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ABSTRACT

A three-dimensional, time-variant mathematical model fof momentum
and mass transpért in estuaries was developed and its solution imple-
mented on & digital computer. The mathematical model is based on state
and conservation equations applied to turbulent flow of a two-component,
incompressible fluid having a free surface. Thus, bouyancy effects
caused by density differences between the fresh and salt water, inertia
from the river and tidal currents, and differences in hydrostatic head
are taken into account. The conservation equations, which are partial
differentizl equations, are scolved.numerically by an explicit, one-step
finite difference scheme and the solutions displayed numerically and
graphically, To test the validity of the model, a specific estuary
for which scaled model and experimental field data are available;
Mobile Bay, was simulated. Comparisons of wvelocity, salinity and water
level data show that the model is valid and a viable means of simulating

the hydrodynamics aznd mass transport in non-idealized estuaries.

viid



CHAPTER 1

INTRODUCTION

In addition to being unique natural environments, estuaries are
sources of commercially valuable seafoods, essential links in water
transportation routes, and important recreational areas. Further-
more, they serve as areas to dilute and degrade urban and industrial
wastegs. Since the use of these essential properties is expected to
increase, the effectivencss with which estuaries are utilized must
improve or these natural resources will be completely consumed. Im-
provement in the utilization of estuaries can be achieved only through
a better understanding of estuarine phenomena, both qualitatively
and quantitatively. This understanding can only be achieved.by a
combination of computer simulations, scaled model studies, and field
observations of real estuaries. To make these ideas concrete, it is
expedient to select a specific estuary to study. The estuary selected
here is Mobile Bay.

A. ESTUARIES

"An estuary is a semi-enclosed coastal body of water which has
a free connection with the open sea and within which sea water is
measurably diluted with fresh water derived from land drainage' is
. a widely accepted definition proposed by Cameron and Pritchard (1963).
Therefore a bay, sound, inlet or small gulf into which several rivers
flow, as well as the lower reaches of a single river ints which salt

water intrudes, may be classified as an estuary (Officer, 1976). In



any of these situations, the densi£§ difference between the fresh and
salt water provides a driving force for circulation and mixing pro-
cesses. In most estuaries, the density differences are a consequence
of variations ipn salinity as opposed to variétions in temperature.
Other driving forces for circulation and mixing processes are tides
and winds. Irrespective of the driving force or combination of
forces for tﬁese turbulent momentum and mass transports, the result-
ing velocity and salinity distributions are complex, frequently
varying in three space dimensions and time. Because river flows,
tidal variations and wind conditions are seldom all constant for more
than a few hours at a time, estuaries are generally in transition from
one dynamic state to another, Furthermore, even the topography of an
estuary may be changing rapidly if sedimentation processes are
important.

The purpose of the research reported herein was to develop a
generally applicable three-dimensional, time-variant mathematical
model for momentum and mass transport in estuaries and to implement
the solution of the model on a digital computer, that is, generate a
éomputer model, The mathematical model is based on state and conser-
vation equations applied to turbulent flow of a two component, incom-
pressible fluid having a free surface. The conservation equations,
which are partial differential equations, were solved numerically by
an explicit finite difference method and the resulting solutions were
displayed both numerically and graphically. To test the validity of
the model, an estuary for which scaled model and field studies have

been made, Mobile Bay, was simulated. Beyond testing the validity of



the model, Mobile Bay was selected for study because it is both tech-
nically and commercially interesting. The National Aeronautics and
Space Administration has accumulated large quantities of remote sensor
(i.e. satellite) data on this bay which in conjunction with an adequate
hydrodynamic and salinity model should prove useful in fesource and
pollution studies. A point of particular interest in many of the photo-
graphs of Mobile Bay taken from satellites is that the ship channel
stands out from the rest of the bay. See the photograph in front piece.
Because the bay water is opaque, the bottom of the bay cannot be seen
from the altitude of the satellite., Therefore, the contrast between

the ship chamnel and the shallow waters on either side must be the con-
sequence of a complex surface phenomenon. Again a computer model should
be of value in establishing what that phenomepon is.

The Army Corps of Engineers is responsible for maintaining ship
channels in the bay and for evaluating the impact of proposed new
channels. A model with sediment tramsport incorporated in it would be
valuable in scheduling dredging operations in existing channels. As it
presently stands, the model developed here can be used to assess the
effect of islands formed from dredging spoils on the circulation and
salinity patterns, matters of critical concern to the oyster industry
in the bay. A unique feature of the present work is that the bay's
main ship channel has been imcluded by representing the chammel with a
vertical two-dimensional model that is interfaced with the three-
dimensional mo&el of the bay proper. It is feasible to evaluate the
effects of new channels in this fashion at the cost of some additional

programming .



B. MOBILE BAY

The following description of Mobile Bay relies heavily on that
presented by Shah and Farmer (1976). Mobile Bay, located on the
nortﬂern edge of the Gulf of Mexico, is rouéhly pear shaped as can
- be seen in Fig. 1,1. The bay has an approximate length of 51 km and
an éverage width of 20 km; the maximum width is 36 km. Its boundaries
are delineated by relatively steep banks on the eastern, western and
souchern edges and by a causeway on the north. The overall area of
the bay is 1022 kmz. The average depth is 3 m at mean low water with
maximum of 18.3 m occurring near the tidal inlet to the Gulf, the
Main Pass. This inlet is 4.8 km wide between Mobile Point on the
east and Dauphipn Island on the west. The Pass Aux Herons, the tidal
inlet that connects the bay with the Mississippi Sound teo the west,
is 3.7 km wide and 1.1 m deep on the average. During the diurnal
tide cyele, these passes contribute on the order of a billion cubic
meters of flow into and out of the bay.

Aside from an average of 69 inches of rainfall evenly distrib-
uted through the year and several small streams entering the east
and west sides of the bay, the fresh water sources are four inter-
connected rivers entering the north end of the bay. These rivers,
the Mobile, Tensaw, Blakeley and Appalachie, are the distributaries
of the Mobile River which results from the junction of the Tombigbee
and Alabama Rivers. The respective depths of the rivers entering
the bay are 9, 9; 6 and 8 m. The Mobile and Tensaw Rivers are the

major contributors of fresh water and sediment to the bay.
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The Mobile Harbor Ship Channel connects the lower anchorage near
Mobile Point with the State Docks at the city of Mobile. This channel
is maintained at a depth of 12.2 m and a width of 122 m by the Army
Corps of Epgineers. High salinity water intrudes almost the entire
length oif the channel at depths below the natural depth of the bay.
The other channel of major significance in Mobile Bay is the Gulf
Intracoastal Waterway, which extends from Apalachee Bay, Florida, to
Brownsville, Texas. Traversing the lower end of the bay, the waterway
passes through Bor Secour Bay, crosses the main ship channel approxi-
mately 4.4 km north of the Main Pass, and continues through the Pass
Aux Herons into the Mississippi Sound. The depth of the waterway
ranges from 3.7 m to 5.5 m. Because it is only slightly deepter than
the bay itself and has little influence on salinity patterns, the Culf
Intracoastal Waterway was neglected in the present work.

As stated previously, the tides from Mobile Bay are diurnal; the
difference between high and low tide normally range from 30. to 76 cm.
While these tides promote mixing, a slight but measurable salinity
stratification exists throughout much of the bay most of the time.
Strong winds over the bay generate surface waves that can breakdown
this concentration. The tide elevation is also strongly influenced by

prevailing winds of several hours duration.

C. SUMMARY

This chapter discussed the concept of an estuary, presented moti-
vations for developing an estuarine model, and stated the objective
of this work. A description of Mobile Bay was also given. In the

next three chapters, the equations governing the phenomena of



interest, the numerical method used to solve the get of equations and
the results of applying the model to Mobile Bay will be set forth,
The final chapter will presenf conclusions regarding the model's via-
bility and recommendations for possible improvements and extentions,
The appendices contain graphical displays cof the model results and
descriptions and listings of the computer model program and Varian

plot program used in this research,



CHAPTER 2

THE GOVERNING EQUATIONS

The philosophy followed in developing this model of Mobile Bay was
to base the model on the fundamental laws pertinent to the system and
to make as few restrictive simplifications as possible. Of course, the
latter part of this philosophy had to be tempered by the necessity of
remaining within the capabilities of the available computing facilities.
This chapter presents the general governing equations, the necessary
simplifications and the specific equations used. A statement of the

required initial and boundary conditions is also given.

A. STATE

The brackish waters found in Mobile Bay are a consequence of the
mixing of fresh water from the river complex and gulf water from the
tidal inlets. The density of this mixture at any point in space and
time depends on the local composition (i.e., the salinity s which is
the mass of salts in grams per kilogram of brackish water or, equiva-
lently, in parts per thousand, PPT), temperature T, and pressure p. An
equation relating these variables is referred to as an equation of
state and may be represented by

p = p(s,T,p). (2-1)
A theoretically derived amalytical expression for Eq. (2~1) applied to
brackish water over the range of values of s, T and p of interest is

presently lacking. One recourse is to use a Taylor series to expand



the density about a reference value in terms of small changes in s, T

and p. Thus,

= 3p (Bp) (ap
=p +(2& + (2 3 _
P =r, (Bs)p,T hs +\orle,p 4T 7 Bp)s,T ap (2-2)

A suitable reference state corresponding to typical conditions in
Mobile Bay would be s = 10. PP7, T = 20.°C %nd P = 1. bar Where.

p = 1.0058 gm/cms. For small changes in s, T and p, the partial deriv-
atives in Eq. (2-2) are very nearly constant and may be evaluated from
salinity-density, compressibility and thermal expansion data for sea-

water such as that given in Horne (1969). Thus,

ap - -4 -3 -1
(3S)p,T 7.5 x 10 " gm em T PPT

9p - -6 -3 o -1
(aT)s,P 2.1 x 10 gm cm o

Bp) _ ~7 -3 . -1
(ap s,T 4.5 x 10 " gm em -~ bar .

Estimates for expected differences in the variables s, T and p in the -
horizontal direction at a given elevation over the 1;ngth of the bay
are 33. PPT, 10. C deg, and 0.1 bar, respectively. Therefore, the
changes in density resulting from salinity variations are three orders
of magnitude.larger than those from temperature variatioﬁs and five
orders of magnitude larger than those from pressure variations in the
horizontal. Estimates for differences in s, T and p in the vertical
direction in slightly stratified shallow water (i.e., depth less than
3. m) are 2. PPT, 2. C deg and 0.3 bar, respectively. Here changes in
density due to salinity variations are two orders of magnitude larger
than those from temperature variations and four orders larger than
those from pressure variations. Deeper waters may be more stratified

with appreciably larger differences in salinity but not temperature.
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From the above discussion, it is apparent that the fluid in Mobile
Bay is essentially incompressible and, to a good approximation, iso-
thermal. Furthermore, density is a linear function of salinity only,
with the consequence that density is a measure of the composition of
the brackish water. In the rest of this work, composition will be

denoted by 8 which is defined by

L
Py = P (2-3}

so that

p=pg+BS : o (2-4)
where

pp = density of fresh water, gm em™>

pg = density of gulf water, gnm cm_3

B = Dg_Pf-

The variable S, which migh£ be termed the nmormalized density anomaly,
will range between zero and unity.

For reference, the relationships between p, 5 and two other mea-
sures of composition will be listed and examined. These measures are
salinity s and mass fraction salts w,. They are £elated top and S as

A
follows:

90

os (2-5)

P =pg + B8 = Pe + § = pg +aw

A
where o = 1000. (3p/ds). The reference density P, in Eq. {(2-2) has
been replaced by Peo the reference salinity taken as 0. PPf so that
As = s, and the pressure and temperature terms neglected. Also, the
relation w, = s/1000. has been used. It should be noted that these

A

relations are strictly valid only over a limited range of salinities,
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say 0. to 40. PPT, which fortunately covers the ramge found in the
problem at hand. Also, from an analycical standpeoint, it is exceed-
ingly convenient that the density is a linear function of the compasi-

tion variable in each case.

B. MASS CONSERVATION

Tn this section, the mean continuity equation for an incompres~
sible, variable density fluid in turbulent flow is developed. As
derived in several transport phenomena texts, for instance, Bird,
Stewart and Lightfoot (i960) and Slattery (1972), the equation govern—
ing mass conservation in terms of the mass density p and the mass '

average velocity u is

%, 4 i} N
5t + div (pu) 0. (2-6)

The divergence term in Eq. (2-6) may be expanded and the resulting
equation rearranged to

100
P

oo+ div u =0, (2-7)

where %E is the substantial derivative operator or the total derivative
operator following the mass average velocity. While Eq. (2-7) is rig-
orously correct, its inclusion in the system of equations to be solved
is undesirable because it admits sound waves to the possible solutions
of the system which in turn requires very small time steps in finite
difference schemes in order to achieve stability. One way to avoid
this difficulty is to simplify Eq. (2-~7) to

divu=0 _ , (2-8)
which filters sound waves from the possible solutions (see Kamenkovich,

1975). This simplification may be justified by an analysis suggested

by Batchelor (1$67).
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1£
1Dpy _ qas \i
15 el = v u] << ¢ (2-9)

where L ie a length scale representing the minimum distance over which
large variations in u occur and V is a velocity scale representing the
variation in |u| in both time and space over the dista;ce L, then Eq.
(2-8) is a reasonable approximation to Eq. (2-7). Since, in general,
the flow under consideration will be turbulent, the appropriate length
and velocity scales are the smallest length scale occurring in the flow
and its associlated velocity scale. These are the Kolmogorov micro-

scales (see Tennekes and Lumley, 1972) and are given by

L= 0¥l v = e/t : (2-10)
vwhere v is the kinematic viscosity of the fluid and € is the dissipa-
tioﬁ rate of turbulence energy per unit mass of fluid. To test whether
Eq. (2-9) is satisfied or not, one must also have an estimate for %%u
Obtaining such an estimate requires the use of the relations in Eq.
(2-5), as well as an equation governing species conservation. Presum-
ing no chemical reaction occurs and diffusion is of the Fickian type,

one then finds the equation of species conservation at the continuum

level presented in transport phenomena texts as
9
- i = di 2-11
af (Pp) F div (pyuw) = div [pD,perad(w,) ], ( )

where Py is the mass concentration of the species, W, is the mass

fraction of the species, and DAB is the mass diffusivity of the species

in the solution. In this case, the species is total salts. By noting

that



13

. - . :
5T A? + div (PAE) =37 (DA? +u * grad (PA) +p, div y

A

=D —w 2 EL_( )
Dt PA ADE - P De Wale

Eq. (2-11) may be rewritten as

%E (mA) =-% div [pDAB grad (QA)]. (2-12)

Applying the substantial derivative to the first and last parts of
Eq. (2-5) gives

D _ D
pe = @ pr (W)

and combining this result with Eq. (2~12) yields

Ylg
|

= -gi div [pD,; grad (w,)]. (2-13)

If QA_is used to represent the variation in w, over the length scale L

and the distances in the spatial derivatives are approximated by I,

then Eq. (2-13) may be modified and inserted in the inequality Eq.

(2-9) to give

apHZDABQAL_Z << %

which may be rearranged and combined with Eqs. (2-10) to yield
ap‘ZDABQAy”l «< 1 (2-14)
The magnitudes of the various factors appearing in the left-hand side

of this equation are as follows:

o =1.0gm cn >
Ny -3
o = 0.75gm cm
Dyp = 1.3 x 1072 em? sec”*
_ -2
QA = 4.0x 10

= 1.0x% 10_2 cm2 sec_l

<
I
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These values substituted in Eq. (2-14) yield 4. x 10_5 which is
certainly much less than unity, Thus, for the system under considera-
tion div u = 0, frequently called the equation of volume continuity, is
an excellent approximation to the equatibn of continuity, Eq. (2-7).
The discussion to this point has been in terms of instantaneous
values of the flow field variables., Since the flow field under consid-
eration is turbulent, these.instantaneous values fluctuaste rapidly and
with a certain degree of randomness. Because it is practially impos-
sible to track these fluctuations numerically, it is necessary to
express the governing equations in terms of variables with the turbu-
lent. fluctuations averaged out. Having determined that div u =0 is
the appropriate equation to describe mass conservation at the continuum
level, one can proceed to an equation at the turbulence level by util-
. o . . liml
izing the ensemble or statistical averaging operation =

W W i=1 %3
where a, is the instantaneous value of an observed variable in the ith
realization of an ensemble of repeated experiments. The reader ié
referred to Leslie (1973), p. 6, or Townsend (1976), p. &4, for an
introductory discussion of the concept of an ensewmble mean and its rela-
tion to the more conventional time mean, Denoting the ensemble mean
velocity by E'and the fluctuation sbout the mean or turbulent velocity
by u', one has that u = §'+ u' and

div (u+ u') = 0 (2-15)
Averaging Eq. (2-15) over an ensemble of flow realizations, an opera-
tion indicated by ( ), one obtains

{div @+ u")) =0

which reduces to

|

divu=20 (2-16)
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since the divergence and averaging operators are commutative and
(§'+ a') = E: Eq. (2-16), which in a rectangular cartesian coordinate

system reads

%{- Gy + -2; &) + —3—5 G =0 (2-17)

where G;';,ja are the components of the ensemble mean velocity in the
X, ¥, z directions, respectively, is the mean volume continuity

equation.

C. SPECIES CONSERVATION
As stated in the previous section, the species continuity equa-

tion is
3 . = a4 -
5t () * div (p,u) = div [pD,p grad (w,)] (2-18)

assuming no chemical reactions occur and brackish water can be approx-
imated by a binary mixture of salts and water. The first term on the
left side of this equation represents the rate of accumulation of the
salts in a differential volume of fluid fixed relative to the coordi-
nate gystem while the second term represents the net efflux of salts
across the boundaries of the differential volume by convection. The
term on the right side models the net influx of salts resulting from
ordinary diffusion. This equation governs the instantaneous values of
the flow field variables at the continuum level.

-To obtain a useful equation at the turbulence level it is neces-
. sary to treat the density and mass diffusivity in Eq. (2—18) as con-
stants, Neither assumption is in serious error physically since the
density varies by only 3% and the diffusivity by 6% for the range of
salinities encountered in estuaries. Moving p inside the gradient

operator gives
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8 (o)) + div (p,w) = div [D, grad (p,)]. (2-19)

Substituting ensemble mean plus turbulent fluctuation variables fox pA
and u in this equation and applying the averaging operation introduced

in the previous section gives
L ' . _" AN T . . . 1 "
(3¢ @y T o) +divio, + o)) (u + u")] - diviD,grad(p, + 0)] = 0
which reduces to

9 — . —= _ .. — . toot
5t (Pp) + div (p,u) = div [D,  grad(p,)] - diw(pu") (2-20)

after rearrangement. The physical significance of each term in Eq.
(2-20) is the same as for the corresponding term in Eq. (2-18) except
that a new term representing the net influx of salts into the differen-
tial volume by turbulent diffusion now appears. The correlation (pAB'),
frequently called the turbulent mass flux vector, is an unkoown that
must be modeled in terms of known flow field variables if a closed
system of working equations is to be had. A common practice is to
invoke an analogy with the ordinary diffusion term in the above equa~
tion and write the turbulent mass flux vector as

(pj) = =Dyy * Brad o, (2-21)
where E(t) is a second-order tensor whose components are turbulent dif-
fusion coefficients or eddy diffusivities and the dot * denoctes the
operation of taking an inner product in cartesian coordinates. GSee
page 25 of Hinze (1959) or Corrsin (1974) for a discussion of the
necessity of using a second-order tensor as opposed to a scalar in any-
thing other than isotropic turbuience.

Inserting the expression for (pAg'ﬁ given by Eq. (2-21) into Eq.

(2-20) and rearranging yields
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s . L _ ;
. (pA) + div (pAg) div (D( ) grad pA) {2-22)
where D( ) is the effective diffusivity tenéor given by

Dey ~Pagt t Zeey- (2-23)

I is the identity tensor; the off-diagonal components of D( ) are gen—
erally nonzero. It is known that for fully turbulent flows the

diagonal components of are several orders of magnitude larger than

E(t)
DAB' The flow in this work is considered tc be fully turbulent every-
where except in close proximity to solid boundaries and the equations
are applied away from these boundgries. Therefore, ordinary diffusion
is neglected and D( e) set equal to D( £)" The components of D( )
unknowns like those of the vector (pAg') and are subject to measurement
and prediction. This topic will be taken up in a latter section of the
present chapter. Finally, by dividing Eq. (2-22) with the demsity g
taken as a constant and utilizing the relation between mass fraction
salts w, and normalized deﬁsity ancmaly S given by Eq. (2-5), one can

A
rewrite Eq. (2-22) as

r.::lc:

(S) + div (Su) = div (D( ) «grad S) (2-24)

This is the mean species continuity equation. In texrms of its compo-

ents in a rectangular cartesian coordinate system it reads

3 oy 4 2 ey 49 fay 49 Ty =
T {(s) + P, (Su) + 3y (Sv) -+ 5 (5w)

L @ +D,_ > (3) +0D @1+
ox XX ax Xy oY XZ az

mp 2 @+p G+ g;@)]-i-

3y T yX 9% yy 3y yz
2 @ +p_ 2@+, = &7 . (2-25)
9z = zX BX y a9y zZzZ 92
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D. MOMENTUM CONSERVATION
Tne equation governing the conservation of linear momentum in a

Newtonian fluid at the continuum level may be written
3 . 1 .
EE-(E) + div (wu) = - E-grad (p) + v div grad (u) + g. (2-26)

Here, p is a scalar called the mean pressure, v is the kinematic
viscosityl, and g is the body force vector. All other symbols retain
their previous definitions. The first term on the left models the
accumulation of momentum per unit mass of fluid in a differential
volume fixed relative to the coordinate system; the second term repre-
sents the net efflux of specific momentum across the differéntial
volume boundaries due to convection. Note that in cartesian cooxrdi-
nates uu is a dyadic product and, therefore, a symmetric second-order
tensor. The first term on the right models the force per unit mass
resulting from the mean pressure. The second term on the right syﬁ~
bolizes the shearing stresses per unit mass due to the relative move-
ment ‘or deformation of the fluid. The last term is the body force per
unit mass resulting from the gravitational force £field of the earth.

An equation in terms of the ensemble mean flow field variables is
developed by substituting mean plus fluctuating variables for u and p
in Eq. (2-26) and ensemble averaging the result. To pursue this course
of action successfully, it is necessary to assume that density fluctua-
tions are so small that there are no relevant correlations between the
fluctuations in density and the derivatives of fluctuations in velocity

and mean pressure. In essence, this assumption along with the approxi-

lEq. (2-26) has been written assuming that v is constant., This is a
valid approximation for brackish water; see Horne (1969).
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mation that div u = 0 are tantamount to invoking the Boussinesq approxi-

mation; see Kamenkovich (1975). The result is

o o L
37 (@ + div (uu) =

1 — —
- E'grad p + v div grad (u) - div (g‘g') + g (2-27)

which contains terms analeogous to those in Eq. (2-26) plus a2 new term,
- div (g'g'), which is the net increase of specific momentum due to
turbulent shear stresses. The set of nine turbulent velocity correla-
tions (g'g'), six of which are distinct, is commonly called the
Reynold's stress tensor.

The components in the Reynold's stress tensor are unknowns and,
just like the components of the turbulent mass flux vector, they must
be modeled in terms of known flow field variables if a closed system of
equations is to be had. Again the common practice is to write by
analogy with the viscous stress term

(w'a'y = = 2

Ny ® (2-28)

where g(t)’ the eddy viscosity tensor, is a tensor of at least second-
order and possibly, fourth-order, and 2=={grad (g) + [grad (g)]T}/z is
the deformation tensor. If the latter is the case, the inner product
operation would be replaced by the double inmer product operation so
that the result would be a second-order tensor. See page 22 of Hinze
(1959) for a limited discussion of the need for tensorial representa-
tion of eddy viscosities: Specification of the components ?f E(t) will
be taken up in a latter section of this chapter along with those of the
eddy diffusivity tensor.

Substitution of the expression for (u'u') given above into Eq.

(2-27) produces
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3 & v (Te) = - & = . .

