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ABSTRACT

ye:, 6. T. 1980. Trensport and dispersion of pollutants in
surface impoundrents: A fipite difference model.
ORNL-5521. Oak R.dje National Laboratory, Oak Ridge,
Tennessee. 100 pr.

A se-face impoundmint ncdel by finite-difference (SIMFD) has been
devel~pesi., SIMFD computes twe flow rate, velocity field, and the
conc: atratisn distribution of pollutants in surface impoundments with
any n-mber 6f 35lands located within the region of interest.

Theoi aticﬂ aerivations and numerical algorithm are described in
Jetail  Instructions for the application of SIMFD and listings of the

FORR™R IV source program are provided. Two sample problems are given

to iliustrite zhe application and validity of the modet.




TABLE OF CONTENTS

Page
ABSTRACT . & & v o ¢t 4 e o o o o o o s o o o o o o s oo o oo o v
LISTOF FIGURES . . . . . . v c ¢t v c o o o v o o s s o o o s o= ix
I. INTRODUCTION . . . . . . ¢ & ¢ v 4 o o o o = - o o o o o o oo 1
II. MODEL DEVELOPMENT . . . . . . . . . ¢ ¢t ¢ v ¢ s o o o o o = @ 4
I1.1 Hydrodynamic Model . . . . . . « ¢ . ¢ ¢ ¢ 0 o o v o @ 4
I1.2 Pollutant (Mass or Thermal) Transport Model . . . . . . 13
IIT. COMPUTER IMPLEMENTATION . . . . . . ... .. .. ¢ . ... 17
IV, RESULTS & & ¢ 4 v ¢t o e 4 o o o a o s o o o o s o 0 oo o oo 20
IV¥.1 Prairie Island Application . .. ... ... .. ... 20
IV.2 Artificial Impoundment Application . . . .. . .. .. 24
V. NOTATION . . . . o o i e s e e 6 o s e o o o o o o s o o o oo 28
VI. REFERENCES . . ...... e e e e e e e e e 32
VII., APPENDICES . . . . . . ¢ ¢t ¢t o o 6 e 6 e o o 0 o s o o o 35
APPENDIX A. APPLICABILITY OF HYDRODYNAMIC SUBMODEL . . . . . 37
APPENDIX B. DATA INPUT GUIDE . . . . . . . . . . .. . . 41
APPENDIX C. INPUT AND OUTPUT OF PRAIRIE ISLAND
APPLICATION . . ... .. e e e e et e s ee 47
APPENDIX D. INPUT AND OUTPUT OF AN ARTIFICIAL
IMPOUNDMENT APPLICATION . . . . . .. B 3 |

APPENIDX E. LISTING OF COMPUTER SOURCE PROGRAM . . . . . . . 75

vl




LIST OF FIGURES

Definition sketch of vertically integrated variables

Discretization of variables inagridcell . . . .. .. .
Flow chart of SIMFD . . . . . . & ¢« ¢ ¢ ¢« ¢ e 0 o o o o o

Finite-difference grid system layout in Prairie
Island vicinity . . . ¢ ¢ ¢« ¢ ¢ ¢t o ¢t o ¢ o o o o s o o o

Velocity field at Prairie Island vicinity on
Mgust 1’ 1975 [ ] L ] - L d L ] ® - - L] L] * L] - L ] ® L ] [ ] * L] L] L d L]

Comparison between predicted and measured isotherms
at Prairie Icland on August 1, 1976 .. ... ... ...

Finite-difference grid system layout of an artificial
impoundment in Spain . . . . . . .

Velocity field in an artificial impoundment in Spain .

Iso-temperature Rise in an artificial impoundment in
SPAIN . . . sttt s e s e e e e s e s s s e s e e

ix



I. INTRODUCTION

Areas near surface water impoundments, either natﬁral or man-made,
have traditionally been the centers of industrial growth. A basic
reason has been their capacity to receive, dilute and assimilate
unwanted effluents. In recent years, however, the rapidly increasing
quantities of such effluents and the growing concern over preservation
of environmentai quality have led to the need for rational planning of
the utilizatiec of impounding waters, instead of allowing uncontroile:i
expansion.

A major technical problem associated with such planning strategies
is the prediction of how an effluent will migrate in a given body of
water. The ansuér to this question is by no mears simple. It involves
knowledge of the flow field, on one hand, and the physicochemical
characteristics of the pollutants on the other. The complex flow
patterns in the surface water depend on meteorological conditions,
bottom topography, boundary geometry, inflows, and outflows. To gain
insight into the natural processes, three approaches may be followed:
(1) direct measurements, (2 hydraulic modeling, and (3) matnematical
mode 1ing.

Measurements in water bodies are not only very expensive and site
and time specific, but by themselves they cannot provide an adequate
overall view of the processes of interest. However, they are necessary
in conjunction with models of approaches (2) and (3), since they
provide data required for input or for verification purposes.

Hydraulic models can yield a very detailed picture of the phenomena,
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but considerable difficulties are encountered in the proper scaling of
all relevant factors, inevitably resulting in some degree of
simplification of the representation. They are, in general,
site-specific and also are much more expensive than mathematical
models. This last category consists essentially of the representation
of the actual processes by mathematical equations, which are
subsequently solved by analytical or numerical techniques. The more
complex the mathematical representation, the more difficult, but
supposedly the more accurate, the solution becomes. Mathematical
models are relatively inexpensive and general enough so they they can
be applied to different areas with only minor changes.

With the widespread use of high-speed computers, incresingly
detailed mathematical formulation can be handled by various numerical
methods. Several two-dimensional computational algorithms have been
developed to describe the transient flow patterns in a water body (Lee
1972, Leendertse 1970, Simmons 1973, Liggett 1975, Abbott et a’. 1975,
Yeh 1976). Hewever, numerous occasions exist that do not warraat the
application of novel transient flow amalysis. Furthermore, published
transient models applied to a specific case often have the unfortunate
characteristics of being inoperative when applied to a different
problem. Thus, operational steady state flow models, which would yield
adequate ard reliable‘ solutions of flow equations for a wide range of
problems, are requireg for many situations. This report presents the
development of one such model by alternating direction implicit (ADI)
finite-difference method.



From a practical viewpoint, the main interest is not the flow
field but rather the transport and dispersion of pollutants within a
given flow field. Therefore, the information obtained from a
hydrodynamic model is subsequently used as input to a pollutant
transport model. The latter normally solves some form of the
advective-dispersive equation, expressing the mass balance of the
constituent of interest. Again, the ADI method is employed for solving

the transport equation.



II. MODEL DEVELOPMENT

The space variations of the velocity from discharge, intakes,
inflows, and outflows are simulated with a two-dimensional steady state
hydrodynamic model. This is a modified version of the model developed
previously (Yeh et al. 1973). The spatiotemporal variations of the
pollutants (mass or thermal) are calculated with the aid of numerical
solution of mass or thermal balance equation. The solution methods for
both hydrodynamic and pollutant transport modeis are the alternating
direction implicit (ADI) finite-difference scheme.

I1.1 Hydrodynamic Model

The water in a surface impoundment is three-dimensional in
nature. Because the Flow is mainly horizontal and the impoundment is
usually shallow, it is assumed that pressure is hydrostatic.
Furthermore, only macro-velocity variations are considered. The
effects of small-scale velocity fluctLations are combined with

viscosity into shear stress terms. The equation of motion may be

wricten as

au, au, . au, 2u. lap.1

U U U_._-_ 4

3t Y= o +v = % " Z > X + S T3z + fv (1)

Wy By By 1.1
4+ = - e —_ -

t" U Vy sy to e - (2)
apfaz + pg = 0 (3)

where u, v, and w are the velocity components in he X, ¥, and z
directions respectively, p is the density of water, p is the pressure,

g is the gravity acceleration, f is the coriolis coefficient, t is the
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time, and Tz and ‘l’yz are the combined apparent and viscous stress
components in the x and y directions, respectively. It must be noted
that terms, 3t /3, 3Ixy/3y and 3Tyx/3x, Btyylay, in Egs. (1)

and (2), have bean omitted because they are small compared to terms,
arleaz and aryzlaz, respectively.

The equation of continuity of fluid mass is

g% + %; +-%§ =0 (4)
Because of the complicated boundary of a surface impoundment and
the difficulty of dealing with three-dimensional computations of fluid
flow, the problem is reduced to a two-dimensionzl one by vertical
integration of the equations of motion and continuity. The nonlinear
adveccive acceleration term is usually a small order of magnitude in
comparison to the pressure or bottom frictional terms, and flow
operation over the resident time is normally steady. Therefore in this
report it will be assumed that the flow is steady and nonlinear
advective terms are negligible. The validity of these assumptions is
demonstrated in Appendix A. With these assumptions, the vertically

integrated equations become:

= an 1 w by, _
Vgt o (k- %) =0 (5)
i - g B iy (- Ty =0 (6)

oAh + nju , ofh + n)v _
x oy 0 7)
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where n is the water surface elevation above the still water level, h
is the water depth, and 1;', ‘[; and r:, T?/ are the shear-stresses
due to the wind and at the bottom, respectively (Fig. 1). The

vertically averaged velocity components, u and v are given by

n

u = F_wl"T] fh u(x,y,z)dz (8a)
and
L !
v vixy.z)dz (8b)
-h

The surface wind shear stress components, T: and r;,
depencent on the meteorological cohditions, may be given by the

following equations (Van Dorr 1953):
vi _ w _
Ty = ok, IWIW, Ty = ko [HIH, (9a)

where oy is the air density, ka is the wind stress coefficient,

”x and W_ are the wind vejocity components in the x- and

y
y-directions, repectively, and |W| = vwi + H§ is the wind
speed.
The bottom stress components, 1: and r:, were assumed to

be proportional to the squared velocity for turbulent flow (Leendertse

1970):

Do B d o Daoe, P (9b)

in which Cf is the friction factor, depending on th; bottom roughness
and water depth (Wang and Connor 1975).
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These bottom stress components may also be assumed to be linearly
proportional to the velocity component for laminar flow (Schlichting
and Kestin 1968):

b _ - b _ =
L d(Usu Ty = d(Usv (9c)

where k is the linearized frictional coefficient and US is a
representative velocity scale. The linearization of the bottom
stresses results in a mathematical simplification of the analysis. It
may be justified for small values of velocity in a typical surface
impoundment (Simons 1973). Therefore, it will be followed in this
report.

By the substitution of Eq. (3c) into (5) and (6) and the
assumptions that n << h, Egqs. (5), (6), and (7) become:

-gBe g X Fisfizo0 (10)

_qdny 1w Ko s

gay+phr; FV-fi=0 (11)
o (12)

where K = kUs is defined as frictional parameter. One can define a

stream function:

a\
o (13)

e

= -

Tl
<
| ]
= ]

¥
)

<

so that Eq. (12) is automatically satisfied. By eliminating n in Egs.
(10) and (11) and using Eq. (13), a single equation describing the

stream function is obtained:
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2 2

2y, 2% _2pahav ohawy ok v ahdy
ax2 ;—7' h Y9x 3x ~ 3y 3y dy ax _ 9x dy

y

h2 2 ™ ™
xR -5 3. R D - D1 08

After Eq. (14) is solved, the flow rate components, U and V, can
be computed as follows:

=0h . —gh = Y
U= uh " V=vh ™ (15)

The flow rate components, together with the topography and the
bathymetry of the water body, will serve as inputs to the pollutant
transport model.

Boundary conditions to complete the solution of Eq. (14) are
determined by the requirements that any water-lard interface is a
streamline whose values can be prescribed. The conditions at
open-water boundaries such as discharge channel, intake canal, influx
or efflux sections are determined by assuming the flow takes place
normal to the sections. To write these conditions in mathematical

terms, one has the follcwing equations:

i
o

Y= WL(xuy) on L(X,_Y) = (16)

and

-

V¥en = 0 or  S(x,y) =

[l
o

(17)

where L(x,y) = 0 is the curve of water-land interfaces, 5(x,y) = 0 is
the curve of open-water boundaries; nis a unit vector normal to the

curve S(x,y) = 0. An option is also given that
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Y = ¥s(x,y) on 5(x,y) = 0 (18)

In Eqs. (16) and (18), YL and YS are two known functions describing
the boundary values of Y.

Equation (14) is an ellipitic partial differential equation. The
central difference approximation would yield a well behaved system of
algebraic equations. Several computational algorithms are available
(Smith 1965). The alternating direction implicit (ADI) iteration
scheme is adopted because of its economic in both computing time and
computer storage for the problem at hand. The discrete values of the
the variables are described on a grid cell. The stream functions and
wind stress components are described at four corner points of a grid
cell, (i.j), as shown in Fig. 2. They are designated as Y, .,

ij

1° and Y respectively. The x-component flow

Yie1,50 Y, 5+ Y41, j410
rate, U, is described on the left and right hand sides of the grid cell
and fis &esignated as Utj and U1+j+1,respectively. The y-component
flow rate, V, is described on the lower and upper sides of the grid
cell and is designated as vi,j and V1’j+1,respectively. The water
depth is described at the center of the grid cell and designated as
hi,j‘ This convention of describing the variables is particularly
helpful in solving the pollutant transport model in the next section.

With the variables descretized in the aforementioned manner, the
ADI iteration finite-difference approximations of Eq. (14), after
neglecting the density gradient term, is defined byv:

APl |+ Pl + cmyld) |+

MY g + 8@+ cae¥, -0 - (19)
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viere
AG = [-0.8(hyyy 5 - hyy iy g - 1/ -
0.25F+(h; 5,q - hy 5 )/Khxdy (20a)
2 2
B{I) = 2/ax" + w/ix (20b)

Gl - f0.5(hi+l’j - hi_l’j) - 1].’Ax2 +

- J.e5F«(h.

NEY, BiEGY, and C(Jg ara similarily defined but with suitable
peristation on i and j and on x and y. In Eqs. (19) and (20a) through
(26c), @ is an acceleratinn parameter and p and q are intergers
representing the number of iterations (Smith 1965). For the
v~direction implicit operation, p =k + 1 and q = k (in whick k is the
last previous iteration), while for the y-direction implicit, p = k
and q = k + 1. Normally, the same value of w is used in every
jteration step. A faster rate of convergence can be obtained by
varying « for each iteration (Varga 1962, Wachspress 1962, Wachspress
and Habetler 1960).

Having solved for the <tream function, ¥, the flow rates are

obtained from the finite-difference approximation of Eq. (15). These

flow rates at any grid cell are calculated as:

Ui’j = - (wi’j+1 = w{,j)/Ay (21a)
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and

41,5 " ‘l'i’j)/Ax . (21b)

It should be noted that the descretization of variables in Fig. 2

greatly facilitates the computation of ficw rate components, which are
after all the ultimate goal of the hydrodynamic model.

11.2 Pollutant (Mass or Thermal) Transport Model

The variations of pollutant concentration with space and time are
simulated with a transient two-dimensional advective-dispersive partial
differential equation. The model may be written accoraing to the mass

or thermal balance relationship:

3hC ., MC . avC _ 3 €y . 3 3y _ ke M
e +3y _—x-(th 8x) +3y(hl(y ay) KqhC ARC - K. C 5 (22)

where C is the mass concentration or the excessive temperature; Km is
the mass degeneration rate due to chemical or biological action; A is
the decay constant; K; the modified heat exchange coefficient,
which is equal to the heat exchange coefficient, Kh’ divided by the

specific heat, c_, and the water density, p (Edinger and Geyer 1965);

p*
M is the artificial source or sink, which may result frdh the
discharge, intake, and river inflows and outflows. Pollutants
recirculated between the intake and discharge are also included in the
M term. In kq. (22), the first term represents the rate of change of
pollutant 1n:a grid cell. The second and third terms represent the
advective flﬁxes. The first two terms on the right hand side of the
equation rep;esent the dispersive fluxes by ambient turbulent and shear

ferce. The third term is the mass degeneration by chemical or



biological action. The fourth term is the mass reducticn by decay.
The fifth term represents the heat dissipation into the atmosphere. It
should be noted that for the mass transport, K; should be set
equal to zero while for the thermal transport Kn and A are set equal
to zero.

Variables involved in Eq. (22} are U, V, K,, K., Ky, xb
(or Kh)’ A, h, nd C. C is the unknown to be found. The water
depth, h, the decay constant, A, the degeneration rate, Kn’ and the
heat exchange coefficient, Kh’ are the the input parameters. The
flow rates, U and V, are determined from the hydrodynamic simulation
model. The dispersion coefficients, Kx and K, have been proposed

y
to relate to U and V as (Christcdoulou et al. 1976):

hK

x = api ¢ (:L - aT)UZ/H + th (23a)

and

hK
y

apd + (a - agVo/M + hD_ (23b)

where a and ay are the longitudinal and transverse eddy
disperivities, respectively; W is the magnitude of the resuitant flow
rates; and Dm is thg molecular diffusion coefficient. Dm is, in
general, very small:compared to other terms; but is retained to achieve
numerical stability when both flow rate components approach zero for
some points in the field.

To complete the description of the concentration distribution,
initial and boundarj conditions are required in addition co Eq. (22).
Two types of boundaries are considered: ome is the water-land boundary

and the other is the open-water boundary. For the water-lard
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bounda:ies, no mass or heat flux across the boundaries is assumed.
Since fhe normal velocity at the water-land boundaries is zero, this
condition may be satisfied by assuming that the concentration gradient
normal to the boundary is zero. At open-water boundaries, if the
advection directs the flow into the region of interest, background
concentration of incoming water are assigned as boundary values. If
the advection directs flow out of the region, the boundary condition is
defined which allows the concentration to seek its own level.
Consequently, a zero gradient of concentration is specified av an
outflow boundary.

For the finite-difference approximation, the concentraion field is
discretized at the center of a grid cell as in Fig. 2. The ADI

representation of Equation (27) is then written as follows:

U g Rx) ( ) : k. ;)
- _ﬂ_d_‘_’l p .J'_gl sl ’“_J i,
[- 2l 2 165, * U -t ozt

xit1,§ i+1,§ 1 (P i+1,5 _ Kxied,iMit1,5 1 o (p
sz ] ci.j + AX A;? ] C1+1,J

ely)
g K j ) peo) 4 g Vi, Sy, )

K. f) ) = (a)
i,§41 1,541 4 o(q) i, i+105 341 9
LLJZ}TLJCM' * [—fJ— 16,50

4

L Ko (k1) o 1 Ky ¥
[(R*T*f’“i,J*z]H) (gt -7 -9y - r]"(k) NI
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where
cf"; = C(idx, jhy, KAt) (25a)
ﬁf"; = (h_q ;5 *hy )72 (25b)
AL = (hy 5y + iy )02 (25¢)

In the difference equation, Eq. (24), p and q will be replaced by
k or k +1 as demanded by the ADI algorithm, which is used to solve the
resulting system of algebraic equations. As with the solution of the
hydrodynamic equation, p will ve equal to k + 1 and q equal to k for
the x-direction implicit operation and p will be equal to k and q equal

to k + 1 for the y-direction implicit operation.
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III. COMPUTER IMPLEMENTATION

The computer program consists of 12 different subprograms, linked
as shown in Fig. 3. As is implied by its name, the routine MAIN
performs the control function and reads program parameters and grid
systems.

Subroutine ECHD2 echoes the input data. Subroutine DEPTH reads
the grid depth at the center of a grid cell and calculates the depth
alono the side and at the corners of the grid cell. Subrouting WINDS
reads wind speed and computes the wind-struss components. Subroutine
HYIRO sets up the tridiagonal matrix coefficient and the known load
vector for the hydrodynamic model. The tridiagonal matrix equation is
svlved in the subroutine THOMAS. Finally, subroutine INFVEL and OBDVEL
compute the velocity components at each infield point and boundary
point, respectively.

Subroutine QEXY is called from the routine MAIN to calculate the
flux across each of the four sides of a grid cell and to calculate the
corresponding dispersion coefficients. Subroutine TMODEL calcultes the
tridiagonal matrix coefficients and the load vector for the pollutant
transport model. Subroutine THOMAS is again used to solve the
resulting tridiagonal matrix equations. Subroutine OUTPRT is called by
both HYIRO and TMODEL to print the velocity components and
concentration distribution. Subroutine ALLOUT is called by the MAIN to
print the classification of each grid point.
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Fig. 3.

Flow chart of SIMFD.
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Suroutine VELPLT is called from MAIN to plot the velocity vector
with Calcum plotter. This subroutine uses the DISSPLA package
available at ORNL. The user should be aware of this fact.



1975, a flow rate of 43.3 mSs
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IV. RESULTS

In this chapter, two simulations are described. The first
application for Prairie Island and the Mississippi River provides a
comparison between the measured and predicted temperature
distribution. The second one is for a proposed impoundmznt area in

Spain, typifying a class of problems to which SIMFD may be applied.

IV.1 Prairie Island Application

The Priairie Island region is enclosed on the west by the river
bank, on the east by Prairie Island. It extends to Sturgeon Lake on
the north and to Barne's point on the south end as shown in Fig. 4.
During the month of August 1975, a continuous flow rate of 30 st
was discharged to the region through the discharge channel and 31

m:’s'1 was returned to the plant through intake canal. On August 1,

"1 vas drawn from Sturgeon Lake past

-1 and 33.3 mds~! of flow

section EF into the region, 9.2 m3s
were returned to the Mississippi River through sections AB and (D,
respectively. Those inflows and outflo/s were obtained by a flow net
analysis (Stefar and Arderson 1977).

The area of interest is discretized by a rectangular grid-cell
system as shown in Fig. 4. Using the above inflow and outflow
information, the hydrodynamic model generates the flow field as shown
in Fig. 5. A constant temperature excess of 10.9°C was maintained at
the discharge channel. The ambient temperature was about 27.2°C. The

isotherms as simulated by the pollutant transport model, after reaching

steady state, are shown in Fig. 6. Also shown in Fig. 6 are the
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Fig. 4. Finite-difference grid system layout in Prairie Island
vicinity.
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results of thermal survey data. Favorable agreement between the

simulation and field measurement was obtained.

IV.2 Artificial Impoundment Application

An artificial impoundment in Sp..in was proposed to dissipate heat
for emergency shutdown of a nuclear power plant. The configuration of
the pond is shown in Fig. 7. The depth of the pond is ahout 3 meters.
A dike is provided to separate the intake and discharge. This would
prevent short circuiting of the flow. The sim':ted area is covered by
a rectangular grid-cell system as shown in Fig. 7. The grid size is 30
meters. A continuous flow rate of 1.2 m3s'1 is circulated through
the pond. A temperature rise of 22.2°C is maintained at the discharge
point. Figure 8 shows the flow pattern of this circulation. Figure 9
shows the temperature rise isotherms. The temperature rise at the
intake is computed to be about 3.7°C. The remaining heat has been
dissipated to the atmosphere. A typical value of 0.001 cal/cmz-,
sec-°C in the sumner is assumed for the heat exchange coefficient in
this particular simulation (Sundaram et al. 1969). It ic noted that if
the whole pond area were credited for heat dissipation, the excessive
temperature at intake point would have been about 1.1°C using a plug
flow analysis (Edinger and Geyer 1965). Since complete prevention of
short circuiting is not obtained, the ercessive intake temperature is

higher than that obtained from the ideal plug flow analysis.
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Fig. 7. Finite-difference grid system layout of an artificial
impcundment in Spain.
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V. NOTATION

Equation coefficient associated with Y, in the x-implicit

-1°;
operation.

Equation coefficient associated with Y; j+1 in the y-implicit

operation.
Longitudinal eddy dispersivity
Transverse eddy dispersivity

Equaticn coefficient associated with ¥; in the x-implicit

»J
operation.

Equation coefficient associated with Vi j in the y-implicit

operation.
Concentration distribution or excess temperature.

Equation coefficient associated with ¥,

i+1,j in the x-implicit

operation.

Equation coefficient associated with L 41 in the y-implicit
’

operation,
Discrete value of C at point (i,j) at time k

Specific heat of water
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Load term in the algebraic equations
Molecular-diffusion coefficient.
Corioli§ coefficient
Gravitational acceleration
Water depth
Discrete value of h at point (i,
Frictional coefficeint
Frictional parameter = kU

S

Heat exchange coefficient

Modified heat exchange coefficient = Kh/(cpp).

Mass degeneration rate

Dispersion coefficient in the x-direction

Dispersion coefficient in the y-direction

Artificial source/sink of pollutant or thermal energy

Iteration index

[teration index




Time
Velocity components in the x-, y-, and z-directions, respectively.

Vertically averaged velocity components in the x- and y-direction,

respectively.

Flow rate components in the x- and y-directions, respectively.
Representative velocity scale.

Discrete value of U at point (i,j)

Resultant flow rate in the horizontal plane
Horizontal coordinates.

Vertical coordinate.

Density of water

Stream function

Value of ¥ on the water-land interface, L(x,y) = 0
Yalue of ¥ on the open-water boundary, S(x,y) = 0
Discrete value of ¥ at point (i,j)

Radfoactive decay constant

Wind stress components in the x- and y-directions, reépectively.



AX,Ay

Iteration parameter.
Bottom shear stress components in the x- and y-directions, respectively.

Internal shear stress components in the x- and y-directions,

respectively.
Water surface elevation above still water level

Finite difference grid spacing in the x- and y-directions, respectively.
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APPENDIX A. APPLICABILITY OF HYDRODYNAMIC SUBMODEL

The applicability of the SIMFD lies on the assumption of the
steady motion and the small convective-inertia force. The validity of
these two assumptions is demonstrated below.

It is noted that the number of unknowns in Eqs. (1) through (4) in
Section II.1 exceeds the number of unknowns for the problem. this can
be hurdled by relating the stress components, T and Tyz to the
velocity components, u and v, through the concept of eddy viscosity.

For the present problem, this can be written as:

- Ju
vz = e 32 (A1)
and
- ov. Y
Tyz s PVe 3z (AZ)

where Vo is the total vertical eddy viscosity.
It has been pointed out (Lamb 1932) that the effects of wind on an
water body, to which Egs. (1) through (4) of Section il.l applies,

wou 1d approach steady state for a time scale, te

t, = 4mh2/(r"v) (A3)

In the meantime, it has been shown (Lamb 1932) that the effect of earth

rotation on the water body would approach steady for a time scale, tf.
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tf = h (Mm4)

Yy, T

Ve

A third time scale one has to consider for the steady motion is the
resident time of the water particle in the water body. This resident

time, tq, can be approximated by:

2
hL
T (%3)

tq=

Ol<

where v is the volume of water body, Q is the total flow-through rate,
and L is the represetnative horizontil length scale.

