHRARGE TEWMP(DEG-C): 29.5
OISCH FLGWRATE(CUM/SEC): 62.7
LENCTH SCRLE(1CM= X CMJ: 41339.

VELOCITY SCRLE(CM/SEC): 52 .49

|

[
L Y B

E8B TIDE

Figure 13. UW velocity, Anclote Anchorage by modeling
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TIMECJUNE 20, 19781): 13.0

HIND SPEED(CM/SEC): 358 .0
HIND DIRECTIGN(DEG/N): 110.
RIR TEMPERATURE(DEG-C): 29 .4
DISCHRRGE TEMP(DEG-C): 29.5
OISCH FLOWRARTE(CUM/SEC): 62.7
LENGTH SCRLE(ICM= X CHM]): 41339.
VELGCITY SCRLE(CM/SEC): 52.49

€88 TIDE

Figure 14. VW velocity, Anclote Anchorage by modeling
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TIMECJUNE 20, 19781):
WIND SPEED(CM/SEC):

WIND DIRECTIGN(DEG/N):
AIR TEMPERRTURE(DEG-C):
DISCHARGE TEMP(DEG-C):
DISCH FLGRRATE(CUM/SEC):
LENGTH SCARLEC(1ICM= X CMJ:
VELGCITY SCALE(CM/SEC):

13.0
358 .0
110.
29 .4
29.5
62.7
41339.
52.49

27.50

Figure 15.

DEVIRTIOGN FRGM IR TEMP:
EBB TIOE

0.410

Surface temperature, Anclote Anchorage by modeling




APPENDIX B
FORTRAN SOURCE PROGRAM LISTING

LIST OF SUBROUTINES OF THE MODEL

Calculating Part

1.

Main Program

ANCMN

Subroutines Called (in order)

BAYBOT: Reads grid matrices and bottom topography
BAYINI: Specifies initial conditions

READT: Reads data from tape for continuing run
IRREAD: Reads IR data as initial temperature distribution
EQTEMP: Calculates equilibrium temperature

BETA: Calculates surface elevation and vertical velocity in
xyo coordinates

BNRTIA: Calculates inertia terms in momentum eq. at interior points

ABNR3: Calculates inertia terms in momentum eq. on the north and
south boundaries

BVELS: Calculates interior velocities

ASAF3: Calculates north and south boundary velocities
GIVENU: Specifies velocities at discharge point and river mouth
CONV: Calculates convective terms in energy eq.

TCOMPT : Calculates interior temperatures

GIVENT: Specifies temperature at discharge point
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WCAL: Converts vertical velocity in xyo coordinates into xyz
coordinates

ANCPR: Prints surface height, velocity and temperature at four
locations at each time step

TPRLOK: Main printing program
STORET: Stores calculating results onto the tape
ZZl: Finds the current direction
3. Data Files
AMATN: Specifies marker matrices and elevations
APER1: Specifies outline of interest area
C2007: Climates data on June 20, 1978, start at 0700
HDATA: High tide data from IR
EDATA: Ebb tide data from IR
LDATA: Low tide data from IR
FDATA: Flood tide data from IR

Plotting Part

1. Main Program
PLOTMN

2. Subroutines Called (in order])
PLOTUV: Plots U, V velocities on different levels
PLOTUW: Plots U, W velocities at different | sections
PLOTVW: Plots V, W velocities at different i sections
ECHKON: Plots surface isotherms and surface height
ENDER: Subroutine in ECHKON, for labeling
CONLIN: Subroutine in ECHKON, for contouring
CAPTN1: Writes captions on the plot

CAPTN2: Writes captions on the plot
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CAPTN3: Writes captions on the plot
CAPTNU4: Writes captions on the plot
CAPTNS5: Writes captions on the plot
CAPTNG6: Writes captions on the plot
CAPTN7: Writes captions on the plot
CAPTNS8: Writes captions on the plot
CAPTNS9: Writes captions on the plot

FIT: Fits a parabolar to three points

VECT: Establishes the components of a vector
OUTLIN: Draws the outline of interest area

* The plotting subroutines PLOTS, PLOT, AROHD, NUMBER, SYMBOL
are existing in UNIVAC 1100, University of Miami, CALCOMP file.
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*FLOW(1).IRREAD SY¥F CREATED ON & DEC 79 AT 09:47:52

i CE4 RN RN IR IR X AREER IR RAE LRI NI AR A S IR YRR NI R IR DA IR XB RS RS
2 C 1IN THE CASE OF STARTING FROM GIVEN T-FIELD, READS IN THE IR=-TEMP
3 COHERRBABBRA SRR RRARLI I XX AB IR A YR A AP AEIRRER BRI EA DI XD R R EIEBE R EERREERR AR Y
3 SUBRCUTINE TRREAD(IM, UM KNyT1,T72)
5 DIMENSION TIGIMMJUM KNI T21IM, UM KN
[} CeusxxATA READ FROM ONE OF fHE (F,Hné'L)DAIA BY IR exBERFENTEEE
7 00 550 JT1,JM :
a 560 READ 2, (T1(I,dsl),I=1,IM)
° 2 FARMATL )
1n DO SE5 J=],JM
11 DO 585 I=1,IM
12 DO SE3 K=2,KN .
13 T1CT 30K 1=T1(T,ds 1)
14 D2 S%4 KZ1,KN
15 554  T2(I yJoKIZT1(Lpdsl)
14 5§55  conTinde
17 RETURN
18 END
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srLOUC1).EQTEMP SY» CREATFD ON 12 DEC 79 AT 20:36:54
L LI L T e e L e P T et e P T T PSP e Y s B L 2

1

Z C COMPUTE S EQUILIBRIUM T ANO SURFACE HEAT EXCHANGE COEFFICIENT SX

3 CARR R AR AR AR IR RN R AR TRANE R AR R I A RS A A Y IR R TR E R IR AP AR N LR A RARRK
4 SUBRCUTINE EQTEMP(TAIR JHUMIN,WIMNO,WDIR,SRAD,TSURF ,TDEN ,SK,TEQ]
] TAIRI=ZTA R%#9,/54+32¢

& TSURFI=TSURF#9,/5,.,¢32,

7 WINDIZWIND/GG,.T

2 SRAD 1=SPAD=*1440.

] TDEW 114,55+, 11u4=TAIR]1)={]1.-HUMID)

1a TOEWZZ((2.5+.007%TAIR1)*®¢1.-HUNID) }*%3

1! TDEWSTAIR}I-TDEWI~-TOEN2

13 BETHc 28e0 ndatatPl(As.0002009TFILNes2

13 e -o0 3 +, [} 'L

14 FONUZTOe®e 73WINDI2%2

1T SKS1E.7+(BETA+.2613FCNU

16 TEQZINEWNSSRADL1/SK

17 SKISH%,00000564

12 TEQ=Z(TEQ=32.1%5./9.

10 RETURN -

2¢ END
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