5T (u) + div (uu) = - > grad p + 2 div (E(e) 2) + 8 (2-29)
where g(e) is the effective eddy viscosity tensor defined by

By =VE* N : (2-30)

In fully turbulent flows the diagonal components of g(t)

several orders of magnitude larger than the kinematic viscosity; there-

are generally

fore, following the argument of the previcus section N

= (e)

is set equal
to g(t) .

With the addition of one more term to the right-hand side, Eq.
{(2-29) becomes the working momentum conservation equation. This term
accounts for the fact that the governing equations are wrxitten for a
coordinate system rotating relative to the inertial coordinate system
attached to the fixed stars. GCalled the Coriolis effect, it is written
-20 % g'where Q is the earth's angular velocity vector and the cross x
denotes the vector product operation. See page 22 of Waldrop (1973)
for a fuller discussion of the origin of the effect. Its consequences
are that large scale flows in the northern hemisphere tend to turn to
the right if not restrained by a boundary parallel to the‘flow direc-
tion. If such a boundary is present, slopes in the free surface result
that balance this apparent force through pressure gradients. Dyer

(1973) discusses the influence of the Coriolis effect on various types

of estuaries. The final form of the mean momentum equation is

3 i _
3 (W + div (o =

~tgraa @y r2av @D tg-WxT (2-31)

In expanded form, the x~directed component of this vector equation is
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TRORE -ACORS I COIE PECOREES R0

el B + 521 + N @) + @1+ 8, B@ + @D
AW @+ @1 N L) + S @]+ NI + 56T
+ AN B+ @]+ N =60+ )] + 0 G+ 5
+g -2 (szyE -~ 8 9). (2-32)

Analogous equations exist for the y and z directions,

E. ENERGY CONSERVATION

For completeness aﬁ energy edquation will be presented ewven though
it is not used because the estuary under consideration is isothermal.
1f, as shown in Slattery (1972) or Bird, Stewart and Lightfoot (1960),
a kinetic energy equation derived from the momentum equations is sub-
tracted from the total energy conservation equation, an equation for
the internal energy results, If the internal energy is expressed in
terms of temperature through the proper thermodynamic relationships,'
the fact that div 15 = 0 utilized, and allowance for energy transfer

by thermal radiation made, this equation reads
c (E—T— + div (uT)) = L iy (x grad T) + L div q_ + vé (2-33)
v et ~ p p ir v

where the new symbols are as follows:

heat capacity at constant volume.l

C =

v

T = temperature

K = thermal conductivity1

1Both the heat capacity and thermal conductivity of seawater may be

treated as constants over the ranges of temperature and salinity
encountered here. See Horne (1969).
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q,. = thermal radiation flux vector
@v = positive viscous dissipation function,

The viscous dissipation funection. is generally neglected unless the
flow approaches sonic velocity and will not be considered further.
Averaging this continuum equation over an ensemble of turbulent flow

realizations gives
35 + aiv(eD = (00 avIK , erad (D] + (pCy) div(g) (2-39

where

(2-35)

As in the previous two sections, the edd& conductivity §(t) is a
second-order tensor with diagonal components several orders of magni-
tude larger than k so that the effective conductivity E(e) may be set
?qual,to E(t)' Eq. (2-34) is the mean equation describing the tem-
perature distribution within in a turbulent flow field once the com-
ponents of E(e) have been specified. Its application is no different
conceptually than that of the mean eéuation for conservation of

normalized density anomaly, . Eq..«(2=24). . " <

F. EDDY TRANSPORT COEFFICIENTS

This section will be limited to a §i5cussion of eddy diffusivi-
ties and viscosities. ZEddy conductivities. would be handled in a
fashion very similar to that for eddy diffusivities. At the outset,
it should be made clear that eddy transport coefficients are proper-
ties of the flow field and not the fluid itself, Therefore, anytime
significant changes are made in the boundary conditions or the flow
geometry, the possibility that different eddy transport coefficients

will be required has to be considered. To add to the complexity of
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the problem, these coefficients may vary with position in steady flows
and with time and position in unsteady flows.

As presented in the development of the mean conservation equa-
tions, the eddy transport coefficients have tensor properties. While
the physics of the problem demand this character of éhe transport
coefficients, it is only in the simplest of flow geometries that suf-
ficiaﬁt numbers and types of measurements have been made to enable omne

to specify components other than those on the main diagonal. See

Corrsin (1974) for a determination of off-diagonal components in the

eddy conductivity tensor when applied to turbulent heat transfer in a

boundary layer and a circular jet.

In estuarine flows experimental

measurements and theory have advanced only to the point that it is

possible to estimate the diagonal components.

Consequently, the eddy

diffusivity and viscosity tensors must be simplified to

D 0 0 N 0 0
XX XX
0 D 0 and 0 N 0
- yy yy
0 0 0 a N
| zzj 2Z |
respectively. This restricted form of the eddy transport tensors

implies that they are oriented with their major axes parallel to the

coordinate axes.

Since the selection of the coordinate directions are

somewhat arbitrary, particularly in the horizontal plane, and the

magnitude of an eddy transport tensor component should depend om

whether it is for a direction parallel’or perpendicular to the flow or

stable density stratification, the above simplified eddy transport

tensors are not completely adequate for geometrically complex, time-

dependent flows.

tensor, one often assumes that D equals D
XX vy

and

To utilize what remains of the eddy diffusivity

neglects them since
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mass transfer in the horizontal plane is dominated by advection or
sets them equal to Dzz on the assumption that the turbulence is nearly
isotropic. In the case of the eddy viscosity tensor, Nxx and Nyy are
retained and often set equal and sz is ignored. The dependence of
the remaining eddy transport coefficients on stable density stratifi-
cation is formulated in terms of the gradient Richardson number; this
topice is discussed_ﬁelow. Furthermore, when a solution to the equa-
tions is obtained by a finite difference scheme, there are apparent or
artificial viscosities and diffusivities that compensate for the
neglected horizontal transport and confuse the issue when it is not.
These simplifications in the eddy transport temsors allow attention to
be focused on the prediction and measurement of Dzz’ Nxx and Nyy’ a
topic to be considered shortly.

Although eddy tramsport coefficients can be determined by dye or
particle release experiments, they are generally calculated from field
measurements of mean flow properties through the appropriate conserva-
tion equatiomns. Since measurements of estuarine flows are expensive
and prone to error, there is a dearth of quality eddy coefficient data
based on short term (say, one minute) averages of the flow properties.
More frequently, the eddy coefficients found in the literature are
based on averages of the mean flow properties over the entire tide
cycle. These tidal-average eddy coefficients are generally an order
of magnitude smaller than the short-term values and are not appropri-
ate for the problem at hand., Dyer (1973) presents tables of tidal-
average coefficients for salt and momentum transfer in several differ-
ent estuaries and quotes a few short—term eddy viscosity values’

obtained by Bowden and others. The short—term values are not directly
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applicable to Mobile Bay because the bay in which they were measured
is geometrically different. Consequently, the eddy transport coeffi-
cients used in the present model are estimated values obtained from
theoretical and empirical considerations.

Another number associated with turbulent transport of scalar
quantities is the dispersion coefficient. This coefficient appears
in the diffusive terms of conservation equations that have been spa-
tially averaged in one or two directions In order to reduce the dimen-
sionality of & given problem, It has the two-fold task of accounting
for (1) the difference between the .convective transport resulting from
the actual velocity distribution and that predicted by the spatially-
averaged velocity and (2) the turbulent diffusive transport. See page
432 of Daily and Harleman (1966) for a rudimentary discussion of these
coefficients. Levenspiel and Bischoff (1963) develop the concept at
length. Since the present model is fully three dimensional, disper-
sion coefficients are inappropriate.

The following discussion of eddy transport theory parallels that
of Bowden and Hamilton (1975). While the discussion is phrased in
terms of a two-dimensional flow, it is applicable to three—dimensional
flow in light of the approximations presented in the first paragraph
of this section, Furthermore, the theory is based on a broad spectrum
of flow problems in which estuarine flows are a representative, but
complex case.

The Prandtl mixing length hypothesis relates the eddy viscosity

coefficient to the magnitude of the mean velocity gradient by

- 2187 _
N o= ¢ (2-36)
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where £, the mixing length, is to be prescribed in some manner and the
flow is assumed to be parallel to the X-axis and to vary only in the
z~direction. For instance, in the conétant stress layer of turbulent
flow parallel to a wall, the mixing length is given by

L= k0 (z + zo) (2-37)

where ko is Von Karman's constant and z_ is the size of the wall
roughness elements. BSince the velocity profile in this layer is log-
arithmic in the distance from the surface, the eddy viscosity is

Nxx = kou* (z + zo) (2-38)

where U the friction velocity, is related to the wall shear stress
T by u, = V‘B/p. For uniform flow in a two-dimensional, open channel
of depth h and with no applied stress at the free surface, a mixing

length of the form

$=kz (- 2/h) /2 (2-39)

has been proposed, The corresponding velocity profile is logarithmic
and the eddy viscosity coefficient given by

N =kuz (1-z/h), (2-40)

XK
Both £ and Nxx become zero at the free surface, approach small values

at z = z, and have maxima at mid-depth. The maximum value of Nxx is

_1
N Doz = 7 Kol _ (2-41)

While the preceding formulations for the mixing length are
derived for steady flows, they appear to be applicable to neutrally
stable tidal flows during maximum flood and ebb. At other times
during the tide cycle, the wvelocity profiles deviate significantly

from the logarithmic curve. Furthermore, the velocity profile near
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the free surface exhibits a weak dependence on Nxx so that to a good
approximation the eddy wviscosity can be taken as a constant above the
friction layer located at the bottom. Based on measurements in
neutrally stable tidsl currents offshore, Bowden, Fairbairn and Hughes
suggested that Nxx increase linearly from the bottom by Eq. (2-38) wp
to z = oh and then have the value

Nxx = koau*h (2-42)

from there to the free surface. The corresponding velocity profile is
logarithmic in the lower segment and parabolic above. For thelr
observations, o = 0.14 gave the best fit,

Order of magnitude estimates of the eddy viscosity during maximum
flood and ebb currente can be made with the formulations presented
above. Utilizing the empirical relationship

T = pul = kpU? (2-43)
where k is a friction factor having a value in the range 0.0025-0.005

and U is the depth-mean velocity, Eqs. (2-41) and (2-42) may be

rewritten as

) =5.1x10°° Uh (2-44)

XX max

and

® )

i max = 2+9 X 107 Uh for z > 0.14 h (2-45)
respectively, if Von Karman's constant is taken as 0.41 and the frie-

tion factor as -0.0025, a typical value. In addition, the eddy diffu-

sivity DZZ is generally presumed to be equal to the eddy viscosity Nxx
in neutrally stable or homogeneous waters. As pointed out by Bowden

and Hamilton (1975), it is physically unrealistic to assume that N

remains constant throughout the tide cycle, and yet tidal currents
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appear to be reasonably well modeled with a time-independent eddy
viscosity. When nonhamogeneous waters are considered, the eddy trans-
port coefficients may be modified to account for the reduction in
vertical turbulent transport induced by stable density stratifications.
A set of modifications, proposed by Munk and Anderson‘(1948) as a
result of a study of the thermocline in the open sea, are

5

= .0,
N o= W) . (1+ 10Ri) (2-46)
and
D= (@ ) _ (1+3.33Ri)7 (2- 47)
zz Zz’ max *
where Ri is the gradient Richardson number given by
=g ool 30 (3 g2 -
Ri=gp = -5 57 (W] (2-48)
and (Nxx)max = (Dzz)maX are values for neutrally stable flows. Dif—

ferent modifications, or dampening factors, are used for the eddy
viscosity and eddy diffusivity because stable density stratification
influences the two coefficients differently.

This examination of eddy transport theory is somewhat cursory by
intent. The reasons for the superficiality are two-fold. First,
there are several formulations for eddy transport coefficients in
estuarine flows, none of which are completely adequate. Bowden and
Hamilton (1975) devote an entire literature article to assessing the
influence of eddy transport coefficients of the following forms on the

results of a two-~dimensional model in the vertical:

1) Nxx = 2Dzz = a constant
2) N =N_+Nh|yf

D, = D, +Dh[Uf

vhere ¥ =

ZDO and Nl = 2Dl
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3) N oo

P
D, =D+ Dlh[U[ (1 + BRi)

N, + Nh[UlQ + mBRi) ¢

where N = ZDO, Nl = Dl and

m, 8, 4, P are constants.

The Richardson number in the above is of the overall type and is
defined by

Ri = gzhApU'z
where Ap is the density difference between the bottom and surface.
Bowden and Hamilton conclude that the third form is the best model,
but that it is not entirely adequate for the range of conditiomns
encomntered in their study. The present author objects to their use
of the depth-mean velocity and overall Richardson number in these
formulae, These parameters are of little value when tidal effects are
weak and salt water intrusion is strong. In a three-dimensional
model, Leendertse and Liu (1976) utilize eddy transport coefficients

of the form -

]

N g i-ng p L 2@ 1 + v (@172 + @ 1%

XX

D EXP{-g 0 1 (‘3] G) 121

o
L]

o (E=®1? + @122

where m and r are constants. For the y-directed momentum equation N
is replacgd by NYY and u by‘; in the exponentional term. Second,

there are strong arguments that eddy transport coefficients are inade-
quate models of turbulence. Harsha (1971), after reviewing all the
current eddy viscosity models for planar mixing layers and circular
jets and comparing their predictions against the available experimental

data, concluded:
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It is doubtful whether methods which fail to take into

account the fact that the flow is turbulent, and not laminar

with some badly behaving viscosity, can ever be made to aéree

with more than a small range of experiments. It is clearly

time that the methods of analysis of turbulent flow recognize

that it is indeed turbulent.

To overcome the 1imitgtions of simple eddy transport coefficient
models, considerable work with turbulent kinetic energy models and
Reynold's stress closure schemes has been conducted since the mid-
1960's. For an introduction and recent reviews of the state of these
turbulence models, the reader is referred to Chapter 5 of the textbook
by Reyneclds (1974) and the articles by Reynolds (1976) and Lumley and
Khajeh-Nouri (1974). 1In order to give an impression of the complexity
of the partial differential equations involved and the degree of
empiricism required, a two-equation model proposed by Spalding and
coworkers (1974) for a two-dimensional boundary layer will be presen-—

ted. The equations are

_ 2 -1
NXX = C5pq €
-Dj::i—- BJ 3_ 2 2_
P Dt . 2z [C4Nxx Bz] + Nxx [Bz (w)] pe
De _ o " 2 -1 3 =42 2 -1
P D = 5z Loy 341 F O My ma  [37 (17 -~ Cyperq

vhere q is the turbulent kinetic energy per unit mass of fluid, e is
the dissipatioh rate mass of turbulent kinetic energy per unit mass
and Cl through C5 are constants determined by applying the equations
to limiting cases. This model requires that two more partial differ-

ential equations be solved and the attendant boundary conditions be
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specified, neither of which are trivial tasks. Furthermore, Corrsin
(1974) presents an analysis that indicates the concept of eddy trans-
port coefficients is strictly applicable to limited ranges of length
scales, time scales and variations in the mean flow properties that are
not found in many turbulent flows of interest. The turbulent kinetic
energy models are suspect because they explicitly contain eddy trans-
port coefficients. To circumvent this problem, if it is one, one must
use a Reynold's stress closure scheme thut coutains even more equations
and empiricél constants. See Lumley and Khajeh-Nouri (1974) for the
details of one such scheme.

Despite the complexity and empiricism of these higher order models,
they have the potential advantage of a wider range of applicability
than the simpler eddy transport coefficient formulatioms. Still, none
of these schemes have advanced to the point where they can be effec-
tively applied to three-dimensionai, timé—dependent free surface flows
with the available numerical methods and computing facilities. In
light of the above ;ituation, constant eddy transport coefficients

multiplied by gradient Richardson number dependent dampening factors,

as in Eqs. {(2-46) and (2-47), were used in this work.

G. WATER LEVEL

A realistic model of a tidal estuary requirés that one account for
;hanges in the water level (di.e., the location of the free surface or
the interface between the water and the atmosphere above it) with
horizontal position and time, Noting that div §'= 0 implies fluid
volume is conserved, one can derive an equation governing the vertical

motion of the water level by performing a fluid volume balance on the
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differential clement shown in Fig. 2.1. The bottom of the element is
located in a horizontal referemnce pl;ne denoted by z, that is below the
lowest water level. The top of the eclement coincides with the free
surface which has an elevation denoted by h =‘Etx,y,t). Sides 1 and 2
are in pianes perpendicular to the x-axis and have a width of Ay; sides
3 and 4 are perpendicular to the y-axis and have a width of Ax. The
flux of fiuid-volume through the bottom of the element is denoted by

% _ . Performing the volume balance yields

)
R W, _ B, _ B, _ _
Ay (S uldz - J uzdz) + rx(S v3dz - f védz) + AxAywb
z z 2. z -
) ) “o o
) h
= SE-(AxAy IZ dz)
0]

where the subscripts 1 through 4 associate the variables with the
appropriate element faces. Dividing this equation by AxAy and taking

the limits as Ax and Ay approach zerc gives

R h ho_ ) h _
—J) dz=-—/ uwdz~-—J) wvdz+w

ot ax ay o]

z z zZ
) o o
or

— h h

oh _ 3 Tdz — 9 - P -
rral . IZ udz 5y fz vdz + v (2-49)

) 0

since z, is independgnt of time. Eq. (2-49) has been derived in terms
of ensemble mean values of the variables h, u and v, and is referred to
as the mean water level equation where mean is not to be confused with
a time average over a tide cycle. If the instantaneous values (i.e.,
mean plus fluctuating components) were used dinstead and an ensemble

average of the resulting equation taken, Eq.. (2-49) plus the terms
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Figure 2.1 — Differential element at free surface
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Trth' _ s  bhth'
-=<S (u+u") dzd> - —<{J (v + v') dz)
Ay =
h
added to ‘the right hand side would be obtained, These tems are
neglected in the subsequent work by assuming that the free surface is

smooth and determined by long gravity waves (i.e., the length of the

wave is large compared to the depth of the flow).

H._ APPLIED EQUATIONS

The state equgtion,mean conservation equations for mass, species
and momentum, and the mean water level equation set forth in the pre-
ceding sections aré sufficient to describe the dynamics of an isofhermal
estuary if proper initial and boundary conditions are supplied. A
general analytical solution to this set of partial differential equa-
tions and initial-boundary conditions is presently impossible because
of the nonlinearities in the system. On the other hand, specific
analytical solutions can be derived only after many drastic simplifica-
tions are made, and the results obtained are of limited applicability.
If the phenomena modeled are restricted to those associated with long
gravity waves and essentially horizontal flows, ther the inertial and
convective acceleration, turbulent momentum diffusion and Coriolis
terms in the vertical momentum equation are small compared to the pres-
sure gradient and gravitational acceleration terms and may be neglected.
Commonly used in estuary and oceanic modeling, this simplification is
called the hydrostatic approximation (Dyer, 1973; Bowden, 1967)}.
Besides being based on sound physical ground, this approximation has
the added benefit of greatly reducing the computational effort requirved

to obtain a solution because it facilitates the pressure field
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calculation. The numerical scheme used in this work utilizes this
fact to full advantage. However, the approximation should not be con-
sidered a limitation on the scheme because the neglected terms in the
z-directed momentum equation could have been retained.

The other simplifications made concern the models for the turbu-
lent diffusion of mass and momentum. The model used for turbulent
mass diffusion is

) 2
82 = 32 = 3 =
D, 5 (8) +—5 (8}1 + b, —5 (5)
1 2 2 2, 2
9x ay o9z

where eddy diffusivity D, is constant and D, is Richardson number

1 2

dependent. The model for turbulent momentum diffusion is simplified
2
to N Q_f (1) in the x-directed momentum equation and N ﬁiﬁ (v) in the
3z 2z
y-directed equation. In both equations the eddy viscosity N is
Richardson number dependent. Turbulent diffusion in the z-directed
momentum equation is neglected in making the hydrostatic approximation.
The decision to retain the horizontal turbulent diffusion terms in the
species continuity equation and to neglect the corresponding terms in
the momentum equations is the fact that mass generally diffuses faster
than momentum. ~For either quantity, the turbulent diffusion rates in
the vertical are significantly larger than those in the horizontal and
the horizontal convective rates dominate the corresponding turbulent

diffusion rates. For convenience in future discussions, the actual set

of equations used in the model are presented in Table 2.1.

I. INITIAL-BOUNDARY CONDITIONS
According to the theory of partial differential equations, second-
order, linear, constant coefficient equations in one dependent and two

or more independent variables can be classified as beimg hyperbolic,
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TABLE 2.1

Applied Equations

I. State

p=pg+ BS (2-50)

Ii, Volume Conservation
( )+ o= ( v) + o= (w) (2-51)

ITI. Species Conservation

3 = 3 == 3 = 3 —=
EYS (8) = - FY (us) "oy (vs) - % (wS)
2 a2 82
[—— S) + <= (S)] +D, =5 (s) (2-52)
Sx By Bz

IV. =x-Directed Momentum Conservation

3y = -2 G2y - ooy A _L1la
5p (W) =~ o @) ay(uV) () pax()
32 —_ —
+ XN ) (@ + fv : (2-53)
3z
V. y-Directed Momentum Conservation
3oy o 3 ooy o 32y 2 _l3
o (V) = - o7 () BY(V) () pBy(P)
32 —. —
+ N ——E-(v) - fu {2-54)
oz ’
VI. z-Directed Momentum Conservation
123 —
= - == - 2-
0=~ ® e (2-55)
VII. Eddy Transport Coefficients
-0.5
N =N ax (1 + 10. Ri)
D. =D (2-56)
1 max
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parabolic or elliptic by examining the coefficients of the highest
order derivatives in the equation. Once tlie equation has been classi-
fied, specification of initial and boundary conditions follow in a
straightforward manner. For instance, if the equation is parabolic,
one initial condition (the value of the dependent variable as a function
of position at the initial time) is specified throughout the domain
of the problem and one boundary condition (either the value of the
dependent variable or its first spatial derivative normal to the
boundary or a condition on a combination of both values) is specified
at all points along the boundary of the problem domain. Unfortunately
the problem at hand can not be reduced to a second order, linear,
constant coefficient equation in one dependent variable. In fact, it
consists of a system involving seven dependent variables and seven
equations of either the partial differential or algebraic type. Par—~
tial differential equation theory has ﬁot developed to the stage that
such a complex system can be classified as to type and the required
initial boundary conditions automatically determined. Thus, one must
base the specification of these auxiliary conditions on the physics of
the problem and on the requirements of the numerical scheme used to
solve the system of equations. A set of auxiliary conditions based on
the physical aspects of the problem are presented in Table 2.2 and dis-
cussed below. These initial-boundary conditions will be discussed
again in the next chapter because their implementation in the numerical
scheme is not always straightforward.

Since the problem is time dependent, obviously a set of initial
conditions on the dependent variables will be required. These shoula

be physically realistic with regard to the expected behavior of the
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Auxiliary Conditions for the Applied Equations

Initial Conditionsl

u = II-O(X.:YsZ) S = SO(X:Y
v = '\—r'o(x,y,z) &= ho(x,y
W =w_(x,y,2)

Boundary Cond

0 Solid surface
4+ MNo mass transfer condition2

35 _ =
™ (grad S)'n = 0

+ Inviscid flow velocity conditions

e |
=
i
o

o Flow surface

4+ River mouth conditions
u = gle,y,z,t) 5= Sl(x,y,z,

4+ Tidal inlet conditions

@=0 F=E&y0

.2) P = p_(%,7,2)
) p = PO(XsY,Z) (2-58)
itions

1
[

t)

¥

8 = EiCx,y,z,t) or

(2-59)

(2-60)

(2-61)

(2-62)

(2-63)

398 _ _
n 0 (2-64%)

1The subscripts 0 and 1 denote initial conditions and boundary

conditions, respectively.

n denotes a unit vector normal to the boundary surface and n, the

distance in the direction of n.