If the assumption of steady motion is to be valid, the time
scales, tF's for the applied external forcing must be greater than
those given in Eqs. (A3) through (Ad), respectively. It can be seen
that all conditions presented above can be met by most of the surface
impoundments. Take for example, a typical value of Ve = 100
cmzlsec (0.1 ftzlsec), h =500 cm (15 ft), and f = 1074 -1
would yield te = 17 minutes and t:f = 1.4 minutes. Thus, If wind is
steady over 17 mintues, the effect of wind and earth rotation would
yield steady motion. The time for constant flow operation is normally
larger than that given by Eq. (A5). Thus, steady motion assumption is
a reasonable one.

The ratio of the convective inertia force to the turbulent shear
forre in Eqs. (1) and (2) of Section II.1 can be characterized by a

modif ied Reynolds number, Ry




&

u.h
*_ s h
WS, L (R6)

where Us is a representative velocity scale. This characterization

is made based on the analysis of the relative magnitude of order of the
convective-inertia and turbulent shear stress. If this R; is much

less than unit, then the assumption of small convective-inertia force
is valid. Indeed, R; is much less than unit for most of the

surface impoundments. Expressed in the C. G. S. umit, Us is in the
order of 100, h is in the order of 102, and Ve is in the order of

102. Thus, R; is in the order of h/L which is much smaller than
unit for practically all surface impoundments. Hence, it is valid to

assume that convective-inertia force is small compared to the bottom

frictional force, which results from the turbulent shear stress:

ot
b X2
1. = PV ——— ( A7)
X e & 2 = -h
and
ot
= _.E.
1—; Wy — (A8)

R
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WINS
WINANG
AVH
RHOW
RHOA
CKWIN
CKWAT

CARD GROUP II1I

NX
NY
JOPT

IREC
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APPENDIX B. DATA INPUT GUIDE
FORMAT(15A4,15)
Column 1 to 60 contain any description
An integer indicating if both hydrodynamic and thermal
models are to be run:
= 1 if oniy hydrodynamic model
= 2 if both models
FORMAT (8F8.3,2F8.6)
Representative velocity scale, [L/T]
Length scale, [L]
Total flow rate into or out of the region, {L3/T]
Wind speed, [L/T]
The angle between x-axis and the wind direction, Degree
Average water depth, [L]
Water density, [M/L3]
Air density, [M/L3]
Wind stress coefficient

Linearized bottom stress coefficient

NAMELIST/CONTRL/
Maximum column number in the x-direction
Maximum row number in the y-direction
An optional control:

= 0 if the source/sink version is used
= 1 if the inflow concentration is used

An integer to control the implementation of —ecirculation:

0 if no recirculation of pollutant is impi:ed,
1 if the recirculation of pollutant is implied

Total number of continuous interior segments that
are parallel to the x-axis for the hydrodynamic model

Total number of continuous interior segments that
are parallel to the y-axis for the hydrodynamic model



i Ty

MAXIT

NPRIN

EPS
INTER

NUMAXT
MUMAXT
NPRINT
EPST

INTERT
MAXITT

CARD GROUP IV

MBD(k)

MBDB(k)
MBDE (k)
NBD(k)

NBDB(k)
NBDE (k)

CARD GROUP V
NOBD
NPTOBD (k)
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Maximum number of iterations allowed in solving for
stream function

Number of iterations that intermittent values of
stream function are to be printed

Maximum error allowed in solving for stream function
An indicator for the intemmittent printout of the

stream function, = 0 no intemittent values are
desired, = 1 intermittent values are desired

Same as NUMMAX, MUMMAX, MPRIN, EPS, INTER, and
MAXIT, but for the pollutant transport model

NAMELIST/BOUND/

Column number of the k-th successive conditinuous interior

grid line segment that is parallel to y-axis for the
hydrodynamic model

Row number of the first grid point in column MBD(k)
Row number of the last grid point in column MBD(k)

Same as in MBD(k), MBDB(k), and MBDE(k) except they
refer to rows instead of column

NAMELIST/OBND/
Number of open boundaries

Total number of points on the k-th open boundary



I18X08D(k)
JBYO0BD(k)
IEX08D( k)
JEY0BD(k)
INDOBD( k)

CARD GROUP VI

NCBD

BXCBD(k)
BYCBD(k)
EXCBO(k)
EYCBO(k)

CARD GROUNP VII

43

The beginning x-coordinate of the k-th open boundary
The beginning y-coordinate of the k-th open boundary
The ending x-coordinate of the k-th open boundary
The ending y-coordinate of the k-th open boundary
Yndex of the k-th open boundary,

0 for the infow section
1 for the outflow section

IBXOBD, JBYOBD, IEXOBD, and JEYOBD are in terms of
grid units.

NAMELIST/CBND/
Number of water-land interfacial boundaries
The beginning x-coordinate of the k-th water-land boundary
The beginning '-coordinate of the k-th water-land boundary
The end x-coordinate of the k-th water-land boundary
The end y-coordinate of the k-th water-land boundary
BXCBD, BYCBD, EXCBD, EYCBD are in terms of grid units.

NAMEL IST/HBNV/

NBV

13v(k)

JBV(k)

8V(k)

CARD GROUP VIII

Total number of boundary points having known stream
function

Column number of the k-th boundary point with known
stream function

Row number of k-th boundary point with known stream
function

The value of stream function of the k-th boundary points,
this is in terms of Q

NAMELIST/PATCH/

IN(1,3)

[ndex of every grid point to indicate if the grid point
is an interfor point, a boundary point, or an exterior
point, or an island point, or a corner point,



CARD GROUP_IX

HIN(1,3)

CARD GROUP X

NPOW
NRIV

CARD GROUP XI

DIFX
DIFY
TINC
TURHOW
RKH
RKM
RAMADA

CARD GROUP XII

NUMAXT

for exterior point

for Dirichlet boundary point

for interior point

for corner point

for Neumann boundary point

10, 18, 26, ... for island points

14, 22, 30, ... for island corner point

00O i PO =

W n uwnnn

It is noted that the index value of 1, 2, and 4 are
generated by the program. Thus only the index for
corner point, Neumann boundary point, island point,
and island corner point have to be read in.
NAMELSIT/HIGH/
The depth of the i-th poirt, the depths read in here
are only the interior points
FOPMAT (215)
Number of the discharge and intake points

Number of inflow and outflow points

FORMAT (8F10.0)
Longitudinal dispersivity, [L]
Transverse dispersivity, [L]
Time step size, [T]
Two times of the water density, [H/L3]
Heat Exchange coefficient, [E/LZIT/Deg]
Mass degeneration rate, [T']]
Radioactive decay constant, [T"]

NAMELIST/BOUNDT/

Total number of continuous grid cell segments that are
parallel to the x-axis for the pollutant transport model
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MUMAXT

MBDT(k)

MBDBT (k)
MBDET (k)
MBDIND(k)

NBDT(k)

MBDBT(K)
NBDET (k)
NBDIND(k)

CARD GROUP XIII

NBVT
IBVT(k)
JBVT(k)
BVT(k)
QBVT(k)

CARD GROUP X1V
PNAME (k)
IPOM (k)
JPOW(k)
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Total number of continuous grid cell segments that
are parallel to the y-axis for the pollutant transport
model ’

Column number of the k-th continuous grid cell segment
that are parallel to the y-axis

Row number of the first grid cell in column MBDT(k)
Row number of the last grid cell in column MBDT(k)

Index for the MBDT(k) column:
= 99 if the whole segment is the Dirichlent boundary points
= 11 if both ends are the no-flux boundary points
= 10 if the lTower end is the no-flux boundary point and
the upper end is the Dirichlet boundar point
1 1if the lower end is the Dirichlet boundary point
and the upper end is the no-flux boundary point
= 0 if both ends are the Dirichlet boundary points

Same as MBDT(k), MBDBT(k), MBDET(k), and MNDIND(k)
except they refer to rows instead of columns

NAMELIST/TBNV/
Total number of points having given concentration
Column number of the k-th known concentration point
Row number of the k-th known concentration point
Concentration of the k-th known concentration point, [M/L3]

Flow rate at the k-th known concentration point, [L3/T]

FORMAT(A8,2X, 215,2F20.0)
Name of the k-th discharge or intake point
Column number of the k-th discharge or intake point

Row number of the k-th discharge or intake point
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QPOW(k) Flow rate of the k-th discharge or intake point, [L3/T]

TPOW(k) Concentration of the k-th discharge or intake point, [H!L3]
CARD GROUP XV FORMAT(A8,2X,215,2F2).4)

RNAME (k)

IRIV(k)

Same as CARD GROUP XIV but for inflows or outflows
JRIV(Kk)
QRIV(k)

TRIV(k)
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APPENDIX C. INPUT AND QUTPUT OF PRAIRIE ISLAND APPLICATION

INPUT
PRAYRIE ISLAND CALIBRATION 8/1/1972 2
1.0 a0. 2595.8 18.92 290. 8.0 1.93 0.00237 .000001 0.005

SCONTRL BX=19,¥Y=35,NUNBAX=82 , SUNBAX= 23, NAKIT=100, BPRIN=10, ISTER=0, 2PS=0.001,
BURAXT=82, NORAXT=23, BAXITT=200 ,NPRINT=10, INTERT=0, EPST=0.01, JOPT=1,IRPC=0,
P41
¢B0UND AKBD=2,3,84,.8,5,5,6,6,7,8,9,10,10,11,11,12,12,13,18,15,16,17,18, 76%0,
RBDB=15, 15,18,29,1%4,29,13,27,13,13,12,12,20,11, 26,11, 26, 10,6,8,2,2,2, 7680,
»PDE=17, 12,17,30,20,31,28,32,33,33,38,17,38, 16, 38, 16, 38, 38,38, 38,11, 7,3,7640,
¥BD=2,3,8,5,6,7,8,9,10, 11, 12, 13,18,15,16,17,17,18,18,19,19,20,20,21,21,22,22,
23,23,28,28,25,25 .26,27,28,29,30,31,32,33,38, 57%0,
¥BDB=16, 16,15,15, 18,1+, 18,18, 13,11,9,6,8,2,2,2,13,5.13,5, 13,5, 13,
6,13,6,13,6,13,6, 13,7,13,7,6,6,8,8,5,6,7,9, 570,
wBDE=18, 18,17, 17, 17,17, 16, 16, 16, 16, 15, 15,15,15,15 ,10,15,9,15,9,15,10,15,
10,15,10,15,10,15,10,15, 10, 10815, 57%0, EEBD
SOBAD NOBD=5, NPTOBD=S, 8,9, 9,5, 9&¢0,, IBIOBD=1,3,8, 16,15, 9as0,
IZX0BD=1, 3,16, 16,19, 980, JBYOBD=18,28,35,26,1, 980,
JEYOBD=18, 31,35,38,1, 98s0, IBDOBD=0,1,0,1,1, 98%0, &E¥D
€CBID ¥W8D=39, BXCBD=1,8,8,5,5,6,5,5,3,3,8,8,5,5,6,6,8,16,16,16,17,17,18,
18,19,15,18,18,13,13,12,12, 10,10,10,8,5,5,3, 3,1, 11, 10, 10, 11, 11, 12,12, 11,
50%0,
BYCBD= 18, 18, 21, 21, 25, 25, 26, 26, 28,31, 31,32,32,33,33,38,38,38,12,12,
8,8,8,8,1,1,3,3,5,5,9,9,10,10,11,11,12,12,13,13,18,18, 18,19,19,25,25,17,17,
50%0,
PXCBD=8,9,5,5,6,6,6,5,5.8,4,5,5,6,6,8,8,16,16,17,17, 18, 18,19,

19,15, 15,18, 18,13, 13,12,12,10, 8,8,6,5,5,3,3,10,10,11,11,12,12,11,11,50 %0,
eycsp=18,21,21,25,25,26 ,26,,28,28,31, 32, 32,33, 33, 38, 38,35,35, 26,
12,12,8,8,8,8,3,3,5,5,9,9,10,10,11,11,12,12, 13, 13,18, 18, 18, 19,19,25,25,17,

17,18,50%0, GEND
CHENY 8v=10%1.9,0.926, 0.852,0.778,0.708, 0.630,0.556,0.382,0.808,0.822,0.836,
0.850,0.868,0.877,0.891,0.505,0.519,29%0.533,0.686,0.760,0.873,28¢0.986,0.884,
0.762,0.680,19%0.576,0.719,0.859, 189%0.0,
1Bv=3,2¢8,295,246,7,2%8,9,10,11,12,13,18,15,28%16, 5817, 5918, 4+ 19,18, 17, 16,3+ 15,
3818,5¢13,2¢12.11,2%10,9,2%8,7,6,2%5,8,2%3,2,5%1,2, 3,448,595, 2¢6, 385,48, 343,
18940,
JBV=2%31,2%32,2933,338 ,9935,34,33,32,31,30,29, 28,27,26,25,24,23,22,21,20,19,
18,17,16,15,18,13,2%12,11,10,9,2#8,7,6,5,2%4,3,2,5%1,2, 2¢3,8,2¢5,6,7,8,2¢9,
3810,3811,8912,3913,3¢18,15,16,17,4¢18,19,20, 2921, 22,23, 28, 2925, 226,27, 328,
29,30, 189%0, WBV=110, G6END
SPATICH 1¥(1,18)=6,IN(8,21)=6,I¥(5,25) =6, IN(S,26)=6,IN(3,28)=6,IN (3,31)=6,
IN(15,1)=6,IN(18,3)=6,T0(13,5)=6,I8(12,9) =6, IN(10,10) =6, IN (8, 11) =6,
18(18,8) =6, IN (1 9,8) =6, IN (19,1) =6, 1IN (11, 17)=10,I8 (11, 18) =10, I¥ (10, 18) =10,
IN(10, 19) =10, IN (11, 19) =10, IN(11,20) =10,IN (11,21) =10,T%(11,22) =10,
IN(11,23) =10, I8 (11, 28) =10, IN(11,25) =10,I¥ (12,25) =10,IN(12,28)=10,
I8(12,23)=10,I¥(12,22) =10,IN(12,21) =10, IN(12,20) =10, T¥ (12,19} =10,
I¥(12,18) =10,In0(12,17)=10,
TH(S5,12) =6,18(3,13) =6,I0(1, 14) =6, CEND
CHIGRT AIN=15.5,15.5,2.0, 18.5,12.0,2.0, 15.5,18.5,2.0, 15.5,13.0,
2.0, 16.5,18.%,12.5,2.0, 16.5,18.5,12.5,2.0, 15.5,18.5,10.0, 15.5,13.0,
2.0, 13.5,11.5,12.0,2.0, 7.5,13.0,18.5,11.5,10.0,2.0, 10.5,11.5,12.5,13.5,
12.5,11.5,10.0,  11.0,11.5,11.5,11.5,11.%5,12.0,13.0,12.5,12.5,10.0,
10.5,11.5,11,5,11.5,11.5,11.0,10.5,10.0,11.5,13.5, 12.5,10.0,  10.5,10.5,11.5,
11.5,11.5,11.5,10.5,9.0,9.5,7.5,7.5,18.5,13.5, 10.0, 10.5,10.5,11.5,11.5,
10.5,8.0,5.5,4.5,2.6,2.9,5.0,16.0,12.5,8.0, 2.0,2.0,6.0,6.5,2.5,2.5,2.5,
2.5,2.0, 11.5,17.5,2.0, 7.%5,3.5,2.5,2.5,2.0, 18.0,18.5,2.0, 3.5,3.5,
2.5,2.5,2.0, 17.5,18.5,2.0, ®.0,5.5,2.5,2.5,2.5,2.0, 16.5,18.5,2.0,
6.5,2.0,2.0, 2.5,2.0, 17.0,18.5,2.0, 7.5,2.0,2.5,2.5,2.0,17.5,19.0,2.0,
7.0,2.5,2.5,2.5,2.5, 18.5,18.0,8.0, 3.0,3.0,2.0,2.0,2.5,
19.5,17.5,10. 0, 3.5,2.0, 3.5,2.5, 18.0,16.5,10.0, 8.5,9.5,9.5,
8.0,1.5,9.5,18.0,16.0,16.0, 9.0,10.0,10.5,11.0,10.5,6.5,10.5,17.5,16.0,
12.0, 10.%5,11.5,10.0,9.5,10.5,11.5,10.5,16.%, 15.0, 12.0, 10.5,12.5,12.5,
11.5,10.0,11.5,10.5,11.0,11.5,15.0,14.5,12.9, 8.5,12.5,11.5,11.5,11.5,11.5,
9.5,10.5,11.5,14.5,18.5, 12,0, 8.5,10.5,9.5,11.0,9.5,8.5,10.5,11.5,16. 5,
14.5,10.0, 8.5,10.5,10,5,10.5,10.5,10.5,11.5,14.5,11.5,11.0,



APPENDIX C. INPUT (continued)

2.0,5,0,7.5,10.5,11.0,11.5,18.5,5.5,12.0, 7.5, 10.5,11.0,11.5,18.5,5.5,
2.0, 7.5,10.5,11.0,11.5,18.5,5.5,2.0, sem

7 20
75.0 75.0 30.0 120.8 0.002 0.0 0.0

6BOUNDT ®BDT=1,2,3,3,8,%,5,5,6,7.8,9,10,10,11, 11,12, 13, 18, 15, 16, 17, 18, 7640,

NBDET=18,18,13,28,13,28,12,26,12,12,11,11,10, 19, 10, 25,9, 5,3, 481, 76%0,

uBOPEY=17, 17, 17, 30, 20, 31, 28, 32, 33,33,38,38,17,38,16,34,38,38,38,38,%1,7,3,76%0,

EBDIND=99,22¢11,76%0, EBDIND=13¢11,8¢1,25811,57%0,

¥BD?=1,2,3,8,5,6,7,8,9,10,11,12,13,14,15, 16,17, 17, 18,18, 19, 19, 20, 20, 21,21,22,

22,23,23,28,28,25,26,27,28,29,30,31,32,33,3¢, 570,

¥BDET=15, 15, 18, 18, 13,13, 13, 13, 12,10,6,5,3,8%1,12,8,12,8,12,8,12,5,12,5,12,5, 12,

5,12,6,5,5,3,3,3,8,5,6,8, 5730, ¥BDET=3#18,8%17,8#16,5%15,10,15,9,15,10,15,

10,15,10,1%,10,15,10,15,10,15,73¢15,57¢0, SEND

ETBEY QBY~=89297.5,3%406.67,92%0., BVYI=8%19.6,3%0.,9290., IBVT=4%1,3%3,692%0,
- JBYT=18, 15, 16, 17,28, 29, 30,92¢0, YEDBT=4#1,3%0,92%0, W&BV¥T=7, EPED

)

DISCHARGE 1 1 265.00 19.6
DISCHARGE 1 15 265.00 19.6
DISCHARGE 1 16 265.00 19.6
DISCHARGE 1 17  265.00 19.6
INTAKE 3 28 -365.00 0.
IBTAKE 3 29 -365.00 0.
INTAKE 3 30 -365.00 0.
C"+2 OUT 15 1 -293.8 0.
CR82 ogT 16 1 -293.8 0.
CHS&2 oUT 17 1 -293.8 0.
cHe2 oOT 18 1 -293.8 0.
CH26 OOT 15 26 -80.590 0.
CH26 00T 15 27 -80.690 0.
CH26 oUT 15 28 -80.690 0.
Ccd26 ovr 15 29 -80.690 0.
CH26 OUT 15 30 -80.690 0.
CH26 ou? 15 31 -80.690 0.
CH26 00T 1s 32 -180.690 0.
CR26 oot 15 32 -ap.670 0.
CH36 1nm 8 34 191.98 0.
CH36 1IN 9 33 191.98 0.
CH36 1IN 10 38 191.98 0.
CH36 In 11 3% 191.98 0.
CH36 1IN 12 38 191.98 0.
CR36 1P 13 38 191.98 0.
CR36 1IN 1a 32 197.98 0.

CH36 1IN 15 3a 191.98% 0.
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APPENDIX C. OUTPUT (continued)

AL

16

- o b b
N &N

-
-

-
ANWE AN dBOD

=3
AN e AR d 2RI ARSI IRNNEYRRYNE YR UK

2.000
2.000
19.500
10.502
10. %60

11
11.000
11,000
11.000
1€.%500
10.500
10,500
11.000
11,200

4.500
1,500
1,00
2.%00
2.%500
21,000
2.000
2.000
0.0
0.0
1.000
2.000
7.%00
10,000
12.000
12.%00
7.500
7.%00

50

TAE DEPTA AT THE COBNER

2.000
2.000
10.500
10.500
10.500

“
11,560
14,500
11,500
11.500
11.500
11.500
11.500
10.500
10.500

9.500

9.500
19.500
18,500
47.500
17.000
16.500
17.500
18.000

$.000

5.000

7.500
11,500
13.000
13.500
13,000
13.000
13.250

8.500
8.500
10.500
10.500

2.9C0
2.000
10.500
10.500
10.500
10.500

13
18.500
18.500
18,500
18,500
18.%00
18,500
15.000
16. 000
17.500
18.000
18.000
19.500
18.500
11.500
17.000
16.500
17.500
18.000
17.500
16.000
18,500
13,500
12.500
12.%00
18,500
13.500
13.500
15,500
16.500
16. 500
16.500

coLny
[ ] S

8.500
8.500
10.500
10.500

4.000
5.000
3.500
6.000
6.000
11.500
11.500
10.500
10.500

8.500
8.500
12.530
12.500
12.500
9.000
10.500
3.000
3.000
7.000
7.500
%.000
8.000
3.500
7.500
6.500
11.500
11.500
11.500
11.500
11.250

coLoas

1
$.500
5.500
5.500

11.500
18,500
18,500
18.500
15.000
16.000
16.000
16.5%0
17.500
18.000
19.000
18.500
18.500
18.500
18.500
17.500
12.500
13.500
12.500
12.500
11.500
11.500
11.500
15.500
15.500
16.500
16.500
16.500
15.500
15.500

15
2.000
2.070
12.000
11.000
10.000
12.000
12.000
12.000
12.030
16.000
10.000
10.000

8.C00

2.000

2.000

2.000

2,000

2.000

2.000

8.000
10.000
10.000
10.000
10.000
10.000
12.000
13,000
18,500
18.500
18.500
15.500
15,500
15.500
15.500
15.500

8.500
8.500
10.500
11.500
12.500
10.500
9.000
9.000
3.000
3.000
7.000
7.500
§.500
5.500
3.500
3.500
2.500
10.500
11.500
11.500
11.000
11.000

16

2.000
12.000
11.000
10.000
12.000
12.000
12.000
12.000
16.000
10.000
10.000

8.000

2.000

2.000

2.000

2.000

2.000

2.000

8.000
10.000
10.000
10.000

2.000

2.000

2.000

2.000
10.000
12.500
12.500
13.000
18.500
18,500
15.500
15.500

2.000
2.000
10.50¢C
9.500
11.500
11.500
11,500
10.000
8.500
3. 500
3J.o00"
2.500
2.000
2.000
2.500
2.500
2. 500
2. 500
8.000
11.500
11,500
11.500
11.500

7

2.000
2,000
2.000
2.000
2.000
2.000
2.000
2.000
12.000
15.500
15,300

5.000
5.000
10.500
11.000
11.500
10.000
10.000
10.500
$.500
2.000
2.000
2.500
2.500
2.000
2.500
2.500
2.500
2.500
5.590
10.500
11.500
11.500
11.500
11.000

18

2.000
2.000
2.000
2.000
2.000
2,000
2.000
2,000

3.500

2.500
2.500
2.500
2.500
2.000
2.000
2.500
8,500
9.000
11.00C
11.500
10.500
10.500

19

2,000
2,000
2.000
2.000

10.500
10.500
10.500
10. 500
8.500
9. 500
10.500
10. 500
10.500
8.000
2.500
2.500
2.500
2.000
2.000
2.000
2.000
2.000
2.000
2.000
9.500
10.500
11. 500
11.500
11.500
9. 500




APPENDIX C.