(continued)



TABLE 2.2 (continued)

o Free surface

+

Pressure condition
P = Pl(X:Y= t)
Shear stress condition

T =T =0
Xz vE

L. voe 3
Wind induced shear stress. condition

T =cv4/3 cos 6 T =cv4/3 sin 6
X2 w W vz W W

where v, T \{Wl(x,y,t) and 8, = Bwl(x,y,t)
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(2-65)

(2-66)

¢ is an empirical constant.
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system for the imposed boundary conditions and they must satisfy those
equations not containing time derivatives such as the volume conserva-
tion, hydrostatic and state equations. The boundary conditions can be
grouped according to the type surface under consideration. These are
solid, flow and free surfaces where the first consist of the bottom and
banks of the bay, the second the river mouths and tidal inlets, and the
third the interface between the water and the overlying atmosphere.
The condition on the salt concentration at a scolid surface is that
there is no diffusion of salt through the surface and thus that the
normal gradient (;.e., the gradient in the direction normal to tﬁe
surface) of the concentration is zero. The conditions on the velocity
vector at solid surfaces depend on the type of flow expected in the
region adjacent to the surface. If the flow is inviscid, then the
normal gradient of the magnitude of the velocity is zero. If the flow
is viscous, the vélocity vector itself will be zero at the suriace..
For reasons to be explained in the next chapter, the inviscid flow
will be associated with solid surfaces corresponding to the banks of
the bay and the viscous flow with the bottom. In both cases, the com-
ponent of the velocity vector normal to the surface is zero at the
surface, Another boundary condition associated with solid surfaces,
vertical banks in particular, is that the normal gradient of the water
level is zero at the surface. This condition is based on tﬁe fact that
the theory of small amplitude surface waves on an ideal fluid predicts
that the waves are reflected exactly at vertical walls.

The most troublesome boundary conditions to specify are those at
flow surfaces because the nature of these conditions depend on whether

inflow or outflow occurs and on what combination of velocity, water
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level and salinity distributions one is predicting as opposed to
forcirg. In the present work, the velocity and salinity distributions
in the river mouths are forced while the water level distribution is
predicted. 8ince both inflow (i.e., flow into the bay) and ocutflow
occur at the river mouths in the course of a tide cycle, the forced
salinity distribution may become inappropriate if high salinity water
is convected from the interior of the bay across the flow surface. The
normal gradients of the water level at the river mouths are set to zero
due to a lack of data and the physical intuition that these gradients
have little influence on the water level in the interior of the bay.

At tidal inlets ideally the water level distributions are forced and
the velocity distributions are predicted. The salinity distributions
may be forced over a portion of the tidal inlet, say below a certain
elevation, and predicted over the remaining area during ebb tide and
forced over the entire area d;ring flood tide. In those portions of
the flow surface where velocity or salinity distributions are predicted,
the normal gradients of the pertinent variables are set to zero. As in
the case of the river mouths, the forced salinity distribution in the
tidal inlet may become inappropriate if low salinity water is convected
through the corresponding area. The pressure and density distributions
at both solid and flow surfaées are determined by the water level and
salinity distributions as a consequence of the hydrostatic and state
equations. On the free surface, the pressure, which is equal to the
atmospheric pressure, and the shear stress are forced boundary condi-
tions. The shear stress is related to the wind velocity v, at an
elevation 10. m above the water level through an empirical relationghip

presented by Hsu (1972).



CHAPTER 3

THE NUMERICAL MODEL

A. LITERATURE SURVEY

The governing equations presented in the preceding chapter form
the basis for most estuarine models appearing in the literature.
Differences in the published models stem from the simplifications of
the governing equations used to make the problem more manageable and
from the numerical techniques employed to solve the simplified equa-
tions. A compreheﬁsive survey of the literature on estuary models
would be prohibitively long since interest in the field has growm
rapidly in recent years and resulted in numerous publications. However,
if one limits oneself to time-dependent models that are truly three
dimensional and accourt for tidal phenomena and transport of a scalar‘
such as salt or heat, the relevant literature is considerably smaller.
Numerical models meeting these requirements have been developed by
Leendertse and others (1973), Waldrop and Farmer (1973), and Spraggs
and Street (1975). Before listing other relevant literature and dis-
cussing these modelg in detail, the following observations are in order.
A characteristic. common to the three works listed is that eﬁplicit
finite difference methods Were.used to solve the momentum and scalar
transport equations. This trait is a consequence of the fact that in
three-dimensional, time-variant fluid flow problems, fully implicit
finite difference methods or finite element methods require more com-—

‘puter storage than is currently economical to use. Furthermore,
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semi—implicit finite difference methods such as- the alternating-
direction-implicit scheme are extremely difficult to apply in three-
dimensicnal problems with complex geovmetries., The reader is referred
to Roache (1976) for a discussion of implicit finite difference methods
and to Odeﬂ and others (1974) and Gallagher and others (1975) for
finite element methods as applied to fluid flow problems. Street (1976)
reviews several models applicable to estuarine systems but not neces-—
sarily meeting the requirements outlined above.

Leendertse and others (1973) and Leendertse and Liu (1975)
employed the hydrostatic approximation and conservation equations that
have been averaged over horizontal layers. These layers were of con-
stant but not necéssarily equal thickness in all but the top layer.

The thickness of the top layer varied in space and time with the water
level, Their calculation sequence is as follows. At each new time
level, horizontal velocitj components, salinities, temperatures and
water levels were computed ﬁhrough the corresponding conservation
equation from flow field variables at the preceding two time levels.
Vertical velocities were obtained from the new horizontal velocities
through the volume continuity equation. The density field was calcu-
lated from the new salinities and temperatures through a sophisticated
state equation and the horizontal pressure gradients from the ﬁew water
levels and densities through the hydrostatic eguation. Turﬂulent dif-
fusion of momentum, salt and heat was modeled with eddy transport
coefficients in the vertical and dispersion coefficients in the hori-
zontal directions. While the dispersion coefficients were equal and
constant, the eddy transport coefficients éepended on the vertical

gradient of the local horizontal velocities and on the gradient
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Richardson number., The Richardson number dependency promoted turbulent
diffusion in unstable density stratifications and inhibited it in
stable situations. Examples of these relations may be found on pa. 29
of Chapter 2. Since centered difference approximations to the space
and time derivatives were used, the numerical scheme may be classified
as a midpoint rule or leap-frog method. This method is conditionally
stable for pure convection problems but unstable for combined convec-
tion-diffusion problems if the diffusion terms are evaluated with flow
field variables at the same time level as those used to evaluate the
convection terms. To prevent Instability ;he turbulent diffusion terms
were computed with flow field wvariables from the preceding time level.
The maximum stable time step was limited by the Courant-Friedricks-Lewy
(CFL) criterion and a diffusion stability condition. After extensive
testing on simplified as well as real estuaries, Leendertse and Liu
{1975} concluded that the model was viable even though special pre-
cautions were required to prevént instabilities from originaﬁing at
tidal inlet boundaries.

Rather than make the hydrostatic approximation, Waldrop and
. Farmer (1973, 1974) elected to neglect the local acceleration and
Coriolis terms in the vertical momentum equation but to reéain the
" convective acceleration and turbulent diffusion terms in addition to
the pressure gradient and gravity terms. The water level calculation
was based on the approximation that the rate of change in the water
level is proportional to the rate of change in the vertical velocity
component at the free surface. - This approximation becomes exact as the
gradients in water level become small; but it should be re—examine@

when applied to problems where significant tidal variations occur. In
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the publication cited, tides were not considered. Waldrop and Farmer
stretched the grid system in the horizontal directions to improve reso-
lution in the region of greatest interest. The calculatian sequence is
primarily the same as that in the model of Teendertse and otﬁers except
that only flow field variables at the preceding time level were used;
the water level was computed after the vertical velocity components,
and the pressure field as opposed to the horizontal pressure grad-

ient field was explicitly calculated. Tuvrbulent diffusion was modeled
with eddy transport coefficients that were spatially invariant but not
necessarily equal in magnitudg‘for each direction. The numerical
scheme is a forward-in-time, centered-in-space methed since forward
difference approximations to time derivatives and central difference
approximations to space derivatives were employed. The maximum stable -
time step was limited to approximatély one half that given by the CFL
criterion.

The model developed by Spraggs and Street (1975), Roberts and
Street {1975), and Street (1976) is an extension of the marker—and-cell
methods applied to constant composition, nonisothermal flows. The three
veloecity components and temperature at a new time level were computed
from the flow field variables at the preceding time level through the
.corresponding congervation equations in an explicit manner. Then the
pressure field was compﬁted from the flow field variables at the previ-
~ous time level through a modified Poisson equation derived from the
momentum and volume conservation equations. Successive-overrelaxation
was employed to solve the Poisson equation at each time level. The
density was then calculated from a state equation. The water level

distribution was obtained from a kinetic free surface equation by a
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double-sweep alternating-direction-implicit method that rendered the
solution insensitive to rotations of the coordinate system about tﬁe
vertical axis. The turbulent diffusion terms were modeled with tem-~
porally and spatially varianﬁ eddy transport coefficients calculated
from the rate of strain tensor for the mean velecity field and the
dimensions of the local grid .cell. The eddy tramsport coefficients did
not depend on a Richardson number. Forward difference approximations
were used for time derivatives and centered differences for the space
derivatives except for the convective terms where a windward differenc-
ing scheme was employed. Apparently the critical stability limitation
for this model was.the CFL criterion. Because an iterative calcuiation
was required to obtain the pressure field at each time level, Street
(1976) concluded that the model is too expensive to be used for long

real time calculations.

ﬁ. DESCRIPTION OF NUMERICS

The finite difference method utilized in the present work repre~
sents an extension of the method developed by Waldrop and Farmer (1974).
The method and the modifications made to it since the last published
description will be discussed in detail below. The discussion will
proceed from the nondimensionalization of the partial differential
equations to the grid system used and the temporal and spatial discreti-
zation of the applied equations to obtain finite difference equations.
Then the calculation sequence will be presented. Finally, the numeri-
cal viscosity, stability, convergence and accuracy of the method will

be considered.
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Nondimensionalization of Applied Equations

It is generally accepted that proper scaling or normalization of
the variables in a problem will result in a more accurate numerical
solution. For this reason, the applied egquations of Table 2.1 were

rendered dimensionless with the following referemce variables:

’

Pe = density of fresh water
H = length characteristic of the depth of the flow
g = gravitational acceleration

The nondimensionalization was accomplished by dividing the variables in
the applied equations by combinations of the reference variables as
shown in Table 3.1 and then canceling common factors. Note that the
normalized density ancmaly S does not appear in the table because it

is already dimensionless. 1f the asterisks are dropped, equations
identical to those of Table 2.1 are recovered except that pf and g are
replaced by unity; therefore, that table will not be repeated here.

Note that dimensionless variables and equations will be used in the

remainder of this work except where it is noted otherwisge. To

emphasize this fact a period will be substitued for the hyphen in
equation numbers when the equation is nondimensional. Furthermore, the
bar over ensemble mean variables will be dropped simce it is understood

that the mean conservation equations are being used.

Configuration of Grid Systems

The implementation of a finite difference method requires that
the partial differential equations be discretized, that is, the partial
derivatives im the equations must be replaced by appropriate finite

difference operators. The differences for these operators are defimed



TABLE 3.1

Dimensionless Variables

Density -

State equation comstant . . . . . . . . ,
Position vector .

Pressure .« + + + s o o+ 4 4 s

Time

Velocity

Eddy viscosity . . .

Eddy diffﬁsivity

Coriolis parameter

o/pg
Bleg
x/d

/(o He)
t/Vifg
u/{ig
N/ (H/Hg)
D/ (H/Hg)
£/ (/g/H)
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in terms of a grid system superimposed on the time and space domain of
the problem. Modeling Mobile Bay required the use of two spatial grids
of different dimensions, a three-dimensional grid for the bay proper
and a two-dimensional grid for the ship channel. A two-dimensional
vertical grid was judged adequate for the ship channel because it is
straight, deep and narrow relative to the bay dimensions. Furthermore,
attempting to use a three—dimensional grid for the bay and channel
combined would result in the waste of many grid points because they
would be located in the ground. The three-dimensional gpatial grid
employed in the bay proper is indicated schematically in Fig. 3.1. The
grid system for the space and-time domain is generated by repeating the
spatial grid system at increments of At along the t-axis.

The discretization process in effect replaces the problem vari-
ables defined at an infinity of points in time and space by a set of
discrete variables defined at a finite numger of points in time and
space generated by the intersections of the grid planes. Thus it
becomes convenient to number or imdex the grid points with integers
and to specify érid points with their indices. Thus, the space and
time coordinates of a general grid point are denoted by t = t{n},

x = x{i}, v = v{j} and z = z{k} where the integers {(n,i,j,k) are
specifically associated with the coordinates (t,x,v,z), respectively.
The value of any time and space dependent variable, say Q, ét a
general grid‘point is denoted by Q{n,i,ﬁ,k}.

A horizontal view Ef the three-dimensional grid with the bound-
aries of Mobile Bay indicated is presented in Figure 3.2. The origin
of the coordinate system for the grid is located 5. m below mean sea

level at the State Docks below the Mobile River. The positive x-axis



Figure 3.1 =~ Three dimensional grid system for bay
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Figure 3.2 - Top view of three-dimensional grid and bay boundaries



53

is directed due south, the positive y-axis due east, and the positive
z—-axis upward. The ship channel is approximately aligned with the )
x—axis in reality and was taken as being exactly aligned with it in the
model. The y-axis coincides with the causeway across the northern end
of the bay. The grid planes intersecting the x- and z-axes are spaced
at constant increments Ax and Az, respectively, while the increments
between the grid planes intersecting the y-axis vary with distance
along that axis. The variation in the y-axis grid increments is such
that resolution is increased in the vicinity of the ship channel at the
expense of reduced resolution near the east and west banks. The motive
for generating such a grid system was that large horizontal gradients
in the flow variables were expected to occur along the channel and high
resolution in the area of steep grédients generally results in more
accurate solutions overall,

Programming an efficient computer code is facilitated if the grid
increments for a given coordinate direction are equal in size. BEqual
increments in the imdependent variable can be obtained by defining a
coordinate transformation or stretching function, say Y = Y(y), such
that equal increments in Y give the desired distribution of increments
in y, and then rewriting the partial differential equations in terms
of the new independent variable Y. This lést step is accomplished by
applying the chain rule to the derivatives involving the coordinate to

be transformed. For instance, working with the general dependent

variable Q, one has that

3Q | 9Q <« . .
T 9y 3% ¥ (3.1}
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2 2
E"%=-BJ;'(Y')2+&Y" (3.2)
ay° ey oY
where
ay dZY
Y' = a-; and " = — ’ (3.3)
. dy

Egs. (3.1) and (3.2) are used to express the derivatives with respect
to y in the equations of Table 2.1 in terms of derivatives with respect
to Y so that y appears as an independent variable in derivatives of

- Y only. The particular stretching function employed to transform the

y—axis in the Mobile Bay model is

¥ = kL tan "t (k;l 9) (3.4)

or vy =k, tan (k2 Y) (3.5)

1

where Y ranges from -1. to 1. and kl and k

9 are constants. The con-

stant k2 controls the distribution of ircrements in y. The smaller the
value of k2, the more evenly the grid planes tend to be distributed;
the larger the value of k,, the more the grid planes tend to be concen-
trated about the x-axis. JIn any case, k, should be between 0. and /2.
The constant kl is fixed by the maximum absolute value of the variable
y.

The two-dimensional grid employed in the ship chamnnel is shown
.gchematically in Fig. 3.3. Having the same origin and grid "increments
in the x- and z-directions as the three—dimensional grid for the bay,
the two-dimensibnal grid coincides with the latter for positive values

of z.
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Model Boundaries

The solid and flow surfaces in the Mobile Bay model were estab-
lished by approximating the prototype boundaries with a set of
rectangular, f£lat surfaces oriented ﬁormal to the coordinate axes. All
vertical solid surfaces in the model are located midway between the
grid planes that bound them. Thus, a vertical solid surface in the
model oriented perpendicular to the x-axis and falling between x{il} and
%{i+1} is located at x{i} + Ax/2, while one oriented perpendicular to
the stretched y-axis and falling between y{i} and y{j+1} is located at
yii} + aY/2)[¢x'{51 + Y'{j+l}/2]_l. All flow surfaces are vertical
and coincide with grid planes. Horizontal solid surfaces are pésitioned
at any elevation desired within the grid. below Z{kmax - 2}. This
restriction was imposed so that at least one general interior point
exists in each grid column. The reason for the additional flexibility
in pogitioning the horizontal surfaces will become apparent when the
boundary conditions are discussed.

Using the approximatione described above, the sides of Mobile Bay
are treated as steep ?anks which is reasonably accurate. The bottom of
the bay is fitted with a patchwork of horizontal rectangles located at
elevations corresponding to the average local depth at each vertical
grid column and vertical rectangles to seal the gaps. The resulting
model boundaries are illustrated in the top and side view; of the grid
system in Figs. 3.2 and 3.3, respectively.

The degree of approximation used in fitting the location of the
free surface depends on the particular applied equation involved. For

the horizontal momentum equations applied at grid points just below the

free surface, a crude approximation is sufficient with the surface being
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fixed at an elevation midway between the tép grid plane and a fictitious
grid plane one vertical grid increment above the top plane. An excep-
tion to this statement .is that the gradient of the shear stress induced
by wind is dependenf on the actual free surface location at each
vertical grid éolumn. A better approximation is required for the
vertical momentum and water level equations so the free surface is
located a distance hin,i,j} - z{kmax} above the top grid plame at each
vertical column. The latter .fit to the free surface is shown in

Fig. 3.3.

Finite Difference Equations™

The appropriate finite difference operators referred to in the
preceding subsection will now be presented. The presentation will be
in terms of the fictitious dependent variable Q at an arbitrary grid
point internal to the flow field., .To facilitate the presentation of
the finite difference equations, several of the operators will be
assigned symbols.

First-order, spatial derivatives in the linear terms of the comn-
servation equations are approximated by central difference operators.
These operators are denoted by A; where the subscript x indicates the
coordinate direction with respect to which the difference is taken.
The point about which the operator is applied and the size of the
spatial increment used is indicated by the indices of the dependent
variable. Tor instance, the first derivative of Q with respect to x
evaluated at the grid point (n,i,j,k) is approximated by

2 Qtn,1,3,k} = 25000, 4,1,k

ox X
i

= (2Ax) ~(Q{n,i¥1,j,k} - Q{n,i-1,3,k}) (3.6)
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or if the coordinate has been stretched as y in the present work, by
2 Qfn,i,i,k} = 2°Q{n,1,7,k}
ay 2 > > -~ y L] 2 E]

-1 . P ..
= (ZAY) (Yl[.]}) (Q{Il,l,:]‘]'l,k} - Q{nslsj—l:k}) (3.7)
where Y'{j} is given in Egs. (3.3). The first~order derivative with
respect to X evaluated at a point midway between the grid points

(n,i,j,k) and (n,it+l,j,k) is approximated by
o . - . .
o5 On,i+1/2,3,k} = A;Q{n,1+l/2,_],k}

-1 . . . .
= (&%) (Q{nsl'l'l::]:k} - Q{n,1,j,k}) (3.8)
Second-order, spatial derivatives in the comnservation equations are
also evaluated with central difference operators. The fact that the
operator represents a second order derivative is indicated by repeating
the subscripts on the symbol for a central difference operator twice.
Thus the second derivative of Q with respect to x evaluated at the grid
point (n,i,j,k) is approximated by
82 c
2 Q{nai:j 3k} & Amq{n:isj:k}
9x
-2 i1 s . . . .
= (aAx) (Q{n)1+l:.] :k} - 2Q{n,1i,j,k} + Q{n,i-1,7,k}) (3.9)
or for the stretched coordinate y by
82 c
— 3 Q{n:isj sk} = Ayyq{nsisj ak}
ay
-2 2 . .. -
= (AY) (Y‘{j}) (Q{H,l,:|+l,k} - ZQ{R:J-aJ:k} + Q{Il,l,_]"'l,k})
+ 80731 (Qfn, 1,3+1,k} - Qfn,d,5-1, kD) (3.10)
The second-order, central difference operators are applied only at
defined grid points and not at points midway between grid points in the

present work. The truncation error for a finite differemce operator

is the error made in approximating a derivative by the operator. This
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error can be assessed by deriving the operator from Taylor series
expansions of the dependent variable about the points where the opera-
tor is applied. The truncation errors for the central difference
operators presented above are gecond order in the grid increment; that
is, the error is proportional to the square of the grid increment and
the operators are said to be second-order accurate.

The first-order derivatives in the convective terms of the momen-~
tum and species conservation equations are nonlinear and represent a
special case in finite differencing when they are important to the
probiem solution. Apparently no single difference operator can dupli-
cate all the properties asscciated with the convective derivatives.
Roache (1976), Spraggs and Street (1975) and Codell (1973) discuss
several difference operators in terms of such concepts as phase erxor,
numerical %iscosity, the conservative property, the transportive
property and truncation error. Truncation error has already been
defined and numerical viscosity will be discussed later in this chapter.
Phase error is related to the rates at which the various wavelengths in
a Fourier series representation of the dependent variable are trans-
ported. If some wavelengths move at the proper rates while others do
not, phase errors are said to exist., A difference operator has the
conservative property if it is capakle of identically satisfying
‘integral formulations of the conservation laws disregarding round-off
errors. 1t has the transportive property if it convects a local dis-
turbance (i.e., a disturbance at a single grid point) in the direction
of the local velocity only. While the consensus is not unanimous, the
following upwind difference operator presented by Roache (1976) appears

to be superior in terms of the above mentioned properties. Let Q
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represent a conserved quantity such as specific momentum or a chemical
species and u and v represent velocity components in the x and y
directions, respectively. Then the convective derivative is approxi-

mated by
2 (uQ)in,1,5,k} = ATQ){n,1,5,kE = (A1) (u Qw0 (3.11)

where u, = 0.5 {n,i+l,3,k; + u{n,i,j,k})

u 0.5 (u{n,i,j,k} + u{n:i—l:j,k})

B

Q. = Q{n,i,3,k} it uF >0
T Q{n,i+1,5,k} if up < O
q, = Umi-lg,k}if vy 2 0
B Q{n:i:jak} if uB < Q0

and the subscripts F.and B ‘are intended to suggest forward and backward,
respectively. For the stretched coordinate y, the operator is given by

3 . - W -

By (vQ){n,i,3,k} = AY(VQ){II,l,J:k}

= (a0 T EHID) (0 vyQy) (3.12)
where V., VB’ QF and QB are defined in a manner analogous to the cor-
responding variables in Eq. (3.11). The truncation error for this
upwind difference operator is formally first-order in the grid incre-
ment, but the error approaches being second order when the conserved
quantity is distributed uniformly (i.e., QF = QB).

All the terms involving spatial derivatives in the applied equa-
tions of Table 2.1 may be approximated by selecting an appropriate
finite difference operator from those introduced above with one excep-
tion, the integro—differéﬁtial term of the water level equation. The
difference operator for this term and a symbol to denote the operator

are now defined. The approximation is, letting m = n + 1,

¥
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h . .
g;f udz){n,i,j} = A:Ihfi;’l’:'_i}
z{k -1} ’ 248 nax

max

u{m, i3, k}

-1 ; . \ . . . .
(8Ax) [(u{m,1+l,._j,kmax} + u{m,l-i-l,;],kmax-l} + u{m’l’J’kmax}

+ u{m,i,j,kmax—l}) (hi{n,i+1,j} + hin,i,3} + 242)

(u{m,i,j ’kmax} + u{m,i,j,kmax—l} + uf{m,i-1,j ’kmax}

+ uim,i-1,] ’kmax-l}) (hin,i,3} + hin,i,5+1} + 2Az)] (5.13)
or for a stretched coordinate such as y, it is

b b w hin,i,j}
(&=r vdz){n,1i,3} = a1 ¢ 2 vim,1,5,k}
3y z{km -1} ¥ Z{kma.x 1}

B4 (y{ 41}y 13-11) 1 (vlm, 1,541,k

' SRS CYER 5 I S Y

+ vim,i,j ,kmax}+v{m,i,j ,kmax-l}) (hin,i,j+1+hi{n,i,jl+242)

(vim,1,] ’kmax}+V{m’i’j ,kmax-l}—l-v{m, i,j -l’kmax}

+ vim,i,j ,kmax—l}) (h{n,i,jHhin,i,j-1H24z)] _ (3.14)
Note that (AY)"lY'{j} has been replaced by the equivalent [(y{j+1} -
y?jwl})/Z]_l and that Z{kmax_l} corresponds to the z, of Eq. {2-5).