]
]

FIVUNTAYRYRY SIS

17

AN E AN 4D

BRUNUIRRIIB 2P 4%

AN D AR IO

OQUTPUT (continued)

0.0768
0.078
0.131
9.131
0.131

"
0.138
0.13s
0.133
9.12¢%
0.122
0.130
0.136
5.116
0.077
0.082

DISENSIOBLESS DEPTE AT

0.C7e
0.¢78
0.131
0.0
0.1

12
0.181
0.18
0.13y
0.137
.17
0.139
0.139
0.116
0.081
0.069
0.06%
0.237
0.22¢
0.216
0.209
0.212
0.222
0.19)
0.069
0.069
0.118
0.18%
0.159
0.185%
n.128
0.120
0.187

0.119
0.119
0.131
0.131

0.078
0.078
0.131
0.131
0.1
0.131

11
0.162
0.162
0.162
0.162
0.162
0.168
0.166
0.170
0.173
0.172
0.208
0.237
€.225
0.216
0,209
0.212
0.222
0.18)
0.136
0.138
0.187
0.158
0.161
3,187
0.169
0.166
0.166
0.200
0.206
0.206
0.206

51

EACH POIET
coLeny
L H 6
0.112
0.119 9.112
0.119  0.119 0.138
0.119 0.137 0.1%)3
0.137  O0.188 0.150
0.131 N.188 0.120
0.117 0.117
0.188 0.1%7
0.063 0.063
0.063 0.063
0.0917  0.091
0.080 0.080
0.087 ©0.087 0.063
0.087 0.087 0.052
0.068 0.068 0.056
0.09¢ 0.08v 0.063
0.09% 0.111 0.097
0.137 0.188 0.181
0.13s 0.181 0. 188
0.131 0.137 0.182
0.1 0.137 0.180
0.138¢  0.1a0
COLUBS
1. 15 18
0.125 0.078
0.125 0.078 0.078
-0.188 0.125  0.125
0.172 0.187 0.187
0.181 0.159 0.159
0.183 0.166 0.166
0.189 0.167 0.167
0.202 0.172 0.172
0.211 0.188 0.188
0.27¢ 0.183 0.18)
0.223 0.169 0.169
0.230 0.167 0.167
0.228 0.7  0.187
0.225 0.130 0.130
0.220 0.128 0.128
0.222 0.128 0.128
0.227 0.120 0.128
0.223 0.125 0.125%
0.196 0.125 0.125
0.177 o,1}7 0.137
0.169 0,188 0.188
0,159 0.187  0.181
0.1%53 0.137 0.137
0.156 0.13¢  o0.007
0.159 O0.181 0.001
0.169 0.162 0.091
0.168 0.183 0.12)
0.200 0.19%7 0,161
0,206 0.19% 0.169
0.206 0.v97 0.1713
0.206 0.1%7 0.103
0.196 0.198 0.108
0.196¢  0.19% 0.191
0.19s 0.198%
0.198  0.19%

0.092
0.092
0.122
0.13s8
0. 147
C. 188
0.128
0.118
0.075
0.039
0.0s8
0.059
0.056
0.052
0.0as
0.037
0.03s8
0.07)
0.130
0. 188
0. 182
0.181
0. 181

17

0.089
0.091
0.12)

0.08?7
0.08?
0.130
0.136
0.139
0. 138
0.131
0.120
0.073
0.033
0.eN
0.030
0.027

0.031

18

0.091
0,091
0.092
0.099
0.0%8
0.09¢
0. 109
0. 109

0.078
0.078
0. 105
0.130
0. 136
0. 139
0. 128
0. 128
0. 127
0.077
0.030
0.028
0.03i
0.030
0.030
©€.030
0.028
0.030
0.087
0.092
0. 131
0. 182
0. 81
0. 136
0.136

19

0.090
0.098
0. 109
0. 109

10

0.112
0.112
0.122
¢.122
0.122
0.13s
0.13
0.130
0.122
0.073
0.033
0.030
0.030
0.028
0.028
0.027
0.027
0.03a
0.03
0.078
0.2%
0.139
0. 18
0.1
0.137
0.12%
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APPENDIX C. OUTPUT (continued)

TRE BOUNDARY PALUES ANO THER IFITIAL GOESSES

coprens
o \J 2 3 L] S 6 ? 9 10

35 0.92¢ 0.9%2
» 1.000 1.000 0.0 0.0
»n 1.300 0.0 0.0 0.0 0.0
i -d 1.000 0.0 0.0 0.0 0.0 0.0
n 1.000 1.000 0.0 6.0 0.0 0.0 0.0 0.0
0 0.059% 0.0 0.0 0.0 0.0 6.0 0.0 0.0
29 0.71% 0.0 0.0 0.0 c.o 0.0 .0 0.0
22 0.578 0.57 0.57¢ 0.0 0.0 0.0 0.0 0.0
n 9.57¢ 0.0 0.0 0.0 0.0 0.0
2* 0.57¢ 0.57¢ 0.0 0.0 0.0 0.0
5 0.57¢ 0.57¢ 0.0 0.0 0.0 0.0
22 0.57¢ 0.0 0.0 0.0 0.0 0.0
2 e.57¢ 0.¢ 0.0 0.0 0.0 0.0
n 0.57¢ 0.0 0.0 0.0 0.0 0.0
n 0.578 0.57% 0.0 0.0 0.0 0.0 0.0
20 0.%70 0.0 0.0 0.0 0.0 0.0 0.0
" 0.579 0.0 0.0 0.0 0.0 0.0 0.0
1 0.578  0.57¢ 0.%78 O0.%78 0.0 0.0 0.0 2.0 0.0 0.0
” 0.600 0.0 0.¢ o." 0.0 0.0 6.0 9.0 0.0 0.0
* 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0
s .0 0.0 o.¢ 0.0 0.0 9.0 0.0 0.0 0.0
1" 0.9¢¢ 0.92¢ O0.%6 0.0 0.0 0.0 0.0 9.0 0.0 0.0
19 0.9%6 0.99¢ 0.9%86 0.0 0.0 0.0 0.0 0.0
\7! 0.986 0.966 0.90¢ 0.986 0.0 0.0
" 0.906 ©.9%6¢ 0.90¢
" 0.906
9

L}

b

6

<

.

3

2

1

coLens
Lo " 12 19 "% 5 "% v L) "

» 0.77%  0.708 0.630 0.%56 0.882

» 0.0 0.0 9.0 0.0 0.0 0.822

n 0.0 0.0 0.0 0.0 0.0 0.036

n 9.0 0.0 0.0 0.0 0.0 0.850

n 0.0 0.0 0.0 0.0 0.0 0.868

0 0.0 0.0 0.0 0.0 0.0 0.077

Fad 9.¢ 0.0 0.0 0.0 0.0 .89

i 0.0 0.0 0.0 0.0 0.0 0.505

n 0.0 0.0 0.0 0.0 0.0 0.519

hd 0.0 0.0 0.0 0.0 0.0 0.533

i 0.0 0.0 0.0 0.0 0.0 0.53)

3 0.0 9.0 0.0 0.0 0.0 0.53)3

2] 0.0 0.0 0.0 0.0 0.0 0.533

n 0.0 0.0 0.0 0.0 0.0 0.533

n 0.0 0.0 0.0 0.0 0.0 0.533

20 0.0 0.0 9.9 0.0 0.0 0.533

19 0.0 0.0 0.0 0.0 0.0 0.533

AL 0.0 0.v 0.0 0.0 0.0 0.53)

" 0.0 6.0 0.0 0.0 0.0 0.533

" 0.0 0.0 0.0 0.0 0.0 0.533

L} 0.0 0.0 0.0 0.0 0.0 0.53)

A4 0.0 0.0 0.0 0.0 0.0 0.53)

13 0.0 0.0 0.0 0.0 0.0 0.533

2 9.0 0.0 0.0 0.0 0.0 0.533

" 0.0 0.0 0.0 0.0 0.0 0.0 0.53)3

AL ] 0.906 0.98¢ 0.0 0.0 0.0 0.0 0.53)

9 0.986 0.98¢ 0.0 0.0 0.0 0.53)

a 0.98¢ 0.0 0.0 0.0 0.533 0,533

? 0.986 0.0 0.0 0.0 0.0 0.53)

6 0.9%6 0.0 0.0 0.0 0.0 0.53)

< 0.966' 0.98¢ 0.0 0.0 0.0 0.533

. . 0.986 0.0 0.0 0.0 0.533 0.533

1 0.996 0.93% 0.0 0.0 0.0 0. 533

2 0.906 0.0 0.0 0.0 0.53)

1 0.986 0.073 0,760 0.686 0.51)
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APPENDIX C. OQUTPUT (continued)

TRE SOLBTION POR THER NYDRO NODEL

TER PRESEST BUNERICAL SCHESE IS O. K
pIPEAT= (.8876705E-0) POR TRE JISTE ITEPATION CCCORING AT ( 7,16)

TET STRERR PONCYION - PSI

coLens
0 1 2 3 s b ¢ ? ] ’ 10
» 0.%26 0,852
»n 1.000 1.000 0.929 0.861
»n 1.000 0.972 0.952 0.%08 0.8s80
n 1.000  0.962 0.93) 0.902 0.057 O.e06¢
n 1.000 1.000 0.982 0.907 0.87S o0.888 0.810 O0.773
» 0.059 0.860 0.082 0.622 0.8C5 0.786 0.76s 0.7
» 0.719  0.722 0.718 0.72% 0.732 0.732 0,725 93.712
»n 0.578 0.578 0.578 0.68% 0.678 0.609 0.693 0.609
n 0.576  0.610 0.681 0.660 0.671 O.6M
% 0.578 0.578 0.63 0.650 0.663 0O.6M
r 0.578 0.578 0.633 0.65¢ 0.665 0.67°
N 0.578  0.602 0.639 0.657 0.667 0.615
i 0.578 0.618 0.648 0.662 0.66% 0.67%
n 0.570  0.618 0.651 0.66¢ 0.670 O.6M
ksl 0.576  0.576 0.64%8 0.657 0.668 0.677 O.eM
0 0.576 0.596¢ 0.627 0.653 0.665S 0.672 0.6%
19 0.576 0.608 0.638 0.658 0.667 0.675 O0.671
1" 0.978 0.578 0.578 0.578 0.622 0.6469 0.663 0.669% 0.67¢ O0.67

0.635 0.639 0.656¢ 0.667 0.672 0.678 0.677 O.677
0.728 0.723 0.723 0.718 0.709 0.699% 0.633 0.686
0.05) 0.031 0.6184 93.795 0.776 0.755 0.737 O0."™1
0.986 0.927 0.907 0.672 0.889 0.027 0.803 0.7
0.966 0.986 0.966 0.9%e1 0.920 0.%09 0.073 O.eas
0.986 0.986 0.986 0.906 0.%0 0.9

0.986 0.%6¢ 0.98¢

- - d s S -
- n - e ﬂ.w‘“h"”\d."a

coreny
W n 12 13 1" 5 146 7 1 ”
be] 0.778 0.7Cs  0.630 0.556 0.e82
» 9.798  0.709 0.625 0.95380 0.473 9.822
n 0.778  0.7Cs  GC.630 0.548 0.085 0.836
n 0.7¢ 0.702 0.637 0.562 0.099 0.350
bl 0.735  0.693 0.639% 0.573 0.51) 0.868
» 0.713  0.681 0.638 0.501 0.525 0.877
29 0.¢93 0.67C 0.63¢ 0.586 0.535 0.899
2 0.670 0.666 0.639 0.592 0.%5¢5 0.50%
b2 0.677 0.667 0.685 0,599 0.55% 0.519
2% 0.670 0.66% 0.649 0.603 0.%1 0.533
5 0.67% 0.671 0.65% 0.600 0.560 0.53)
n 0.677  0.671 0.e3% 0,.59¢ 0.5%7 0.533
23 0.677 0.6717 0.637 0.569 0.55¢ 0.533
n 0.677 0,677 0.636 0.586 0.557 0.9533
2 0.677 0.677 0.636¢ 0.586 0.550 0.53)
20 0.6  0.677 0.637 0.586 0.550 0.533
19 0.671 0.67t 0.680 0.557 0.933
] 0.671 0.6717 0.6a8 0.558 0.533
” 0.671 0.677 0.660 0.5%60 0.533
1% 0.681 0.677 0.661 0.568 0.53)3
5 0.706 0.691 0.660 0.57¢  0.933
" 0.754 0.72¢ 0.607 0.587 0.533
13 6 0.77% 0.7 0.588 0.93)3
7 3 0.880 0.7 0.992 0,533
”" 0.902 0.907 0,026 0.612 0,553 0.533
10 0.%¢6 0.98¢ 0.997 0.680 0.368 0.53)
9 0.98¢ 0.99¢ 0.673 0.560 0.533
L4 0.90¢ 0.702 0.593 0.533 0.533
7 0.946 0.730 0.6%8 0.552 0.53)3
] 0.98¢ 0.638 0.562 0.533
s 0.99¢ 0.672 0.%578 0.53)
[] 0.72¢ 0.598 0.533 0.%3)
1 0,798  0.683 0.%3 0.%3)
2 0.966 0.836 0.69¢ 0.%92 0,533
1 0.906 0.073 0.760 0.68¢ 0.%)3



APPENDIX C.

]

FURLWRRIBYR LIS NS

2o wE AR yD S

BEITDARRNE YL 3L 0

-230
-%30
0.115
2.315
0.313

[-X-¥-B-N-X-N-]

A0AI3IOC0

0.068
0. 108
0.1929
0,162
0.177
0.190
7. 186
0.8

OUTPUT (continued)

“f? I-CORFONEYT VELOCITY - U

0.3e
0.83%
0.382
0.3 7
0.36¢8

0,230

~0.s8C
~q.480
~0.435
~0.835

0.295
0.389%
0.337
0.399
0.811%
0.297

[ 8. L1

a L
-0.199
~0.879 -0.250
~0.87% -0.330
-0.835 -0.372
-0.885 -C.395

8.0
-0.027
8.077

0.9

0.0

0.0
0.076 0.152
0.0 0.120
0.0 0.085
0.262 0.120
0.318 0,185
0.203 0.223
0.307 0.25S
0,280 0.254
0.183 0.232
0.190

coLons

1 15
-0.059 -0.0a8
-0.013 0.008
0.035 0.0e3
0.020 0.039
0.02% 0.033
0.01s  0.027
0.013 0.02s
0.013 0.023
0.010 0.018
¢.007 0.006
-0.008 -0.005
-0.010 -0.008
-0.006 -0.009
-0.003 -0.005
-0.000 -0.001
0.003 0.002
0.010 0.006
0.017 0.0
0.01% 0.022
0.018 0.02?
0.023 0.0%9
0.037 0.020
0.05% 0,017
0.080 0.037
0.112 0,068
0.12% 0.07¢
0.08t 0.070
0.08%  0.060
0.058 0.067
0,123 0.09%
0.172 0.1%6
0.0 0.172
0.113 0.21%

0.0

0.038

-0.13%
-0.168
-0.212
-0.280
-0.280
-0.18)
-0.115
-0.110
0. 155
0.116
0.03¢
0.011
0.028
0.0717
0.080
0,096
0. 188
0.188
0.218
0.209%
0.16S
0.129

%

0.072
0.085
0.03e
0.03%
0.03s
0.03s
0.03)
0.030
0.031

[ L-E-E-X-X-E-X-X-N-X-¥-X-3
IR EEEEREEREEERE
-X-X-R-X-X-N-N-J-N-N-¥-¥-J

0. 100

(-]
Ly

o
-
-

0.063
0.087
0.083
0.0%8
0.067
0.09%
0.132
0.120
v.083
0.07¢

~0.122
-0. 186
-Q.161
~G. 19
-0.1%
-0. 188
~0. 188
-0.078
-0.020
0.048S
0.060
0.08L
0.01%
0.00¢
0.03s
0.058
0.079
0.12¢
0. 162
0. 199
0.206
. 197
0.191

17

2.0
9.0

0.08s
0.066
0.058
0.072
0.108
0,108
0122
0.139

-0.228
-0.227
-0.168
-G.17¢
-0. 168
-0. 17
-0.119
-0.068
-0.018
0.082
0.05%
0.0aS
0.019
0.007
0.0y
0.029
0.086¢
0.105
0.8
0.108
0.206
2.225
0.239
0. 190

10

19

0.062
0.0

10

0.031
-0.021
-0.091
-0.113
-0.109
-0.092
-0.080
-0.056¢
-0.030
-0.904

0.025

0.0

0.013

0.006
-0.005
~0.088
-0.07s

0.066

0.088

0.115

0.3

0, 193

0.19S

0.206

0.212

0. 189



st

pi)
2
k)
m
&%
(=)
-
>
(ar]

)

BUNBERREIB IR

AN WS ARID

SUYTIARIPY R H AR

SN NN E P

-

-0.091
-0.181
-0.117
-0.0%3
-0.027

17"
-0.223
-0.229
-0.202
-0. 168
-0.132
-0.093
-0.062
-0.081
-0.020
-9.006
~0,021
-0.0%1
-0.068
-9.081
~0.083
~0.,07s
0.0

n.0
-0.02s
0,027
~0.,0%1
-0.080
0,096
1,112
-0.182

0.0

TPUT (continued)

55

THE Y-COSNPONEFY FPELOCITY - ¥

0.0
-0.117
-0.08s
-0.080

8.0

2
-0.213
-0.230
-0.21¢C
-0.17%
-0.181
-€.110
-0.083
-0.060
-0.065
-0.063
-0.116
-0.051
-0.3¢CC
-0.065
-0.068
-0.065
-0.057
-0.0%0
-0.067
-0,06¢
-0.067
-0.093
-0,123
~-0,163
-0.188
-0.280
-0.358

~-0.090
0.002
0.010
0.005

0.0
-0.017
-0.033
-0.056
-0.183
-0.091

13
-0.18%
-0.218
-0.199
-0.17S
-0.189
-0.128
-0.103
-0.087
-0.079
-0.078
-0.069
~-0.066
-0.078
-0.079
-0.0082
-0.081
-0.075
-0.082
-0.098
-0,093
-0.098
-0.116
-0.156
-0.198
«0.232
-0.270
-0.810
-0.297
-9.285
-0.172
-0.288

coLuxy
.
-0.128
-0.199 -0.159
-0.029 -0.0%55
-0.001 0.00%
0.0 0.180
0.110
0.169
0.257
0.155
0.161
0.20)
6.26% 0.3a6
0.152 0.211
6.187 0.189
0.192 0.177
0.085 0.052
-0.006 -0.007
-0.059 -0.052
-0.132 -0.081
0.0 -0.132
-0.083%
COLORS
1 15
-0.280 -0.38%
-0.286 -0.300
-0,208 -0.182
-0.Y62 -0.155
-0.181 -0.139
-0.12% -0.127
-0.109 -0.115
-0.095 -0.103
-0.087 -0.087
-0,083 -0.078
-0.08) -0.08%
-0.078 -0.07%
-0.07S -0.070
-0.077 -0.08%
-0.079 -0.08%
-0.079 -0.085
-0.079% -0,089
-0.086 -0.108
-0.102 -0.122
-0.107 -0.122
-0.113 -0.127
-0.135 -0.87
-0.173 -0.176
-0.22% -0.216
-0.271 -0.232
-0.310 -0.250
<0.338 -0,263
-0.288 -0.262
-0,252 -0.259
-0.216 -0.269
-0.328 -0.32%
-0.22% -0.27%
-0.318 -0.802
-0.31)
-0.237

~0.100
-9.120
-0.100
=0.2a9
3.219
0.152
9.109
0.1817
0.360
0.198
0.156
9.18¢
0.236¢
3.226
0.183
0.132
0.033
-0.02%
-0.058
-0.07s
-0.09%¢
0.0

-0.26¢
-0.159
-0.137
=-0.125
-0.118
=-0.107
-0.09%s
-0.077
-0.063
-0.06S
-0.059
-0.057
~0.05%6
~0.05%
-0.09S
-0.058
-0.069
-0.088
~-0.102
~0.11¢
-0.138
~0.62
-0.29%
~0.190
~0.239
-0.231
-0.213
-0.218
-0.238
-0.278
-0.308
~0.368
~0.306
-0.237

17

-0.100
-0. 180
-0.15%6
-0.269
-0.1682
-0.230
-0.2686
-0,2808
-0.260
~0.25%
-0.237

-0.329
-0. 159
-0.119
-C.09%8
-0.959
-n.0%1
0.030
€.G5Y
0.091
0.19%
0.179
0.1%a
0.187
0. 1S
0.12%
0.109
0.08%
0.020
-0.029
-0.05S
-0.065
-0.066
-0.130
-0.067

AL

-0.177
-0.088
-0.130
-0.171
-0.266
=0.227
-0.298
-0.820

-3.38
-0.32
-0.216
-0.151
-0.107
~-0.066
-0.032
0.001
0.023
0.053
0.13s
0.125
0.092
0. 086
0.9
0.07a
0.026
0.011
0.009
-0.029
-0.053
-0.068
-0.080
-0. %07
0.0

19

=0. 195
=-0.125
-0.221
«0.820

b L

-0.170
-0.128
-0.077
-C.089
~-0.02s
~-0.001

0.019

0.0

0.029

0.015

0.006
~-0.000
~0.009
-0.06S
~-0.061
~-0.039
~0.029
~0.051
-0.072
-0.002
-0.002
-0.129
-0.071
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APPENDIX C. OUTPUT (continued)

FLOYTIPG CONREBCITG

weves DISSPIR VENSIOP 7.9 .....
¥C, OF PIRST PLOT ¥

PLICT SO. T SITH TRE TITLE
PICORE 7 FLOS PATTERPS
SAS NEET CORMLIYDD.

rLO0” 1L. REALS
rLoT ¢ 15.31.57 SAY 20 Jas, 1979 JOB=TCIATO03. 2N DISSPIA VER 7.5
saTa PoR PFOT

BC. OF CURVES mAWS 9

NO¥IT. AIIS LEDGIE 6.8 IDS.
YIPT. AXIS LENCTD 9.0 135,

-

BOPIZ. OPICYV 0.%WO0GE 0V ¥YEPY. ORIGIP 0. 1000 01

ACRIZ. AT LIDTAR
STEP STEE O0.3770F OF WITS/IDCH
TEPY. AXIS IIBEMR
STEF SILIE 0.37782 OV OSITS/IDCW

—— -

R R T R R LR L T L P

. LOCATICD CP CUPREFY PEYSICAL ORIGINF .
. ¥= 2,72 = n. 55 INKCHES .
. PROF LOSER LEPY COBPER OF PACE .

P T PN R R LR L TR TR Py

THE VALCE OF IPEF IS FOT PEREITIED IS TRE CALL A PLOT X=0.0 =0.0 s
TEE VALUR OF IS @S0 FOR IPEY

PP PISSPLY -- 3756 YRCTORS GRTUERATRED 1B 1 MLOY MANTS.
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APPENDIX C. OUTPUT (continued)

IFPET B4 TR POR THEE THERGAL SOORL

BICE = r

IV = 29

SAXTET = 2¢0
P 0O

epst= 0.01000000
I = 1%5.00
a1PY = 75.00
L ¢ I °.00200
[-11.4 W 9.C0

X2 = Q.0
RIEREA = c.0 -

SISCEARCE PLOV, COORDISATE APD TEEPEBATCRE
" 265.00 19.60

SISCEAN 1
SIXHA Y 1 5 265.00 19.60
BDISCEAYC 1 "% 2465.0¢C 19.60
SISCERYC 1 7 265.00 19.60
Isnee k] 28 -365. 00 0.9
IFTAKE ) 29 -365. 00 0.0
IsTARE 3 3o -36%5.00 0.0
RIVER IPPLIS, COOPPIVATES AFD RIVER TERFERATIRE
<882 no 1" 1 -293. 00 0.0
Ccus2 ovr 1% 1 -293.80 0.0
Ccie2 OF? b3 1 -293.80 0.0
CHS2 OV 18 1 -293.80 0.0
Cc826 ovr °S 26 -80.69 0.0
CcE26 OO 1* 27 -30.69 8.0
CcH2¢ OO 15 20 -80.69 8.0
cu2¢ oY 15 29 -80.69 0.0
C82¢ o7 " 30 -%0.69 0.0
cuzé nv? 18 3 -80.69 0.0
CE2¢ oV 15 32 -80.69 0.9
CEde CUT 1% 33 -80.67 0.0
cCE} Y9 [ = 191.98 0.0
ce 1Y 9 kL] 191.99 6.9
cey 1y 10 38 191.99 ©.0
cRls s " n 191.99 ¢.0
cH¥é IV 72 » 191.98 0.0
CR¥ I I 38 191.98 0.0
CH¥ I 1 I 191.98 0.0
ce¥ 19 15 I 191.92 0.0
SOUNDARE VALOES OF TRE TENPEPATURE ASD TAE COOPDIPATES

1 " 19. 60

1 15 19.60

1 16 19.60

1 1”7 19.60

k| 20 0.0

3 29 0.0

3 3 0.0



APPENDIX C. OUTPUT (continued)

dNwe AP edSRSAARIIIANNUWARIV YIS IN I AT

ne e amed RS E ARSI ZANRUBAANAT LTI EY &

"

0.0
16.%0)
~27.282
~87.687
-52.03:
~56.5€9
-52.2C6
-39.532
-17.828
~-1.87
1.27¢

0.0
26.93¢
62.€86

123.019
162.090
172,202
158,265
113,722

12
9.0
13.358
~3.962
-13.778
~28.206
~31.291
~27.627
~11.010
3.222
6.536
3.79%
0.0
0.0
0.0
0.0
0.9
0.9
0.9
0.0
15.783
36.091
7.21%
132.575
165.868
175.126
208.3C6
0.185

coLoas

13 1 15

0.0 e.0 0.0
=13.987 -a7.8¢60 -23.831
1712 26.779 32.072
10.686 36.959% 3¥7.25
$.577 29.006 )35.77%
-8.307 10.585 30.577
-3.022 18.209 26.05%
7.576¢ 16.167 28.850
18,382 18.522 26.289
16.500 9.382 17.128
6.028 -7.865 -2.999
~26.859 -16.701 -7.76S
-9.859 -11.010 -9.5%2
-3.161 -7.075 -6.016
-0.398 -1.532 -1.a78
1.830 1.819 0.233
7.630 6.86) 2.325
22.502 20.907 7.2718
29.0% 20.015 15.300
3.877 19.600 19.533
10.573 20.080 17.309
80,93 29.97¢ 17.810
$2.982 85.029 10,882
127.573 62.783 11.,38)
155.479 90.097 S52.1¢7
106.259 130.579 79.522
229.0.. 138.352 87.830
0.073 $7.009 7s.027
0.0 56.382 71.16)3
0.0 96.708 98.732
0.071 226.760 182.628
G.073 188,693
0.079 279.087
0.073
0.071

TEEX-CONPOVENT PLOW RATE

corLony
[ ] S

0.005
0.005
0.0
~0.005
0.0
0.0
0.3 -0.005
-0.00% AS.e62
0.0 31.079
0.0 -0.003 38.610

268,766 178,230 187.8835 157,067 86.358
268,771 257.236 261,875 219.509% 175,975
268,708 318.116 32¢, 485 279. 186 233.9¢7
268_9a8 309,830 385,382 209.56¢ 225.831

0. 185 153.703 221.879
0.ws

36.336
36.381
36.381
36.381
33.785
36.381
36.381
36.381
36.381
0.0
0.0
0.0
8.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
-0.005
51.988
29.582
81.820
32.038
58.50)
61.132
80,671
138,607

”

-0.00%
0.0
0.0

-0.005

88.09%

27.658

31. 118

60.045

101.818 *18.709
110.918 :30.768
98,836 172.069

0.0
61.822
31.295
10.52)

0. 290
22. 868
28. 368
29.008
87.662

131. 680
199.0123

19

0.0
-0.00%

2.9

0.0
-0.003
78.883
75.878
138.978

-71.882-125.596
-97.376-100.918-128, 225-119.902

0.0 0.0 ~151.298-188.601-150.739-150,.518-128,227
-366.081-368.332-259,.812-219.755-183.815-152,071- 117, 328
~363.388-356.998-320.921-250.817-108.552-140.008-10 1. 296
~366.002-378.107-363.011-210.313-150.886-112.083 -81.021
~90.276 -85.886
-82.302 -27.70%

0.026
1707
22,220

9.803
-0.227

S5.7¢c8
13.808
11.986
22.59%
96.267

173.208

201, 258 190.86)
179,737 102.766
115,900 171,678

-78,.812
-28.838
7.868
S.897
11,583
5.609
1.021
1.596
6.008
5.806
12.860
68.676
185,405
105.07
193.808
219,058
0.188

0.0
-0.005

0.0

0.005

*

0.0
7. 968
-66.008

-57.058
-20.6068
3.903
4.343
3. 398
.68
2.18)
2.988
7.881
2.817
3.868
39.080
115,729
169.8%9
182,086
173,158
119. %7

10

0.0
22.388
~52.0897
~868.901
~86.768
~82.950
-78,709

-37.878
-9,093

1.737
0.323
-2.200
-12.689
0.0
18,862
28.270
90.688
150.520
178,588
176.289
166.987
0.18%
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APPENDIX C. OQUTPUT (continued)

2

enwe A w30l SlTARIASIRUNTUARRAVIVI LYK T

2ol 23 SR ARSI INUNLERRYNB AR

- R AR

TARY ~CONPONEST FLOW RATE

coLuns
a S

9

10

-192.090-192.022

0.0 -188.193-177.675-198.003

-71.882 -53.757-128.599-164.567-172. 388

-97.376 -75.380 -81.068~116,276~-133.565-131.178

0.0 -151.298 -90.682 -01.519 ~80.643 09,988

1.7%9 ~86.375 ~51.028 -85.179 -89.499 -55.2a2

8.099 -10.301 19.080 17.086 -0.955 -18.530

-0.005 -0.005 172.578 76.513 37.887 12.482

82.296 81.383 88.922 29.836

~0.011 135.987 52.193 33,802

~0.011 183.967 52.035 29.839

61.816 96.052 87.225 2a.28a

93.112 87.776 36.569 18.095

103.638 85.657 33.798 16.127

-0.071 103.930 85.180 35.082 17,289

85.657 60.732 68.388 30.929 18.681

76.736 78.021 S53.828 23.210 20.878

-0.005 0.0 -0.005 115.352 68.818 36.606 16.630 17.888
«90.581 -26.765 9.617 &8.648 29.718 11.735 6.900 8.088
-98.077 -82.586 ~12.355 1,918 ~18.577 -23.677 -28.692 -17.107
~88_.666 -36.017 ~57.811 -88.106 ~89.521 -89.812 -52.575 -86.7813
~0.071 -0.073-153.629 -67.881 -78.093 -59.008 -50.367 -61.995
-0.071 <0.073-115,.826 -55.779 -88.249 -72.998

-0.07 0.0 -0.073-119.693
-0.071%
coLgns
1" 12 13 AL 15 16 17 18

-192.089-192.089-192.089-192.089-192.28%
=19%.138-219.834-225,.562-168.520-131.857
=171.818-201.760-212.895-163.227-127.588
=137.906-169.295-198.223-163.060-126.372
~109. 159-129,.832-170.798~156.286-127. 911
~82.8€5-112.882-187.9008-144,290-128.683
-59.307 -87.637-130,677-132.889-118.355
~31.5€5 ~66.85C-122.086-123.766-102.865
~10.%36 ~57,290-117.986~115.998 -92.6113

-2.%53 ~53,326-119.108-108.213 -73.600

0.0 ~-91,097-132.596-103.747 -70.601

0.0 -77.5%55-122.839 -98.810 -62.836

0.0 ~-87.01%-125.190 -92.552 -%3.28¢

0.0 -90.175-129.108 -92.293 -86.8686
0.0 -90.569-130.262 -92,238 -a8.995
0.0
0.0
0.0

-88.739-130.653 -93,821 -85.227
-81.109-131.420 -97,938 -87.552
-58,607-433.015-111.592 -54,026
0.0 -29,591-138,096-128.307 -70.127
~11.19Y -81,382-118.367-128.378 -89,660
=37.987 -59.7¢0-116.060-127.185-106.969
-78,.552 <97.951-135.886-139.713~-124,379
=108,067-187,648-173,6960-166,300-182,821
-111.505-191,935-232,529-217.701-354,169 0,011
~90.686-211.500-289.910-263.631-158,887 -51.883 0.0
<0.072-229.626-345_.591-323,688-193.827 -81.825 0.0
~0.185-835,675-378.199-281.837-123,.285 0.0
~379.980-356,302-203.426-156.089 0.017 0.0
~323.558-381,.601-300.086-161,695 -48.891 0.0
~226.6850-343.573-333,686-195.173 -76.585 0.0
~0.145-827.729-387,699-252,670-107,660 0.0
=279.120-801,778-327.232-167.710 0.011
~0.185-499,007-390.337-207.936 -78.478
~388,162-370.891-262.826- 158,352
~293,3985-293.258-295.921-293.320

- - - Y- - E-E-X-X-K-K-N-F-N-N-N-N-R-N-K-J

- Y-X-X-3-X-X-X-X-X-3-N-N-N-3-N-F-N-N-N-N-J-J

o
by

-96.102
-61.729
-33. 181
-11.656
7.925
18.500
21.186
20,710
18.%27
16.623
18,763
9.495
-11.03%
~13.852
-2.953
~17.663
~82.788
-62.087
-70.389
-67.258

-97.4a43
~71.4057
~88.558
~28.581
-8.892
~-0.476
-5.7
-9.658
-12.869
-18.606
-18,.929
-12.649
0.0
0.0
~18.862
~11.798
~38.796
~65. 896

~0.073-113. 660

19

-0.071
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APPENDIX C. OQUTPUT (continued)

i

J3IYANVVIRARYIBELHLTY

ANV WEARNYDO

0.0
19.600
19.600
19.600
19.600

"

TEE BURERICAL POR TBERAAL HODEL IS O. K.
WO. OP YTEBATION =

136 ABAX DIP =

THE DISTRIBUTION OP BXCESS TEAP

0.0
19.176
19.210
19.220
19.208

12
0.9
0.53
0.672
0.882
1.039
1.261
1.497
1.73s
1.968
2.206
2.888
2.628
2.031
3.13)
3.5y
8.016
8,500
5.232
6.128
7.969
9.282
10.121
10.638
10.0998
10.9%7
1.039
10.861

0.0

2. 488
2-613
2.780

0.0

18. 558
18.655
18.683
18. 599
18. 250

1
0.0
0.51s
0.65s
0.816
0.99%
1. 191
1. 806
1.631
1.856
2.08s
2.323
2.553
2.800
3. 116
3,518
8.00)3
8.573
$. 219
6.088
7.212
9.309
9.167
9. 779
110,165
10.339
'10.317
110.091

9.695
''9,802
. 9.176
19,031

coLoar

[ S
1.0851
2.198 2.055
2.39%0 2.321
2.630 2.660
2.853 3.112
3. 750
8,322

0.0
10. M0
11,667
12.883
0.0 13.086
15.633 18,888
16.296 15,809
17.027 16.628
17.761 17,17
18.007 17,389
18.070 17.831
18.005 17.360
17.883 17,73
16.79¢

COLURY
1%

0.0 0.0
0.887 0.875
0.689 0.651
0.807 0.801
0.972 0.960
1.158 1. .3?
1,357 1.328
1.578 1,580
1.796  1.761
2.017 1.978
2,2%)3 2. 211
2.501  2.867
2.76%  2.70
3,098 3.079
3.508 3.505%
3.99¢ 8,000
5.568 8,59
S5.219  5.220
6,000 S.992
6.947 6.843
7.860 7,651
8.623 0,350
9.220 8.923
9.639 9,337
9.001 9.622
9.929 9.¢6%8
9.806 9.619
9.572 9. 888
9.335  9.282
9.121 9.085
8.937 0.860
8.731 8.676
8.595 0.516
0.380
0.2%%

1.886

1.680
1.912
2217
2.601
3. 118
3883
8_848
6.696
9.788
11,291
12.260
13,276
18,367
15.333
16.078
16.578
16.738
16. 756
16.606
16.586
16. 369

16

NI

)

0000000000000 00000T0O00

- & AN
L AV Y - N )
R E L]

0.965
8.709
8.409
8.883
8.309
8.232

0.996E-02 OCCURS AT I =

1.782
2.068
2.467
2.991
3.670
8,552
6. 065
8.806
10.589
11.782
12,858
13.021
18,630
15. 296
15.803
15.908
15.999
15.93s
15.820
15.697

17

0.638
0.999
1.200
1.55¢€
1.088
2.217
2.7718
3.382
8,136
5.300
7.708
9.558
10. 697
12.002
13.078
13.882
18,531
18,937
15.09S
15.17
15.066
18,957
18,753
18,226

1

0.0
0.601
0.mé6
1.106
1.387
1.708
2.067
2.510
3.080
3.660
.. 676
6-828
8.759
10.223
11.8%51
12.818
13.17s
13.%7
18,020
15,018
18,085
18.085
13.992
13.858
13.638

9

15 J =

10

0.0
0.578
0.762
0.9680
1.235
1.53%
1.856
2.223
2.670
3.221
8.128
6.169
8.170
9.719
10.985
11.979
12.505
0.0
13.152
12.5.3
12.730
12.852
12.9%0s
12.87)
12.719
12.225
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APPENDIX D. INPUT AND OUTPUT OF AN ARTIFICIAL IMPOUNDMENT APPLICATION
INPUT

SENER ENERGENCY COOLING STUDY 2
1.0  98.8285 &2.37 0.0 0.0 6.83 1.93 0.00237.000001 0.005
SCONTRL ¥I=20,8Y=29,N0ANAY=81,N0%AAY=29, NAXIT=100, BPRIN=10,2PS=0.001,INTER=0,
BONAXT=82,NONAXT=30, AXTTT=5000, NPRINT=10, EPST=0. 00100, INTERT=0, IRPC=0, JOPT=1,
teND
tBOUNED nBD=2,3,8,5,6,7.8,9,10,11,11,12,12,13,13, 18,18,18,15,15,16,17,17,18,18,
12,19,19,19, 70%0,
%BDB=6,5, 3, 8, %, 8, 8, S, S, S, 15,5, 16,5, 17,8, 18,25,3, 28,3, 2,16,
2, ¥6,26,2,15,26, 17080,
nBDE=9, 10,10, 11, 18,15,15,15, 16, 12,16,13, 18,18, 23,15, 22,25, 16, 25,26, 9, 26,
6,21,28,5,15,27, 10%0,
®BD=2, 3, 3, 8, 8, 5, 6, 7, 8, 9, 10,11,12,13,13,18,18,15,15,15,16,16,
17,17,18,18, 19,19, 20,20,21,21,22,22,23,23,28,25,26,27,28, 58%9,
¥BDB=17,8,15,8,18,3, 2, 2, 2, 2, 3, 5, 6, 6, 12,6, 13,7, 18,19,10,1S, 12,
16,12,16,13, 16,13, 16, 13,16, 13,16, 13,16, 15,18, 16, 18,18, 580,
¥BDE=19,8,19,8,19,19,18,17,17,17,16,16,16,10,16,10, 16,11, 16,19,12,18, 13,
18,18,18, 18, 18, 18, 18, 18,18, 18,17,13,17,17,17,19,19,18, S8%0, &E¥D
SOBED NOBD=2, NPTOBD=2,2,97%0, IBXOBD=12,17,97%0, IEXCBD=12,17,97%0,
JBYOBD=23,28,97%0, JEYOBD=28,29,97%0, ISDOBD=0,1,97%0, GEERND
£CBUD WCBD=69,BXCBD=16,3,18,5,13,2,9,1,19,18,1,17,2,8,11,18,5,12,17,6,13,19,
9,18,11,18, 18,13,12,18, 13, 15,19,17, 1,2,2,3,%,5,5,6,9,9,11,11,
12,12,12,13,13,13, 14, 18,18, 15, 15,16,17,17,18,18, ¥8,19,19,19,20,20,
20, 30%0, BYCBD=1,2,2,3,3,%,%,5,6,7,10,10,11, 12,18,14,15,15,15,
16,16,16,17,17,19,22,23,2%,25,25,26,27,28,29, 5,8,10,2,11,2,12,15,
3,16,13,17,18,13,28,3,15,28,2,16,23,17,26,1,10,27,7,18,22,6,16, 28,1, 18,25,30%0,
EXCED=20,5,16,9,18,3,13,2,20, 19, 2, 18,8,5, 12,20,6,13,18,9,18,20,11,15,12,19, 15,
18,14,20,15,17,20,19, 1,2,2,3,%,5,5,6,9,9,11,11,12,12,12,13,13,13, 18,18, 18,
15,15,16,17,17,18,18,18,19,19,19, 20,20,20, 30%0,
BYCBD=1,2,2,3,3,4,8,5,6,7,10, 10, 11,12, 18, 18,15, 15, 15,16, 16, 16,17,17,19, 22,23,
28, 25,25%,26,27,28,29, 10,5,11,8,12,3,15,16,8,17,18,19,15,23,25,48,16,26,3,17,
28,23,27,2,15,28,10,15,25,7,22,29,6,16,28, 300, GCEWD
SABNY BYV=99¢1.0,0.0,2790.0,1.0,171%0.0, IBV=8#12,3%11,10,2%9,8,7,2%6,8¢5,2¢8,3,
292,6%1,2%2,3%3,48,295,6,7,8,2%9,10,11,12,2913,2%18,15,2%16,17,18,19,6¢20,2¢ 19,
8%18,6917,218,19,3%20,7419,8%18,19,8%20,2%19,18,3%17,16,2¢15,18,3813,2¢ 18,
7815,2918,2¢13,2¢12,2¢11,3%12,171%0, JBV=22,21,20,2%19,18,3%17,4816,
2#15,18,13,2¢12,3¢11,2910,9,8,7,6, 2¢5,2¢8,3,392,593,5¢8 ,2¢3,3¢2,5¢1,2,3,8,5,
296,2¢7,8,9,2%10,11, 12,13, 18,215, 3% 18, 15,216,117, 18,19, 20, 21,2922,23,28, 3+ 25,
26,217,228,3¢29,28,3¢27,3%26,25,2%28,2923,22,21,20,12, 18,2%17,2¢ 16,2%15, 2¢ 1.1,
13,25,24,23,171%0, NBV=128, EE#D
SPATCH I (1,5)=6,IN(1,10)=6,IN(2,11)=6,1N(",12)=6,IN(S,15)=6,18(6,16)=6,
IN(9,17)=6,IN(11,19)=6,IN(12,25) =6,1I¥ (13,26)=6,In(15,27) =6,I8(17,29) =6,
IN(19,29)=6,1I¥(20,28)=6,IN(20,25) =6,1IN (19,22) =6,I¥ (20, 16) =6,IN (20, 18) =6,
I¥{18,14) =6,18(18,10)=6,IN(19,T)=6,I8(20,6)=6,1IN (20, 1) =6,IN (16, 1) =6,
IN(18,2)=6,IN(13,3)=6,IN(9,3)=6,IN(5,2)=6,IN(3,2)=6,18(2,8) =6,IN(12,28)=6, SEND
CHIGRT RIN=580%6.83, LEND
2 0
50.0 50.0 30.0 128.8 0.062 0.0 0.0
¢BOUNDT MBDT=1,2,3,%,5,6,7,8,9,10,11,1%,12,12,13,13,13,1%,18,18,15,16,17,17, 18,
18,18,3%19,699%0, WBDBT=S,8,2,2,8¢3,3%8,18,8,15,3,16,28,2,17,23,2,1,1,15,1, 18,
25,1,18,25,69%0, MBDET=9,10,10,11,18,3¢15,2¢16,13,18,18,23,15,23,25,16,22,25,
26,26,9,28,6,21,28,5,15,27,69%0, NBDIFD=13%11,10,16%11,690,
¥BDT=1,2,2,3,3,8,5,6,7,
8,9,10,11,12,13,13,18, 18,1¢,15,15, 16, 16,17,17,18,18,19,19,20,20,21,21,22,22,23,
23, 28,25,26,27,28,57%0, WBDBT=16,3,18,3,13,2,1,1,1,1,1,2,8,5,5,11,5,12,18,
6,13,9,18,11,15,11,15,12,15,12,15,12,15,2,15,12,18,  13,13,15,17,17,57%0,
w8D=T=19,8,19,8,19,19,19,18,17,17,17,16,16,16,10, 16, 11,16, 19,12,19,13,18, 18,18,
16,18,18,18,18,18,18,18,18,17,13,17,  17,19,19,19,18,57%0,
WBDIND=35¢11,1,6011,57%6, SEND
CTBWY QBYT=82.385, 82,375, 97%0.0, BYT=80.0, 0.0, 97%0.0, IBYT=12,17,
97%0, JBYT=23,28, 97¢0, INDBT=1, 0, 970, WBYT=2, LEND
DISCHARGE 12 23 82.370 80.0
INTAKE 17 26 -82.370 0.0
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APPENDIX D. OQUTPUT (continued)

1

3ZUNBDWRRALY

“-NwWwE AR

BDENRNEY

- NWE AN ® O

6.830
6.830
6.830
6.830
6.830
6.830

n"

6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.430
6.830
6.830
6.830
6.830
6.830
6.830
6.330
6.830

THR DRPTH
2 3

6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830

6.4830

6.830

17 13

6.830
6.830 6.830
6.830 6.430
6.830 6.830
6.830 6.830
6.870 6.830
6.830 6.830
6.830 6.83
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.810
6.830 6.830
6.830 6.8330
6.830 6.830
6.330 6.830
6.830 6.830
6.830 6.830
6.330 6.830
6.830 6.830

6.430

63

AT TRE CCREER

COLONE
8

6.830

6.830

6.430
6.830 6.830
63830 5.830
6.830 6.819
6.830 6.530
6.830 6.530
6.830 6.830
6.%30 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.8130 6.830

COLONE
" 15

6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.430
6.830 6.830
6.830 6.830
6.830 6.330
6.330 §.830
6.830 6.830
6.830 6.830
6.830 6.830
6.430 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.830 6.830
6.8430 6,830
6.830 6.830
6.830 6.830
6.830 6.4830
6.830 6.830
6.930 6.830

6.830
6.830
6.830
6.830
6.830
6.830
6.430
6.830
6.830
6.830
6.830
6.830
6.830
6.830

16

6.830
6,830
6.830
6.830
6.830
6.830
6.430
6.830
6.830
6.830
6.830
6.830
§.830
6.830
6.830
6.830
6.830
6.8430
6.330
6.830
6.830
6.830
6.830
6.830
6.830
§.830
6.830

6.830
6.830
5.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6-830
6.830
6.830
6.830

7

6.330
6.830
6.830
6.830
6.4830
6.330
6.830
6.830
6. 830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.330
6.839
6.830
5.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830

6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
$.830
6.430
6.430
6.820
6.830
6.830

18

6.930
6.430
6.830
6.830
6.830
€.830
6.830
6.830
6.830
6.430
6.330
6.830
6.830
6.830
6.830
9.68S

6.830
6.830
6.830
6,830
6,830
6.830
6.830
6.830
6.830
6.830

6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830

6.430
6.830
6.830
6.830
6.830

6.830
6.830
6.430
6.330
€.830
6.830
6.331
6.830
6.830

6.830
6.830
6.830
6.830
6.830
6.430
6.830

10

6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830
6.830

20

6.830
6.830
6.830
6.830

6.830
6.830
6.830

6.830
6.830
6.830
6.830
6.830
6.830
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3
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0.065
0.065
0.065
0.065
0.065
0.065

"

0.065
0.065
.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065

QUTPUT (continued)

€4

DIRENSIONLESS DEPTE AT EACH POINT

0.065
0-065
0.065
0.965
0.26S
0.955
0.265
0.065

12

0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065%

0.065
0.065
0.065
0.065
0.065
0.065
2.065
9.065
0.065
0.065

13

0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0,065
0,065
0.065
0.265
0.065
0.065
0.065

coLuny
L

0.065

0.065

0,065
0.065 0.065
0.065 0.065
0.065 0.065
0.065 0,065
0.065 0.065
0.065 0.065
0.065 0.065
0.065 0.065
0.065 0.065
0.065 0.065
0.065 0.065

CoLony
1% 15

0.065
0.065 0.065
0.065 0.06S
0.065 0.065
0.065 0.065
0.065 0.065
J.065 0.065
0.065 0.065
0.065 0.065
0.2€5  0.065
0.065 0.065
0.065 0.065
0.065 0.065
0.065 0.065
0.065 0.06S
0.065 01065
0.065 0.065
0.065 0.065
0.065 v.065
0.065 0.065
0.065 0.06S
N."NeS 0.065
0.065 0.065
0.065 0.065
0.065 0.065
0.065 0.065

0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.06%5
9.065
0.065

16

0.065
0.065
0.065
0.065
0.065
0.055
0.065
0.06%
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065%
0.065
0.065
0.06%
0.065
0.065

0.065
0.065
0.065
0.06S
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065

17

0.065
0.065
0.065
0.065
0,065
0.065
0,065
0.065
0,065
0.065
0.065
0.065
0.065
0.065
0.065
1,065
0.065
0 065
0.065
0.06S
0.065
0.065
0.065
0.065
0.065
0.0LS
0.065
0.065
0.965

0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065

18

0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.102

0.065
0.06S
0.065
0.065
0.06%
0.065
0.065
0.065
0.065
0.065

0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.06S
0.065
0.065
0.065
0.065
0.065
0.065

19

0.065
0.065
0.065
0.065
0.065

0.065
0.065
0.065
0.065
0.065
0.065
0.073
0.073
0.073

0.065
0.065
0,065
0. 065
0.065
0.065
0.065

0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.06S
0.065
0.06S
0.065

20

0.065
0.065
0.065
0.065

0.073
0.073
0.073

0.065
0.065
0.06%
0. 065
0.0¢S
0.065
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OUTPUT (continued)

APPENDIX D.

THE BOUWDARY VALOES AND THE INITIAL SNWESSES
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APPENDIX D. OUTPUT (continued)

THE SOLUTICY POR THE EYDRC KODEL

THE PRESENT WURERICAL SCEEIR IS 7. K.
CYFTAXs 0.88978522-013 POR THE 227TH [TERATION CCCURIPG Ay (18,27)

THE STREARN PORCYION - PSI

COLIRw

pO® 1 2 3 8 5 6 7 ] 9 10
29
b
n
26
25
n
23
n
21
20
19
18
17 1.000 1.000
16 1.000 1.000 1.000 1.000 0.787
15 1.000 1.000 0.937 o0.871 0.765 0.557
" 1.000 9.952 0.879 0.700 0.632 0.389
k] 1.030 0.930 0.887 O.7%1 0.591 0.37
7?2 1.000 1.000 2.919 J.830 0.783 0.627 0.a88
1" 1.000 1.000 1.000 0.968 0.908 0.8&3 0.7¢8 0.686 0.602
10 1.000 1.000 0.990 0.976 0.%8 0.906 0.857 0.802 0.785 0.694
9 1.000 0.998 0.98) 0.968 0.988 0.973 0.876 0.837 0.799% 0.767
8 1.000 0.992 0.991 0.967 0.%8 0.925 0.898 0.871 0.886 ¢€.026
7 1.000 0.993 0.963 0.9 0.956 0.939 o0.921 0.908 0.838 0.87¢
€ 1.000 0.995 0.987 0.978 0.967 0.956 0.9%) 0.938 0.926¢ 0.919
s 1.000 1.000 0.99) 0.986 0.979 0.971 0.965 0.962 0.962 0.960
[ 1.000 1.000 0.99s 0.989 0.986 0.905 0.987 1.000 1.000
? 1.000 0.998 1.000 1.000 1.000 1.000 1.000
2 1.000 1.000 1.000
1

COLIAN

oV " 12 Lk} " 15 16 7 18 19 20
2 1.000 1.000 1.000
28 0.0 0.637 1.000 1.000
n e.0 0.0 0.0 0.589 0.960 1.000
26 9.0 0.0 9.0 0.165 0.360 0.700 0.890 1.000
2% 0.0 0.0 0.028 0.110 0.299 0.576 1.030 1.000 1.000
L 0.0 0.0 0.0 0.118 0.386 0.688 1.000
3] 1.000 0.388 0.0 0.0 0.328 0.652 1.000
n 1.000 0.552 0.207 0.0 0.3'S 0.637 1.000 1.000
21 1.000 0.613 0.278 0.0 0.295 0.562 0.888 1.000
20 1.000 0.621 0.290 0.0 0.282 0.551 0.795 1.000
19 1.000 1.000 0.581 0.262 0.0 9.283 0.586 0.788 1.000
L 1.000 0.758 0.881 0.176 0.0 0.302 0.568 0.795 1.000
7 1.000 0.575 0.258 0.0 0.0 0.357 0.627 0.828 1.000
16 0.59% 0.292 0.0 0.0 0.225 0.5¢0 0.755 0.892 1.000 1.000
15 0.287 9.0 0.0 0.183 0.39 0.662 1.000 1.000 1.000 1.000
" 0.0 0.0 0.16) 0.3)5 0.5.7 0.789 1.000 1.000 1.000 1.000
13 0.0 0.176 0.319 0.868 0.626 0.806 1.000
12 0.3%s 0.387 0.870 0.57% 0.706 0.888 1.000
” 0.5%81 0.587 0.597 0.678 0.771 0.801 1.000
\['] 0.662 0.6€68 0.69¢ 0.750 0.822 0.90% 1.000 1.000
9 0.789 0.750 0.772 0.810 0.060 0.917 0.971 1.000
n 0.0%5 n.817 0.832 0.858 0.892 0.931  0.969 1.000
7 0.870 0.871 0.801 0.897 0.920 0.98¢ 0.973 1.000 1.000
[ 0.916 0.917 0.923 0.931 0.988 0.960 0.977 0.992 1.000 1.000
S 0.9%9 0.959 0.960 0.961 0.965 0.973 0.982 0.991 0.997 1.000
8 1.000 1.000 1.000 0.985 0.962 0.968 0.908 0.993 0.997 1.000
3 1.000 1.000 0.998 0.993 0.998 0.996 0.99%8 1.000
2 1.000 1.000 1.000 0.998 0.998 0.999 1.000
1 1.000 1.000 1.0¢0 1.000 1.000




APPENDIX D. OUTPUT (continued)

FI23YUNVIARLIZ

uuu..ﬂd\dlnﬂz

33UNUIHRYRY

“NWEANRAYJBD

1"

-0.008
0.0
-0.027
~0.028
-0.020
-0.019
0.028
0.018
0.010
0.007
0.00%
0.008
0.003
0.003
0.003
0.003
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182 X-COYPOYERET VELOCITY - O

-0.001
-0.000
-0.000
-0.000
0.000
0.000
0.%00
0.000

12

-0.001
-0.001
-0.000
~0.000
0.000
0.000
0.000
0.000
0.0
0.000

13

0.001
0.0
0.026
0.018
0.008
0.002
-0.001
-0.006
-0.011
-0.015
-0.0v7
0.011
0.011
€.010
0.009
0.908
0.006
0.00S
0.008
0.003
0.003
0.002
0.003
0.002

coLowN

L] S
-0.002

0.0

0.0
-0.002 -0.002
=-0.002 -0.002
-0.007 -0.001
-0.000 0.000
0.000 0.000
0.000 0.001
0.000 0.007
0.00' 0.001
0.000 0.001Y
3.000 0.001
0.000 0.000

COLOrY
1s

0.009
0.002 0.007
0.0 0.008
-0.002 -0.008
0.018 -0.008

0.009 0.0

0.003 0.0

-0.00Y 0.0

-0.0C8 0.0

-0.009 0.0
<0.012 0.015
0.012 0.013
0.011 0.010
0.009 r.008
0.008 0.006
0.007 0.005
0.006 0.008
0.005 0.003
0.008 0.002
0.003 0.002
0.002 0.092
0.002 0.001
0.002 0.00?
0.001 0.001
0.001 0.001
0.001 0.000

-0.008
-0.003
-0.002
~0.001
-0.001
-0.000
0.000
0.001
0.001
0.001
0.001
0.001
0.001
0.001

16

0.011
0.010
0.006
0.001
=-0.001
-0.001
-0.001
-0.000
0.301
0.002
0.%07
0.010
0.008
0.00%
0.003
0.003
0.002
0.901
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.000
0.000

-0.008
-0.008
-0.003
-0.001
-0.000
0.001
0.001
0.001
0.002
0.002
0.001
0.001
08.001
0.001

"

-0.961
-0.067
0.028
0.019
0.009
0..03
-2.000
-0.02
-0.903
-0.001
0.001
0.003
0.006
0.012
0.0 16
0.0
0.0
0.0
0.0
-0.002
-0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.009
-0.007
-0.008
-0.001
0.001
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.001
0.001

~0.028
-0.015
0.002
0.015
0.020
0.0
0.0
-0.010
=0.007
-0.002
-0.000
0.001
0.003
0.006
0.007
0.002

-0.001
0.0

-0.00"
-0.000
0.000
0.000
0.000
0.000
0.000

-0.015
-0.016
~0.012
-0.006
-0.000
0.003
0.008
0. 008
0.003
0.003
0.003
0.002
0.002
0.003
0.002

19

-0.017
~0.009
-0.008
0.00S
0.007

\
« % v
o
(v .