The I in the symbol for the operator is intended to suggest the integral.
Since the operator is centered about the point of its application, it
ghould be second-order accurate.

Now all the terms invelving spatial derivatives in the applied
equations of Table 2.1 can be represented by finite differences. The
results of deing so are given in Table 3.2, There is a one-to-one
correspondence in the terms for each equation in the two tal;les with
four exceptions. Remembering that the variables have been made dimen-
sionless so that p £ and g are replaced by unity, one finds the excep-
tions to be as follows: (1) Im the volume conservation equation, the
gradients in the horizontal velccity components are evaluated at

(n,i,j,k+1/2) by averaging central difference coperators applied at
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(n,i,j,k) and (n,i,j,k+tl). The motive for using this particular
approximation will become apparent when the calculation sequence is
discussed below. (2) The z-directed momentum equation (or hydrostatic
equation) has been modified before differencing it. The applied equa-
tion is

3p .
oz P

which upon integration from elevation z to the free surface gives

h
p=J pdz’ (3.16)
z

if atmospheric gage pressure is taken to be zero. If Bg. (3.16) is
applied to freshwater in static equilibrium and having a water level
. located at z = Z{kmax} which corresponds to mean sea level in the

present work, one has that

Z{kmax
p., =S

eq ] dz for =z ﬁ_z{kma }

X

(3.17)
Peq =0 for z » Z{kmax}

Subtracting Egs. (3.17) from Eq. (3.16), rearranging and applying

p = 1. +BS gives

h Z{khax} )
t — _ = 1 t
P’ =P " Py J pdz' + f gSdz"' for z E‘Z{kmax}
z{k } ]
n " (3.18)
- = 1 .
p =P - Peq fZPdZ for z > Z{kmax}

The pressure difference ﬁ’ represents the deviation of actual pressure
from a reference pressure caused by changes in water level and density.
The advantage of using p' instead of p in calculations with numbers of
finite length is primarily realized when pressure gradients are induced

by density variations or small deviations in the water level from the



'TABLE 3.2

Finite Difference Equations

I. State
o =1, + ps{n,i,i,k}, p L =1.- gsin,i,i,k}

11, Vblume Conservation

(3.19)

Agw{n,i,j,k+l/2} = —o.scaiu{n,i,j,kﬂ} + A:u{n,i,j,k} + A;v{n,i,j,ki-l} + A;v{n,i,j,k}) (3.20)

ILI. Species Conservation

g_t S{n:isjsk} = —A:(US){n,i,j Sk} — A;(VS){n,i,j,k.} - A:(WS){nai:j:k}

c . .
AZZS{n,l,J,k}

c .. c C.
+ Dl(AxxS{n,l,J,k} + Any{n,l,j,k}) + D,

S{n+1,i,j,k} = ${n,i,j,k} + (0.5) (72; ${n,i,j,k} + %E S{n-1,i,j,k})(At)

IV. =x-Directed Momentum Conservation

g—t u{n,i,j,k} = -A:(uu){n,i,j,k} - Ag(vu){n,i,j,k} - A:(wu){n,i,j,k}

- o talp {n,4,5,k} + NS uln,i,1,k} + fvin,i,i,k}

ulntl, i,3,k) = uln,i,j,k} + (0.5)(Gp uln,1,1,k} + o= uln-1,1,3,k}) (at)

(3.21)

(3.22)

(3.23)

{3.24)

£9



TABLE 3.2 (continued)

V. y-Directed Momentum Conseréation

%E-v{n,i,j,k} = —Az(uv){n,i,j,k} - A;(vv){n,i,j,k} - dz(wv){n,i,i,k}

-l,.c . s ;s e
-p Aypt{n,l,J,k} + NA;ZV{n,l,J,k} = fu{n,i,j,k}

vintl,1,3,k} = vin, 1,3k} + (0.5) Gr vin, 1,5,k) + = vinil,1,5,k}) (4t)

VI. z-Directed Mbﬁéntum'ConserVation

p'{n,i,j,kmax} = phin,i,j} for:k = kmax

AZp'{n,i,j,k+l/2} = -0.58(8{n,1,i,k} + S{n,i,j,k+1}) forik < -
VII. Water Level
c_hin,i,j}

u{n+l,i,j,k}) - (A X vin+l,i,5,k})

. hin,i ji
hin,i,j} = —(ACI 22
) v Z{kmaxnl}

)
Y el d del 2, % z{kmax—l}

LT Y(A;xh{n,i,j} + A;yh{n,i,j})

VIII. Eddy Transport Coefficients

N =N (l. + 10. Ri)™O"3
max

_ —1.5
D, =D__ (1. + 3.333 Ri)
Ri BAES{n,i,j,k}[A;(uz + vy 03

{n,1,5,k} 2

(3.25)

{3.26)

(3.27)

(3.28)

(3.29)

(3,30)

79
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reference level. In this situation, several significan£ figures of
zccuracy are retained that would be otherwise lost when horizontal
pressure gradients are comfuted near the bottom of the flow field. Of
course, this advantage'dimiﬁiéhég as the deviations of the water level
from the reference level increase. (3) An arbitrary term is addéd to
the difference equation for the water level. This diffusion-like term
has a stabilizing effect on the calculation. In fact, without the term
the calculation would be unconditionally unstable. Determining the
magnitude of y, referred to as an artificial viscosity, will be dig—
" cussed later 1n this chapter‘whennstablllty is considered in detail.

(4) With 11tt1e érroé,‘the density in the Richardson number calcula-
tion is taken to be unity. Thereby, an operation in an expression that
is evaluated thousandslof times in the course of a simulation is elim-
inated. The density gradient in the Richardson number is simply B times
the gradient of S, ‘

With consistent flow field data at time level n, the volume and

z-directed momentum conservation difference equations of Table 3.1 are

3
i

ﬁdeﬁtically satisfied and ‘the right-hand sides of the difference egua-
tions containing time derivatives can be evaluated. To proceed to time
level nt+l, finite difference operators for the time derivatives are

required. The forward difference operator, :
. -1 . "y ' '
_t— Q{nsls.] sk} = (At) (Q{n'}'l:l,J sk} - Q{nsal,:l :k}) (3.31)

which is first-order accurate in At, is commonly used. The use of this

operator results in difference equations that lcan be solved explicitly

for the dependent variable at time level ‘n¥l. Thus,

Q{n+l,1,j,k} = Qin,1,3,k} + (At)( T Qln,1,3,k}) (3.32)
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where-gE Q{n,1,j,k} represents the results of evaluating the right-hand
side of a conservation or water level equdtion in Table 3.2. The
limitations of the forward difference operator are the small allowable
time step required for stable calculations and the fact that solutions
generated with it tend to oscillate from one time level to the next. A
simple modification reported by Waldrop and others (1974) that improves

stability and removes the oscillations is to replace
2 ofn,i,i.k} with = &= 0fn,i,7.k} + 2= Qln-1,4,3,k})
at st ] sl 2 5t slsls Bt E R 3% i1
to obtain

Qfnt1,4,3,k} = Qln, 1,3,k + (0.5) Gy Qfn,1,3,k}

+ 2 qfn-1,1,1,Kh (ar) (3.33)

This modified forward difference operator is formally first-order
accurate in At. It should be hoted that when large time steps are as
important as accurate solutions, there may be an advantage to using a
first~order accurate finite difference operator for the time derivative.
The advantage lies in the fact that the truncation error is directly‘
proportional to At for a first—oréer accurate operator while it is pro-
portional to a higher power of At for a higher order accurate operator,
Thus the truncation error for the latter may be greater than that for a
first order accurate operator at large time steps. Also note that the
‘scheme represented by Eq. (3.33) is simple to implement and requires

little additional computer storage or operations cover that of the

normal forward difference operator.
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Boundary Conditions

The finite difference equations developed in the preceding para-
graphs apply at general interior grid points, that is, points whose
closest neighbors are immersed in fluid, also. To those grid points
located adjacent to or in solid, flow or free surfaces, special consid-
eration must be given in order that boundary conditions applying at the
surfaces are satisfied. In many cases, this is accomplished by assign-
ing certain values to dependent variables at grid points located
outside thelflow field. To avoid conflicts that arise at convex
corners of the flow field boundary, these assignments are made at the
time the finite difference equations are evaluated. No data are stored
in or retrieved from the computer- storage locations associated with
grid points outside the flow field. Some boundary conditions require
that the finite difference formulations of the applied equations be
modified. The details .of applying the boundary conditions will be
presented at this point. The reader is referred to Table 2,2 for
analytical statements of these auxiliary conditions.

For a solid surface oriented normal to the x-axis as indicated in
Fig. 3.4, the no mass transfer condition by diffusion is satisfied by
assigning the value of the species concentration at the point (i,j,k)
inside the flow field to that of the point (4+1,j,k) outside the
flow field at each time level. Thus, |

8{n,i+1,j.k} = 8{n,1i,j,k}. (3.34)
For solid surfaces oriented normal to the othér coordinate axes
analogous assignments apply.

The geometry of Mobile Bay is such that the grid increments in the

horizontal directions must be on the order of kilometers in magnitude
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Figure 3.4 - Typical grid point located adjacent model banks
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if the number of grid points is to be manageable. Since the model
banks are located midway between the bounding grid planes, the normal
distance from a bank tc the nearest grid point is still large. In
fact, the distance is so large that the solid surface has negliéible
viscous effect on the velocity at nearby grid points. Thus, the appro-
priate boundary conditions on the velocity field at the model banks
are those for inviscid flow. The conditions of zero normal velocity
and zero normal gradient in tangential velocity are implemented with
the reflection technique of Richtmyer and Morton (1967). Consider a
grid point adjacent to a bank, such as point (i,j,k) in Figure 3.4 and
the point (i+1,j,k) on the opposite side of the bank in the solid. The
zero normal velocity condition at the surface is achieved by making the
assignment

u{n,i+l,j,k} = -u{n,i,j,k}, (3.35)
When the windward difference operator of Eq. (3.11) is applied at point
(i,j.k) with réspect to the x-direction, Eq. (3.35) will result in zero
normal flow at the bank, the desired result. THe zero normal gradient
in tangentizal velocity is implemented with the éssignment

vi{n,it+l,j,k} = vin,i,j, ki, (3.36)

In contrast to the large grid increments required for the hori-
zontal directions, the vertical grid increment is small, on the order
of a meter. Thus, the bay bottom is relatively close to thé adjacent
grid points, and the viscous effects of the horizontal solid surface on'
the velocity at these points should not be neglected. Therefore, the
viscous flow condition of zero velocity at a solid surface is applied
to the bay bottom. On the other hand, the resolution of the grid in

the vertical direction is not sufficient to accurately resolve the
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steep gradients in velocity associated with turbulent flow near the
bottom. To overcome this obstacle, the following artifice is employed.
Consider the typical bottom grid peint (i’j’kbot) indicated schemati-
cally in Fig. 3.5; note that the value of kbot depends on the location
of the vertical grid column (i,j). By assuming that the logarithmic
velocity profile for a fully developed turbulent boundary layer applies
from the bottom up to elevation z{kbot + 1},a horizontal velecity at
(i,j,kbot) can be obtained by several interpolation procedures. The
procedure used here matches the slope of the model velocity profile
with that of the logarithmic velocity profile at z{kbot} + 4Az/2. The

interpolation formula that accomplishes this match is

u{n,i,j,kbot} =

u{n,i,j,kbot + l}-{l—Az(zl)_l(ln(zzlkS) + 8.5k0)_1] (3.37)'
where
z, =k} -z {4,3} + 42/2
S L WY o
zbot{i,j} = bottom elevation at grid column (i,j)
kS = Jength characteristic of bottom roughness elements
o = 0.4, vgn Karman's constant. |

An analogous formula méy be written for vi{n,i,j.

tion formula is flexible in that it allows the model bottom to be

1

positioned anywhere between grid points and that it accounts bottom

%bot}' This interpola-

roughness. Its greatest shortcoming is that it présumes that the flow
i
- ] - . Iy
is 4 i i z + 1} which is
at z{kbot} is in the same direction as the fl?w at {kbot }
not necessarily true. The boundary condition on the vertical velocity
component at the bottom is that the component is zero. This condition

is imposed on the volume conservation equation by evaluating its finite



71

+ + +
b ettt +
v ettt +

N 7ty
//4///////{/‘/4 +

i-1 i i+l

{i arbitrary)

I
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difference form over a vertical heiéht z{kbot} - {i,j} instead of

Zhot
AZ and setting the horizontal and vertical velocity components to zero
at zbot{i,j} in equation (3.20).

The boundary condition on the water level at the banks of the bay
"is the surface wave reflection condition. It is implemented by setting
the water level .at points outside the flow field equal to the level at
the corresponding point inside the flow field. For the typi%al hoxri-
zontal grid location (i,j) indicated in Fig. 3.4, this assignment is
accomplished with

hin,i+1,j} = hin,i,j} _ (3.38)

A teop view of the grid configuration at‘; typical river mouth is
given in Fig. 3.6. As the figure indicates, the width of the river
mouth is geﬁeraliy smaller than the horizontal grid increment normgl‘
to the direction of the discharge. The forced flow condition at the
grid column located in the flow surface in the river mouth was imple-
mented with

wln,i,j,k} = ﬂmax[l.—(lr(z_l_/zz)7)] ‘ (3.39)

u =

max
C(uav + u 1cos(2w(t{n}~¢l)7T) + uvarzcos(4ﬂ(t{n}—¢2)/T) (3.40)

g var
where
7 T z{k} - Zbot{l’J}
z, = hin,i,j} - Zbot{l,J}
uavg = tidal average river discharge velocity

u »u = amplitudes of first and second variations in

varl’ var2 .
discharge velocity

¢1’¢2 = phase lags for first and second variations

T = period of tide cycle
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Figure 3.6 ~ Typical grid configuration at a fdrced flow surface
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1 = yvelocity at free surface
max
c = conversion factor relating average and maximum velocities

for the profile used.
Eq. (3.39) provides a flat velocity profile that rapidly drops to zero
at the bottom of the river. Eq. (3.40) accounts for the time variation
of the river flows and was cbtained by fitting the trigonometric series
to average river velocities~time data derf%ed from field measurements.
The velocity specifications presented above are for the actual cross
sections of the river mouths. Before these velocities are used in the
volume conservation equaticn -or in calculating the transport velocity
for the convective acceleration term in the directed momentum eqﬁation,
they are multiplied by the ratio of the width of the river mouth to
?Y(Y'{j})_l, the horizontal grid increment normal to the direction of

i .
the river flow, in order to conserve fluid volume. The salinity dis-

%ributiop in the rive; mouths_was given by

s{n,i,j,k} = 0. (3.41)
As commented in the pre%ious chapter, this boundary condition would be
inappropriate if saltwﬁter intrusion or reversed flo% occurred at the
river mouths to a significant extent. The concentration of the species
at the flow surface during ocutflow would have to ‘be obtained by extrap-
olation from grid points in the interior of the {flow field or by a
simplified formulation of the species cpnservat'on equationl The
boundary condition on the water level at the river mouths was imple-
mented with ' ‘ E

hi{n,i,j} = bhin,i+1,5} (3.42)

which implied that the water levels in the river mouths are essentially
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controlled by the water levels in the bay. This approximation is walid
for the range of flows considered in the present work.

The boundary conditions on the velocities in flow surfaces at
tidal inlets are based on the assumption that the flow field does not
change appreciably by the time it reaches a fietitious plane of grid
points located one grid increment outside the flow field. Thus, in
terms of the typical tidal inlet grid point (i,j,k) indicated in
Fig. 3.7, the conditions on the horizontal velocity components are

uin,i,j,k}

uin,i+1,j,k}

v{n,i+l,j,k} V{n,i,j,k}. (3.42)

N

The vertical velocity component in the flow surface is calculated with
the volume conservation equation and the assignments of Eqs. (3.42).
The boundary conditions on the species concentration are

Sin,1,j,k} = 1 for =z{k} E-Z{kbut}

S{n,i+1,j,k} = S{n,1,j,k} during ebb (3.43)

for z{k} > Z{kcut}

]

8{n,i+1,j,k} = 1 during £lood
This first boundary condition ig based on field data indicating that
gulf water persists below a level Z{kcut} throughout the tide cycle.
The second condition allows bay water of low salinity to exit through
the tidal inlet during ebb tide and gulf water to enter the bay during
flood tide. The boundary condition for f£lood tide above z{kcut}
p?esumes that the dischaéged bay water from the previous ebﬁ tide is
swept away by currents in the gulf or mixed with a large volume of

gulf water so its salinity becomes essentially that of gulf water. The
water level‘in the tidal inlet is a forced function of time. The

function employed in this work is

hin,i+l,i} = havg + hvar cos (27r(t{n}—¢3)/T) (3.44)
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where
= tide average water level
avg )
h = amplitude of the tide variation
var
¢3 = phase lag in the tidal wvariation,

The forced water level boundary condition was applied at the fictitious
grid plane at x(i+l) in Fig. 3.7 because it was expected that flow
geometry and Coriolis effects would generate gradients in the water
level across the tidal inlets. Presently there are no published field
data to substantiate this expectation or tc generate water level forcing
functions that are dependent on location across the inlets. However,
cne would expect there to be smaller lateral gradients in the water
level than longitudinal ones at-positions removed from the inlets.

The original intent was to treat both the Main Pass and Pass Aux Heroms
in the same way with regard to boundary conditions. As the development
proceeded, it became necessary to treat the Pass Aux Herons with the
river velocity boundary conditions for velocity with U oax being deter-
mined as a percentage of the average velocity through the Main Pass.
The treatment of the Pass Aux Herons boundary conditions will be dis-
cussed in more detail in Chapter 4.

If application of boundary conditions to solid and flow surfaces
is complex and fraught with approximationg, application of boundary
conditions to free surfaces is doubly so because the surface is free to
move and not necessarily bound between any two grid'pcints for all
time. In the present work, the approach to application of boundary
conditions to the free surface is very simplistic t-aut the particulax
impleﬁentations used are sufficiently accurate to obtain reasonable

solutions. The implementations used may be divided into two categories:
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1) those whose application of necessity depend on the exact location
of the free surface, and 2) those whose application do not require
such exactness. An approximation inherent in all the implementations
used here is that the gradient of a quantity normal to the free surface
is equal to the gradient in the vertical direction.

The boundary conditions falling in the first category in the pres—
ent work is the pressure condition, and the wind shear stress condition.
The pressure condition was implemented through the first equation of
Eqn. {3.27) where p;tm = 0. The wind shear stress condition influences
the horizontal velocity components at the elevation Z{kmax} through the
vertical gradients of the horizontally directed shear stress. This
influence is incorporated in the finite difference formulations of the

horizontal momentum equations by adding extra terms of the form
w . W P41-
sz/(h{n,l,j} z{kmax} + Azf2) and Tyz/(h{n,l,J} Z{kmax} + Az/2)

to the x- and y-directed equations, respectively when they are evalu-
ated at z{kmax}' These implementations, which account for the effect
of the free surface location on the magnitudes of the gradients in a
natural way, presume that the vertical diffusion of momentum at

z{kmax}—ﬂz/2 without wind is negligible in comparison to that induced

-by the wind.

The boundary conditions falling in the second category are the no
mass transfer condition and zerc shear stress condition in the absence
of wind. In terms of the typical grid point (i’j’kmax) near the free
surface in Fig. 3.8, these conditions were implemented with

S{n,i,j,k.max + 1} = S{n’l’j’kmax} (3.45)
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u{n,i,j,k.maX + 1} = u{n,i,j,kmax}

vin,i,i,k + 1} = v{n,i,j,k }

mnax max
W{nsisj ’kmax + 1} = W{n:i:j,kvmax} (3-46)

where (kmax + 1) denotes a fictitious grid plane located a distance Az
above z{kmax}' The primary justification for using the cou&se approxi-
mations of Eqms. (3.45) and (3.46) is that the implementation of more
accurate specifications generally results in a slow computer code. Now
- that it has been demonstrated that the present model is operative, more
accurate specification of free surface boundary conditions is a logical
next étep in improving the model.

As the model is presently programmed, the water level may not move
below the elevation z{kmaX - 1}. This restriction is imposed in order
that in shallow water areas, at least one general interior grid point
will remain submerged in water. While there are no programmed restric-

tions on how high the water level may rise, the solution would be

suspect if the level maved above Z{kmax} + (2) (Az).

] Calculation Sequence

Assuming that values of u, v, w, S, p and h at time level n and of
%%3 %%3 %%-and %%—at time levels n and n~1 are available for the rele-
vant grid points in the flow field, the sequence for computing the
values of these variables at time level ntl is as follows:

i. On the first sweep of the flow field, values of 5, u and v are
calculated with Egns. (3.21) through (3.26) using the pertinent bound~

ary conditions at the solid and free surfaces. Although it is imma-~

terial to the results, the sweep of the flow field proceeds first in
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the positive z-direction, then in the positive y-direction and finally
in the positive x-direction.

2. On the second sweep of the flow field, wvalues of w are calcu~
lated with a spatial integration of Eqn. (3.20) using the new horizontal
velocity components. The sweep of the flow field on this step must
proceed in the positive z-direction first in order that the zero werti-
cal velocity boundary condition may be applied at the bay bottom. The
sweep then proceeds arbitrarily first in the pogitive y~direction and
then the positive x~direction.

3. In addition to the spatial integration of step 2, on the
second sweep values of h are computed with Egns. (3.28) and (3.29).

4, On the third sweep of the flow field, values of p' are calcu-
lated using the new salinities and water levels. In contrast to step 2,
the sweep must proceed in the negative z-direction first so that the
zero atmespheric gage pressure can be satisfied at the free surface.

5. Values of u, v, 5 and h associated with flow surfaces that are
forced functions of time are -calculated.

6. Instantaneous and net volumetric flows through flow surfaces
and accumulations within the bay are computed with the appropriate
surface, volume and time integrations.

This sequence is repeated as many times as are required to com-
plete the simulation. The combination of the above calculétion sequence
and the finite difference equations of Table 3.2 yields an explicit

method that requires the retention of arrays of u, v, § and h at two

consecutive time levels and arrays of w, p, %%3 %%ﬂ g%‘and %% at one

time level. The retention of p is not required because the dénsity and

its reciprocal are calculated from Eqn. (3.19) as needed.
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Numerical Viscosity, Stability, Convergence and Accuracy

According to Roache (1976), implicit numerdiecal or artificial
viscosity is a particular kind of truncation error produced by some
finite difference approximatiens to the convective terms in conservation
equations. Furthermore, explicit numerical viscosity can be generated
by adding to the finite difference equation the product of a non-
physical coefficient times a difference approximation to the second-
order spatial derivative of the conserved quantity. Explicit numerical
viscosity is frequently employed to achieve stability. Both implicit
and explicit numerical viscosity ars present in the system of finite
difference equations used in the present work and are considered below.