(-3
o

OOOO?OOOO
-X-X-F-K-X-N-K-X-]

o
o

-0.000
-0.000
-0.000
0.000
0.000
0.000
0.000

10

-0.018
-0.015
~0.013
-0.006
0.001
0.008
0.007
0.006
0.008
0.008
0.0013
0.003
0.003
0.0023

[

0.000
0.0
0.000
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oW

27
26

23
22
21

19
L]
7

15
"
13
7
"

- &N

- BAN

-0.001
-0.000
-0.001
-0.000
-0.000
-0.000

1

-0.022
-0.016
~0.028
~0.017
~0.019
~0.026
0.012
~0.003
-0.002
-0.001
-<0.001
-0.000
~0.000
-0.000
-0.000
0.0

OUTPUT (continued)
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-0.000
-0.001
-~0.001
-0.001
~0.001%
-0.000
-0.900
-0.000

12

-0.009
-0.020
-0.081
-0.030
-0.026
-0,02%
-0.028
~0.019
-0.025
-0.020
-0.019

0.011

c.un
0,008
0.002
0.001
0.001
0.001
0.000
0.%00
0.900
0.0

Q.0
~0.001
-0.001
~0.001
-0.001
-0.001
-0.000
-0.000
-0.000
-0.000

13

0,001
0.002
0.0
~-0.031
~0.027
-0.02¢
-0.02%
-0.025
<0,019
-0.019
-0.020
0.012
0.011
0.010
0.006
0.008
0.003
0.002
0.001
0.001
0,000
0.000
-0.001
-0.001

coLony
L}
~0.008
~0.002
~0.005
-0.008 -0.005
-0.002 -0.003
-0.00t -0.002
-0.001 -0.002
-0.001 ~0.009
-0.00v -0.00%
-0.0017 -0.001"
-0.000 -0.000
-0.000 -0.000
0.0 0.000
0.0 0.000
coLons

18 15
0.006
0.0 0.011%
0.008 0.009
0.008 0.012
-0.026 0.022
-0.018 0.021
-0.021 0.020
-0.021 0.019
-0.019 0.019
-0.015 0.020
-0.917 0.02%
0.015 0.017
0.013 0.016
0.012 0.018
0.010 0.011
0.008 0.009
0.006 0.007
0.008 0.0CS
0.003 0.004&
0.002 0.002
0.001 0,002
0.001 0.001
0.000 0.000
-0.001 -0.000
-0.000 -0.000

-0.000 0.0

-0.002
-3.00a
-0.008
-0.005
-0.005
-0.008
-0.003
-0.002
-0.002
-0.001
-0.001
-0.000
-0.000
0.0

16

0.0
0.012
0.016
0.018
0.022
0.021
0.019
0.018
0.018
0.019
0.021
0.018
0.020
0.016
0.013
0.910
0.008
0.006
0.00%
0.003
0.002
0.001
0.001
0.000
0.000
~0.000
~0.000

0.9
~0.008
~0.006
~0.006
~0.006
-0.005
~0.003
-0.00)
-0.002
-0.00¢%
-0.001
-0.000

0.000

0.0

7

0.021
0.08)
0.037
0.0%8
0.023
0.022
0.022
0.023
0.018
0.017
0.017
0.017
0.016
0.013
0.023
0.017
0.013
0.010
0.008
0.006
0.003
0.002
0.002
0.001
0.001
0.000
0.000
-0.000
0.0

0.0
~0.006
-0.008
-0.009
-0.007
-0.205
-0.0"s
-0.003
~0.002
-0.001
-0.001
-0.000

0.001

0.0

18

0.0
0.033
0.029
0.018
0.028
0.02¢
0.023
0.028
0.018
0.015
0.015
0.018
0.012
0.008
~0.000
0.005

0.008%
0.002
0.002
0.002
0.001
0.000
0.000
0.000
0.000
0.0

-0.007
-0.0W
~0.011
-0.013
-0.013
-0.009
-0.006
-0.00s
-0.002
=0.002
-0.001
-0.000
-0.000

0.001

0.000

19

¢.012
0.02%
0.01S
0.010
6.0

0.017
g6.010
0.01»
0.01s
0.018
0.011
0. 006
0.0

0.0

0.001
o.m‘
0.000
0.000
0.000
0.000
0.0

10

0.0
-0.01a
-0.016
-0.021
-0.020
-0.009
=-0.005
-0.003
-0.002
-0.001
=0.001
-0.000
-0.000

0.0

20

0.0v7
0.009
0.007
0.008

0.003
0.000
0.000

0.000
0.900
0.000
0.000
0.000
0.000
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APPENDIX D. OUTPUT (continued)

FLCTTING CONNENCING

sassessessnesossanas

aceece DISSPLA VPRSION 7.5 .....
3C, OF PIRST PLOT 1

PLCT %C. 1 RITB THRE TITLE
PIGUE 7 PLCY PATTERNS
RAS PEER CCNPLETED.

PICT ID. REALS

PLOT 1 0%.3v.22 WED 24 JAE, 1979 JOR=TGYNTOON. ORWNL DISSPLA VER 7.5

DATA POR PLCY

¥C. OF CYRVES CRA®N O

8C12. AXIS LENGTH 6.1 INS,
VERT. AXIS LENGTH 9.0 INS.

. — — —— o > ——— —

HCRIZ. ORIGIN C.1000F OV vYEET. ORIGIN 0.10002 01

ROPIZ. RXIS LINEAR
STPP SIZ2 0.3:11%2 OV UNITS/IYCR

VERT. PXIS LINEAR
STEP SYIZ® 0.2V112 OV OWITS,INCR

- - — -

N R L R Y PP RE TP R TN Y ¥

. LOCATICS OY CORNEST PRYSICAL ORIGIV .
. X= 1.85 = 0.55 ISCHES .
- PPOR LOWER LEPY CORSER OF PAGE -

ew ososavEroesar v e soes snsts s cacr DT

THE VALDE CP IPER IS WOT PERNITTED IN THE CALL OF PLOT IX=0.0
TAR? VALOE CP 2 IS OUSED POR IPEN

END DISSPLA -- 3321 YECTORS GEWERATED IN 1 PLOT PRARES.

¥=0.0

IPER=
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APPENDIX O. OUTPJT (continued)

"wee = 2

SRyY = 0

WATITT = S00(C
IFTeE= 0

2PST= 0.00100000
DIEFY = <0.9¢
DIPY = €0.0¢

Ky = 0.07290

O%EGA = 20.00

m = 9.0

Q)MADA = c.0

OISCBA ™G
IBSTAYE

A}
7

12
1

23
28

IYPUT DATA POR THE THEPEAL NOOPEL

DISCAARGE FLOY, COORDINATE AND TAPERATORE

23 82.37 80.00
28 ~82.37 0.0
BOUNDARY VALUES OF TRE TENPERATORE A¥ND TEE CCORDIFNATES
0.00
0.0
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NN A A s3I F RIS IEIINTAARNIEY

w
2

NEERRURY

“-NWEARANDD

0.0
0.0
0.0
-17.308
-12.900
-12.162
0.0
185,996
7.980
s, 119
3.67%
2.827
2.299
1.978
1.802
1,783

71

QUTPUT (continued)

TIEX-COACOVEPY PLOV BRATE

CoLIYE
2 3 [}

0.0

8.0

2.0

6.0 0.0
0.0 2.0 0.0 -1.537
0.0 ~0.831 -1.011 -0.67%
-0.273 -0.279 -0.36) -0.168

-0.068 -0.091 -0.025 0.175
0.026 0.072 0.178 0.358
0.090 0.199 0.278 0.3858
0.226 0.229 0.3%8 0.885

0.9 0.291 0.329 0.%63
0.3 0.20% 0.8%8
0.0 0.073 9.0
coLTvs
1" 13 1) 15
0.0
0.0 6.0 3.0
0.0 0.0 1.168 3.672
9.0 0.0 -1.168 0.166
92.370 14.839 0.0 ~-8.837
0.9 ©.950 8.785 1.0
0.0 2.567 2.972 0.0
9.0 0.352 0.529 0.0

0.0 -1,696 -1.198 9.0
-10.827 -5.918 -3.649 0.0
-7.581 -7.938 -7.8%¢% 0.0

~12.007 -10.759% 0.0 3.518
-12.355 0.0 7.77 7.801
0.0 6.917  6.802 5.a10

7.873 §.579 S5.500 &.180
8.922 6.727 8. 081 3.392
6.791 5.365 &.086 2.786
8.982 8,193  3.232 2.160
3.67C 3.238 2,533 1.635
2.831 2.537 2.025 1.363
2.287 2.065 1,671 1.156
1.987 1.771 1.819 1.023
*.700 1.600 1.268 0.873
1.729 1.683 1.087 0.787
0.0 0.618 0.888

0.0 0.268

0.9
0.0
-2.013
-0.98%
~-0.859
-0.851
-0.047
0.2880
a.898
0.628
0.690
0.67S
0.637
0.573

2.0
6.9813
5.701
1.992
-0.759
-0.562
-0.068
-0.529
0.01]
0.81S
2.339
6.083
6.871
3.678
2.813
1.799
1.390
1.013
0.>18
0.586
0.681
0.561
0.55%
0.872
0.378
0.307

.0

2.0
-2.65)
-2.85%
~1.389
~0.363

0.19¢

0.598

0.8219

0.9239

0.978

0.965

0.908

0.317

0.687

A\

0.0
-82.370
0.0
15.268
9.139
2.870
0.370
-0.638
-2.38°
-1.307
-0.203
0.698
2.518
5.406
10.800
9.0
0.0
0.0
9.0
0.0
-1.2v7
-0.100
0.162
0.173
0.216
9.268
0.238
0.172
0.092

0.0
~5.873
-3.835
~1.679
0.120
1.057
1.818
1.890
1.850
1.371
1.279
1.205
1.035
0.569

0.0
-15.370
-3. 721
6.368
12.727
0.0
0.0
0.0
~6.606
-2.079
-0.866
0.865
1.837
2.689
8.578
0.0

9.0
0.0
-$.973
-5.639
~1.697
1.507
2.485
2.515
2.213
1.999
1.7
1.618
1.523
1.618
0.0

Y
0.0
-5.950

1.292
§.658

- W

[}

OOOOPOOGO

0.0
0.0
-0.138
0.01%
0.036
0.082
0.08¢

19

0.0
-9.023
-9.78S
-7.13%
-0.923

5.108

3.95%

3.89)

3.086

2.505

2. 108

1.852

1.725

1.690

[-N-N-N-N-N-]
D)
-X-N-X-R-X-J
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]

wo32JSFARIZIZUNUIARNEY

0.0
-0.273
-0.381

7 -0.315
6 -0.226
S 0.0
8
3
2
1
rov 1"
29
23
o
26
25
N
23
r 14
21
2
19 0.0
18 -10.827
” -18.008
16 -12.707
15 -12,1€2
" 0.0
13 7.873
72 1.399
1" 0.250
10 0.081
9 0.077
8 0.081
7 0.068
6 0.037
5 0.015
8 0.0
3
?
1

72
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0.0
-0.831
-0.437
-0.860
-0.413
-0.308
-0.291

9.0

12

0.0
0.0
-25.90
-18.981
-16.81°%
~16.063
-17.758
-13,286
-13.603
-12.355
0.0
6.917
6.023
3.528
2.102
1.352
0.917
0.623
0.802
0.225
0.085

0.0

0.0
-0.580
-0.668
-0.598
-0.%97
~0.821
-0.311
-C.27%
-0.073

0.0

13

0.0
1. 168
0.0
-16.839
-18.603
-18.197
-18,.020
-13.523
-11.256
-10.759
0.0
7.771
7.256
6.177
8.591
3.272
2.312
1.611
1.099
9.705
0.353
0.018
-0.618
0.0

coLons
L] S
0.0
-2.033
-2.983
0.0 -3.882
-1.537 -2.355
-1.200 -1,768
-1.005 -1,313
-0.808 -0.990
-0.625 -0.71S
-0.485 -0.889
-0.308 -0,299
-0.178 -0,125
8.073 0.0
0.0 0.0
corLons
18 15
2.0
0.0 6.983
3.508 8.012
8,837 $.819
0.0 13,917
-8.785 13,355
-11.758 12.887
-12.287 11.958
-11.089 11.971
~7.881 12.786
0.0 15. 125
9.518 11,650
9.188 11,320
8,156 9.388
6.836 1.621
5.387 6.028
4,087 8.672
3.015 3.528
2,116 2,807
1.85% 1.630
0.9489 1. 105
0.553 0.668
0.162 0.386
~-0.138 0.071%
-0,268 -0.029
0.0 0.0

9.0
-2.653
-3.075
-3.51S
-3.819
-2.771%
-2.086
-1.55%
-1. 118
-0.768
-0.883
~0.253
-0.078

0.0

16

0.0
8.280
11.710
12.596
13.72¢
13.689
12.176
11.398
11.181
11.261
11,839
10,802
18,321
10.653
8.280
6.881
5.051
8.038
2.303
1.617
1.138
0.730
0.390
0.18)
0.08)
=-0.092
0.0

0.0
~2.820
~8.200
~5.891%
~5.008
-3.148
-2.332
~-1.662
-1. 151
-0.75%
-0.8481
-0. 180

0.078

0.0

7

0.0
27.000
23.2719
18.379
17.976
15.098
18.728
15.366
11.101
10.329

0.0
~8.500
-6.308
-6.322
-8.938
-3.507
-2.806
-1.622
-1.073
-0.672
-0.333
-0.015

0.569

a.0

0.0
-9.023
-8.798%
10.286
-9.511
-%.911
-3.581
-2.163
-1.350
-0.848
=-0.507
-0.273
-0.071

0.0

¢.9

19

0.0
0.0
5.950
8.658

OSOOGOOOO

0.0
0.0
c. 138
0.123
0.087
0.086
0.0

10

0.0
~8.286
~¥1.81
-16.871
-15.509
~5.661
-2.575
~1.357
~0.769
~0.887
-0.256
-0.130
-0.053

0.0

[-X-X-]
[-X-X-]
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0.0
11.509
11.887
11.3€6
11.293
11.208

"

0.0
27.308
2%.937
23.398
21,715
19.981
11.717
12.272
12.081
11.77%
11,888
11.23%
11.031
10.873
10.762
10.7¢2

73

QUTPUT (con*.inued)

THE WURERICAL POR THERWAL YODEL IS O. X.
%0. OF ITERATION =

1278 3AX DIP? =

142 DISTRIBTUYION OF EXCESS TEM?

"~

0.0
11.713
11.602
11.495
11.390
11,298
11.226
1M

12

0.0
0.0
80.000
27.112
38.891
32.912
30.927
20.669
26.9%0
25.128
23.338
10.806
11.180
11.865
11.469
11.338
11.163
10.986
10.828%
10.690
10.586
10.519

0.0
11.855
11.722
11.572
11.4832
11.318
19.220
11.188
11.087
11,057

13

0.0
6.966
6.981
318.17s
36,2 2
38.57)
32.855
31,122
29.811
27.961
26,551
10,135
105055
10.785
10.950
11.01.
10.970
10.871
10.789
10.6%8
10.507
1.801
10.298
10. 156

0.0
12.512
12.159
11.890
11.667
11,883
11.336
11.22%
11,182
11.088
11.057

coLone
s

0.0
18.878
18.120
13.573
12.893
12.809
12.082
11,758
114527
11.353
11.226
11.181
11.096

0.0

coLony

ALY

0.0
6.979
7.025
7.102
35.280
38.197
32.776
31,258
29.858
28.903
9,518
9.837
10.189
10.813
10.598
10,685
10.687
10.631
10.588
10.848
10.382
10,263
10.186
10.088
9.955

15

0.0
6.919
6.978
7.065
7.207
T7.836
7.667
7.903
8. 155
8.837
8.77s
9.211
9.56%5
9.908
10.181
10.368
10.868
10.890
10.851
10.382
10.297
10,203
10.112
10.028
9.951
9.896

0.0

15.306
18.858
18,339
13.731
13,103
12.570
12. 188
11.808
11. 589
11.355
1.27
11.130
11.088

16

0.0

6.892
6.958
7.080
7.2488
7.853
7.682
7.907
8.1a83
8.400
8.685
8.998
9.315
9.758
10.05%
10.252
10. 358
10.383
10.3131
10. 268
10. 187
10.092
10.006
9.931
9.866
9.811
9.75%

0.999E-03 OCCORS AT I =

0.9

15.782
15.33S
10671
13.€35
13.241
12.653
12.183
11.816
11.536
11.330
J1.188
11.108
11.070

A\l

0.0

6.718
6.787
6.828
6.910
7.076
1.257
7.870
7.71%
7.92%
8.131
8.1355
8.588
8.797
8.937
0.0

0.0

0.0

0.0

10.25"
10.20»
10.121
10.003
9.920
9. 855
9.801
9.758
9.729

0.0
16.725
16.089
15.095
18.120
13.296
12.686
12.186
11.765
11.879
11.271
11.132
11.057
11.048

0.0
19.687
1€.338
17.086
15.551
18,168
13.197
12.515
12.018
11.689
11.373
11.17%
11.082
10.97%

0.0

19

0.0
0.0
6.719
6.738
€.757

EBO0000000
DEEEEEEREK

R (- -N-N- - X-N-]

3

- O

0.0

0.0

9.789
9.762
9.730
9.703
9.688

18 J

10

0.0
21,030
19.882
18.21%
15.882
13.803
12.82)
12.220
11.791
11.866
11.220
11.039
10.97
10.85%

[~ X-X-]
D)
[~ X-X-]

-X-N-N-N-N-)
NI
-X-X-X-N- X1

28



10
15
20
25
10
3=
a0

50

55

60

65

70

75

80

85

90

95
100
105
10
1s
120
125
120
135
130
185
150
15¢
160
165
170
17¢
180
18S
190
195
200
205
210
1<
220
225
239
235
280
285
250
25%
260
265
279
275
280
285
290
295
300
305
310
ns
320
328
330
335
380
kL1

[aRaNaKaXaNaRaNaNaNal
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APPENDIX E. LISTING OF COMPUTER SOURCF PROGRAM

WAIN: TRANSPORT AND DISPERSION OF FOLLOTANTS IN SURPACE
IYPOUNDNENTS - A PINITE DIPPERENCE MODEL
DEVELOPED BY G. T. YEH OF OAK RIDGE SATIONAL LAB
POR ANY QUESTION CALL (615) #83-7285 OR
URITE P. O. BOX X, BLDG 1505, R0OO% 203
OAY °IDGE NATIONAL LABOBRATORY
CAK RIDGP, TN. 37830

REAL *8 REANE(99), PNANE(99)
DIMEWSION TITLE (20)
DIMENSION CDPH(25,80),RIGH(25,80),DACT (25,80),DHRT (25,80) ,
1 DHI T(25,80) ,DHO®(25,80) ,DABT (25,80) ,HIN(1900) , TAUX(25,80),
2 TAUY(25,80),PSI(25,80),PSI0(25,80),00(25,80),VV(25,80),
3 70(25,30),T1(25,80),T2(25,480), ®X(25,80),EY(25,80) ,IN (25, 80)

COMNC{ /CCNTEL/ NX,NY,RONNAX,NONNAX,NORAXT,AONAXT

.CONMCY /HYDR/ BPS5,NAXIT,NPRIN,INTER

CCYNON /YEH/ KBD(99),FBDB(99) ,NBDE (39} ,¥BD (99) , "BDB{99) ,KBDY (39}
CONMCN /COBND/ NOBD, NPTOBD(99), IBXCBD (99) ,JBYOBD(99),

1 IEXOBD (99}, JEYOBD(99) ,INDOBD(99)

CONBNCE /CCBND/ NCBD, BXCED(99), BYCBD(99), EXCED(99), EYCED(99)

CONNCY /CHRNY/ BY(299),IBV(299) ,JBY (299),EBY
CONMCN /PARAM/ CY,CL,Q,9INS,VINANG,AYH,RHOY,RHOA,CKVIN,CKVAT

COYACY/THER/TORHOW ,RKH, RKN, RANADA,TINC, EPST ,"AXITT, BPRINT ,INTERT

1 ®BDT(99),%BDBT(99) ,¥BDET (99),MBDIND(99)
CONNCY /THPH1/ QRIV (99) ,TRIV(99) ,QPOW(99) ,TPOW (99) ,¥RIV,NPOV,
1 IRIV(99),JRIV(99),IPON (99) ,JPO¥ (99)

CORuQN /CTBEY/ QBYT (99) ,BYT (99) ,IBYT(99),IBVYT(99) ,INDBT (99),NEVT

COFNCN /CPT/ JOPY,IREC
CO®NCE ,THOM/ A(99),B(99),C (99) ,D(99)

WARELIST /CONTRL/ WX,NY, NMOMNAX, NOWNAX,HAXKIT,NPRIN,INTER,EPS,
1 NONAXT,NMOMAXT,MAXITT, NPRINT,INTERT,EPST,JOPT,IREC
BAFMELIST /BOUND/ BBD,%BDB,ABDE, NBD,NBDS,WBDE
NANBLIST /OBND/ WOBD,NPTORD,IBXOBD,JBYOBD,IEXOBD,JEYORD,INDCBD
WARELIST /CBRD/ NCBD, BXCED, BYCED, ®XCED, EYCBD
NARELIST /RIGAT/ HIN
WARELIST /PATCH/ IR
BAFELIST /HBNVY/ BV, IBY,JBV, NBV
WARELIST /TBEV/ QBVT,BVY,IBVI,JBYT,INDBT,NBVT

DATA MAXNX,PAXNY, AAXNXY /25,80, 1000/
CALL ECAC2

INITIALIZE ALL STORAGE AREA
DO 98 I=1,MAXNX
£O 98 J=1,%AXNY
CDPH (I,J)=0.0
RIGH (I,J) 0.0
DHRCT (I,J)=0.0
DART (I,J) =0.0
DHLT (1,J) =0.0
DHOP (I,J) =0. 0
DHBT (1,J)=0.0
TADX(I,J)=0.0
TADT(L,J)=0.0
PSI(1,J)=0.0
ES10(1,J)=0.0
00 (1,J)=0.0
IV(I,3)=0.0

10 (1,J)=0.0
11(1,J3)=0.0
12(1,3)=0.0

095
010
015
020
025

X 030

035
080
085
050
055
060

¥ 065

070
a7s

% 080

085
090
095
100
105
110
115
t20
125
130
155
180
185
150
155
160
165

* 170

175

* 180

185
190
195
200
205
210
215
220
225
230
23S
280
265
250
255
260
265
270
2758
220
285
290
295
300
305
310
115
320
32%
330
318
3u0
s
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APPENDIX E. (continued)

50
355
360
365
370
275
380
385
190
335
800
805
810
815
820
825
830
835
a0
L 133
450
A55
860
865
870
875
80
485
890
495
500
€05
510
515
520
s25
€30
€35
580
<85
€50
555
560
565
570
€7
£80
595
€30
596
600
60%
610
615
620
625
630
635
680
685
650
655
€60
665
670
675
680
685
690
695

nonananannn

O 00 0

X1, 3 =0.0
RY(I,J)=N.0

98 1¥(1,J)=0

DO 99 I=1,AAXNXY

99 BIN(I)=0.0

BEAD (5,10, EXD=999) (TITLE(I),I=1,15), INODZL

WRYTE (6,6000) (TITLE(I),I=1,'5)

READ (5,20) CVY,CL,Q,WIWMS,WINANG,AVH, RHO¥,RHOA,CKWYN,CKWAT
BEAD (5,CONTRL)

READ (5, BCUND)

READ (5,0BED)

READ (5, CBND)

BEAD (S, HBENY)

TC CLASIPY THE GRID PCINTS

POR EXTERIOR POINTS T¥(I,J)=1

fOR INTERIOR POINTS AN(I,J)=H

POR DIRICALET BOOWDARY POIBTYS IN(I,J)=2
YOR NEUHANS BOURDARY POINTS IN(I,J)=8

PCR BOUNDARY CCRNER POINYS I%(I,3)=6

FOR ISLAWD POLNTS IN(I,J)=10,18,26,38, ....

FOR ISLAND CCRWER POINTS IN(I,J)=16,22,30,38,086, .......

£O 100 I=1,NX
DO 100 J=1,NY

100 1w (1,J)=1

DO 101 HOA=1,HONNAX
I=MBD (B7N)

AB=NEDB (NOUM) -~ 1
9E=NBDE(NON) ¢+ 1

Do 101 J=nB, NP
IN(I,J)=8

101 IP () .2Q. WB _OR. J.EQ. HNE) IN(I,J)=2

£O 103 WOA=1, NUNEAX

J=¥BD (NON)

I=NBDB (NON) - 1
IN(T,J) =2

I=NBLE (EOK) ¢ 1

103 IN(X,J)=2

READ (5, PATCH)
WRITE(6,7000)

¢« WRITE(6,08000) CV,CL,Q,VINS, WINANG,AVA,RHOW, RHOA,CKVNIE,CKAAT

, WRIT?(6,1000)

' CALL ALLOUT (NX,NY,IN,AAXN" . NAXNY)

' READ (5 ,RIGHT)

 CALL DEPTH (CDPH,HIGR,HIN, IN,NAINY,NAXNY,NAXNXY)
CALL WINDS(TAOX,TAUY,RAXNY, HAXNY)

' 9RITE(6,1100)
' CALL OUTPRT (NX,NY,CDPH, 2, YAXSX, NAXNY,IN)
_WRITE(6,1200)
CALL OOTRRT (¥X,NY,HIGH,2,NAXNX, NAXNY,IN)

/CALL HAYDRO(HIGH,TAUX,TAOY,PSI,PSIO,00,VV,IN, AAXNY,MAXNY)
'CALL VELPLT (00, VY, BAXNEK,NAXNY)

IP (INODEL .£qQ. 1} GO TO 999

READ (5,30) NPOW,NRIV

READ (5,35) DIPX,DIPY,TINC,TORHOW,RKH,RK%N,RANADA
'READ (5,BON¥DT)

READ (5,TBNY)

IP(NPOW .GE. 1) READ(5,80) (PNANE(K),IPOW(K),JPOV(K),QPOV (K),

HAIN
RAIN
HAIN
BALIW
NAIW
aAYY
HATN
HAIR
HAIN
HAIYN
HAIN
HAIN
HAIN
NAIN
nals
SAIN
AAIN
HAIN
HAIN
HAIB
BAIN
UAIN
HAIN
HL. ¥
BALN
ALY
SAIN
AALN
TAIN
NAIN
.194 |
HAIN
AAIN
RAIN
SAIN
TAIN
HALY™
AAIN
ARIN
UAIN
AAIN
HALYN
HAIN
HAIN
ALY
HAIN
BAIN
AAIN
EAIN
HAIN
HALN
AAIN
NAIN
NAIN
AAIN
BAIN
HAIN
AAIN
HAIN
HALN
HAIN
L1394 )
RAI™
HAIN
HAIN
HAIN
HAIN
HAIN
BALIN
MALN

350
35S
360
365
370
375
380
365
390
395
200
805
810
815
820
825
830
83S
as0
885
850
855
860
865
870
875
880
885
899
895
500
505
510
515
520
525
S30
525
S50
585
550
555
560
565
570
575
580
585
590
595
600
635
610
615
620
625
630
635
640
685
650
655
660
665
670
675
€80
685
690
695
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APPENDIX E. (continued)

700
705
710
7115
720
72%
730
735
™0
785
750
755
760
76¢
770
775
780
18%
790
795
800
€gs
810
a1s
820
a25
830
a1s
830
84S
850
8ss
860
865
a70
7%
899
88s
890
g9s
900
90
9210
915
920
925
930
935
94¢C
985
950
955
960
965
970
975

999

10
20
30
3s
a0
1000
1100
1200
5000

5001 PORMAr (1HO,20X,*RIVER INPLOW, COORDIMATES AND RIVER TEMPERATORE",

5002

1 TPOW (K) ,K=1,%P0¥)
IP(NELIV.GE. 1) READ(S,83) (RWAME(K),IRIV (K),JRIV(K),QRIV(K),
1 TRIV(K) ,K=1,8R1YV)

WRITE(6,5000) WPOW,NRIV,MAXITT,INTERT, Bv¢ST,DI.1,DIPY,RKH,TINC,
1 PEN,BARADA

I? (WPOW.G2. 1) WRITE(6,5002) (PNAME(K),IPOW(K),JPOW(K),QPOW(K),
1 TPCW (K),K=1,8PON)

IP(NRIV.GE. 1) WRITE(E,5001) (RNANE(K),IRIV(K),JRIV(K),QRIV(K),
1 TRIV(K) ,K=1,8RIV)

WRITE(5,5100) (IBYT (K),JBYT(K),BYT(K), K=1,NBVT)

CALL QEBXY(HIGH,PSI,UO, VY, EX, EY, DIFX,DIFY NAXNY HAXNY)

RRITE(6,9100)
CALL OUTPRT (BX,NY,UU,2, BAINX, HAAXNY, IN)
WRITR(6,9500)
CMLL OUTPRT (NX, WY, ¥YV,2, AAXNX, MAXNY, IN)

1 WAXNY, NAXNY)
COSTINOE

POSNAT (154N, 15)

PORMAT (8¥8.3,2P8.6)

FORRAT (215)

FORNAT (8¥10. 0)

PORNAT (A8, 2X, 215, 2P20.5)

FORMAT (181,25X, *THE INDEX OF EACH POTNT®)

PORNNT (1H1,20X,*THE DEPTH AT THE CORNER®)

PORNAT (161, 20X, *DINENSIGNLESS DEPTH AT PACH PCINT®)
FORMAT (1H1,20X,*INPOT DATA POP THE THERMAL MODEL®/1X,

HAIN
HAIN
HALIN
AAIN
.3 94
HAIN
HAIN
HAIN
HAINW
194
HAIN
HAIN
HAL®
HAIN
BAIY
NAIN
HAIN
EAIN
BAIN
HAIN
HAIR
MAIN
HAIN
MAIN
HAIN
HAIN
HAIN
MAIP
BATN
HAIN
MAIN
HAIN

1 'NPCW = *,I3/1X,*NRIV = ', I3/1(, "NAXITT = ¢,IS/1X, INTER=? I3, /1XINALY

2,%EPST= *,P10.7°/1X,°DIPX = *,¥10.2/1X,*DIFY = *,P10.2/1X,
3 'fH = *,P10.5/1X,"ONEGA = *,F10.2/1%,°KN = *,¥10.5/1X,
B CRANADA = *,P10.5)

1 1L/(¥%x,08,8%,15,2%,15,2X,710.2,2X,P10.7))
PORNAT (1RO, 20X, *DISCHARGE® PLOW, COORDINATE A¥D TENPEPATORE®,
1 1%/(1%,28,8%,15,2X,15,24,P10.2,2X,210.2))

NAIN
AAIY
MAIN
MAIN
AAIN
AAIN
MAIN

5100 FORMAT (1H0,20X,'BOUNDARY VALUES OF THE TEMPERATORE AND THE COORDINNAIN

€000
7000
8000

1ATES */(1X,1X,15,5Y,15,5X,710.2))

PCRAAT ; $H1,20%, 15A8)

PORMAT (1H0, 20X, *INPOT DATA FOR RYDRO MODEL')

PORRAT (1HO0,9X,*VELOCITY SCALE  =*,P6.2,% PT/SEC’,SX,
YLENGTH SCALE  =°,P6.1,* PT*/19X,'TOTAL DISCHARGE =7,
P7.1.¢ CPS*,7X,'VIND SPEED 2%, 26.2," PT/SEC' /10X,

P6.2,* FPT*/10K,'WATZR DENSITY =¢,p6.3,* SLOG/PT3',3X,
*AIR DENSITY =* ,F7.6,° SLCS/PT3'/10X,

AN BT WK -

9000 PORMAT (1H0)

9100
9500

POREAT (1R17,20X, *THEX-CONPCNENT PLOW RATE?)
YORAAT (181,20X, *THEY-CORPONENT PLOW RATRY)
STCP

END

*¥LND DIRECTION =',06.1,' DEGREE',S5Y, AVERAGE DEPTH =*

HIND STRESS COR? =¢,79,7,%07,%BOTON STRESS CORP =',P9.6)

HAINY
HAIN
RAIN
HAIN
HAIN
RAIN
BAIN
BAIN
RAIN
HAIN
RAIN
HAIN
HAIN
HAIN
HALIN

700
705
710
715
720
725
730
735
7480
785
750
755
760
765
770
775
780
785
790
795
800
805
810
81¢
820
825
830
835
8a0
845
850
855
860
865
870
875
880
885
890
895
900
905
910
915
920
925
930
9135
950
945
950
955
960
965
970
978
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APPENDIX E. (continued)
5 SUPRCUTINE ECHO2 ECHO 005
19 RYAL #9 cu,CHT £CRO 010
15 C BCHO 015
20 DIRENSION A (20) BCHO 329
25 C ECHO 025
30 PATA TNT / CONHEAWT * / BCHO 030
35 c ECHO 03S
a0 16 = 0 ECHN 030
as LINE = O ECHO 035
50 ICK = ¢ ®CHO 050
55 ICH = 0 ECHO 055
€0 10 READ (55,100,P¥D=99) (A(T),1=1,20),CA ECHO 060
6% ICK = ICK+1 BCHO 065
70 IP(ICK.LT.56 .AND. ICK.NE.1) GO TO 20 ECKEQ Q70
75 ICK = 11 BCHO 075
80 IPG = IPG+1 BCEO 080
85 WRITE (6,200} 1IPG, (I,1=1,8) BCHO 085
90 20 IP (CH.EQ.CMT) GO TO 80 2CHO €90
. 95 LINE = LINE+) BCHO 095
4 100 IF (ICN.NE.1) CGS T" 30 BECHO 100
t 1S WRITE (6,300) ECHO 105
E 110 ICK = ICK+} ECHO 119
B 115 230 ICY =0 BCHN 115
% 120 WRIT? {6,800y CLIWE,(A{Y),I=1,20) BCHO 120
£ 125 ¥RITE (5,500) (A(1),I=1,20) ECFC 125
2 139 Go TC 10 ECHO 130
£ 135 80 IF (ICH.EQ.1) GO TO S0 BCRO 135
- 180 ARITE (6,300) 2CHO 180
% 185 ICK = ICK+1 ECFO 185
3 150 50 WRITF (6,600} (A(I),I=3,20) BCRO 150
15% Ice = 1 ECRO 155
160 50 TC 10 ECHRO 160
16% 99 REWIND S ZCHO 165
170 BETURN BCHO 170
175 c BCHN 175
180 100 FORNAT (20A8,T1,A8) ECRO 180
185 200 PORNAT (IR1///3X,'I N P G T DX T A’,?5X,°PAGE',I8/,7/73Y, BCHO 185
190 2 *CCLUARN WORBER ----- > ,8I10,3X/17X,°'~----> 123856789012335*, ECAO 190
195 3 *678901228567890123856789012385678901238567890123856789012345¢, ECHO 195
200 8 '67890°/3X,'LINE’ 3Y,*NONBER? ,9%,%|"*,8X,8(*|°*,9X)/15X,*{*,9X, BCHO 200
205 5 119,8X,8("{",9Y)/15X,57V¢, 9,V BX,8(*'V"',9X) /) ECHO 205
210 1C0 PORMAT (18 ) BCHO 210
215 800 PORMAT (3X,I13,' ——-—- > 1,20A8) BCHO 215
220 S00 FORMAT (20A8) BCPO 220
22% €CO PORMAT (25X, *#sséess ¢ 1830) BCRO 225

230 END ECHO 230
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10
15
20
25
39
35
80
s
S¢
55
60
65
70
75
30
85
90
9%
100
105

10

120

130

1001
1€02

79

(continued)

SOBROUTINE ALLOOT(NX, NY,IN,NAXNX, BAXVNY)
DIRENSION IN(BAXNYX,dJAXHY) ,NCOL(20)

ISTABT=1

IBFD=ISTART + 19

IP(IEND .GT. NX) IEND=8X

Lo 120 I=1,20

NCOL (I) =I- 14+ ISTART

URITE(6,1001) (NCOL(I+1-1START) ,I=ISTART,IEND)
To 130 JJ=1,8Y

J=KY+1-39

WRITE(6,1002) J, (IN(I,J),I=ISTART,IEBAD)
ISTART=IEND + 1

IF(IEND .LT. ¥X) GO TC 110

PORTAT (180,85, *COLUNE®, /,3X, *ROU* *~ 2014/)
PORMAT (1K ,1X,13,8%,2014)

RETO®Y
ERD

ALLC
ALLO
ATLO
ALLO
ALLO
ALLO
ALLO
ALLO
ALLO
ALLO
ALLO
ALLO
ALLO
ALLO
RLLC
ALLO
ALLO
ALLO
ALLO
ALLO
ALLO

005
010
015
020
025
030
015
080
045
050
055
060
065
070
07s
080
0es
099
095
100
105
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APPENDIX E. (continued)

5 STBPCUTINE HYDRO(HIGH,TAUX,TAUY,PSI,PSYO,00, VY, IN RAINY, SAYBY) HYDR 0J5

19 c HYDR 010
15 DIAZNSICN TOWE(99),RIGH (NAXNY,NAYRY),TAOX(SAXNY, MAXNY), HYDR 015
20 1 TATY(RAXNY,BAXNY) ,PSI(NAXNX, MAXDNY) ,PSIO(AAXNY,MAXYNY), HYDR 020
25 2 JO(RAYNY,NAXNY) VY (RARSY, NAXRY) ,IN (NAXEX,HATNY) qYDR 025
20 C HYDR 030
s CONNGY /CCETHL/ BY,NY,BUAPAY, BUNTAX,NUAAXT, NONAYT HAYDR 035
80 CCSAC® /RYDR/ EPS,MAVIT,VPRIN,INTER RYDR 0&0
a5 COYACN /YER/ NBD (99) ,RBDB(99) ,¥BDE(99) ,NBD (99) ,ABDB(99) , ABDE (99) HYDR 085S
50 coPiICN /CHBEY/ BV (299) ,IBY(299) ,JBY (299) ,¥BY RYDR 00
55 CCANCN /PARAN/ C%,CL,Q,9INS,WINANG,AVH, RHOV,RHOA, CKVIN,CKVAT AYDR 05S
60 CORICY /TRON/ A(99),B(99) ,C(99),D (9P HAYDR 060
6% c AYDR 065
70 NXl=§%-1 AYDR 070
75 NY1=NY-1 HYDR 075
89 CIF=0.0 HYDR 080
8« C HYDR 085
90 c SBT UP BOUNDARY VALUES AND NAKE INITIAL GUESS AND RYDR 090
9% c INITIALIZE 00, YV, W¥ AYDR 095
100 c HYDR 100
10¢ BC 100 IE=1,NWBY HYDR 105
110 I=1BV(IB) AYD®R 110
1158 J=JRY(IB) HYDR 115
120 PSI(I,J) =BY(IB) AYDR 120
125 100 CONTYNUE AYDR 125
130 Do 110 I=1,NX HAYDR 3130
13% DO 119 J=1,HWY AYD®R 135
180 110 eSIO(I,J}=PSI(I,J) HYDR 180
185 SRITE (6,1100) HYDR 1a%
150 AR XRB=%X AYDR 150
15% IP (AXAZ.LT.NY) FAXAN=NY HYD® 15%
160 ARG=1, 18159/ (2. 0*AAXAN) AYDR 160
165 ROIT=8,.0%SIN (ARG) *CCS (ARG} HYDR 155
170 c AYDR 170
175 c START HAIN LOOP OP ITZRATION AYDR 175
180 c HYDR 180
18% CO 800 ITER=1,MAXIT HYDR 185
190 INTOUT=(ITER-1) /JNPRINSEPRINGI-ITER HYDR 190
195 C HYOR 195
200 c X-IAPLICIT HYDR 200
20% c HYDR 205
210 ISLAND=0 HYDR 210
1€ 0O 290 RUR=1,NOMEAX HYDA 215
220 C AYDR 220
225 c LEPT DOUPDARY GRID POINT BYDR 225
230 c HYDR 230
235 J=WBD (NON) HYDR 225
240 I=NBDB (NOR) - 1 HYDR 2830
285 IP(IN(I,J.GE.10) GO TO 210 RIDR 285
250 IP(IN(I,J).BQ.8) GO TO 209 HYOR 250
25¢% c HIDR 255
260 c DIRICHLET BOOUNDARY POINT HYOR 260
265 c HIDR 265
270 c HYDR 270
275 A(1)=0.0 HYDR 275
280 B(I)=1.0 ¢ ROIT RYDR 280
285 C(1)=0.0 \ \ AYDR 285
290 C(I)sPSI(I,J)*(1.0¢ROIT) HYDR 290
29% GN TC 215 HYDR 295
00 c REUNANN BOUNDARY POTNT HYDR 300
305 c HYDR 305
310 206 B(I)=1.0 RYDR 310
115 A(1)=0.0 HYDK 315
320 B(I)=0.0 HYDR 320
325 C(1)=-1.0 AYDR 325
130 GO TO 215 \ \ HI/DR 330
335 ¢ ‘ HYOR 335
gug c ISLAND BCOUNDARY POINTS HYDR 380
) ¢ !

AYDR 345
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APPENDIX E. (continued)

350
35%
260
265
3179
7
330
85
99
365
800
a0c
[ 5
815
820
825
830
835
(1Y)
aas
850
ass
8€0
/6%
a70
875
agn
a8s
890
a9c
€90
€05
510
515
21
€7¢
€30
€3¢c
"0
545
€<o

590
€9s
600
695
610
€15
620
€25
€10
635
€80
(11
€50
655
€R0
665
€70
67¢
680
68¢

[aXalie}

aNaNal

[aNaNel

aNaKs]

210

213

215

219

ISLAND=ISLAND+1

IP(ISLARD.Y2. %) GO T75 21]

IPI=Te

ITi=1-1

JPI=Je 1

Jn1=3-1

IP(IN(1-1,J).GE.10) INl=1

IF (IN(I+1,J0).GE. 10} IPY=X
IP(IN(Y,J¢1).GE. 19} JP1=J
IP(IN(X,J-1).GE.10) IN1=0
BIP1=BIGH(IP1,J)

AIM1=RIGRA(TN1,J)

JP1=HIGH(I,JPY)

RIP1=HIGH (I, JN11)

EIJ=BIGR(I,J)

A(1)=9.0

E(Y)=1.0 - O0.S®(BIPV-AIN1) /HIJ ¢ ROIT
C(I)=-1.0 ¢+ 0.S*(HIPV-HIN) /HIJ
0(I)=(1.00G.5* {HIPI1-BINT) /AII) *BSIO(I,IRT) - 2.0%PSIO(I,J) ¢

HYDR
HYD®
BYD®
AYDRN
HYDR
HYD®
HYDR
AYDR
BYIDR
AYDR
HYDR
HYDR
HYDR
AYD®
HYDR
AYDR
AYDR
HYDR
AYDR

1 (1.0-0.5% (BJP1-HIN1) /ALJ) *PSIO(I,JP1) - O.SSHIJI®BIJ*(TAUY(IPY,J) /HYDR

2 RIPV-TAOY (I®1,J) /RIMI-TAIX (I,JP1) /JATP 1eTATX(I,JNT) /7RHINT) ¢
3 PCIT*PSIO(I,J)

50 TC 21¢

A(1)=0.C

B(I)=1.0 & ROIT

c(I)=0.0

0(I) =PSTIL®(1.0ROIT)

RIGHY BOUNDARY GRID POINT

18=1

18P1=IBe1

I=NEDEZ (NGH) + I

IP (IN(I,J).GE.10) GO TO 220
IP(TN(L,J).BQ.8) GO TO 219

SIRICHLET BOUEDARY POINT

A(I)=0.0

E(I)*1.0 + ROIT
c(I)=0.0
£(I)=PSI(I,J)*(1.0+ROIT)
GO T 225

SENYANFE PCOUNDARY POINT

A(1)=-1.0
E(I)=1.0
c(I)=0.9
£(7)%0.0
GO TN 225

ISLAND BONNDARY POINTS

ISLAND=ISLAND®1

IP (ISLAND.¥E. 1) "0 TO 223
IP1=Te1

I91s1-1

IP1=Je

I 1=J-1

IP (IN(I¢1,0).GE.10) IPVsI
1P (IN(I-1,7).GE.10) IMixl
IP(IN(I,J¢1).GE.10) JP1=J
IP(IN(I,0-1).GE.10) JH1=J
AIPI=RIGR(IPY,J)
AINT=HIGR(INT,JT)
AIPV=HIGH (I, IPY)
AINT=RIGH(L,INT)

AYDR
BYDR
HYDR
HYDR
RYDR
HYDR
AYDR
AYOR
AYDR
BYDR
AYDR
HYDR
HYDR
AYD®R
AYDR
AYDR
HYDR
HYDR
HYDR
HYDR
HYDR
AYDR
HYDP
RYDR
AYNR
AYD®R
AYDR
RYDR
RYDR
AYDR
HYDR
HYD®R
HYDR
AYDR
RYDR
AYDR
AYDR
HYDR
AYDR
AYDR
AYDR
AYDR
AYDR
AYDR
HYDR
HYDR
AYDR
AYDR

590
595
600
605
€10
615
620
625
630
€635
€80
685
650
655
660
665
670
675
€680
685

JORPR = N N,
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€90
695
700
70°%
710
A ]
720
725
730
738
™0
78S
50
5%
160
165
770
175
760
785
790
795%
eno
805
R10
81%
820
825
830
83¢
880
235
850
55
860
865
870
875
880
88s
890
895
9c0
905
910
915
920
925
930
935
980
9mns
950
955
960
965
970
975
9449
985
990
995
1000
1005
1010
1015
1020
1025
1030
W35

annn

[aNala]

[aXaNal

noan

annN

223

25

82

(continued)

EIJ=BIGA(L,J)
A(I)=-3.0-C.S5*(HIP1-BIAT) /HIJ

B(I)= 1.0 ¢ 0.5s(HIPV-HINT) S/RAIS + ROIT

€1)=0.0

CHI)=(1.0¢0.5%(HIJPV-RIN1) /HIJ) * PSIO (I, JAY)
1 (1.0-0.5¢(HJP1-RIAY) /7HIJ) *PSIO (I, JPY)
2 RIPYV-TAOY(INT,J) /BIMI-TAOX (I, JP1) /JHIP 1+TATX(I,IM 1) /RINT) o

3 RCITePSIO (I,J)

G0 TG 225

A(N) =7.0

B(I) =1.0+ROIT
C(I)=0.0

p(I) =PSITIL® (1.04ROIT)
1e=1

IEZN1=IB-1

INTERICR POINTS

pC 230 I=IBP1,IEAY
RIP1=RIGH(I+1,J)
AINY=HIGH(I-1,J)
RIP1=R IGH (I, I+ 1)
8I®Y=RIGA(Y,J-1)
RIJ=RIGA(I,J)

MI) =-1.0-0.5¢(RIPV-HINT) /HIJ
B(I)=2.0 + ROIT

C(I) =-1.000. 5 (RIP1-HIN1) /HLJ

D(IY=(1.0+0.5+(HJP1-RINI) /HIJ) ¢ RSIO(1,T-1)
1 (1.0-0.5#(RIP1-RINT) /HIJ)*PSIO (I, I¢)
2 RIPT-TANY (I-1,3) /HINI-TAOX (I,3¢ 1) JHIPVeTAOX{I ,J- 1) /HINT) ¢

3 BRCIT*PSIO(I,J)

230 CONTINDE

280
2%0
29¢C

300

08

CALL THOWAS (IE,IE,TONE)

IP(ISLAND.NE. 1) GO TO 280

1P (IN(1B,J).GE. 10) PSIIL=TCNE(IB)
TP (IN(XZ,3) .G®. 10) PSITL=TONE(TE)
70 2% I=IB,IP

PSI(I,J) =TONE (I)

CONTINNE

t0 300 I=1,NX

70 300 J=1,80Y

IP(IN(L,J).GE.10) PSI(I,J)=PSIIL
FSI0 (I,J)=PSI(I,J)

Y-IRPLIC1Y

ISLAND=0
€O 390 AOM=t, NONNAX

®OTTON BOUNDARY GRID ECINT

I=MBLC (80N}

J=ABDB (KONK) -1
IP(IN(I,J).GE.10) GO TO 310
IP(IN(L,J).2Q0.8) GO TO 309

DINICHLET BOUNDARY POINT
A(J)=0.0
B(J) =1.0+ROIT
C(J) =0.0
D(J) =PSI(I,J)*(1.0¢ROIT)
GO TC 31%
NEOBANN BODNDARY POINT

A{3)=0.0

2YDR
HYDR

AYOR

44,1

- 2.0%PSIOC(I,J) ¢ H2YDR
- 0.S*RIJ*ATJ*(TATY (IPY,J) /JHYDR
HYDR
HYOR
HYDR
HYDR
HYDR
HYDR
RYDR
RYHS
RYDR
HYDR
AYDR
HYDR
AYDR
aYD®
HYDR
"2YOR
HYDR
HYOR
AYDR
HYDR
HYDR
- 2.099SIO(I,J) + fYDe
- 0.S*HIJ*ATI* (TANY {I+1,J) JHYDR
AYDR
HYDR
HYDR
AYDR
AYDP
AYDR
AYDR
AYDR
AYDR
AYDR
HYDR
HYDR
AYDR
HYOR
qYDR
HYDR
HYDR
Hrow
HYDR
HYDR
HYDR
HYNR
HYDR
HYDR
HYDR
HYD®
RYDR
RYDR
HYDR
BYDD
KYDR
! AYOR
RYDR

690
695
700
705
710
718
720
725
730
735
780
745
750
755
760
765
770
775
780
78S
790
185
800
80°%
810
815
820
825
830
825
a80
8as
850
855
80
865
870
875
880
885
890
895
900
905
910
915
e20
925
910
9135
980
95
950
955
960
965
970
975
980
985
990
995

RYOR1000
RYDD 1005
RYDR1Q 10
HYDR10'5
AYDR1020
AYD™1025
RYDR1030
AYDR103S
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APPENDIX E. (continued)