An analysis for the implicit numerical viscesity in a finite
difference equation is possible only if the equation is linear with
constant coefficients. In addition the analysis becomes prohibitively:
complex if coupled systems of difference equations are considered:
Within these limitations the most physically meaningful equation left

subject to analysis is the convection-diffusion equation

2
Q. 29 CAY
T v ox + g axz ) ‘ (3.47)

or a muitidimensional variation therefore,” where Q is a conserved
quantity, V is a constant convective velocity, and o is viscosity or
diffusion coeffiéient. Assuming'fhat V is positive .and applying the
modified forward difference Operator fér the time de;ivative, the wind-
ward difference operator for the convective term and the centered
difference operator for the diffusion term as described earlier in this

chapter, one obtains
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%9_[11,1} -y Hn,1i3-Q{n,i-1} o Un,i+13-20{n, i HQ{n,i-1}
t Ax (Ax)z

Q{n,i+1} = Q{n,1i}+(0.5) (L) [%%{n,i} + -g—%{n~l,i}]. (3.48)

By expanding the discretized variables of Eqn. (3.48) in terms of a
double Taylor series expansion in Ax and At about the grid point (n,i)

and collecting like terms, one obtains

- 2
Rn,i} = v 20,1} + (ko) 2r,1} + Ho0.D. (3.49)
ox n axz
_ Viax) _5 V(At)
where @ -E——-[l 2 —zggy]
H.0.D. = higher order derivatives,

If the indices (i,n) are dropped and the higher order derivati&es
neglected on the assumption they are small compared to the retained
terms, one recovers the original convection-diffusion equation plus an
extra term that resembles a viscosity term if the conserved quantity
is momentum or a diffusion term if the quantity is a chemical species.
This numerical viscosity has nothing to do with the physical system
and is an error that originates in the discretization process. Further-
more, there is a good probability that the results of the above
analysis can not be extended to the system of equations used in the
present problem because interactions that provide other sources for
truncation error exist between the various equations. In light of the
circumstance, any estimate of the implicit numerical viscosity in the
Mobile Bay model based on Eqn. (3.49) would be of dubious value.
Possibly, with more work a rigorxous analysis of the model for implicit
numerical viscosity can be obtained in the future.

The explicit numerical viscosity present in the finite difference

equations for the model appears in the water level.-equation, Eqn. (3.28),
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in the form vy (A;xh{n,i,j} + A;yh{n,i,j}). This term, which ostensibly
cancels negative implicit numerical viscosity, is required in order to
obtain stable solutions. The same effect can be obtained by averaging
water level values at (i,j) and the four surrounding grid columns. in
some fashion, but the explicit numerical viscosity form is simpler to
manipulate, Since y is nenphysical, selection of the correct value to
use in calculations represents a problem. Nichols and Hirt (1973)
suggest that

Y 3;é§-max (uz, v2)‘ . (3.50)

is necessary for stability. Preliminary experiments by this author
indicated that a vy value based on Eqn. (3,50) was inadequate. Subse-

quent experimentation revealed that
v > “EHg + max(u®,v%)] . (3.51)

where YHg is the wave celerity, is’ required for stability in the pres-

ent model. For the At = 60.s, H = 5. m and max (vz,vz) = 1.3 mZS-Z

2 2 -1
s = was

Egn. (3.51) gives a minimum vy of 1500. m s_l; a value of 2400 m
actually used in the computations. The reason for the differenée in
the restriction on y may stem from the fact that Nichols and Hirt used
a marker—and—cell technique in which vertical velocities are calculated
from the z-directed momentum equation while in the present model '
vertical velocities are calculated indirectly from the horizontal
momentum equations through the volume conservation equation.

A numerical method for‘sdlving partial differential equations is
gaid to be stable if errors, either from round-off éenerated when

working with numbers of finite length or from inaccuracies in the

initial conditions, remain bounded as the calculation proceeds. Most
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explicit methods for solving partial differential equations are condi-
tionally stable in the sense that there are restrictions on’the magni-
tudes of certain parameters in the finite difference model. The
condition on vy in Egn. (3.51) is one such restriction. To date, most
analyses of finite différence methods for stability conditions have
been limited to problemé where the equations are linear or to Tinearized
versicns of nonlinear equations. The reader is referred to Roache
(1976) for a discussion of various methods of analyzing for stability
and to Schumann (1975) for an analysis of linearized comnservation
equations. Because of the complexity of the syséem of coupled nonlinear
equations in the present problem such analyses have not been fruitful.
Instead, stability conditions have been determined by extending the
results of analysis for limiting cases and testing the validity of

these proposed stability conditions by numerical experiment. 11-1 addition

to the condition given in Egn. (3.51), two other restr@ctious appear

to apply to the numerical method used here. One is the CFL criterion

Vg

which originates in the theory of characteristics for small amplitude
surface waves on inviscid fiows. .See Stoker (1957) for a treatise on
the mathematics of this theory. For the grid system used in the Mobile
B;y model .

3 )
At < 1.7x10°m = 240.s

¥ (5.m)(9.8ms 2)

Another restriction applicable to the present problem is the stability

condition related to diffusion of momentum given by

2 .
ar < 220 . (3.53)
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vwhere N is the maximum eddy viscosity for turbulent diffusion of
momentum in the verticadl direction. Am analogous condition related the

diffusion of salt is

2
(Az)
At < —Eﬁi;_ _ (3.54)

where D2 is the eddy diffusivity.

This stability condition may be derived from a stability analysis
of the finite difference formulation of the simple diffusion equation.

The values of Az and maximum N used in the present work are 0.625 m and

0.0030 m’s™" which give

2 - e
ap ¢ —{0:023 45, 5, (3.55)

©2(0.0030m s ) .

The stability condition related to diffusion gives the most restrictive
time step for the Mobile Bay model with the present grid configuration.

The time step actually employed in the calculations was 60. s.

A concept closely related to stability is convergence. . A numeri-
-cal scheme for solving partial differential equations is said to be
convergent if the solution of the finite difference equations approaches
the solution of the govexning differential equations as the grid system-
is successively refined. The convergence of the numerical method used
here with some slight variations in thg windward difference operator
and "the technique for introducing explicit numerical viscosity into
the water level equation has been demonstrated by Waldrop (Farmer,
1976). 1In the cited work, the same problem was run twice, once om 2
coarse grid and again on a refined grid, and the solutions compatred.

The two solutions agreed sufficiently well to imply convergence.
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Ideally, the accuracf of a finite difference method is assessed
by comparing the numerical solution with an analytical solution to the
partial differential equations under consideration, The difficulty is
that no analytical solutions exist to the equations under consideration,
Therefore, it must be assumed that the applied equations developed in
the preceding chapter adequately model the phenomena of interest and
that experimental data can be used in lieu of analytical results. How-
ever, one must realize that the errors imherent in field observations
may be as large or larger than those in the finite difference solutions.
The next chapter is primarily devoted to comparing the model results
with field observations to ascertain the accuracy of the model.
G. SUMMARY

This chapter is devoted to-discgssing the numerical method Pti-
lized in solving the partial differential equations and auxilary - .
conditions that govern the phenomena of interest. After the applied
equations are transformed to a nondimensicnal form, finite difference
approximations are introduced in order that the equations can be
solved on a digital computér. The particular difference utilized
lead to an explicit calculation procedure that exhibits superior
properties with respect to éhe gmoothness of the solutions (i.e.
gscillations are eliminated) and that takes little additiongl com-
puter core over the minimum required for obtaining a solution. The
method is subject to the CFL criterion and a stability limitation
associated with diffusion; the latter is the most restrictive in the
present problem. WNext, the implementation of difference approxima-
tions .for boundary conditions is considered in detail. The correct

specification of boundary conditions requires much physical insight
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and is critical to the success of ‘the model, Presently simple, but
adequate difference approximations to the boundary conditi;ns are
used, particularly at the free surface. The initial coﬁditions neces-
sary to implement the numerical method are not discussed in the pre~
sent chapter but are elaborated on in the next chapter where their
presentation is more natural. Finzlly, numerical viscosity, stabi-
lity, convergence and'accuracy.of the numerical method are considered.
A significant observation made from nume;ical experimentation is that
an explicit numerical v?scosity proportional to the squére of the
wave celerity, as opposed té the square.of the maximum horizontal

velocity component, is required for stability.



CHAPTER 4

RESULTS

Upon establishing that the hydrodynamics approach being exactly
periodic within two tide cycles, this chapter presents the computer
model results for three test cases. One of these cases is compared with
prototype data for approximately the same boundarf conditions. Then
the controlling parameters for Mobile Bay as an estuarine system -are
identified and discussed. Finally, a purview of the results in the

context of the objectives of this work is given.

A, APPROACH TO EXACT PERIODICITY

In reality, no two tide cycles for an estuary are identical pri-
marily because the conditions at its boundaries are never constant or
exactly periodic long enocugh for the system to aéhieve exact periodi-
city. These boundary conditions include river flows and their sediment
loadings, tidal height, flow rate and salinity variations, and wind
patterns and durations. Ideally, one would have sufficient prototype
data to (l)linput the histories of the boundary conditicns to the com-
puter model for as many tide cycles as are of interest, (2).accurately
specify the initial conditions within the system and {(3) verify the
simulation results at later times. Practically, one seldom has the
resources needed to collect for more than one or two diurnal tide
cycles the detailed data required to specify the boundary condition
histories and never to completely fix the conditions throughout the

system at one instant in time. Still, if the boundary conditions are
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nearly steady or periocdic for several tide cycles, there is reason to
believe that the flow patterns for the system repeat themselves after
one or two cycles at the imposed conditions, assuming that the flow
field within ;he estuary is not atypical dinitially. The hydrodynamics
cannot be exactly periodic,'however, because they.are coupled with the
salinity distribution. .The latter does not respond as rapidly as the
hydrodynamics to changes in the boundary conditions, particularly the
river flows.

Support for‘the above conjectures on the response times of the
floy and salinity patterns ;s derived from tﬁe computer model in the
following way. Variables named UBAR, VBAR and SBAR are calculated for
each time step by evaluating the ch;nge in thé"square of u, v'and 5,.
respectively, at each mesh point over the'tﬁne'step,‘summing these
éhanges over all mesh points internal to the flow field, and then
dividing by the product of the total number .of points used and the size
of the time step. If plots of UBAR, VBAR and SBAR versus time,
referred to here as signatures, are identical for consecutive tide
cycles, conditions within the system should vary with exact periodicity.
The verb "should" is used because there is a possibility that u, v
and/o? S are undergoing redistribution from one tiée cycle to the next
-in such a way that the correspopding signatures remain exactly periodic,
but this situation is considere@ unlikely.

Signatures for U and § dre given in Figa 4.1 for Fen tide cyeles.
The three combinations of boundary conditions examined and their @ura—
tions are listed in Table 4.1. Note that sediment transport is not
consi@ered here. Also note that Case 4 is a repetition of Case 2; it

was conducted to verify that the model results are reproducible when
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TABLE 4.1

Test Cases

Tide Average River Wind
Case Cycles Flow m> s~1 Applied
1 1- 4 5780 No
2 5- 6 2980 No
3 7~ 8 2980 Yes

4 $-10 2980 No
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starting from slightly different initial conditions. With the excep-
tion of Case 1, the initial conditions for each case are the flow field
properties from the preceding case. For Case 1 a grossly approkimate
salinity distribution that placed mostly fresh water at the north end

of the bay and saltwater at the south end and a zero velocity field are
the initial conditions. The boundary conditions were changed in a step~
like manner between cases,

Fig. 4.1 reveals that for Case 1 the u signature almost repesated
itself after the second cycle and did so exactly after the third. The
S signature in Case 1 is qualitatively the same for cycles 3 and 4, but
a slight increase in the mipimum occurred in the latter. This prolonged
change in the S signature is to be expected since the initial saltwater
content of the bay was high for the average river discharge used in
Case 1. Since the flow patterns repeated themselves beginning with the
third cycle when starting from rough guesses at the initial conditioms,
they should be identical in the second and third cycles when more real-
istie initlal conditions are supplied. Thus, the second tide cycle for
a given set of boundary conditions and accurate initial conditions are
accepted as being exactly periodic, at least with respect to the flow
patterns. The salinity distributions may require several more cycles
to reach this condition, but a two-cycle simulation provides an
economic compromise between computer time and information about their

final state.

B. COMPARISON OF COMPUTER MODEL AND PROTOTYPE DATA
Computer model results for Case 2 and prototype data taken from
the 15-16 May 1972 field survey are compared for the stations and types

of data indicated in Fig. 4.2. The types of data include velocity
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components, salinities, tide curves and discharge rates. The compari-
sons are made primsrily by plotting for each station the indicated
data from both sources versus time. Tnless it is noted otherwise,'the
prototype data are adapted from Lawing and others (1975). Of the three
model cases, Case 2 most closely approximates the pretotype data with
respect to imposed boundary conditioms. However, there are significant
differences between the two. One is that the model combined river
average discharge is 2$380. m3 s-l while the corresponding prototiype
.discharge is 1798. m3 s_l. This discrepancy is a consequence of the
fact that the river velocities are specified functions of time while
the flow cross-sections and discharges are predicted by the model.
Another is that an unsteady and unmeasured wind from thie southwest over
the southern portion of the bay influenced the pr&totype data, whereas
there is no wind in Case 2. Finally, there are slig.ht3 but possibly
significant differences between the prototype and model-tidal inmlet
tide curves. These differences in the tide curves are described below.
North~south components of the free Surfage'veiocities and the
salinities at Beacons 12 and 32 are compared in Figs. 4.3 through 4.6.
The sign of the velocity component is positive if it points in the same
direction as the positive x-axis; the sign is negative otherwise. The
model and prototype velocity curves for Beacon 12 are much the same
although a stronger flood flow in the model resulted in a maximum flood )
velocity of -0.7 m s'-l compared to ~0.5 m-s-l for the profotype. ‘There
are 2.5 to 3.0 hr differences in the times of éhe maximun ebb and flood
velocities for the two curveg. The free surface salinity comparison at
Beacon 12 is not as positive as that for the velocity component. A

strong variation in salinity from 30. FPT at high tide to 8. PPT just
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after the model low tide at Main Pass occurred in the model, whereas
the prototype variation is a much milder 13. to 7. PPT. The disparity
between the model and prototype salinity curve is probably attributable
to a strong but short flood tide in the model. For Beacon 32 the model
predicted that the current would ebb over much of the tide ¢ycle and
flood with velocities up to -0.4 n s-l. The salinity variation is
small in both modél and prototype with the latter salinity being
" approximately 4. PPT greater than the 1. PPT in the former. The
model's str;ng flood tide caused the velocity reversal, but the failure
of the prototype to reverse at the surface is unexpected considering
the magnitude of the river flows and "the tide conditions.
In addition to the free ;urface prototype data a£ Beacons 12 and
32 presented above, velocity magnitudes and salinities have been col-
lected near the channel bottom {i.e.,‘at 0.2 times the channel deptﬁ
from the bottom). Directions have beer assigned to the prototype -
velocity magnitudes by the Army Corps of Engineers om the basis of
physical model resulté_(McClelland, 1975) . These data are compared In
Tables 4.2 and 4.3. The velocity data.at both stations agree with
respect to direction and are of the same order of magnitude. From
Table 4.2 one would conclude that near the bottom of the chamnel at
Beacon 12 the flow is directed up the éhannel as the tide rises and
passes through its high point and is directed down the channel as the
tide falls and passes through its low point. Table 4.3 shows that at
Beacon 32, the bottom flow is directed up the channel at all but low
tide. The salinity data at both stations agree well over most of the
tide cycle with most of the disagreement occuring at low tide in both

cases. ¢
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TABLE 4.2

Beacon 12 Bottom Data

Velocities Salipnities
Prototipe Model Prototype Model
m s~ n s~ PPT PPT

0.3 0.2 32.0 27.0
0.3 0.5 31.0 24,0
~-0.5 -0.9 28.0 27.0
-0.5 -0.2 31.0 30.0
TABLE 4.3
Beacon 32 Bottom Data
Velocities Salinities
Protot{pe Model Prototype Model
ms” m s PPT PPT
-0.2 -0.1 30.0 27.0
0.1 0.4 29.0 21.0
~0.4 -0.4 29.0 27.0 -
~0.5 -0.5 26.0 27.0
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The tide stage comparisons are presented in Figs. 4.7 through
4,11, The first two plots of this set contrast the tide stage fune-
tions supplied to the model for Main Pass and Pass Aux Herons with
prototype curves. The model tide curves at the two tidal inlets agree-
with the prototype tide curves with respect to the time of high tide,
but differ slightly as to the time of low tide., Low tide occurred
approximately 0.75 hr earlier than the simple trigonometric function
used in the model permits at Main Pass and 1.5 hr earlier at Pass Aux
Herons. At both stations the model tide curves are about 10. cm
higher than the prototype curves at high tide and 2. cm lower at low
tide. The differences between the model and prototype curves are
attributed to the following facfs. The constants in the model tide
stage functions were determined by least square fits to actual tide
gage data that are not exactly‘periodic. The prototype curves, which
were adapted from the Army Corps of Engineers report by Lawing and
others (1975), were made exactly periodic by the Corps for a physical
model study by adjusting the actual tide gage data. The two separate
analyses of the original data resulted in the differences noted above,

Comparisons of the tide stage predictions for Fowl River Point,
Point Clear and State Dodks are presented in Figs. 4.9, 4.10 and 4,11,
respectively. At all three sfations, the model tracked the prototype
data closely through falling tide and roughly predicted the correct
times for low tide. However,-it-allowed a too rapid increase during
the rising tide and overshot to produce high tides that are 25. to 30.
con too high and 2,5 to 3.0 hr premature. In Table 4.4 the differences
in the tide elevation from State Docks to Main Pass at four points in

the tide cycle are given. Dufing falling and rising mean tide the
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TABLE 4.4

Longitudinal Surface Differentials

Differential
Prototype Model
cm Ci
-27.5 ~27.0
-10.0 -24.0
26.0 24,0
2.5 -21.90
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agreement between model and prototype is good but at high and low
tide it is poor. These amplitude and timing errors in the tide curves
are the most telling deficiencies of the model as it presently stands
since of the prototype data available, the tide curves are the data
least subject to error. On the other hand, there is the possibility
these discrepancies can be reduced by supplying the model with more
accurate tide curves for Main Pass and Pass Aux Herons ﬁr by adjusting
parameters such as the eddy viscosity. Further computations will be
required to test these conjectures. But even with the tide stage
errors, the goal of computing acceptable three-dimensional velocity
and salinity distributions was achieved.

The instantaneous volumétric flow rates through Main Pass and Pass
Aux ngons are compared in Figs. 4.12 and 4.13. The protoﬁype curves
are taken from Hill and April (1974). For Main Pass, the model pre-
dicted that ebbing commences at high tide; the prototype data indicate
that ebbing does not start until 3.5 hr after high tide. Both the
model and prototype data show that ebbing continues after low tide, for
3.25 hr. in the forﬁer and 4.5 hr in the latter based on the times of
the low tides in the corresponding data. The peak model flooding rate
of 44,000 m3 s—l is nominally 70% greater than the 26,000 m3 s_l for
the prototype; the peak model and prototype ebbing rates are more

nearly the same at 30,000 and 27,000 m3 s—l

s respectively. For Pass
Aux Herons, the model flow rate is a fixed at 20% of the rate through
Main Pass with the same sign regarding ebb and flood and with no time
lag to compensate for differences in times of flow reversals. The

value of 20% was based on a consideration of estimates regarding the

distribution of flows through the tidal inlets (McPhearson, 1970 and
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Doyle, 1975). This relationship was utilized only after many futile
attempts were niade at independently modeling the Pass Aux Herons flow
rates. Hill and April (1974) encountered the same problem in their
development of a vertically. integrated, 2-dimensional model oi Mobile
Béy. The primarf difficulty stems from the fact that the flow direc-
tion is strongly dépendent bn the difference in the surface elevation
in the Mississippi Sound and just inside Mobile Bay. 'Any error in the
praediction of the free sﬁrface elevation inside the bay tan result in
unrealistic flows through Ehe Pass Auﬁ Herons. Because the relation-
ship between tidai'flows is fixed in the model, the model ebb flow
through Pass Aux Heroms started at the saﬁe instant it ﬁid at the Main
Pass (i.e., high tide at Main Pass), éome 1.5 hr. before the prototype
high tide at Pass Aux Herons. In the prototype, ebb flow started 2.75
hr. éfter high tide at Pass Aux Herons resulting in a total timing
error of 4.25 hr. The fixed"relationship also resﬁlted in the model
eﬁb flow cogtinﬂing 1.25 h%. past the‘model low tide while the proto-
type data indicate‘ébﬁing continued for 4.75 hr. after the prototype
Tow tidé at Pass Aux Herons., The prototype d;ta indicate that a one
hour lag exists betﬁeen the reversal of the tidal flow direction at
Main Pass and Pass Aux Herons. Incorporat-ion of this time lag in the
_ computer model would reduce the above differemces in the times of the
flow reverals.

The results of integrating the instantaneous volumetric flow rate
curves between flow reversals aré given in Table 4.15. Because the
model flood flow rates are larger and the flood durations are shorter
than the corresponding prototype quantities, the average flood flow

rate for the model is 66% greater than the prototype average at Main
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TABLE 4.5

Tidal Discharges

Net Average Net Average
Ebb Ebb Ebb Flood Flood Flood
Flow Duration Flow Flow Duration Flow
10-8, w3 hr 1073, w3 s” 1078, m3 hr 10-3, w3 71
Model
~11.5 15.6 -20.5 9.4 9.4 27.8
~- 2.3 15.6 -4,1 1.9 8.4 5.6
Prototype
- 9.0 13.2 -19.0 7.1 11.8 16.7
- 1.3 13.1 - 2.8 1.3 11.9 3.0
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Pass and 87% greater for Pass Aux Herons. The average ebb flow rates
for the model and prototype are somewhat closer in magnitude:

From the pre%ious two paragraphs, the reader is certain to have
the impression that the results of the tidal flow comparisons are nega~
tive. This impression should be mollified by the realization that the
specification of model boundary conditions at tidal inlets is an exceed-
ingly difficult task that requires much physiﬁal_insight into the
problém if it is to be done correctly. See Leendertse and Liu (1975)
for an informative discussion of specifying tidal boundary conditioms.
Two difficulties center on fixing the free surface along a flow boundary
as a function of position and time and on specifying velocity gradients
in coordinate directions parallel and perpendicular to the open flow
boundary. Seldom is this kind of data obtained in field surveys. A
third difficulty concerns the salinity of the return flow to the estu-
;ry, particularly just after slack water. The composition of the
returning water is strongly dependent on circulation patterns outside
the bay. Beyond these c&nsiderations, there exists the possibility ’
that some agent such as a local wind has influenced the prototype tidal

data and the agent is not properly aceccounted for in the model.
P

C. DISCUSSION OF COMPUTER MODEL TEST CASES

The results of a computer model of a multidimensional problem may
be displayed graphically in two ways: (1) over the spatial extent at
selected instants in time or (2) versus time at selected points in
space. Whén the problem is three dimemsional in space, the first type
of display is generally limited to given éross-sections of the volume.

The first approach is used extemsively in this work. Because of their

large number, these pléts are located in Appendix A; they are discussed
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pelow. 'The ;econd approach ié also used, and these plots are inter-
spersed with their description in thig section.

Appendix A contains plots for Lhe four cases described in Table_
4.5. The first three cases ére presented with block borders that repre-
sent the limits of the computational grid used; the fourth case is
presented with borders that represent the physical boundaries of Mobile
an. Cases 1 through 3 contain the fgllowing type plots: (1) velocity
vectors and normalized salinities (i.e., normalized density anomalies
that have been muitiplied by a factoé'of ten to facilitate plotting) in
horizontal cross-sections at 0., 1.25 and 2.5 m below mean sea level
(MSL), (2) free surface profiles, (3) velocity vectors and salinities
in vertical cross-sections in planes perpendicular to the y-axis along
tﬁe ship channel and 1.7 km to the west of the channel. These plots
are given for the following four points in the tide stage at Main Pass:

(1) falling mean tide, (2) low tide, (3) rising mean tide, and (4) high

tide. Case 4 contains horizontal displays of velocity vectors and
sal;nities at mean sea level and the free surface profiles at approxi~
mately 2.-hr intervals. The following table should help the reader
visualize how Appendix A is arrangeé, and thus facilitate locating the
figures as they are discussed. For Cases 1 through 3, the first five
plots under velocity vectors and salinities are for falling mean tide,
;he next five for low tide, and so on: Under surface profiles for the
first three cases the first plot is for falling mean tide, the next for
low tide, agd so on. As stated above, Case 4 contains plots at approxi-
mately 2.-hr intervals and only one horizontal plot of each kind for
each interval. Since Case 4-is essentiall& a duplicéte of Case 2, the

discussion devoted to it will be minimal.
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TABLE 4.