1080 E(J)=1.0 HYDR10AO
1085 C(J) ==-1.0 HYDR 1085
1050 D(J)=0.0 RYDR1050
1055 GO TC 315 AYDR10SS
1060 C HYDR10€0
1065 (o ISLASD BOUNDARY POINTS HYDR10ES
1070 C HYDR1070
1075 310 ISLABD=ISLAED+1 AYDR107S
1080 IP(ISLAYD.NE,1) GO TO 31} RYDR1080
1€85 IP1=Te1 AYDR108S
1090 InI=1-1 AYDR1090
109¢ JP1=J¢1 RYDR1095
1100 JN1=)-1 HYDR1100
1105 IP(IN(I+1,7).GE.10) IP1=I HYDR1105
1110 IP (IN(I-1,3Y.GE.10) IM1=I BYDR1110
1115 IP(INGI,J+1).GE.10) JP1=J HYOR1:15
1720 IP(IN(I,I-1).GE.10) Jm1=J HYDR1120
1125 HIP1=AIGH(IP1,J) HYDR1125
1130 BI%1=AIGH(IN1,J) AYDR1130
1135 BIPV=RIGH(I,JP1) HYDR113S
1180 RIR1=HIGR(I,JN1) HYDR1120
1185 BIJ=RIGH({I,J) HYDR118S
1150 A(J)=0.0 HYDR1150
1155 B(J)=1.0 - 0.5% (BIP1-HIN1) /HIJ ¢ ROIT AYDR1155
1160 C(J)=-1.0 + 0.5%(HIP1-RINT) /HII HYP® 1160
116¢ B(J)=(1.040.5%(RIP1-AIM1) /41J) *PSTIO(IN1,J) - 2.0%PSIO(I, ) + A DR1565S
1170 1 (1.0-0.5¢(RIP1-HIN 1) /HYIJ) *PSIO (IP1,J) - 0.5¢AIJ*ATJI® (TAUY(IP1,J) /JHYDR1170
117% 2 HIP!-TIU!(IH!,J)/HIH1-TIUX(I,J91)/HJP!OTIU!(I,JHI)/HJH‘) . HYDR1175
1180 3 ROIT*PSIO(I,J) HYDR1180
118¢< GO TO 315 AYDR118S
1190 312 4 (J)=0.0 RYDR1190
1195 B(J) =1.0+pOXT RYDR1195
1200 C(I)=0.0 HYDR1200
120% D(J) =PSIIL*® (1.0 +ROIT) HYDR120S
1210 315 JB=J AYDR1210
121% JBP1=JB+1 RYDR1215
1220 c HYDR1220
1225 ¢ RYDR1225
1230 c 10P BOUNCAR GRID POINTS HYDR 1230
2235 c AYDR123%
100 J=HBDE (NOR) + i RYDR1230
1285 IP(IN(I,".GE.10) GO TO 320 HYDR 1245
1250 IP(IN(I,J).BQ.8) GO TO 319 HYDR 1250
125¢< C AYDR125S
1260 C CIRICFLET BOONDARY POIFT RYDR1260
1265 c HYDR1265
1270 A(I)su.0 FYDR1270
12715 B(J) =1.0+POIT HYDR1275
1290 C(J)=0.0 RYDR12£9
1285 D(J) *PSI(I,J)*(1.0+ROIT) RYDR 1285
1290 GO TC 325 HYDR1290
1295 C RYDR1295
1300 c NEORANN BOUNDARY PCINT RYDR1300
1305 ¢ #YDR1305
1310 219 A(J) =-1.0 HYDR1310
13185 BE(J) =1.0 AYDR131S
1320 €(J) =0.0 HYD21320
132% £ (J) =0.0 AYDR132S
1339 GO TO 325 | RYDR1330
1135 ¢ HYDR1315
1360 c ISLAND BOONNDARY POINTS HYDR1340
1385 C HYDR138S
1350 320 ISLAND=ISLAND+? HYDR1350
135% IP(ISLAND.NE. 1) GO TO 323 HYDR1155
1360 1PI= 1+ HYDR1360
1365 INI=-1 HYDR13€S
1170 JP1=J+1 HYDR1370
1375 JAi=sJ-1 HYDR1137S
1380 IP(IN(I+1,J) .GE. 10) IP1=I HYDR1380
1385 IP(YN(I-1,3).6E.10) IM1=I ' HYDR 1385
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1390
1395
1800
1805
1810
e
1820
1825
14830
1835
1880
1885
1850
1855
1860
1865
1870
1875
1880
1485
1890
1895
1500
1505
1519
1£15
1520
1625
1530
1535
1580
1588
1550
1555
1560
156¢
1570
1675
1580
1585
1590
1995
1600
1605
1€10
1615
1€20
1629
1630
163¢
1630
1685
1650
1655
1660
1665
1670
1675
1680
1685
1690
1698
17008
1708
1710
1718
1720
1725
1730
1735

AAA

223

325

230

EL 1
35¢
290

§10

420

450

84

(continued)
IP(IN(Z, ¢ JP.10) JP1=J gYDR 13940
IP(IN(Y,J-1).G%.10) Jmi1=] HYDR1195
BIP1=RIGH(IP1,J) AYDR1&00
AIAV=HIGH(IAY,J) HYDRIRGS
BIPV1=RIGR(I,JPV) AYDRIN 10
BIAV=AIGA(X,JN") NYD: '815
EIJ=EIGN(1,J) AYDR1. 70
A(I)=-1.0 - 0.5*(HIP1-BINV) /HIJ HYDRIG2S
B(J)= 1.0 ¢+ 0.5¢*(RIJP1-HJINT) /HY) ¢ ROIT HSYDRIR 1O
C€(J) =0.0 HYDR1&813S
D(J) =(1.0¢04 S¢ (HIP1-HIN1) /JHIJ) ®*PSIO(IAT,.0) - 2.0%PSIC(I,J} + HYDR1&RO
1 (1.0-0.5¢(RIP1-HINT) /JHIJ) *PSTO(IP1,J) - O0.S*RIJ*AIJ*(TRUY(IP1,J) /HYDP1RAS
2 RIPV-TADY(IN1,J) /RINV~TANY (I,J*P) /HIP1+TACX(1,JNV) /HIRY) + AYDRI&S)
3 RCIT®*PSIO(I,J) AYDR1RSS
GO TC 325 AYDRISEO
A(J) =0.0 AYDRIBES
B(J) =1.0+ROIT AYDR1&70
c(J=0.0 HIDRIATDS
L(J) =PSIIL® (1.0#ROIT) RYDR 1RGO
JE=J BYDR1ABS
Jeri=Jye-~-1 HYDRINGO
HYDR 189S
INTERIOR POINTS aYDBR1500
AYD®1505
DO 3130 J=JRP1,JENY HYDR1510
BYP1=RIGH(I+1,J) AYDRIS1S
RINV=HIGH(I-1,Y) AYDR1529
BIP1=RIGH(I,J¢1) AYDR152S
RINV=AIGH(I,J-1) AYDR1SI)D
RIJ=RIGE (I, J) EFYDP1575
A(J) =-1,0-0.5*(RIPI1-HINT) /91J HYDR 1500
P(J)=2.0 ¢ BROIT RYDR 1585
C(J)3-1,040.5%(RIPV-HIR1) /HIJ AYD®RIS%)
D(J)=(1.040.5%(AIP1-HINT) /JHIJ® #PSIO(I-1,J) - 2.0¢PSIO(I,J) + HYDR1555
1 (1.0-0.5¢(RIP-RINT) /RII) *PSIO(I®1,)) - 0.5¢HIJ*RIJ* (TATY(TI¢1,J) /AYDRI1560
2 BIPI-TAOY(I-1,J) /HINV=TAOX(L,J¢ 1) JHIPVSTAOUX(I,J-1) /JHINT) « HYDR1565
3 ROIT*PSIO(I,J) AYDR1570
CONTINDE HYDRI1S7S
HYDR1S30
CALL THOBAS (JB,JE,TCNE) HYDR158S
AYDR1590
IP(ISLAYD.NE.1) GO TO 340 AYDR1S9S
IP(IN(I,JB).GE.10) PSIIL=TONE (JB) HYDR1600
IP(IN(I,JE).GE.10) PSIIL=TONE(JE) AYDR160S
po IS0 J=JB,JE HYDR1610
PSI(I,J)=TONE(J) HYDR1615
CONTINOE AYDR16 20
RYDR162S
IAAY=0 HYDP 1630
JAAX =0 AYDR1635
oIPAAY=0.0 AYDR16GO
DO 820 AYN=1, ROMMAX HYDRIF" S
I=ABD (ADA) AYN2 1650
NB=AEDB (NUN) RYDR1KSS
RE=NREDE (RUN) HYL® 1660
DO 820 J=AB,NE AYPR1665
IP(PSIO(I,J) .2Q.0.0) GO TO 420 HIDR1670
DIP=ABS((PSI (1,J)~-PSIO(I,J))/PSIO(I,J)} HYURIE6TS
IP(DIP-DIPRAX)N20,420,81C RYDR1680
DIPAAX=DIP AYDR168S
INAX=I HYDR1690
INAX=Y AYDR1695
CONTINGE AYDR1700
HYDR1705
DO 84S0 I=1,NY AYDR17Y0Q
DO 8450 Is1,.NY ' AYDR171S
IP(IN(I,J).GR.10) PSI(I,J)=PSIIL AYDR1720
PSIO(1,J) =PSI (1,J) HYDR172S
AYDR1730

IP(ITER.LE.2) GO TO 500

HYDR173S




1780
1785
1750
1755
1760
176S
1770
1775
1789
1785
1790
1795
1800
180¢
1210
1815
1829
1825
1830
1835
1880
1785
1850
1855
1860
1865
1870
1875
1€80
1885

1890
189%
1900

1905

1510

191¢
1720

192¢

1930

1935
1980

1985

1950

1955

1960

196

o
(8, ]

APPENDIX E. (continued)

IP(DIPHAX-EPS) 900,900,500 AYDRI780

%00 IP(IWNTER.EQ.O}) GO TO 800 BYDRI7AS

c HYDR1750
YRITE(6,1300) ITER, DIPHAX,INLY,INAX BYDR175S

IV (INTOUT.2C.0) CALL OUYPRT (SX, BY,PSY, 2, BAKNX, HAXNY,IF) RYDRTT60

600 CONTIETR AYDR176S
EvITP (6,1900) ITER, HAXIT, DIVAAX, %PS BYDR1770

GO TC 999 RYDR177S

C BYDR1780
C A COBVERGENT SOLGTIOY LEAS BEEN OBTAINED HYDR178S
c AYDR 1790
900 WRITE(6,1200) DIPRAX ITER,IMAX,JWAX HYDR179S

c HYDR1800
ERITE (6, 1800) RYDR180S

CALL OUTPRT (%X,5%,PSI, 2, NAXNI, NAXDY,IN) RYDR1810

c BEYDRIS TS
CALL IUPYEL (PSI,U0,VV,1IN, %ATNI, BAINY) RYDR1820

CALL DOBDVEL(PSI, U0, VY, HAINY HAXNY) HYDRIB2S

C RYDR1830
O 920 I=1,EX BYDR183S

ot 920 J=1,0Y AYDRIBANOD
IP(RIGH(Y,J) .2Q.0.0) GO TO 920 AYDRIBNS

RIGH (Y ,J)=RIGH (I,J)*CL HYDR18S)

M (I, Jv=00(1,J)*Q/(HIGH (I,J)*CL) RYDR185S

(I, ,J)=vv (1, 7)*Q/(BIGHR (I, J)%CL) HYDR1860

G20 CONTINGR RYDR186S
YRIT2(6,2000) AYDR1870

CALL OOTPRT (NI, ¥Y,N0,2,%A1%X, NAXEY, IN) RYDR187S
ERITE(6,3000) a2YDOR1880

CALL OUTPRT (NI WY, VY,2 BAXNX HAXDT, IN) AYD™ 1885

C HY%%i890
999 RPIOEN AYDR 1895
(of BYDR1S00
1100 PORRAT (181,25X,*THE BOCUYDARY VALOES AFD THE INITIAL GOUOESSES?) BYDR 1905
1200 PORNAT (161,30X,*THE SOLOTICN POR THE RYDYC MODRL'///9X, AYDRI910
1 20X,*THE PRESENT NOXERICAL SCHEAE IS O, K. °*/1X, RYDR191S

2 10X,°DIPAAX=" 215.7,* POR THE',IN,°*TR ITEPATIONY, AYDR1920

3 ’ GCCOIRING AT (*,I12,°,°,12,°)%) AYDR1925

1300 PORNAT (1O, NO. OF ITPR = °*,IN,* MAY DIF = °,E10.3,* OCCUPS AT IRYDR1930
t=9,13,*J = °,13) RYDR193S

1800 PORMAT (180 ,2S5X,°THP STREAY PIONCTIOF - PSI*) AYDR1940
1900 PORFAT (181,5X,°ITER=* _I8,5Y,°IAAX=", 10,5, DIPAAX=’,R12.5, HYDR1948S
1 SY,°EPS=* ,R12_5,5X,°ITER .GT. MAXIT BG*®) BYDR19S50

2000 PORMAT (1RV,20X,°THE X-CONPONENT VELOCITY - U *) RYDR195S
3000 PORBAT (VA1,20X,°THE Y-CONPONENT VELOCITY - V') AYDR1960
END AYDR196S
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APPENDIX E.

10

20
2%
30
35
80
85
50
S5
60
6s
70
5
80
85
90
95
100
105
1m0
1S
120
125
130
135
180
185
150
155
169
165
170
175
180
185
190
195

900

100

%00
(44

7¢0

200

1¢0C
2000
3co0

1
2

(0
(2,

(continued)

SCEXOUYINE NUTPRT(¥VI,¥YY,PCT,LTEST, AAKES BAYNY,I¥)
CIRZESICE PCT (ILYIVX, NAXNY) , IN(ZAXEX_BAXNY), BCOL{20)
2EAL VECBR(8) /° (1H+*, °*TIYX*, °*,10P°, ‘8.3)°'/,
TAB{10} /°,T10°, °,T18°, °*,T26°, °,T38*, ', ,TN2*, ¢,TS0°,
*,758°, *,T66°, *,TI8", °*,TB2°/

ISTARY=1

IEPD=ISTART ¢+ 9

IP(IPED .GT. WX) IEND=EIX

Lo 100 I=1,10

BCOL (I} =I-1+ISTAET

WRIT?2(6,2000) (¥COL(I+V1-ISTART) ,I=ISTART,IRND)
00 200 JJI=1,0Y

J=UTe1-3J

"RITRE(6,3000) J

II=ISTART

IPC(INQILI,J) /LTEST*LTEST .EQ. IN(I1,J)) GO TO %00
II=11+1

IP(II .LE. IE¥D) GO TO 300

50 TC 00

n=I1
IP(IN.RPQ.ICED.OR.IN (IN+1,J) /LTESTSLT2ST.EE. IN(IR+1,J)) GO TC 700
In="H8e1

GO TC 690

SPORM(2)=TAB (XI-ISTART+Y)

SRITE(G,YPORA) (PCT(L,J),I=IL,IN)

II=IRe1

IP(I®E .1L7. IBED) GO TC 390

COBTINGE

ISTART=IEND+ 1

fRITE(G, 1000)

IP(IEND .LT. ¥X) 30 TO 900

FORMAT (181)
PORAAT (180, 30T, *COLOANT /1X,3X,? ROV® , 1018/}
YORAAT (¥X,13)

PETUEN
EdD

ogTP

agre
0ouTP
auTe
aore
ooTe

oTTP
oure
onre
oUTP
ooTP
orTP
C¢OTP
coTe

nns
(AL
015
n20
025
030
035
ono
[ 153
050
055S
060
065
970
075
080
085S
090
095
190
105
113
115
120
125
130
13%
180
135
150
155
160
165
170
375
80
185
1990
195
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LRy
1%
20
25
3¢
35
80
a5
59
5c
60
65
70
7%
80
ac
S0
95
100
105
110
115
120
125
130

165
170
175
‘8'\
185
190
19%
200
ns
210
21%
220
22¢
230
235
280
285
250
255
760
265
270
27S
280
285
299
29¢%
Joa
me

310

330
215
wn
345
50
355
360
165
170
375

1c0

220

24C

2°0

260

270

280

(continued)

STYRROUTINE D2PTH (COPR, HIGH,RIN, IN, BAXNX FAXNY, HAXNXY)

[¢3)

~J

CINPUSION COPH(RAXEYX,=AXBY) ,RIGH (BAXNY,BAXNY) ,HIN (RAXNXY),

1 IN(BAYNX, NAXNY)

CCHACY /CCYTRL/ WI NY HONBAX,BONNAYX, YONAIT, AURAXT

ConRCY /YZH/ WBD(99) ,XBDB(99) ,YBDE(99) ,NBD (99) ,NED2B (39) ,ABDE(99)
CCRNCY /PARAN/ CY,CL,Q,9INS, NINANG,AVE,RHOW,RAOA, TKWIN,CKWAT

DG 100 I=1,4¢

Bo 107 J=1,8Y

AIGH (I,J)=0.0
CDPH(I,J)=0.0

¥PT=0

20 210 WOm=1, NIYUAX
J=¥BD (W7H)

RE=NBDB (¥UN)
KE=NEDE (NI Y)

BO 200 I=NB,NE
NPT=NPT+1

CDPH (I, J) =HIN (1PT)
CONTINNE

CDPH (*B-1,J) =CDPH (NB, J)
CDPH (1B+1,J} =COPH (N2, J)
CONTINDE

00 220 MNA=1,"OYNAX
I=FBD(XON)

J9=HBLB (M)

JP=MPDE (RON)

CDPA (1,33 1) =CDPH (I, JB)
COPH (1,JE+ 1) =CDPH (I,JEB)
CONTINOE

pe 280 I=1,WX
Ie1=1e1-1/NY
INI=I-1e1/7

£O 240 J=1,NY
LL=I%(I,J)

TICOR=(LL-6) /8%8+6-1L
IP (ICOR.NE.0) GO TO 280
P 1=J+ 1-3 /07

INt=J-1+ 172

COPH(I,J}=0.53 (COPH(IP1,J) +CDPR(INY,J) +CDPH (X,IPV) +CDPH(I,IJETY)

cOYTINDE

LO 260 MOM=1,NONAAX
J=¥BI (RTN)

N3=NB2S (YTA}
FE=NEDE (NUN)

£o 250 I=AB,rE

RIGH (T, V) =0,25¢ (CDPI(I,J) +CDPH(I-1,]) +CDPH (I,J-1] +ZDPH{I~-1,J-1))

CoNTINTE

RIGH (B-1,J} =HIGH (8B, J)
S1GH (B 1,.1) =AIGH (L, J)
CONTINOY

DO 276 NOM=1,MONNAX
1=XDC (A7)

JPcMBDP (MOM)

JE=BPDE (ANN)

HIGH (1, JB- 1) aHIGH (I, JB)
HIGA (I, 18¢ 1) =HIGH (X ,JE)
coNTINNE

pC 290 I=1,%X

TPz Ie1-F/NX
IM1=T-1e /1

£O 239 J=1,.NY
LL=In(I,J)

1CCP = (L1.-6) /8¥8¢6-LL
IP(ICOR.MP.0D) GO TO 280
JP1=Je 1~3/4Y
JN18I=1¢ 173

RIGH (,J)20,5¢(HIGR(IPT,J) ¢H{IGH (IXT,Jy +KEGH (I, J: %! ¢HIG!

conrInne

0O 300 I~1,8X

Lo 3CO0 J=1,MY

HTGH (X, 7)=RIGH /L, T} /CL

. CONTINUT

RETNRY
END

(1, 81)

DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
OEPT
DEPT
OEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPY
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
‘EPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
DEPT
pep?
DEpT
nEaT
DEPT
“oeetT
oret
CEPT
"DFPT
DEPT
DEPT
DEPT
nEer
NEPT
DEPT
DEPT
neptT
DEPT
pke
OEPT
DEPT
DEPT
pepw
DEPT
orer
DEPT
veeT
,pEPT

005
010
015
020
025
030
025
0a0
oas
050
055
060
06
0790
075
080
085
090
095
100
105
110
115
120
125
130
135
130
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
285
256G
255
260
265
270
275
280
285
293
295
300
3¢5
319
315
a0
125
330
3135
%0
3145
350
155
360
165
370
375
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APPENDIX E. (continued)

10
15
20
25
In
3S
80
85
50
55
60
65
70

80

100

SOBPCOUTINE 'IIDS(TIU!,TAUY,HIXIX,HIX!Y)

DINERSION TADX (TAXNX, NAXNY) «TAUY (MAXN X, MAXRNY)

CCHEACN /CCHETRL/ IX.IY.HU!HI!,lUH!l!,!UHllT,HU!!H‘

CCHACE /PARAN/ CV,CL,Q,'IIS,!III!G,IVH,IHO',EHOI,C(!II,CK!IT

TAU=RHOASCRUINGHINSse2
'IIUD'D=RBOU‘Q‘CKIIT‘CV/CL“2
TATVY=(TAU/TATD VD) *COS (VINANG/3.18159)
TAOYY= {tAO/TATDVD) *SIN(NINANG/3. 18159)
B0 100 J=1,wY

CO 100 I=1,NYX

TAOX(I,J)=TAOVY

TANY (Y ,J)=TANVY

CO®TINDE

BETARN

TND

VIKD
vyIND
vIron
VIKD
VIND
VIFD
gIND
VIKFD
VIRD
vIND
VIND
WIND
VIND
WIND
WIND
YIND

295
010
01s
020
025
030
035
080
0as
950
055
0€0
065
070
075
080




APPENDIX E.

155
1€0
165
1749
175
120
195
190
195
200
205

301

300

211

89

(continued)

SNERCTITINE INPYEL(®SI, 70, VY, IN, MAINI, YAXNY)

DINPNSIOR PSI (MAXNX,MAINY) ,00 (MAXNX,WAXHY) , VY (MAXNX,AAXTY),
1 IN(MAXSX,HAINY) .

CCMNCR /CCATRL/ MY, NY,MON®AX, NOMMAX, NONAXT,NOMAXT

N0 900 YORM=1,MOAMAX

I=22D (¥1Y)

YB=NEDS(AOM") - 1

NE="BDE(17Y) ¢ 1

O 900 J=NB,NE

IP(J .EQ. 8B .CR. J .EQ. NE) GO TO 901
Mm(Y,I)==(PSI(1,3+1)~PSI(I,I-1}) /2.9

GO TZ 990

IP(J .BQ. MB) UN(L,J)=~(BST{I,Je1)-2SI(l,J))/1.9
1P(J.EQ.NEY) OO(L,J)=-(PSI(i,F}-PSI(I,J-1))/1.0
CCRTIYNE

N0 910 NOW=1,NUMMAX

J=NBOD (UIN)

EB=FRDE(NNY) -1

SE=NEDE (NGN) ¢ 1

DC 910 I=NB,NE

IP{YI.2Q.%F .CR. I.EQ.¥Z) GO T0 9N

YV (I,J)=(PSI{I+1,J)-PSI(I-1,0)) /2.0

GO 1TC 910

IP(L .BQ. ¥B) VV(I,J)=(PSY(Le¢1,J)-PSI(I,J))/1.0
IP(I .EQ. %B) VVLI,Jy=(PSI(L,J)~-PSI(I-1,J))/1.0
CONTINTE

tC 940 I=1,4X

IP1=[+ 1-L/NY

111=1~1¢1/1

£LC 980 H-=1,NY

LL=I8(I,J)

ICCR=(LL~6) /8%8+6~-LL

IP(ICNR.NE.O) GO TO 940

JP 1=+ 1-J/NY

Jn1=J-141/3

90 (X,J)=0.5% (TICIPT, ) ¢V (I, JPT) ¢0T (IN1,J)+00(I,INT})
YV (T,3)=G.5* (VW (IPT1,J) +VV(I,JP1) sVY (INI , J)+VV(I,INY))
CONTINDE

|RTN RN

EYD

INPY
INFY
INFY
T¥TY
INPY
INPY

IN®Y

1444
INFY
INPY
IAPY
INFY
INFV
INPV
INFY
INFY
INFV
INFPY
INPY
INPY
INFV
INPV
INFV
INFY
INFY
INPY
INFV
IRPY
INFY
INFY
INPV
INFY
INPY
INPY
INFY
INFY
INPY
INPY
INFPV
INFY
INPY

095
01)
318
<20
52

0
35
a0
085S
9%
055
060
065
970
075
929
085
090
995
100
105
110
115
120
125
130
135
149
185
150
155
1€0
165
170
175
180
185
190
195
200
205



APPENDIX £.  {continued)

€ STERAICTITINE ORIVEL(PSI, TT, UV, MATYY “ATYY)

10 CI®TNSION PST(CAXSY, MAXNY) , VI MAYNY MAXNT) , TT(MRTHNY _“2a7v7y

1€ COMMCY JCCNTRL/ NY N7, MIYPAY, NTYMAY NITMAYT wTw,y~

0 CCcuerN sCCBSD/ NOBD,NPTGED(99),I3Xr3n(5%) , IEY " =0(3%),

o€ 1 IPYCRN(33), JRYLBN 93, I%I030 (%)

10 C

3= £7 940 [2=1%,%08)

a1 IEY=IRTINFD(I3)

35 JoY=32Y38D(IR)

se IEX=IPYQED(IR)

5S¢ JTY=JPYCBI(IF)

&N NTRPTS=YDTOCD (I8R)

€5 IF(IEX .EC. IZYXY) 5C T 341%

7n IT(ITEY .50, J3Y) 3C TC 342

75 VPLY = - (PSI(I?Y,J2Y)~P5T (IO, JBT}) >

ac 1 ((JEY-JOYY / ((IEX-ICXY)®e T4 (J2Y-JZ7) ®eD)} 3
A% 7YY= (PSI(IBX,.JEYN\ -PSI(T2Y,127)) TENY °
99 1 ((IFX-IPX) /((IBY-19X)ees (JRY-JRT}es)), TEeT onaN
95 *n 98] 12T=1,NT2TS =
o IzI°XeTPT-1
1= J=JoYeIPT-1 Bl
19 IP(JEY .LT. JEY) J=JEY-IDTe1 canv
11¢ 77(1,.J) =VELY 7
129 Y7 (1,J)=VELY
125 G50 CoNTIMNZ PRciel SR
13n GO TC 91313 cEnY 1}
11° S41 TPLX=- (PST (IEY,JEY)-PST(I3Y,I8V))/(J29-1237) cang 12°
49 I=18Y Ry oTun
we T 960 IpT=1,N¥TOTS TINY TLE
159 J=JP* ¢+ IPT - % nenTo§en
15¢ IP(JEY .LT. 18Y) J=J2V-IPT+1 oary 17T
160 M1, ¥y =veLY ~ANY e
1€5 960 CHNTINNE TENY RS
170 T 9W) nany 177
175 42 YPLY=/PSI(I®Y,J2Y)~-P I (IEY,JBY))/(T2¥-TPY) SENY R
190 J=JRY aany 17A
185 Lo 970 IPT=1,NTPTS SR e B AR
19¢ I=IRX+TPT-1 TENY 1G4
195 eV (1,3)=9%LY ORDT (2°
209 STC CCNTINTE -0 F SR
2% a40 CNNTINNZ NRDTOQCA
210 RETMRN TRNT 210

N« ENC nEYY 7
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NnNNN

[aKaNs]

[aEaNal

100

225
230

245
285
290
280

(¥
—t

(continued)

SOBRCUTINE VELPLT(0O0,VY, NAXEX,MAXNY)

DINENSION ODO(MAXEX,NAXNY) ,YVY(MAXNX,BAXXNY)
CCANCY /CCNTRL/ NX, NY, HOMPAX, NTANAX,NUMAXT, MONAXT
comncN /CCBND/ ¥CBD, DBIXCBD(99), BYCBD(99),

CALL CALCNP (0)
CALL BGHNPL (1)

TAXIS=9.0
TAXIS=YAXIS* (NX-1) /(NY-1)
XORIGN=1.0

YORIGN=1.0

151TP=2.0

Y1STP=2.0

XIAX=NX

YNAX=NT

SCALE=YAXIS/ (YMAX-YORIGE)

CALL TITiE(*FIGURE 7 FLC% PATTERN$*,100,°
CALL GRAP(XORIGN,XSTP, XAAL,YORIGN,YSTP, TMAX)

DRAY BOUNCARI®S

DO 100 I=1,NC8D

YPRC®~ (EXCBD (I) -1.0) $SCALE

YPRCA= (EYCED (I) - 1.0) ¢SCALE

XTO= (BXCBD (L) -1.0) #SCALE

YTC= (BYCED (I} -1.0) *SCALE

CALL YECTOR (XPROA, YPRNY,XTO,YT0,0)
CONTINUE

CALCOLATE SCALE PCR THE YELCCITY

SCAL=1.9E6

DO 280 WUM=1,MNYMAX

J=RBD (87Y)

IB=NEDB (MIH)

IB=NEDE (NON)

DO 250 I=Y8,IE

IP(AES (00(I,J))-LT.1.0E-€6) 50 TC 225
OSCALE=1.0/ABS (0U(I,J))

GO TO 230

U0SCALE=1.0E6

IP (ABS (YV(X,J)).LT.1.0B-6) 50 TO 24§
YSCALE=1.G/ABS (VV(I,J))

GO TC 289

VSCALE=1.0E6

SCAL=ANIN1 (SCAL,USCALE,VSCALE)
CONTINDE |

CONTINTE

DRAW VELOCITY VECTOR

DO 400 NOM=1,NOMAAX

J=NBD (NOA)

182NCDB (RUY)

TE=KBDE (#07)

LC 300 I=IB,IE

XP20R= (I-1) #SCALE

YFRON= (J-1) #SCALE
1TC=XPROMNU (I, J) *SCALESSCAL
YTC=YPRON® VY (I,J) *SCALE®SCAL
CALT VECTOR (XPROM, YPRON,XTC,TTO0, 101)
CONTIYOE

CORTINCE

CALL ENDPL (1)

CALL DCNEPL

RETM RN
enND !