Organization of Figures in Appendix A -

Velocity Saliniﬁy - Surface

Case Vectors Profiles Profiles
1 AL -A20 A.21 -A.40 A.4Ll -A.44
2 A.45 ~A.64 A.65 ~A.B4 A.85 -A.88
3 A.89 -A.108 A.109~A.128 A.129-A.132

4 A 133-A.144 - AJL45-A.156 "A.157-A, 168
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On all of the plots in Appendix A, there is a figure labeled "Gulf
Tide Stage" that indicates the current tide condition at the Main Pass.
The arrowhead pointing toward the scale gives the tide elevation and
the other arrowhead indicates whether the tide is rising or falling.

On each figure there is an appropriate scale or reference to show the
magnitude of the quantity plotted. Also note that the vertical scale
in the north-south cross-section plots has been expanded by a factor
of 2400 to make phenomena in those sections visible.

From the velocity vectors for falling mean tide, one can see that
the rivers discharge into the bay at a few centimeters per second and
that the tidal flows are out of the bay into the Gulf with an average
velocity of 0.8 m s_l in Cases 1 and 2 and 0.6 m s-l in Case 3. There
is a slight flow into Bon Secour Bay from the north and a 0.3 m s_l

current out of this area to the west. In the ship channel the flow is

directed to the south at 0.1-0.3 n s-l near the free surface and to the

north‘in the same velocity range near the bottom except at the State
Docks and in the southern most 10. km where the flows are directed to
the south with velocities up to 0.7 m s—l. The general movement in the
bay is to the south with the pattern much the same for the two river
discharges and with or without wind. Note that the wind pattern in
Case 3 is indicated by the boldfaced vectors in Figure A.89: The wind
speed varies from 6.1 m s—l in the south to 4.7 m sﬁl in the north.

At low tide the velocity vectors indicate that the rivers dis-
charge into the bay at 0.3-0.5 m s © and that the tidal inlet flows ebb
at 0.9 m s-l in the first two cases and at 0.5 m s_l in the third case.
The current pattern in Bon Secour Bay is much the same as it is at

falling mean tide except in Case 3 where the wind causes the main flow
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to ‘bypass the Bon Secour area and has set the shallow waters there in
motion to the north against a slightly adverse surface gradient. From
top to bottom along the entire length of the ship channel, the flow is
ebbing with a maximum velocity of 0.8 m s-l in Cases 1 and 3; the cur-
rent is somewhat weaker for the lower river diséharge of Case 2, As

at falling mean tide, the general movement in the bay is to the south
with the exception that the wind has resulted in a westerly movement in
the southern third of the bay in Case 3.

As the tide rises past its mean position, the river discharges are
in the 0.1-0.4 m s_l range and are diminishing. There is a strong
flood flow at the tidal inlets with the average of 1.0 n s—l in Case 2
exceeding the 0.8 m s_l in Case 1 with its higher river discharge rate.
The average flood velocity in Case 3, 0.8 m s_l, is weaker than in Case
2 because the wind results in storage of tidal waters which in turn
reduces the favorable gradients in the free surface. In all the cases,
there is a strong current into the Bon Secour area from- Ma_in Pass. In
the ship channel, the flow floods in the south at 1.0-1.2 m shl and
ebbs in the north. The ebb flow is stronger for Case 1 than Case 2 due
to the difference in the river discharge rates and strongest in Case 3
because of the favorable surface gradient caused by the storage effect.
The general movement in the bay is to the north eibept at the river
mouths and along the southern edge of the bay where the movement is to
the east, Currents along the western edge of the bay ére enhanced by
the wind.

At high tide the rivers are essentially stagnant in all cases.

The tidal flow at Main Pass is weak and mixed with regard to direction

except in Case 3 where the wind results in an average flood velocity of
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0.2 m s_l. The large velocity vector just outsiae the Pass Aux Herons
is directed toward this pass in the first three cases because the
imposed tide stage boundary condition in the pass is approximately 10.
cm lower than the free surface at the location of the vector. The
actual flow through Pass Aux Heromns is 20% of that through Main Pass
with the same direction with regard to ebbing and flooding. Therefore,
the direction and magnitude of these currents are suspect in the first
three cases. In Case 4, the free surface gradient in the Pass Aux
Herons was set equal to zero (i.e., the surface height in the pass was
equated to that at the first grid column inside the bay) and a more
reasonable velocity pattern resulted. At high tide an unexpected
vortex pattern rotating in a clockwise direction and having-velocities
up to 0.4 m s-l appears in the Bon Secour area. At present, there are
insufficient prototype data to verify the existence of such a flow pat-
tern. The flow is predominately to the north in the ship channel with
a maximum velocity of 0.7 m s'l near the center. The channel current
is beginning to reverse and ebb at Main Pass. The strength of the cur-
rent at the north end of the chamnel is reduced in Case 1 because of
the positive river discharge and in Case 3 because of adverse pressure
gradients resulting from the storage effect. Except for the circula-
tion pattern in the Bon Secour Bay, slack water exists in most of the
bay with a slight southerly current of 0.1 to 0.2 m s_l along the
western edge of the bay in all but Casé 3.

At this point it should be noted that the velocity distributions
in the bay proper are relatively uniform with depth as can be seen in
Figs. A.9, A.14, A.19 and others. A small reduction in the velocity

occurs near the bottom due to viscous effects. However, in the ship-
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ping channel intricate velocity distributions result that could not
have been forecast by a vertically averaged model. One of the mile-
stones of the present work is the successful interfacing of the three-
dimensional model for the bay proper and the vertical, two-dimensional
channel model.

Now the normalized density anomaly or salinity distributions for
the cases will be discussed. In these figures, the integer numbers

should be interpreted as follows:

Integer Normalized Salinity

Numbers Density Range
Anomaly PPT

0 0.00-0.05 0.0- 1.5

1 0.05-0.15 1.5- 4.5

2 0.15-0.25 4.5~ 7.5

) 0.585~0.95 25.5-28.5

10 ¢.95-1.00 - 28.5-30.0

Since galinity is a concept familiar to most people working with estu-
arine systems, the discussion will be in terms of that variable.

On falling mean tide at Main Pass, the salinity din the northern
third of the bay is lesg than 1.5 PPT. 1In Bon Secour Bay, the salinity
ranges from 1.5 to 10.5 PPT in Cases 2 and 3. 1In Case 1, the higher
salinity water along the southern edge of Bon Secour Bay is probably
the remains of the unrealistically high initial salimity distribution
that has not yet been transportéd out of the region. The salinity in
the Main Pass is not uniform and depends strongly on the prevailing
conditions. The salinity near the surface in the eastern quarter of

Main Pass is apparently convected there from the Bon Secour area. The
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naximum surface salinity in Case 1 is 19.5 PPT, while in Case 2 it is
22.5 PPT; the minimum is 4.5 PPT in both cases. The difference in
the maxima results from the differemce in river discharge rates and
probably would be greater if Case 1 had reached exact periodicity
with respect to the salinity distribution. The wind in Case 3 in-
creases the maximum and minimum salinities in Main Pass to 28.5 and
16.5 PPT, respectively. An aﬁalogous inerease in salinity exists at
Pass Aux Herons in going from Cases 1 to 2 and from 2 to 3. If one
uses 1.5 PPT to define an interface between low and high salinity
water, this interface moves up the bay with decreasing river flow and
with the application of wind from the south at equal river discharge
rates, In particular, the wind pattern of Case 3 results in higher
salinities along the western edge of the bay. Traveling south from
the north end of the bay, one encounters this interface first in

Case 3, second in Case 2 and third in Case 1. The ship chanmnel is
essentially full of 25.5 to 30.0 PPT salinity water below its inter-
face with the bay proper. A smooth decrease towards fresh water
occurs in the salinity profile as this‘interface is approached from
below in the northern third of the channel. The saltwater intrusion
in the channel is diminished from Case 2 by the higher river discharge
of Case 1 and even more by the storage effect caused by the wind in
Case 3.

At low tide the 1.5 PPT interface has moved down the bay while
maintaining the same relative positions described in the previous para-
graph for the first three cases. Now the northern half of the bay con-
tains water with less than 1.5 PPT salinity. The salt content of the

Bon Secour area as a whole has fallen slightly from that at falling
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mean tide, but concentrations as high as 10.5 PPT are still present.
The comment made above concerning the remains of the initial salinity
distribution still applies to the extreme southeast corner of the bay
in Case 1. The salinities in the tidal inlets are nominally 6.0 PPT
lower than they were at falling mean tide in all cases, and the distri-
bution across Main Pass is somewhat more umiform. The salt content of
the northern thixrd of the ship channel has decreased significantly over
the quarter tide cycle with the change enmhanced by the higher river
discharge of Case 1 and the wind pattern of Case 3. The reduced salin-
ity just below the bay-channel interface between 30. and 50. km is
caused by a down flow of low salinity water from the bay proper during
ebb tide.

When the tide stage at Main Pass reaches the rising mean position,
the 1.5 PPT interface is at about the same position that it had at low
time in Cases 1 and 2 and nominally 3. km further to the south in
Case 3. The salinity distribution in thé Bon Secour area did not
change between low and rising mean tide. Since the currents in the
tidal inlets are flooding strongly, the surface salinities there have
increased and are approaching that of gulf water, 30.0 PPT. The fresh
water content of the northern end of the ship chanmel has reached a
maximum for the tide cycle with the saltwater wedge being 19. km
further down the channel in Cases 1 and 3, respectively, than in Case 2.
In all three cases the flooding flow at Main Pass is convecting gulf
water into the channel.

At high tide, the 1.5 PPT salinity interface attains its northern
most position in the three cases while maintaining the same relative

positions described before. High salinity water is being convected
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from the middle of the bay into the northwest corner of the Bon Secour
area and low salinity water is being convected out of the area through
the southwest corner. Except for the relatively constant salinity of
the shallow waters to the east, the salinity in Bon Secour Bay
increases by as much as 18. to 21, PPT over the last quarter tide cycle.
Main Pass and the adjacent area contain gulf water as a consequence of
the strong flooding. Pass Aux Herons‘contains water with a salinity
equal to or slightly less than the 21.0 PPT of the Mississippi Sound.
The flooding currents of the previous quarter tide cycle have convected
saltwater up the ship channel. In Cases 1 znd 2 pure gulf water has
intruded half the length of the channel and in Case 3, almost a third
the length. 1In Case 2, with its lower river discharge, the saltwater
wedge has .intruded to the channel's north end while the higher river
discharge in Case 1 has retarded the intrusion significantly and the
wind induced storage effects of Case 3 have retarded it even more,

For the particular set of river flows, tidal wvariation, and wind
conditions investigated, the bay proper varies between being vertically
homogeneous and slightly stratified. On the other hand, the ship chan-
nel is highly stratified below the channel-bay interface over much of
the channel's lemgth. Furthermore, the salinity distribution in the
bay may require several tide cycles to reach exact periodicity after a
substantial shift in the boundary conditions. In Case 1, the salinity
in Bon Secour Bay continued to decrease four cycles after starting from
inordinately high initial salinity in the area. Also, in Case 4 along
the western edge of the bay above Fowl River Point, traces of highex

salinity water forced there by the wind still remained two cycles after

the wind has ceased.
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The surface profile plots indicate that at falling mean tide there
is approximately a 15. cm decline in the free surface elevation from
north to south over the length of the bay excluding local effects at
the river mouths and the tidal inlets. The differential is roughly
half that given in Table 4.5, pa. 113, for the prototype between State
Docks and Main Pass at the same point in the tide cycle. Thé surface
gradient in the lateral direction is essentially zero except in the
Main Pass. A combination of flow geometry and Coriclis effect generate
a 5. to 15. cm rise from east to west across the width of this inlet.
it should be emphasized that this lateral gradient is predicted by the
model and is not an imposed boundary condition. The tide stage bound-
ary condition, which is level in the lateral direction, is applied at
an "imaginary" row of grid points ome grid increment further out in the
Gulf. The surface elevation at the north end of the bay is 3. om
higher in Case 1 than it is in Case 2 because of the difference in the
river discharges; the surface profiles for these two cases are identi-
cal otherwise. In Case 3, the wind induced storage raises the surface
by about 10. cm from that in Cases 1 and 2 over mest of the bay except
at the tidal inlets. At low tide, the surface of the entire bay has
subsided 45. to 50. cm from its position at falling mean tide. The
relative positions of the free surface are about the same between the
three cases., Also, a very slight positive gradient from east to west
exists as a result of the Coriolis effect. The wind pattern in Case 3
accentuates the lateral surface gradient. At rising mean tide, a 5. to
25. cm rise exists from north to south over the length of the bay.
Cases 1 and 2 are nearly identical, while the free surface in Case 3 is

about 20. cm higher at the north end of the bay and 5. cm higher at the
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center than that in Case 2. No lateral gradients are discernible
except at Main Pass. At Main Pass high tide; a 10. to 20. cm decline
frqm north to south exists over the length of estuary with the free
surface elevation being approximately the same in the three cases. A
2.5 cm rise occurs in the prototype at this point in the tide cycle.
Laterally the surface is level in the northern half of the bay, but a
10. cm rise from west to east occurs in the Bon Secour area primarily
because of the flow geometry.

The tide level curves for the designated stations in Fig. 4.2 are
presented in Figs. 4.14, 4.15 and 4.16 for Cases 1, 2, and 3, respec-
tively. An anomalous result that is immediately obvious in these plots
is that the model high tide occurred at the State Docks as much as 0.75
hr bhefore it did at the Main Pass. Figs. 4.3 and 4.7 show that the pro-
totype high tide at State Docks lagged that at Main Pass by 2.5 hr.

The relationship between the times of low tide at Main Pass and State-
Docks in the model are more nearly correct. Cases 1 and 2 are essen-
tially identical; the primary difference is that the higher river flow
in Case 1 has elevated the water levels at Point Clear, Fowl River
Point and State Docks as much as 10. cm over those in Case 2. The
times of high and low tide at the different stations are the same in
the two cases. It should be noted that the model tide curves for the
State Docks are influenced by the variation in the discharge rate for
the Mobile River. This influence is evident in Figs., 4.14 and 4.15
where the increase in the river discharge during ebb tide retards the
fall of the water level at State Docks., The tide curves in Case 3
indicate that the wind pattern reduced the fall of the water level in

the middle and upper regions of the bay. Im particular, low tide at
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State Docks in Case 3 is 14. cm higher than it is at the corresponding
station in Case 2. The times of low tide are approximately the same in
Cases 2 and 3, but the wind in the latter case, somewhat surprisingly,
delayed the time of high tide in the middle and upper regions of the
bay by as much as an hour.

Figs. 4,17, 4.18 and 4.19 display the volumetric flow rates for
the Main Pass, Pass Aux Herons and the combined rivers as functioms of
time. In addition, the rate of accumulation within the bay and an
error calculated by summing the input rates and subtracting the accumu-~
lation rate are shown. The river velocities are specified functions of
time in the model as described in Chapter 3. The average river velo-
city is 0.50 n s"l in Case 1 and 0.27 m s-'l in Cases 2 through 4; the
maximum variation is 0.52 m s—l in all cases. However, the combined
river rate depends on the flow cross-section of the river mouths which
in turn depend on the free surfaece locations, variables calculated by
the model. The tidal inlet flow rates and accumulation rate are calcu-~
lated or predicted by the model. From Figs. 4.17 and 4.18, one can
conclude that the 2.8 x 103 m3 s—l decrease in river flow rate from
Case 1 to Case 2 is compensated for by a corresponding increase in the
tidal flow rates so the accumulation rate remains approximately the
same, A 1.5 hr increase in the duration of flood tide and a 9. x 103
ms s_l decrease in the maximum flood flow rate from Case 2 fo Case 3,
indicated by Figs. 4.18 and 4.19, result because of wind induced stor-
age in the bay. A point discernible in all three figures is that the
error in the overall balance on the bay is the same order of magnitude
as the Pass Aux Herons flow rate at any time in the tide cycle. The

primary source of error is considered to be in the accunulation rate
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term which depends directly on the rate of movement of the free surface,
Any error in the calculated dynamice of the free surface, either from
the finite difference scheme or the specification of boundary condi-—
tions, manifests itself as an error in the accumulation rate. In par-
ticular, if the surface rises and falls too slowly, then the error is
proportional in phase and magnitude to the tidal flow rates which are
significantly larger than the combined river flow rates over most of
the tide cycle. The fact that the magnitude of the error is nearly the

same as that of the Pass Aux Herons flow rate is thought to be

coincidental,

D. TIDENTIFICATION OF CONTROLLING PARAMETERS

The combined river flows have a significant influence on the com-
position and dynamics of Mobile Bay, particularly its upper region.
The greater the freshwater £flow, the lower the-salt content of the bay
for a given tide variation. The smaller the flow, the stronger the
tendency for velocity reversals to occur in the river mouths and for
salt water to intrude upstream. Conditions at the tidal inlets are com-—
plex and interactive. The flows through the Main Pass and the conse~
quent free surface elevation and salinity distribution in the southern
portion of the bay have a strong influence on what the flows and tide
elevations in the Pass Aux Herons are like. The Pass Aux Herons flood
current appears to deflect the Main Pass flow to the east during. £lood
tide. Additionally, the flow through Pass Aux Herons depends on the
conditions in the Mississippi Sound which are not necessarily the same
as those in the Gulf of Mexico. The primary effects of local wind

appears to be a perturbation in the felocity pattern throughout the
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tide cycle and a redistribution of the salt water. It should be noted
that a sustained wind over a long fetch of the Gulf of Mexico has a
significant influence on the tide stage in the bay inlets. A wind from
the north will tend to lower the average tide height in the inlets and
the saltwater content of the bay, while a wind from the south will
raise the average tide height and saltwater content. This wind-tide
interaction has a much stronger influence on the estuary than a local
wind alone.

As noted earlier, the accurate specification of the tidal inlet
boundary conditions is critical to successful modeling of estuarine
systems. This point is particularly applicable when the net £1lood and
ebb tides are a significant fraction of the total volumé of the system,
say at low tide, as it is in Mobile Bay. Errors in these boundary con-
ditions result in inaccurate simulations of the tidal flows and the
attendant salinity distributions, if not instability in the calculation.
Further study is required to determine the effect of the various
approximations made in order to specify enough boundary conditions to
solve the problem. For instance, the validity of setting ou/dx and
ov/3x equal to zero or holding the salinity at the gulf water value at
the "imapginary" grid points in the Gulf needs closer scrutiny. The
former approximation implies that the flow is uniform as it passes
through the boundary; the attainment of this condition depeﬁds strongly
on the local flow geometry and the currents in the adjacent gulf area.
The latter approximation is reasonable if the ebb flow is infinitely
diluted by gulf water by the time the discharge reaches the last set of
grid points. This dilution process probably does not happen‘in reality.

Certainly, an accurate representation of the bathymetry of the bay is
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needed. Because gero-order approximations are used to fit the geometry
in order to facilitate formulation of boundary conditions and a narrow
but deep portion of the Main Pass is ignored so as to minimize the size
of the grid required, the topography of the Main Pass is poorly approxi-
mated at present, although the flow area is roughly correct. This dis-~
crepancy in geometry must have an influence on the tidal flows,

probably in the direection of allowing the model tddal flows to be too
large for a given tide stage variatioa.

Among the controlling parameters, one of the least understoed is
the eddy transport coefficient. Its impact on the tidal dynamics and
salinity distribution in three~dimensional, time-dependent estuarine
flow is a subject begging for further research. For instance, in the
development of the present model an eddy viscosity of 15. cm2 s_l with
a danpening factor based on the gradient Richardson number was used in
the two-dimensional region of the ship chamnel. A recurring problem
was the prolonged movement of an intermal velocity wave up the channel
toward the State Docks after the tide had begun to ebb at Main Pass.
When the eddy viscosity was doubled to 30. cm2 s-l, the velocity wave
movement diminished and reversed during ebb flow as one would expect.
To accurately model the unsteady flow and salinity patterns in an
estuary, one must experiment extemsively with the eddy trangport coef-

ficient formulations.

E. PURVIEW OF RESULIS
The primary purpose of this research is to develop a working model
of three~dimensional, time-dependent flows in estuarine systems, and

this éoal has been achieved. The computational proecedure is stable as
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evidenced by a calculation involving 15,000 time steps of 60. seconds
and ten tide cycles. Starting from different initial conditions and
computing to the same final state demonstrate that the results are
reproducible. Time steps approaching the limits set by the CFL crite-
rion and the diffusion stability limit can be takern. The model con-—
serves the total water volume relatively well. Furthermore, the model
accounts for the interactions of the essentially two-dimensional ship
channel with the three-dimensional bay, a non-trivial task.

This tool can be used to assess different formulations for eddy
transport coefficients and different prescriptions of conditions at
open boundaries such as the river mouths and tidal inlets. With a
minimum of program modifications, the effects of changes in the bay
geometry can be evaluated. TFurthermore, since wind and tide conditions
can be varied independently, the model can be used to investigate a
variety of wind-tide conditions with ease.

All the relevant phenomena with their associated parameters are

[N}
T+

incorporated in the model. It is sufficiently general in scope that
can be used to simulate any estuary considered to be isothermal. It is
particularly applicable to those having velocity reversals with depth
and saltwater intrusion. What is now needed is a study to improve the
simulative capacity of the model by selecting more accuxate.values and
representations of the controlling parameters. This study will require
a coordinated effort by the modeler and those groups making field sur-
veys to identify and measure the parameters critical to accurate simu-
lations and to verify the expected and unexpected results, both from

the prototype and the model.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The primary conclusion from this research iz that the computer )
model is a viable means of studying three-dimensional, time-dependent
estuarine flows. The nature of this viability is explained in the
following comments: (1) Because of the three-dimensionality and time-~
dependency, use of the computer model with reasonable spatial reso-
lution requires a gignificant amount of CPU time and core storage.

For instance, in the present work approximately 220 K bytes of cofe
and either 36.2 min/25-hr. tide cycle on the IBM 370, Model 158 or
54.8 min/25~hr. tide cycle on the IBM 360, Model 65 were required.
Since the maximum stable time step. ig related to the smallest hori-
zontal grid increment through the CFL criterion and the wvertical grid
increment through the diffusional stability limitation both CPU time
and core storage requirements escalate with increased spatial reso—
Yution, With the present model an acceptable compromise between
resolution and computer resources can generally be found. (2) Be-
cause there is no truly typical set of conditions for a given estuary,
a potential user should expect to have to investigate and adjust cer-.
tain items that were not fully investigated herein, For instance,
the eddy viscosity and diffusivity probably vary with prevailing wind

conditions; this variation was not considered in this research. Also,
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at low river flows the boundary conditions on the species coutinuity
equation would have to be modified to account for saltwater intrusionm,
a circumstance not handled by the model as it presently stands.

(3) A potential user should have at his disposal computer plotting
facilities., Graphical displays are essential to being able to in-
terpret the large volumes of numbers generated when describing a
general flow field.

Further conclusions are as follows: (1) The model velocity and
salinity patterns compare favorably with those obtained from field
measurements. (2) Sustained local winds have a signigicant influence
on the velocity and salinity distributions as in Case 3. (3) High
river discharges are capable of displacing salt water from the bay
as dn Case 1. The second and third conplusions agree with field
observations also. However, quantitative data sufficient to check
the second conclusion do not exist.

Recommendations for improving the computer model apply primarily
to the numerical method. They are as follows: (1) The effect of the
magnitude of the artifieial o¥ explicit numerical viscosity in the
water level finite difference equation should be analyzed more fully.
This parameter should be large enough to insure stability but not
so large as to generate unwanted "diffusional effects". (2) At the
expense of additional computations, the use of an expiicit artifieial
viscosity in the water level finite difference equation can be elimi-

nated by solving the equition with an alternating-direction-implicit
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scheme. However, the programming becomes difficult when the geometry
is complex. (3) The location of the water level is taken into account
in the overall continuity equation (i.e. the water level equation)
and the pressure terms of the momentum equations where it is essential,
Improved solutions should result from modifying the finite difference
formulations of the convective and diffusive terms of the momentum and
species continuity equations when applied at grid points adjacent the
free gurface so that they also take into account the water level loca-
tion. (4) "Semi-implicit" finite differenée formulations of the
second-order derivatives (i.e. the diffusion terms) in the momentum
and species continuity equations that eliminate the diffusional sta-
bility limitation have been proposed (Roache, 1975). Their use should
be considered. (5) The numerical method utilized here is termed a
one-step procedure because only one estimate of each dependent vari-
able is made for a new time level. A one-step procedure was used
because it is computationally fast and the available CPU time was
limited. If computer resources are not a limiting factor and accu-
racy of the solution is important, two-step procedures, where cor-
rections to the first estimates at a new time level are made, should
be investigated.

The recommendation for improving the mathematical model per se
ig that a better representation of turbulence, for instance a tu?bu—
lent kinetic emergy or Reynold's stress closure model, should be
used instead of constant eddy transport coefficients modified by
gradient Richardson number dependent dampening coefficients. It

should also be noted that the particular set of boundary conditions
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employed at the tidal inlets in the present work are not unique. For
instance, if velocity profile data are available, these can be used as
bdundary conditions and the tide height variation with time predicted.

Recommended extensions and applications of the computer model
include the following: (1) The model can be used to assess the impact
of islands formed as a consequence of dredging operations on circula-
tion and salinity patterns, a topic of vital interest to the oyster
industry in Mobile Bay. This application is obvious and would require
no modifications to the computer code, It was not pursued in the
present research due to a lack of computer resources. (2) The computer
code with a sediment transport model incorporated in it would be of
value in scheduling maintenance-type dredging operations in Mobile Bay.
(3) As mentioned in Chapter 1, the computer model should be useful in
investigating the complex surface phenomena that cause the main ship
channel to be strongly contrasted with the shallow waters on eilther
side in visible spectrum photographs taken from satellites.

An item that may be classified as both a conclusion and a recon;
mendation is that future computer modeling efforts and field surveys
sheuld be ccordinated. In this way attempts to measure parameters
critical té accurate simulations will be made and expected and unex-

pected results from the prototype and model can be verified.
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NOMENCLATURE

c empirical constant or conversion factor
Cv heat capacity at constant volume
D diffusivity
£ Coriolis parameter
g gravitational acceleration
h instantaneous flow depth
H length characteristic of flow depth
i, j.k spatial indices -
I identity element
k friction factor or constant
ko Von Karman's constant
K thermal conductivity
L Prandtl mixing length
L length scale
i} empiriecal constant
n normal distance to a surface or time index
N kinematic viscosity
P pressure
P empirical constant
q empirical constant or turbulent kinetic energy per unit mass
of fluid
q,. thermal radiation flux
Q dummy variable

145
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XY

Greek

146

gradient Richardson number

salinity

normalized density anomaly

time

temperature or period 6f a tide cycle
velocities or components of velocity wvector
friction velocity

depth mean velocity

velocity scale

Cartesian coordinates

stretched coordinates

size of a wall roughness element

constant in state equation or a viscosity or diffusion
coefficient

density difference between gulf and fresh water or an
empirical constant

explicit artificial or numerical viscosity

dissipation rate of turbulent kinetic energy per unit mass
of fluid

angle with respect to positive x axis in the horizontal plane
thermal conductivity

kinematic wiscosity

density

shear stress

wall shear stress
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¢ phase lag

.¢v viscous dissipation function

W mass fraction

9] maximum variation in w with distance or angtlar velocity

Subscripts

A chemlical species A, in particular, total salt
avg tide ecycle average

B chemical species B, in particular, water

(e) effective value

£ . fresh water value

g gulf water value

max maximum value

(t) turbulence induced value

varl,var? first and second variations over tide cycle, respectively

W wind

o initial value or reference quantit§
1 boundary wvalue
Operators

div divergence

%E substantial derivative
EXP exponential

grad gradient

Iz trapezoidal integral
QQ dyadic product

X cross vector product

. immer vector product
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%a- partial derivative with respect to
A incremental difference

A; ‘ first-order centered difference

A;x second-order centered difference

Ag windward difference

Z summation

f integral

) ensemble average

Special svymbols

Q' turbulent fluctuation in Q about ensemble mean or first
derivative of ¢ with respect to distance

Q" second derivative of Q with respect to distance

Q* nondimensional variable

6. ensemble mean
Q scalar

Q vector
9

tensor



APPENDIX A

TEST CASES

This appendix contains the Varian plots of the computer model
results for the four cases described in Table 4.1, pa. 92, and dis~-

cussed in Chapter 4, beginning on pa. 89.
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APPENDIX B

MOBILE BAY MODEL PROGRAM

This appendix presents a description and listing of the computer
progran that implements the model of Mobile Bay developed in this
research. The description material is devoted to the program organiza-

tion, input and output.

Discussion of the Program

The Mobile Bay model program is composed of fourteen subroutines
driven by a main program. The names of these routines and their
primary tasks are listed in Table B.1l. The sequeiice of calculations
and the subroutine where the calculations are performed are shown in
the flow diagram of Figure B.l. Since the program was written to allow
restarting a si@ulation from data stored on magnetic tape as well as
performing several‘different simulations in succession, the user is
referred to the comment statements in the subroutine PRELIM for a
detailed explanation of the options. The following information should
facilitate interpretation of Figure B.l. At the beginning of a new
calculation, whether it be a cold start or a restart, the calling
sequence is controlled primarily by PRELIM until the preliminary calcu;
lations have been completed and then by MAIN while the time integration
is being performed.

At p;edetermined intervals and at the normal completion of a run,

data dre written on magnetic tape from RITE, an entry point in REED.,

318
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TABLE B.1

Mobile Bay Model Program Routines

Name Primary Task .

MATN Serves as a driver for subroutines.

BALNCE Performs cumulative and-unsteady total and salt water
balances at each time level.

BONDRY Adjusts time dependent boundary conditiocrs at each time
level.

BOTTIOM Computes the elevations of the bay and chapmnel bottoms
at start of new simulation.

INITAL Tnitializes flow field and material balance variables at .
start of new simulation.

PRELIM Reads input data from cards, performs or imnvokes routines
to perform preliminary calculations and writes input
data to paper.

PRESS Calculates the pressure field at eéach time level.

PRNT Writes flow field variables to paper.

REED Reads and writes (through entry point RITE) complete
problem description on magnetic tape.

RUBBER Generates bay and channel grid systems at start of new
simulation.

SETUP Retrieves old values of flow field variables from arrays
and assigns them to working variables, invokes UVSNEW,
and assigns new values to storage locations in arrays.

UVSNEW Calculates horizontal velocity components and the

: salinity at a grid point at each time level.

VISCUS Evaluates the turbulent diffusion temms in thé horizontal
momentum and species continuity equation.

VOLDIL Calculates the vertical velocity components at each time
level.

BLOCK DATA

. Assigns numerical values to constanis.



FIGURE B.1

SIMPLIFIED FLOW DIAGRAM FOR

MOBILE BAY MODEL PROGRAM
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These data are used by a plot program presented in Appendix C and for
restarting if a simulation is to be continued or a change in boundary
conditions made.

When the restart capability is utilized, data are read from the
magnetic :tape by REED. The option of calling this subroutine is
invoked by a flag described in PRELIM.

The program was coded to be as géneral and flexible as possible
$0 that it can be applied to other bays and estuaries with a minimum
of program modifications. For instance, the location of thé banks and
bottom ofvthe bay are specified on input data cards and can be easily
modified. At present, one to four rivers with their discharges directed
along a x-z grid plane can be located along the upper edge of the bay.
Also, a tidal inlet or river with a discharge in the y direction can
be positioned anywhere along the right side of the bay when locking
down the positive x axis and a tidal inlet can be positioned at will
along the lower edge of the bay. While the depth of the two~dimensional
channel may vary with i and its y location adjusted, the chamnel must
coincide with a x-z grid pldne. .With additional programming effort,

the channel and rivers can be made to flow at angles other than 0° and

90° to the vertical grid planes.

Program Input

All data cards used by the program are read by PRELIM. Preceding
each READ statement are comhent cards which defime and specify the
units for each variable rea&. These data are nondimensionalized before
using them in the simulation. Three basic formats are used for input

from data cards 8110, 9F10.5 and 6EL12.0. The first format is used fox
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integers right adjusted in as field of ten columns, the second for
fleoating point numbers without exponents but with a decimal point
punched in a field of ten columns and the third for floating point
numbers with right adjusted exponents and ﬁecimal points punched in a
field of twelve columns. The input variable names and correspending

formats are listed in Table B.2 for easy reference.

Program Cutput

The bulk of the output from the Mobile Bay model program is to
magnetic tape; the rest is printed. The output to tape, which ié
accomplished with RITE, consists of a complete problem description
(i.e. boundary locations, boundary conditions, grid plane locations,
flow field variables, etc.) at the beginning and eﬁd of a run and at
predetermined intervals in between. Because large volumes of data are
involved, it is necessary to conserve tape by using unformateé WRITE
statements. The output to paper, which occurs in MAIN, PRELIM ;nd
PRNT, is primarily for the pﬁrposes of problem identification, verifi-
cation of card input data and monitoring the progress of the simulation.
Also, all the flow field variables at each grid point are printed at
the normal or abno;mal end of a run to allow an inspection of the state

of the flow field.

Listing of Program
A listing of the FORTRAN IV statements for the Mobile Bay model
program and a typical set of input data follow. The large volume of

printed output is not presented here.



Name
LTAPE
LABELL

LABELO

NBAR
NMAX
NWRLTE
GUTPT
DTREAL
FETCH
HREF
PERTOD
PHT
SIGMAT
TMAX
PHSEMP
PHSEPH
TAMPMP
TAMPPH
TAVGMP
TAVGPH

CDIF

Format

T10
110
110
110
110
I10
110
110
110
F10.0
F10.0
F10.0
F10.0
F10.0
F10.0
F10.0
F10,0
F10.0
F10.0
F10.0
F10.0
F10.0
F10.0

F10.0

TABLE 8.2

Input Variables for Mobile Bay Model Program
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Name Formgt
Cvis F10.0
ROUGH F10.0
VONKAR F10.0
JWAG 110
KMKC 110
CDEPTH 110
CWIDTH 110
DIRCTN F10.0
DIRCTS F10.0
FETCHN F10.0
FETCHS F10.0
_VWINDN ¥10.0
VWINDS F10.0
ACCEL F10.0
ARTVSC F10.0
YK2 F10.0
NRIV 110
JRIV(I) ‘ 110
RDEPTH(I) 110
RWIDTH(I) 110
PHASE1 F10.0
PHASEZ2 ¥10.0
UAYVG F10.0
UVARL F10.0

Name Foxrmat
UVARZ F10.0
PASS F10.0
PDEPTH Flo.0
PSALT F10.0
PWIDTH F10.0
TIMAX I10
SOUTH(L) F10.0
WEST (I) F10.0
EAST(I) F10.0
Bl E12.0
B2 E12.0
B3 E12.0
B4 E12.0
B5 E12.0
B6 E12.0
B7 E12.0
B8 E12.0
B9 E12.0
B1O E12.0
BB1 E12.0
BB2 E12.0
BB3 E12.0
BB4 E12.0
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1.0G6
DIM
COM
COM
cOM

COM

COM
COM

Wor = LW = = e

COM

NS

COM
CoM
coM

o =

5 CAL
TIM
CTH
CSB
cuB
CFR
cvL

DRIVER PROGRAM FOR 3-D.

TIME—~DEPENDENT HYDRODYNAMIC

SALINITY MODEL OF MOBILE BAY WITH SHIP CHANNEL.

ODCTe 29+ 1975

ICAL
ENSTON
MON/ACCT/
QASDOTA(7)»
MON/BARS/
UBAR »
MON/FORTNG/
LW
MON/GRID Y/
DX,
DXINSQ
DYTZ2INs
DZD2,

DZ INSQ
MON/INDEX/

Ks
MON/_IMI TS/
JMAX ,
KMAXM] »
KEYOUT
MON/PULL. /
TIME.,

YKZ2s
MON/RYTYE /
LABEL O
MON/STER /
NBAR s
MON/UNITS/
FETCH »
OMEGA «
VREF

DYINSGs

KEYOUT
GNET(7)»
SBAR,
LT
DTD2s
DXT2INs
DYINV,
OZs
DZT2INy
Jw
IMAXML,
KMAX,
NMAX

SYvydL17)
YE17),

LLABEL I+

-

MQ»
ISTEPRP
BET AD2Z,
HREF »
TREF»

READ DATA AND PERFORM PRELIMINARY CALCULATIONS.

L PRELIM

EC TIME

TREF / 3600.
PTCTIN /7 TREF
CSB #* VREF
HREF % HREF =%
HREF # HREF %

I [ T

VREF
HREF

AND

6zt
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non

onaOnn nnn

iQ

KEYOUT = FALSE.
WRITE(LWL1000) (I, I = 14 7)

STEP FUORWARD IN TIME,

N = N + 1

TIME = TIMEO + FLOAT(N) % DT
MN = 3 - MN ,
ME = 3 — MO

ADJUST TIME DEPENDENT BOUNDARY CONDITIONS.
CALL BONDRY .
ESTIMATE NEW HORIZONTAL VELOCITY COMPONENTS AND SALINITIES.

ISTEP = +TRUE.
CALL SETUP

ADJUST VERTICAL VELOCITY COMPONENTS AND SURFACE HEIGHTS.

CALL VOLDIL
IF{(KEYOUT) GO TD 100

COMPUTE NEW PRESSURE FIELD.

CALL PRESS

IF(KEYDUT) GO TO 100
PERFORM MATERIAL BALANCE ARQUND SYSTEM.
CALL BALNCE
DEPENDENT VARIABLES HAVE BEEN COMPUTED FOR THIS TIME STEP.

WRITE MONITOR VARIABLES EVERY NBAR TIME STEPS TO TAPE AND
PRINTER.

IF{N+NE.NBAR%X{N/NBAR)) GO T 30

10 = LT .
CALL RITEZ2

TIMERL = TIME % CTM

SBAR1I = SBAR % CSB

UBAR1 = UBAR % CuB

VBAR]1 = VBAR * CUB

WRITE(LW,10061) N, TIMERL, SBARi, UBAR]l, VBARI
PO 20 L = 1. 7

9%t
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nond

Oon

= QDOT(L) * CFR
QSDOT{(L) * CFR
= QNET(L) % CVL
= QSNET(L) * CVL
(LWa1002) ({Q(LsM)oL=147) M=1,4)

WRITE FLOW FIELD VARIABLES TO TAPE AT SELECTED INTERVALS.

Lo Y
hi

G{L.1
Q{L.2
Q{t -3
203 Q{L a4
WRITE

*
L
-
>
T

30 IF(NNENWRITEX*{N/NWRITE)) GO TO 40
IO = LT
CALL RITE

TEST FOR END OF RUN. IF END IS REACHED PRINT RESULTS.
DTHERWISEs CONTINUE.

40 IF{N.LT.NMAX) GO TO 10
100 CALL PRNT

LABEL. I = LABELO

10 = LT

CALL RITE

IF{KEYOUT) STOP

RESET TIME AND TIME INDEX TO ZERC FOR NEXT CASE.

N = @
GO TO S
1000 FORMAT(//735Xs "RATES ARE IN M%%3/S. VOLUMES ANRE IN M&%k3?
1 7(" TOTAL/SW ) o /95X 7(?* RATE/VOL? ) o/ o 1Xa7(11X,11
1501 FORMAT(SEXs® N = 243155% TIME = ¢ ,:F642s? HRows SBAR = ?,1
1% UBAR = ",E12645%, VBAR = *4,E12.4)
1002 FORMAT(EX1P7ELZ2 e840/ 33({6Xs7E1244+7))
END

* SX»

/
)
El2:4,

*
)
<3

L2
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SUBROUTINE BALNCE

PERFORM CUMULATIVE AND UNSTEADY TOTAL

BALANCES.

LOGICAL
DIMENSION
DOGUBLE PRECISION
COMMON/ACCT/

QSDATL(T )Y
COMMON/BNKCRD /

JE »

JUEST(22) .
COMMON/CHNNEL 7

JHWAG»

KMXCM2
COMMON/FLDOOR Y/
COMMON/FLOORC Y/
COMMON/FLOWL1 /

U{2+18517208)»
COMMON/FLOWZ2Y

DUDT(1B+17,08),
COMMODN/FLOWC1 /

UC{2:18,:20),
COMMON/FLOWC 2/

DUCDT(18.20)
COMMON/GRID /

DXs

PXINSQ,

DYT21INs

DZD2»

DZINSG
COMMON/L IMITS/

JMAX »

KMAXM1,

KEYOUT
COMMON/PASS/

. PMOMAF,
COMMON/P UL /

TIME »

YK2,
COMMONAPULLC
COMMON/RIVERS/

PHASE 1.

RMOMAF{(4) .

3 UVART ,

COMMON/STER /

SURFC.,

DFas
DXINVS
DY
DYINSQ,
DZENVs

IMAX .
JMAXNM]
KMAXNMZ

IPASS
PSALT .
SY{17),

AND GULF WATER

KEYQUT
QsDOTO {6 )
SURFC{18)
QGNET{7)
TIMAX .
JH .
WEST(22)
CWIDTHS,
KMXCM1,

ZB{( 184,17}
ZBC(18)
S(2+18+17+081),
W(l8+17,08)
DHDT(18:17)»

SC(2+18+201),
DHCDT(18).

DTD2,
DXT2INs
DYINV,
DZs
DZT21INs

IMAXM1,
KMAX »
NMAX »

PDEPTH»
PWIDTH
SYY{17)s
¥Y{17)s

NRIV,
REBEPTH(4 ).
UAVG.

MO,

L FAY
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1

NBAR » NWRITE » ISTEP
COMMON/TIDE Y/ PHSEMP o PHSERH,
TAMPMP+ TAMPPH, TAVGMP,
TAVGPH,. THGTMP & THGTPH
DO 5 NN = 1, 6
QADOTOINN) = QDOT(NN)
QSDOTO(NN)Y = QSDOTO(NN)
CEVALUATE FLUXES THROUGH RIVER MOUTHS.
DO 20 NN = 1+ NRIV
J = JRIV{NN)
KBOT = KFLOOR(1.J)
KBOTP1 = KBOT + 1
UKBOT = UIMNs1sJ+KBOT)
UKMXML = U(MNs1lsJ.KMAXML}
USKBOT = UKBOT * S{MNsl J-KBQOT)
SUMA = 05 ¥ (UKBOT + UKMXMNL)}
SUMB = 0S5 * {LSKBOT + UKMXNML % S{MNsl+JaKMAXML))
DO 10 K = KBOTPt, KMAXM2Z2
UK = U{MNs1sJsK}
SUMA = SUMA + UK
SuUMB = SUMB + UK # S({MNsl»JsK)
DZKBOT = Z({(KBOT) — ZB{1l,J)}
DZKMAX = SURF({MNslsJ) + D2Z
UKBOTY = 0.5 % UKBOT
USKBOT = 0.5 % USKBOT
UKMAX = U{MN+slsJs+KMAX)
UK = 0a5 * (UKMAX + UKMXML)
USK = Qa8 % {UKMAX % S{MN.1,JyKNAX) +
UKMXMLT % S(MN.1 s+ JsKNAXML))
PREFIX = DY 7/ 5Y{(.J)}
IF{JeEQ.JWAG)Y PREFIX, = PREFIX — CWIDTH
QDOT{NN) = (DZ % SUMA + DZKMAX % UK + DZKBOT % UKBOT) * PREFIX
QSDOT(NNY = (DZ * SUMB + DZKMAX % USK + DZKBOT * USKBOT) % PREFIX
EVALUATE FLUX THROUGH PAS AUX HERONS.
I = IPASS
‘J = JWEST(I) -~ 1
JP1 = J4 + 1
KBOT = KFLOOR(I.JP1}
KBOTP1 = KBOT + 1
uKaeoT = VI(MN:I»JsKBOTY
UKMXMLI = VMMl JsKMAXNML)
USKBOT = WUKBOT % S{MN.+I +JsKBCT)
SUMA = DS ¥ {(UKBOT + UKMXMI)

62t
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35

1

SuUMB

IF(KBOTP1?

DO 30 K
UK
SUMA
SuUMB
DZKBOT
DZKMA X
UKBOT
USKBOT
UKMAX
UK

usK

BHNHBEURINER

QDOT{S)
QSDOT(S)

Qa5 * (USKBOT + UKMXML * S{MNslsJeKMAXML))
«GT«KMAXM2) GO TO 35

KBOTP1, KMAXMZ2
V{MN+T+JsK}

SuUMA + UK

SUMB + UK * S{MNsI»
Z{KBOT) = Z8(I.J4P1)
THGTPH + D2

0«5 * UKBOT

0.5 % USKBCOT
VIMNLTJs KMAX)

JaK}

0«5 ¥ {UKMAX + UKMXM1)

05 % {UKMAX % S{MNs»IsJsKMAX}) +

DKMXML % S{MNasIsJesKMAXM1})

= {DZ % SUMA + DZKMAX % UK + DZK8OT % UKBOT) * OX

= (DZ % SUMB 4+ DZKMAX #% USK + DZKBAT % USKAHEOT) % DX

EVALUATE FLUX THROUGH THE MAIN PASS.

JW

JE
SURF 1
SURFJP
KBOT
KBOTJP
QDOT( &)
Q5D0OY (6
DO 210
JP 1

JM1
PREFIX
IF(J.EQ
SURFJM
SURF 1
SURFJP
IF(J.EQ
KBOTJM
KBOT
KBOTP 1
KBOTJP

IR IR IR

g ns e il Hw

JWEST(IMAX)
JEAST(IMAX) -
SURF {MN+IMAX ,JW)
SURF1

KMAX + 1
KFLOOR({IMAX, dW)
CeO

0.0

JWe JE

+ 1

(S ]
-t

by /7 SY(J)

JWAG) PREFIX = PREFIX - CWIDTH

SURF )
SURFJP
SURF{MN,IMAX,JP1)

JE) SURFJP = SURF1

KBO0T

KBOTJP

K80T + 1
KFLOORTIIMA X, JP1)

IF{KBOT.GTsKMAX} GO TO 210

UJaK =
USHK =

ULMNs IMAX s JoKBOT)
UJK % S{MN,IMAX,JsKBOT}

IF(KBOT»GTLKBOTJUM)Y GG TQ 40

UJIMK =
USJIMK™ =
GO TO 59

UJK
USJK

0ce
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70
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30

100
11¢

120
130

e
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UJMK = U{MNsIMAX,JM1,KBOT)

USJMK = UJMK #- S(MNsIMAX.JML .KBAOT)
IF{KBOTaGT.KBOTJP) GO TQ 60

UJPK = UJK

USJPK = USJK

GO TO 70

UJPK = U(MNsIMAX, JP1+KBOT)

USJPK = UJPK ¥ S(MN.IMAX,JP1l+KBOT)

UKBOT = 0425 % (UJMK + UJK + UJK + UJPK)
USKBDT = 0.25 % (USJMK + USJK + USJK + USJPK)
UJK = U(MNLIMAXsJsKMAXML)

USJK = UJK % S{MNsIMAXsJrKMAXML)
IF(KMAXM1.GT.KBOTJM) GO TQ 80

UJIMK = UJK

USJMK = USJIK

GO TO S0

UJMK = U(MNsIMAX.JM1 ,KMAXMT)

USJMK = UJMK % S{MNsIMAX¢JM1 sKMAXML)
IF(KMAXM1.GT.KBOTJP) GO TC 100

UJPK = UJK

USJPK = USJK

G0 TO 110

UJPK = U(MNLIMAX s JP1 . KMAXM] )

USJPK = UJPK % S(MNsIMAXsJP1 sKMAXML)

UKXM1 = 0.25 % {UJMK + UJK + UJK + UJPK)
USKXML = 0e25 * (USJMK + USJK + USJK + USJIPK)
SUMA = 045 % (UKAAT + UKXMi)

SUMB = D65 % {USKBQOT + USKXM1)

DO 160 K = KBOTP1l, KMAXMZ

UJK = U{MNsIMAXsJsK)

USJK = YJK % S{MNsIMAXsJsK)

IF(K.GT.KBOTJM) GO TO 120 -

UJIMK = UJK

USJMK = USJK

GO TO 13¢

UJMK = Y{MNSIMAX s JIML +K}

USJUMK = UJMK % S{MN+IMAXsJML 4K)
IF(KeGT.KBOTJP) GO TG 140

UJPK = UJK

USJPK = USJK

G0 TO 150

UJPK = U(MN,IMAXsJP1,K)

USJUPK = UJPK % S{MN,IMAX,JPLlsK)

SUMA = SUMA + (.25 % {[UJMK + UJK + UJK + UJPK}
SUMB = SUMB + 0.25 % (USJMK + USJK + USJK + USJPK)
DZKBOT = Z(KBOT) — ZB{IMAX,J)

DZKMAX = 0.25 % (SURFJM + SURF1I + SURF1 + SURFJP) + DZ

223
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UKBOT

O«5 * UKBOT

USKBOT = 05 % USKBOT
UJdK = U(MN, IMAX s s KMAX)
USJK = UJK &% S(MN+IMAX,JsKMAX)
IF{KMAX+GT.KBOTJIM) GO TO 170
UJIMK = UJK
USJMK = USJK
GO T0O 180
170 UJMK = U{MN»IMAX,JM] KMAX)
USJUMK = UJMK % S{NMNs IMAXa.JM]l sKMAX)
180 IF(KMAX.GT.KBOTJP) GO TG 196
UJPK = UJK
USJPK = USJK

GO TO 2006

190 UJPK
USJPK

200 UKMAX
USKMA X
UJK
USJK
1QDOT(G)
QsDAaT(6)
1

210 CONTINUE

Wniuhi

U(MNs IMAX 2 JP1 +KMAX)

UJPK % S(MN,IMAX, JPL . KMAX)

Ce25 # (UJIMK + UJK + UJK + UJPK]}
0425 % (USJIMK + USJK + USJIK + USJPK)

CeaS ¥ (UKXM1 + UKMAX)

Ce5 * (USKXMLI + USKMAX)

= (DZ % SUMA + DZKNAX % UJK + DZKBHOT # UKBOT) #
PREFIX + QDOT(6)

= {DZ % S5UMB + DZKMAX *x USJK + DZKBOT % USKBOT) %
PREFIX + Q3DOT{&8)

EVALUATE FLUXES THROUGH NORTH AND SOUTH ENDS OF THE CHANNEL
AND ADD 7O MOBILE RIVER AND MAIN PASS FLUXES, RESPECTIVELY.