?,0,XAXIS,YAXIS)

VELP
YELP
VELP
VELP
VELP
YELP
YELP
VELP
veLe
VELP
YELP
YELP
VEL?
v2ZLp
YELP
VELP
YELP
VELP
VELP
VELP
VEL?
YELP
VELP
VELP
VEL?
VELP
VELP
VELP
VELP
VELP
VEL?
VELP
YELP
VELP
VELP
VELP
VEL?
VEL?P
yELP
VELP?
YeLP
VELP
VELP
VELP
VELP
YELP
YELP
VELP
YELP
VELP
YEL?
VELP
VELP
veLe
VELP?
VELP
vILP
VELP
YELP
YELP
VELP
YELP
YELP
VELP
vELP
VEeLP
YeLpP
veLP
YELP
VELP
VELP

995
010
01s
020
Q25
030
035
040
0as
0s0
055
060
065
070
¢71s
089
085
090
095
100
105
110
115
120
128
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
215
280
285
250
255
2690
265
279
275
260
285
290
295
ino
308
310
1S
320
325
30
315
340
E1 -]
3150
35S
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APPENDIX E. (continued)

5 DINPASION HIGH (MAXNY,®AXNY) ,PSI(NAXNX,NAXNY),O00 (RAXNYX, K" LNY), QEBXY 005
10 1 YY(NAXNX,NAXNY) ,EX(MAXNI NAXNY) ,EY (RAXNX, MAXNY) QEXY 010
15 CONAGH /CCNTBL/ WX,NY, NUNPAYX, NUANAYX,X0NAXT, SOHAXT QEBXY 015
20 COMNON /PARAM/ CY¥,CL,Q,WINS,WINANG,AVH,RHOW,RHOL, CKVIX,CK¥AT QPXY 020
25 CORNON /GT/ MBD (99),NBDE(99),8BLE(99) , NIDIND(99),M8D(99),"BLB(99) ,QBXY 025
30 1 NEDE(99),%BDIND (99) QEXY 030
£ C QEXY 235
80 DO 100 I=1,NX QZXY 930
85 pO 100 3=1,8Y QEXY (3%
S0 an(r,Jy=0.0 QEXY 050
55 w{I,n=0.0 QEXY 055
60 X (I,3)=0.0 QEIY 060
65 2Y(X,J)=0.0 QEXY 065
70 100 COMTINUE QEXY 070
15 c QEXY 075
80 DO 200 NUM=1,NUNAXT QEXY 080
8S J=BBL (N7N) QEXY 085
90 J2=3+1 QEXY 990
95 IB=WEDPB (NIN) QeXY 095
100 IE2=NBDE (NOA) +1 QEIY 100
105 0o 290 1=IB,IE2 QEXY 105
110 200 00(I,J)=-Q*(PSI(I,J2)-PSI(I,J)) QEXY 110
115 ¢ QEXY 115
120 c QEXY 120
125 £0 300 NON=1,MOMAKT QEXY 125
130 I=NBD (AUN) QEXY 130
135 I2=1+1 QEXY 115
180 JB=REDB (NON) QEXY 180
185 JP2=RBDE (NUN) +1 QEYY 185
150 56 300 J=JB,JE2 QEXY 150
155 300 YY(I,J)=Q% (PSI(12,J)-PSI(I,J)) QEXY 155
160 c QEYXY 150
165 c QBXY 165
170 DO 400 I=1,WX QBXY 170
175 IP1=Ie1-I/NX QEXY 175
180 no 800 J=1,MY QEXY 180
18% Jp =3+ 1-3/0Y QeEXY 185
190 ANIGA=0_ S (RIGH (I,JP1) ¢HIGH (I,J))sCL QEXY 190
195 ux=00(1,J) QEXf 195

200 IP (ARIGR.LE.0.000001) GO TO 401 Q®IY 200
205 UX=00(I,J) /ARIGH QRXY 205
210 801 BRIGH=0.5¢ (HIGR (IP1,J) +AIGH (I,J)) *CL QBIY 210
215 =YY (1,9 QEXY 215
220 I (BBIGH .LE. 0.000001) GO TO 402 QEXY 229
225 YY=¥Y¥(1,J) /BRIG] QBXY 225
230 302 YEL=SQRT (UXSGI+VY*VY) QEXY 230
235 IP(VEL.LE.0.000001) GO TO 800 QBXY 235
230 EX(I,J) =DIPY#VEL ¢ (DIPX-DIPY)*0UX*CX/VEL QEXY 230
235 X (I,J)=DIYY QEXY 215
250 EY(I,J) sDIPYSVEL + (DIPX-DIPY)*VY$VY/VEL QEXY 250
255 EY{I,J)=DIPY QEXY 255
260 800 CONTINDE OBXY 260
265 c QEXY 265
270 RETURN QEBXY 270

275 END QEXY 275
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APPENDIX E. (continued)

S SUBROUTINR THODEL (EIGH,DECT,DRRT,DHLT,DHOP,DHBT,D9,VV, BX, BY,T0, TROD 005 .
10 1 7Tv,12,I8,8AX0X,BAXEY) THOD 010 !
15 DINEESION NIGH(NAXNX, HAXNY) ,DECT (FAXYE,BAINY),DERT(NATEY,RALINY), THOD 05 :
20 1 DHLY(AAXIRX, HAXNY) ,DEOP (HAIDX,NAYNY) ,DEBT(BAYB X, HAXDY), TROD 020
25 3 TO(PDAINX, NAXPFY) , TV (MAXBX,TAXNY) , T2 (BAXNK AAXNY) , IN (BAXUX,NAXYY) THOD 025
30 DIYEUSIOR TOREZ(99) THOD 030
35 COBNC¥ /CCHNTRL/ ¥Z,BY,NUNBAX,SURNAX,SUNAII, NUNAXT - TROD 035
30 CONRON /PARAN/ CV,CL,Q,BIBS,WINANG,AVE, REOW ,RHOA,CKYIN,CKWAT TROD 080
(1] CONNOB/TREN/TURNON ,RKR, RKN, RANA DA, TINC, EPST ,BAXYITT, FPRINT,INTERT THOD 045
50 CCGHHON /GT/ WBD(99) ,VWBDB (99" ,UBDE(99) , ¥ BOI¥D(99) ,HABD (99) , NBDR (99) ,THOD 050
55 1 ®BDY (55’ ,ABDIND (99) T™HOD 055
60 CONNON /TREN1/ QRIV (99) ,TEIV(99) ,QPOW(99) ,TPOY (99) ,NRIV,NPON, THOD 060
€S 1 IRIV(99),IJRIV(99),IPO%(99) ,JPOR(99) THOD 065
70 CONNCE /CTBNV/ QBVT (99) ,BVT (99) ,INVT(99),IBVT(99), INDBY (99) ,FEVT THOD 070
75 CONECY /CPT/ JOPT,IREC TROD 075
80 CORRON /TROE/ 1(99),.B(99),C(99) .0 (99) TROD 080
8s c TROD 085
90 TINCI=2.0/TINC THOD 090
95 DO 100 I=1,NX THOD 095

"0 B0 100 J=1,¥Y T™HO0D 100
105 10(1,J)=0.0 80D 105
110 1(X,J3)=0.0 oD 110
1S 12(1,3)=0.0 HOD 1135
120 100 CONTINDE THOD 120
1258 KOO¥Y=0 THOD 125
130 QKX0UNT=0.0 THOD 130 i
135 PO 110 IPT=1,W°VT THOD 135S %
"0 I=IBVT (IPT) THOD 180
ns J=JB VY (IPT) TAOD 185
150 IND=I¥DPY (IPT) THOD 150
155 IP(IBD.2Q. 1) QKOSENT=QKOUNT+QB7T (IPT) THROD 155
160 IP(IND.2Q. 1) KOUNT=KOUNT+1 THOD 60
165 10 (1,J) =BVY (IPT} 7.0D 165
170 T1(I,J)=BYT(IPT) T™HOD 170
175 11C T2(1,J) =BYT(IPT) THCD 175
180 C THOD 180
185 D0 150 I=1,BX THOD 185
199 I2=T¢1-1/8X TROD 190
1S PO 150 J3=1,9Y THOD 195
200 J2=J¢1-3/0Y TAOD 200
205 BBCT (1,3) =0, 25% (BIGH (I,J3) sAIGA(12,J) *AICH(I,J2) +HIGH(X2,32)) THOD 205
210 PERT (I,J)=0.5%(NIGA (X2,J) +HIGA(XI2,J2)) THOD 210
215 DALY (I,J)=0.5*(JIGH (I,J) *BIGE(I,J2)) THOD 215
220 PHOP (X,J)=0.5*(NIGR (2,J2) +BI1GH(T2,32)) TAOD 220
225 DABT(X,J)=0.S*(RICH(1,3) +NIGN (I2,J)) THOD 225
230 150 COFNTINDE TROD 230
23% C TROD 235
280 THOD 280
NnS [ TROD 285
250 c START THE ITERATION LOOP OR TIHE RARCHEING THOD 250 3
25% [of THOD 255
} 260 PO 900 IJX=1,BAXITT THOD 260
265 INTOOT=IJK/RPRINT*UPRINT-1IIK THOD 265
| 270 C TROD 270
278 po 201 I=1,NX THOD 275
| 280 PO 201 J=1,WY TROD 280
285 I1(1,J3)=T2(1,J) TROD 283
290 201 10(1,J3)=T2(1,d) HOD 290
295 c 80D 29%
300 c X-DIRECTICN IRPLICIT THOD 300
308 N THOD 305

e s o St

315 IREC=0.0 TROD 315
320 IP(IREC.20.0) GO YO 208 TROD 320
328 DO 208 IPT=1,8BVT THOD 323
330 IsIRYT (1PT) THOD 330
338 JsJB YT (IPT) THOD 335
no IUD=INDBT (1PT) THOD 380
ns IP(IWD.20. 1) GO TO 205 THOD 388

10 AREC=0.0 TROD 310
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APPENDIX E. (continued)

350 NREC=EREC & T1.I,J) *Q0BVI(IPT) THOD 350
355 205 CONYINUE THOD 335
360 TREC=REEC/QKOUNY THOD 360
k] EREC=AREC/KOUNY THOD 365
370 C TROD 370
375 208 00 299 WYR~1,FUNAYT TROD 375
380 J=UBD(¥ON) . THOD 380
38s J1=J-1+1/3 TROD 1335
90 $2=341-2/0Y HOD 390
395 TUEI ¥p=NBDIND (RON) THOU 39S
800 IP(VUNXND.BQ.9¢ .AND. JOPT.REQ.1) €0 TO 299 TROD 800
805 1B=NDBDB (F08) THO® 805
810 I1E=WEDE (WUN) THOD 810
815 Cc THOD 815
820 D0 2%0 Is=IB, IR TRCD 820
825 12=Y+1-X/NX THOD %25
30 It=I-1e1/1 THOD 830
835 BCT=DECT (1,J) T™THOD 835
480 BRT=DART (I,J) TROD &80
S SLT=DALY (1,J) THOD &85
850 AYP=DRUP (X, J) THOD %50
ass5 ABT=DABT (X,J) THOD 855
%60 PIRT=PRTSEL (X2, J) THOD 860
865 SURT=UU (12,9) #0.5 THOD 865
870 SILT=ALT*RI (1,J) THOD 870
875 SULT=¥0 (I, J) *0.5 THOD 875
o0 EYUP=RUP*EY(I,J2) THOD 380
L L] YIUP=VYV(1,32) *0.5 THOD &85
8§90 SYPT=HBTORY (I, ) THOD &30
"S5 TYBT=YY(1,J) *0.5 TROD 895
500 TP (IN(T,J3).20.8 .OF. IN(I,J+1).20.8) GO 7O 210 80D 500
505 ¢ 80D 505
510 o LEPT SIPE CF TEE GRID CELL IS THE BOURDARY THOD S10
518 C THOD 51%
520 PILT20.0 THOD 520
528 guLT=0. 0 THCD 525
530 210 IP(IR(I*1,0).20.8 .Oh. IN(I®1,J+1).20.8) GO YO 215 THOD 530
€3¢ c * THOD S35
580 c RIGHT SIDE OF TAE GRID CELL IS THE BOUWDARY THROD 589
585 c TROD 535
550 ART=0.N TROD 5350
s55 80R?=C.0 THOD 555
560 215 IP(IN(L,J) .2Q.08 .OR. IN{Ie*Y1,J),.E0.8) GO T0 220 TAOD 560
€6 c TROD 565
570 c POTTON SIDE OF THE GRIT CRLL IS TAE BOUNDARY TROD 370
5715 ¢ 90D 575
580 PYPT=0.0 THOD 580
583 YWET:0.0 TH0D 585
590 220 IP(IW(X,J+1).2Q.8 .OR, IN(I¢+1,J¢1).BQ.8) GO TO 22% TROD $90
9t THOD 595
600 C TOP SIDE OF TAR GRID CRLL IS TRE BOUNDARY TROD 600
605 ¢ THOD €05
610 £Y0P=0.9 THOD 610
61% wWor=0.0 ‘ TROD 615
620 ¢ | TAOD 620
625 C POTR BOTTON AND TOP SIDES OFf TAT GRID CEL' ART IF THE IPTERIORTAOD 625
630 \ TAOD 630
635 225 (1) =-00LT-RILT THOD 635
40 B (I) *UORT-00LT¢ ETRT4EXLTSCLOCLS (RKN/TURNONSO,. SONCT (TINCTIORREs  THOD 680
6ss 1 RBEA0S)) ! THOD 683
650 C(I) *URT-BIRT THOD 650
659 B(X) sRYUPO (TI(X,32)~TI(X,3)) -SYPTO(2V(I,d) -2V (X, V)~ THOD 655
660 1 YVBPe (P(L,I2)+21(1,T)) ¢ VVETS(PI(I,IN+¢TI(T,T)) ~ THOD 660
65 2 CLOCLOP1 (I, J) # (RKK/TORNON-0. SORCT® (TINCToARR* RARADA) ) | THOD 665
€70 ¢ | .\ THOD 670
673 IP(WPLY.20.0) GO 7O 285 ‘ THOD, 673
80 c S | Co © ' TROD 680
685 ¢ L0AD BY IUPLOVS OR OUTPLOWS . TAOD 68%
690 < ., *nOD 690

69% DO 242 IRwt,PNIY : \ Vo " TmOD 69%
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(continued)

IP(IRIV(IR) .WE.1 .OR. JRIV(IR).¥E.J) GO TO 282
IP(ORIV(IR) .LE.0.0) D(I)=D(I)+QRIV(IR)*TI(I,T)
IP (ORIV(IR) .6T.0.0) D(I)=D(I)+QRIV(IR)STRIV (TR)
CONTIRUE

IP(NPON.BQ.0) GO TO 250
LOAD B DISCENARGES OR IFNTAKES

DO 248 IPR=1,NPOV

IP(IPON(IPF) .BR.I .OR. JPOW(IPN).¥E.J) GO TO 248

IP (QPOR(IPY) .LT.D.0) D (I)=D(I)+QPOVW(IPW)*T1(L,)

IP (QROR(IPW) .CT.0.0) D(I)=D(I)+QPOV (I”8) *TPOV(IPN) ¢ EREC*IREC
cnETYEnE

CONTINOE

IP(JOPT.WE. 1) GO =0 255
IP(SUAIYD.GE. 10) GO TO 258

DIZICHLET BOUNDARY CONDITION INPOSED ON YHNE LEPT CELL

I=19

B(1) =1.0

A(I) =0.0

C(1)=0.0

D(I) =T1(I,J) ¢ TRECSIREC

IV(ECAIvD.2Q. 1 .OR. WONIWD.EQ.11) GO 20 255
DIRICHLET BOOWDARY COWDITION INPOSED OF THE RIGAT CE)L

i=1B

(D) =1.0

A(1)=0.0

C(I) =0.0

() =T71(I,J) ¢ TRECSIREC

CALL THONAS(IE,IE,TONE)

DO 260 IsID,IE
12(,J)=T08E (I)
cosring:

D0 301 I=1,WX
00 301 Js1,07
TI{1,d)=72(2, )
cosTINCE

Y-DIRECT.ON INPLICIT

122C=0.0

832C=0.0

IP(IRE..20.0) GO TO 308
DO 305 IPT=1,¥BVY
I=I3¥2 (IPT)

J=JB VT (IP?)

1HD= IHDBT(IPT)
IP(IFD.EQ. 1) GO 70 305
ERECSAREC ¢ T1(I,J)*QBVI(IPT)
corrnes
TRRCAREC/QKOONY
EREC=AREC/KOUWT

DO 399 WON=1,WONAXT

T=HBD (h M)

Iter-1e1/X

12eTe1-I/0

HORI FD=NPDIND (NOUW)

IP (ROWIND. £0.99 .AND. JOPT.2Q.1) GO PC 399
Jp=NIDB (WOW) ' ‘ ,

THOD 700
THOD 705
THOD 710
™00 715
™0 720
T™oD 725
T™HOD 730
™00 735
THOD 780
TH0D 78S
™0 750

THOD 75S:

THOD 760
™HOD 765
THOD 770
THOD 775
THOD 780
THOD 78S
THOD 780
THOD 795
THOD 800
THOD 805
THOD 810
THOD 815
TROD 820
T™HOD 825
THOD 830
THOD 835
THOD 880
THOD 885
THOD 850
™HOD 085S
THOD 860
THOO 86S
TH0D 870
THOD 875
THOD 880
0D 883
THOD 890
80D 393
TH0D 900
THOD 905
THOL 910
HOD 915
THOD 920
THOD 925
TROD 930
80D 933
THOD 980
THOD 984S
THOD 950
TH0D 953
THOD 960
TEOD 965
THOD 970
THOD 975
80D 980
TTH0D 985
T™HOD 990
THOD 995
78001000
TROD100S
T80D1010
™HOD101S
THoD1020
TROD102S
7001030
TI00103%
TROD1080
THOD108S

- ———
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1050
1055
1069
1565
1070
1075
1089
1085
1090
1095
1100
1105
1110
115
1120
112¢
1330
113%
110
1185
1150
1155
1160
1965
1170
1975
1180
118%
1190
1795
1200
1208
1270
1218
1220
1225
1230
1235
1280
728
1250
1255
1260
1288
1270
1275
1280
128%
1290
1295
1300
1308
1310
1318
1320
1328
1330
1338
1380
1388
1350
1388
1360
1365
1370
178
1380
138%
190
1398

(4]

naAn (2 NaNe] nan

nann

aan N

anan o

320

325

a2
3

388

(continued)

JE=NBDE (BUN)

tO 350 J=JB,JE
31=3-1413
I2=341-3/0Y
BCT=DECY (T,3)
ERT=DART (1,J)
BLY=DALY (1.J)
HET=DERY (1,J)
BOP=DEUP (I, J)
BXRT=ERTSEX (12, J)
UORT=IV (12,J) *0.5
EXLT=HLY*EX(1,J)
WOLY=ON (I, 3} *0.5
RYUP=RWPSRY (I,32)
YINP=YY(I,J2) 0.5
ZYPT=ARTORY (1,J)
YIRP=YY(I,J) #0.5
TP IN(L,J) . B0.8 .OR. I4(I+1,3).20.%) GO TO 310

BOTTON SIDE OF TAE GRID IS TAR BOUEDARY

2IBT=0.0
YYBT=0.0
YP(IR(I,J¢1).20.8 .OR. IE(I+1,J¢7).2Q.8) GO TO 31%

TAE TOP SIDE OF THE GRID CELL IS TAE BOUWOARY

RYUP=0.0
"op=0,.0
IP(IN(I, 3 .2Q.0 IR IN(I,J¢1).2Q0.8) GO 20 320

LEPT SIDE OF THE GRID CELL IS THAE BOUNDARY

2ILY=0.0
ooL2=0.0
IPQIN(1+1,3) .20.8 .OR. IR(I®1,J¢7).20.8) €O TO 325

BIGET SIDE OF TAE GRID CELL IS TNE POOWDARY

EXPT=0.0
gorT=0.0

A (3) >~ VYBT-RYDT

E(J) =VYVYSP-VYRTS EYUP+ RYBT+CLOCLS (AKX 1/TORBORS0. SOACT® (TINCISRANS
1 RARADR))

C(7) svYYOr-2YOP

D(J) «RXRTO (T (12,3) -T1(I,5) ) -RXLTS (P1(I,J) -2V (L1, T)) -

1 YORTS (T1(12,3) ¢21(1,J}) *UILT® [TL(I1,J) ¢P1(1,J)) -
2 CLOCL21(I,J)® (RKE/TURNON-0. 5" BCT® (TINCI*REB+RANADA))

IP(ENIV.BQ.0) GO TO 385
LOAD BPY INPLOFS OR OUTPLOVS

D0 342 IF=1,¥RIY

IV(IRIV(IE).¥E.I .OR. JRIV(IR).FE.J) GO TO 382
IP (OBIV (IR).LE.0.0) D(J) =D(J) ¢QRIV (IR) *29{I,J)
I (ORIV(IV).G2.0.0) D(J) =0(J) ¢QRIV (IR) *TRIV(IR)
coFTINOR

1P (¥POV.20.0) GO 70 %0
LOAD JY DISCHARGES OR ?lfl::s

DO 388 IPW=1,NPOW | ,

IP (TPOS(IPV) . NE.1 .OR. JPON(IPV).NE.J) GO TO 348

IV (QPOW(IPW) . LT.0.0) D(JI) =D (J) +QPOW (TPU) ST 1 (X, J)

:;:gtov(xrv,.as.o.op‘pqa;-bwa'oorovcxrt'-1ro'(rvv; ¢ ERECOIREC
INog | i i f

TRHOD10%0
TRODV0S:
TROD 1060
TROD1065
THOD1( 10
7ROD1075
TanD1080
7HOD1085
TROD1GY0
TROD1095
TROD1100
THOD110S
THODVIIC
TRODI V1S
THGD1120
THOD1125
80D 1130
THOD 1135
TROD11%0
THOD1INS
TEOD1150
THOD1155
THOD1160
THOD1165
THOD1179
THOD1175
THOD 1180
THOD1185
TROD1190
THOD1195
T80D1200
72001205
TROD1210
THOD1215
THOD1220
80D 1225
8001230
TROD1235
TROD12%0
THOD128S
THOD1250
THOD125S
TBOD1260
TROD 1265
TROD 1270
TROB1275
THOD 1280
THOD1285
TROD 1230
TROD12¢S
TROD 1300
27001308
?HCD1310
THID131S
£R0D 1520

24325
*HOD1330
78001333
THOD13%0
THOD134S
TROD13%0
THOD 1355
7HOD{ 360
TROD136S
THOD1370
78001375
TROD 1380
ROD138S
TROD1390
THOD139S
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APPENDIX E. (continued)

C PORNAT TEOD1780

[ TEOBITAS

c 7M0D1750

1000 PORSAT(1N0,°ITER HO. = *,15,* HAX PIP = *, E10.3,' OCCURS AT I= * ,THODI175S

113,° 3= °,13) TR0D1760

3000 PORARY (181,5X,°*ITER=" 15,52, *I0AR=" IR , S, * DIPOAXY=* E12.5, TROD 1765

1 SX,°EPS=*,R12.5,5%, *ITRR .GY. BAXIT NG') 2001770

2000 PFPORAAT (VET,20X,°THE WNERICAL POR THEREAL HODEL IS O. K.'/1X, TRODI?7S

ms
1780
1785
790
795

1 20X,°90. OF XTERATION = *,I5,° PBAX DIP = °,E10.3,° OCCURS AT T =TROD1760
2 %13, 3 = *,13//79%,20%,° KL DISTRIBUTION OF EXCESS TREP'//) TEOB1785
BETURS TROR1790
14} TEOD179S
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S
10
15
20
2s
30
3S
a0
85
50
SS
60
6%
70
7=
a0
85
90
95

100
105

INCO021 STOP

10

15

99

(continued)

STRRQGTINE TRONAS (X1, k¥, B}
DINEESION B2(99)

cofucE /THON/ A(99),B(99) ,C(39) ,D{99)
Zipl = KV ¢ 1

cuul = KB - 1

KSUR = KPN? ¢ K1

CIKY) = C(K1)/B(EY)

E(KY) = D(KV)/B(KY)

c(x¥) = 0.0

DO 10 K=K1P1,KN

BE = B(X) - A(K)*C(K-1)
{x) = C(x)/nEN

D(X) = (D(K) ~ A(K)*D(K-1))/DE¥
COBTINUE

B(%3} = 5(xW)

DO 15 RE=K?, KEN1

K = Ks0y - XX

(K = B(K) - C(K)*E(Ke+1)
CcoFTINGE

IETEDE

EWD

THON
THOA
TTHOR
THOH
THOR
THOM
THROA
THON
THOR
THON
TROR
THON
THOR
THON
THOA
THOH
THOA
THON
THON
‘THOR
THOR

005
010
015
020
025
030
025
080
085
050
0SS
060
065
070
075
080
085
090
09s
100
105