X

22C KBOT
KBOTP1
UKBOT
UKMXM1
USKBOT
SuUMA
suMa
DO 230
Uk
SUMA

23C SuUMB
DZKBOT
DZEMAX
UKBOT
usKeoT
UKMAX
UK

[T TR T I I P O o O T I T T A T T AT T

1

KFLORC{(I)}

K0T + 1

UCIMN,TI +KBOT)
UC{MNsT s KMXCM1)

UKBOY % SC{MN,I,KBOT)
Qe5 % (UKBOT + UKMXM1)
0.5 % (USKBOT + UKMXM1L * SC{MN,I KMXCM!))
= KBOTP1a. KMXCM2
UC({MN.IsK}

SUMA + UK

SUMB + UK # SC{MN,1sK)
ZC{KBOT) ~ zZBC(I)
SURFC{TI} + DZ

0«5 % UKBQOT

Q0.5 % USKBGT
UCEIMNST s KMXC)

OS5 % (UKMAX + UKMXM1)

[A33
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QDOT( 1) = {DZ T SUMA + DZKMAX % UK + DZKBOT # UKBCT) * CWIDTH +
1 QDoOT(I)

QSPOT(I) = (DZ * SUMB + DZKMAX & USK +

i DZKBOT % USKBQOT) % CWIDTH + QSDOT(I}

IF{I.NE«l1} GO TO 240

1 = IMAX

GO TO 22¢C

USK = 025 % {UKMAX % SC{MN-I»KMXCZ) +
UKMXM]L % SC{MN.I KMXCM1})
IF{I.NE.1) I = 6

240 CONMTINUE

PETERMINE TOTAL AND GULF WATER VOLUME IN BAY.

SUMA = 020

SUMB = Qo0

DO 26 I = 25 IMAX

IP1 =1 + 1

IF{I.EQ.IMAX) IPY = IMAX

IM1 =1 - 1

JW = JWEST(I)

JE = JEAST(1)

SURF 1 = SURFI{MNI +J¥%)

SURFJP = S5URF1

IF(1.EQ.IPASS) SURF1 = THGTPRH

KBOoT = KMAX + 1

KBOTJP = KFLOOR{I.JW)

DO 26C J = IJW, JE

JP1 = 4 + 1

JM1 = J - 1

PREFIX = DY / SY{J)

IF(J.EQ+JWAG) PREFIX = PREFIX — CWIDTH
SURFJM = SURF1

SURF1 = SURF 4P

SURFJP = SURF{MN.IJP1)

IF{J.EQ+JE)}) SURF JP = SURF1

KBOTJM = KBOT

KBOT = KBOTJP

KBOTPI = KBOT + 1

KB80TJP = KFLOOR{I.JP1}

SURFIM = SURF{MN,IML,J}

IF{KFLOORI IML1+J)eGTaKMAX) SURFIM = SURF]
SURFIP = SURF{MN.IP1.J)
IF{KFLOOR{IPL +3) «GTs KMAX) SURFILIP = SURFI

IF(I.EQ.IMAX) SURFIP = THGTMP
SUMC = 00
DO 25¢C K = KBOTP1. KMAXM]

£ee
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250 SUMC - = SUMC + S{MNsIjsdsK)
SURFAV = 0.125 % (4.0 % SURF1 + SURFJP + SURFJM + SURFIM +
1 SURFIP)
DZKMAX = SURFAV + DZD2
FASTORE = ZB{1I+J3)
DZKBOT = DZD2 + Z2{(KBQT) -~ ZBOT
SuMB = {(SUMC % DZ ¥+ DZKMAX % S{MNsI,JsKMAX) +
1 DZKBDT % S{MN.I.+J.KBOT)) % PREFIX + SUMB
260 SUMA = {SURFAV + 1.0 — ZBOT) % PREFIX + SUMA
SURF 1 = SURFCI(1)
SURFIP = SURFC(2)
DO 280 I = 2+ IMAX
IP1 =1 + 1
IF(I.EQ.IMAX) IP1l = [MAX
IiMi = -1
KBOT = KFLORC(I)
KBOTP1 = KBOT + 1
SURFIM = SURF1
SURF1 = SURFIP
SURFIP = SURFC(IP1)
IF{I.EQ4IMAX} SURFIP = THGTMP
SUMC = 0.0
DO 270 K = KB8OTP1s KMXCM}
270 SuMmC = SUMC + SC{MN+IK)
SURFAY = 0425 % (SURFIM + SURF1 + SURF1 + SURFIP)
DZKMAX = SURFAV + DZD2
Z80T = 28C({I1)
DZKBOT = DZb2 + ZC{KBOT) - ZBOAT
suMB = (SUMC * DZ + DZKMAX * SC{MN.,I.KMAX) +
1 DZIKBOT % SC{(MNsIKBCT)) * CWIDTH + SUMB
280 SUMA = (SURFAV + 1.0 — ZBCT) % CWIDTH + SUMA
SUMA = SUMA * DX
SUMB = SUMB % DX
QDOTL7) = (SUMA — QNETH{7 /7 DT

290

= ))
QSDOT(?7) = {(SUMB - QSNETI{(7)) / DT

CALCULATE CUMULATIVE FLOWS.

QNET{7) = SUMA

QSNETI(7) = SUMB

DG 290 NN = 14 6

GNET{NN) = QNET{NN) + (QDOTO(AN} + QDOT{(ANN))} * CTD2
QSNET{NN) = QSNET{(NN) + (QSDCTO(NN) + QSDOT{NN)) % DTC2
RETURN .

END

7ee
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SUBROUTINE BONDRY

ADJUST TIME DEPENDENT BOUNDARY CGNDITIONS,

LOGICAL
DOUBL.E PRECISION
COMMDON/sACCT Y/
i QSDOT(7 )
COMMON/BNKCRD/
1 JE .
2 JWEST{22),
COMMON/CHNNEL /
1 JWAG,
2 KMXCMZ
COMMON/FLOOR/
COMMON/FLOORC/
COMMON/FLOWL /
U{2:18417:08),
COMMDN/FLOW2 /

COMMON/ZFLOWCL /
UC(2+18+20),
COMMON/FLOWC2 /
OUCDT(18=20)
COMMDN/FORCESY/
FWINDY(18,17) »
COMMON/GRID /
DX,
DX INSQ,
DYT2INs
DZDZ2»
DZINSQ

COMMON/GULF /

PERIDI

COMMON/ZLIMITS/

JMAX .
KMAXM1
. KEYQUT

COMMON/PASSY/

1 PMOMAF &
COMMON/PULL /

1 TINME »

2 YK 2a
COMMON/PULLC Y/
COMMON/RIVERSY/
i PHASE 1l

2 RMOMAF{4) o

Gitore e TR e m e e e

DUDT(18417.08) .,

DY,
DYINSQ.
DZINV,

CUTPT,

IMAX
SMAXME
KMAXMZ ,

IPASS,
PSALT
SY(17) s

KEYQOUT
SURFC(18)
ANET{(T e

IIMAX,
JW.
WEST(22)
CWIDTH,
KMXCML .

ZBl18.17)
ZBCc(1i8)
5(2+18,17.08),
W(l8417,08)
OHDY (18417 ),

S5C{2:18+,20),
DHCET{ 18),
FWINDX{18,17},

DTD2.
DXT2INs
DYINV,
DZs
CZT 2 INs

KCUT 4

IMAXMLl
KMAX,
NMAX .

PROEPTH,
PWIDTH
S5YY{17),
Y{17)»

NRIV.
RDEPTH{4 )»
UAV G

SeE
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10

20
340

3
1
1
2
1
2
3

UVAR 1+ UVARZ

COMMON/STEPR/ MN» MOy
NBAR» NWRITE, ISTEP

COMMON/TIDE/ PHSEMP 4 PHSCPH»
TAMPMP » TAMPPH » TAVGMP,
TAVGPH» THGTMP . THGTPH

COMMON/UNITS/ BETA, BETADZ2,
FETCH, GRAV, HREF »
OMEGA « PIa TREF»

. VREF » YMAX

TNM1 = TIME - DT

SET VELGCITIES IN RIVER MOUTHS AND NORTH END OF CHANNEL .

URIV = 1,142857 #* (UAVG + UVARL1 % COS{{TNM1l — PHASEl)} % PERIDI)
1 + UVARZ % COS{({TNM1l - PHASEZ2) % 2.0 % PERIDI)])

PO 30 NN = 1, NRIV

URIV1I = URIV / RMOMAF (NN)

J = JRIVINN)

IBOoO7T = Z8(1,J)

KBOT = KFLOOR{(1sJ)

PREFIX = 140 / (SURF{MOs1sJ) + 1.0 - ZBOT)

DD 10 K = KBOTs KMAX

VERT (Z{K) =~ ZBOT) % PREFIX

U{MOs 1o deK) = URIV1 % (10 ~ (10 ~ VERT)*%7)
IF{J.NE . JWAG) GD TO 30

2807 = ZBC(1)

KBOT = KFLORC{1)

URIV1I = URIV] % RMOMAF (1)

PREFIX = 1.0 / (SURFC(1l) + 1.0 - ZBOT)

DO 20 K = KBOT, KMXC

VERT = (2ZC{K) — ZBOT) * PREFIX

UCIMOs1osK) = URIVY * (1.0 — (1.0 — VERT)%x%7)
CONTINUE

SET FREE SURFACE LOCATION IN PASS AUX HERONS AND MAIN PASS.

THGTMP = TAVGMP 4+ TAMPMP *x COS{(TNWML ~- PHSEMP) % PERICI)
JSW = JWEST{IPASS)
THGTPH = SURF(MO,IPASS,JW)

SET SALINITY BOUNDARY CORDITION IN THE MAIN PASS.

IF{KCUT-LTo:} GO TGO 60
JW = JWEST(IMAX)
JE = JEAST(IMAX)
DO S50 4 = JW. JE

9¢e
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KBOT = KFLOOR{(IMAX.«J)
IF(KCUT L. TLKBOT) GO TO SO
DO 40 K = KBOT. KCUT
S(MO,s IMAX, JsK) = 1.0
CONTINUE

KCUTC = KQUT + KMXC ~ KMAX
IF{(KCUTC.LT.0) GO TO 80
KBOT = KFLORC({IMAX)

DO 70 K = K80T., KCUTC
SCI{MOLIMAX K} = 1.0
CONTINUE

SET VELOCITIES IN PASS AUX HERONS.

JW = JWEST(IPASS)

JWM1 = JWw —- 1

Z807 = ZB{IPASS,s JW)

KBOT = KFLOOR(IPASS+JW)

PREFIX = 10 / (THGTPH + 1.0 - 2ZB0T)

VPASS = - 0.228571 % QDOT{6) # PREFIX 7/ FWIDTH

DO 90 K = KBOT, KMAX

. VERT = (Z{K) -~ ZBOT) % PREFIX

S{MOs IPASS,JWM1,K) = PSALT

VMO, IPASS»JWM1.K) = VPASS % {140 - (1.0 -~ VERT)*%7)
RE TURN .

END

LEE
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SUBROUTINE BUTTUM(Cf;CE;C3-C4.CS:CBqC?vCS-CQ-QIO.CCI.CCZ.CC3;CCQJ

CALCULATE BAY AND CHANNEL BOTYTOM LOCATION RELATIVE TO A DATUM
PLANE 1 OCATED HREF METERS BELOW MEAN SEA LEVEL. A POLYNOMIAL
IN X AND Y THAT HAS BEEN FITTED TO SOUNDING DATA TAKEN FROM
NOAA TOPOGRAPHICAL MAP CE&GS 1266 IS USED.

LOGICAL
COMMON/7BNKCRD/

JE »

JWEST(22),
COMMDN/CHNNEL /

JWAG,

KMXCM2
COMMON/FLOOR /
COMMON/FLLOORC Y/
COMMON/GRID/

DX»

DXINSGs

DYT2INs

DZD2

DZ INSQ
COMMONZLIMITS/

JMAX s

KMAXMLI,

KEYDUT
COMMON/PASSY/

PMOMAF »
COMMON/PULL

TIME »

YK 2
COMMON/PULLCY
COMMON/RIVERS/

PHASE 1>

RMOMAF (4},

UVAR1 »
COMMONAUNITSY

FETCH»

' OMEGA »

VREF

KMAXP1 = KMAX + 1
KMRCP1 = KMXC + 1
DO 10 I = 1, IMAX
KFLORC(I) = KMXCP1
ZBC(1} = 101

DO 10 J = 14 JMAX

KEYQUT

KFLCOR(
KFLORC(
DTas
DXINV,
DY
DYINSQ»
DZINV,

IMAX,
JMAXML
KMAXNMZ ,

IPASS,
PSALT »
SY(17),
X(18) 4
Z2{(8)
ZC(2C)
JRIVI4)Y,
PHASEZ2 .
RWIDTH(4)»
UVAR2
BETA,
GRAV
PLs

YMAX

8,17)

»
8%

b

TIMAX,
JW
WEST(22)
CWIDTH.
KMXCML,

ZB(18.,17)
ZBC(18)
DTD2.
DXT21INs
DYINV,
DZs
DZT2IN

IMAXM1»
KMAX o
NMAX

FPDEPTHS»
PWIDTH
SYY(17)
Y{i7)s

NRIV,
ROEPTH{4 )
UAVGo

BETADZ2,
HREF »
TREF.

8EE
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10

20

as
a¢

40

S0

60

e

BC

KFLDOR(I.J)
ZB{ X+ J)
DO 20 I =
JW

JE

X1
CONST1
CONST2
CONST3
bo 20 J =
Y1i =
ZB{(IsJ)
DO 40 I
Jw

it ndnn
< D00 Xkt

+ IMAXMI ’

ZB1 = ZB(Is J)})
IF{ZBl.LTels0) GO TO 35

K = KMAXM2

ZB({I,J) = ZIK) - 0«1 * DZ
G0 TO 40

K

K
IF(Z(K)
IF{K.LE
K
ZB(Is ) =
KFLOOR{ I
80 50 NN
ZB{ 1,3} =
KFLOOR( 1 ¢
Jw =
JE =
00 640 J4
ZB{IMAX
KFELODR{
Ji
2B1
ZBLIPASE
®

K
IF(Z{K)}
KFLOOR(
Do 80 I
X1
ZBc(1)

e o I )i
R

1
o
s
-
#
o
N

Z2ZAR N~
<

- NIt~ HAXZW

ZC i
Ul oN et N~

MAXML s J)

~ M~ Xa
NU=|~Me=TNMCeZD
WOV M ZTEC

—OMe |EPM DWrarm ~PxN+
[7: 348

g6 EX LAEwND NI

W e

o fi
Hor

« D
oo (. pb e
IE-
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90

100

DU 100 I = 1, IMAX

Z8 1 = ZB8C(I)
K = 0
¥ = K + 1}

IF(ZC(K)+LT«2ZB1) GO TO 90
IF(KaLE -KMXCM2) GO TO 100

K = KMXCM2Z

IBC(I) = ZCIK) — Q0.1 % DZ
KFLORC(1) = K

RETURN

END

ove
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SUBROUTINE INITAL

INITIALIZE FLOW FIELD AND MATERIAL BALANCE VARTABLES

DETERMINE INITIAL TOTAL AND GULF WATER CONTENT.

LOGICAL

DOUBLE PRECISION

COMMON/ACCT/

1 QSDOTLT7 ) s

COMMON/BARSY/

1 UBAR,

COMMON/BNKCRD/

1 JE

2 JWEST(22)»

COMMON/CHNNEL/

i JWAG,

2 KMXcm2

COMMDN/FLOOR/

COMMON/FLOORC/

COMMON/FLOW1/
U{2+s18:17+08),

COMMON/FLDW2/
DUDT{18417.,08),

COMMON/FLQOWC1/
UC{2»,18,20),

COMMON/FLDOWC2/
DUCDT(18.,20)

COMMON/FORTNG/
Lw

COMMON/GRID/
DXy
DX INSGe
DYT2INs
DZID2 -
DZINSQ

COMMON/GULF/
PERIDT

COMMON/LIMITS/
JMAX s
KMAXM1,
KEYOUT

COMMON/PASS/

1° PMOMAF &

comMMOonN/PULL Y/

1 TIME 5

2 YK 29

COMMON/PULLCY/

rt MBI rS b b e e

(SN g

DY,
DYINSQ,
DZINV»

CUTPT,
IMAX,

JMAXML
KMAXM2 4

KEYOUT
SURFC{18)
ANETL{T )

SBAR.

IIMAX
JWa
WEST{22)
CWIDTH»
KMXCME »

ZB(18+17)
Zac(ia}
S{2+18417:08),
WI{1l8+17.08}
DHDT(LIB+ 173+

SC{2+1B:220)4
DHCDT(18)
LT

DTD2»
DXT21INs
DYINV s
DZa»
DZTZ21INs

KCUT

IMAXML,
KMAX
NMAX

FDEPTH.
PWIDTH
SYY(17)»
Y{(17)s

AND

7€
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COMMON/RIVERS/ JRIV(4) s NRIVS
1 PHASE 1, PHASEZ, RDEPTH(4)
2 RMOMAF (4}, RWIDTH(4) » UAV Gy
3 UVAR1L UVARZ2
COMMON/STEP/ MN s MO
1 NBAR s NWRITE s ISTEP
COMMDN/TYIDE/ PHSEMP PHSEPH s
1 TAMPMP 5 TAMPPH, TAVGMP,
2 TAVGPH» THGTNMF, THGTPH
COMMON/UNITS/ BETA. BETADZ2,
1 FETCH» GRAV HREF 4
2 OMEGA » Pl TREF»
3 VREF » YMAX
SET ALL FLOW FIELD VARIABLES TO AN EXTREME VALUE TC INSURE
THAT NOTHEING 15 MISSED.
TINE = 040
DO 20 I = 1. IMAX
DO 10 J = 1, JMAX
SURFI{MN+IsJ)= 1.,E7C
DHDT{IsJ) = 1l.E7Q
DO 10 K = ts KMAX
Pl{IsJsK) = 1+E70
S{MNs IsJsK) = 1.E70Q
UiMNe IxJasK) = 1.E7C
DUDT{1I,JsK} = 1.E70
ViMNs IoJaK) = 1,E70
DVDT{IsJ,K) = 1l.E70O
10 Wi{IsdsK) = 1.E70
SURFCH{I) = 1.E7¢C
DHCDT(I) = 1.E70
DO 20 K = 1, KMXC .
PC{IoK) = l14ETC
SC{MNsIK) = 1+E7Q
UC({MNsIsK) = 1.E70
DUCRT{I LK) = 1.E7Q
20 wgtlox) = 1+.E70
SPECIFY INITIAL CONDITIONS IN RIVER MOUTHS.
TIDAMP = TAVGMP 4+ TAMPMP
URIVI1 = 14142857 % (UAVG + UVARL % COS{{(TIME -~ PHASEL) * PERIDI}
1 + UVAR2 % COS{{(TIME -~ PHASEZ) % 2.0 * PERIDI))
D0 30 NN = f, NRIV
J = JRIVINN)
KeoT = KFLOOR{1lsJ} .

he
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MOMAF {NN)
DAMP + 1.0 = ZBQAOT)

1 ¥
0 <

HUHHD Y~ Nl b
-

80T) * PREFIX
0 ~ VERT)#%¥7
Vi ¥ PROFIL

-

S(MN»s Ly JsK
SPECIFY INITIAL CONDITIONS IN PASS AUX HERUONS.

JW = JWEST{IPASS)
JuMi = Jw - 1

KBOT = KFLODR(IPASS.JW)
PO 35 K = KBOT, KMAX
S{MN+ IPASS, JUM1,K)
VIMNs IPASS s JWML s K)

PSALT
0«0

SPECIFY INITIAL CONDITIONS IN BAY PROPER,

AMAX = X(IMAX)}

DO 40 I = 2+ IMAX
SALT = X{1) 7/ XMAX
TF{I.LE-11) SALT = 0.01
Jw = JWEST(I)

JE = JEASTI(I)

DO 40 J = JuW, JE
SURF{MN,1,J) = TIDAMP
DHDT(I»J) = 0.0
KBOT = KFLOOR({I.J}
DO 40 K = KBOT, KMAX
DUDT{IsJsK) = Q.0
DVDTL Isd.K) = 0.0
U{MNs I JsK) = D0
VI{MNgs I+ J:K)} = Q.0
WllsdsK) = 0.0
S(MNy [+ JsK}) = SALT

SPECIFY CONDITIONS IN SHIP CHANNEL.
KBOT = KFLORC{1)

£YE
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RMOMAF (NRIV)
MPp
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CALL PRESS
DETERMINE INITIAL GULF AND TOTAL WATER VOLUMES.

NPT = 0

VoL = D

KMAXP1 = KMAX + )

DO 70 1 = 2» IMAXML

JW = JWEST(I)

JE = JEAST(I)

DO 70 4 = JWs JE

NPT = NPT + KMAXP1 — KFLOOR(IsJd)
DD 80 Y = 2, IMAXMI

NPT = NPT + KFLOOR({I,»JWAG) — KFLORC(I}
DO 85 NN = 1., 7

QDAOT{(NN) = 0,0

Q5DOTINN) = 0.0

GNETINN) = OO

QSNET(NN) = 0.0

"CALL BALNCE

PTCTIN = 1.0 / (FLOAT{(NPT) % DT)
HREF3 = HREF % HREF * HREF

VOL . = QNET(7) #* HREF3

VOLSLT = QSNET(7?7) % HREF3
WRITE(LW,1000) NPT, VOL, VOLSLT

T
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C

ZERO MATERIAL BALANCE VARIABLES.

D0 90 NN
QNET(NN)}

90 QSNET{(NN)

RETURN

= 1ls B
= .0
= 0.0

IGO0C FORMATA(/ /75X s+ "NOe

1TOTAL WATER VOLUME

20LUME
END

t3E100a3,1?

FILLOW FIELD =
MEXI® o/ /35X

*51
INI

Ge/ 735X " INITIAL
TIAL GULF WATER Vv

1349
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SUBROUTINE PRELIM

READ DATA TO SET UP PRGBLEM, PERFORM
AND WRITE DESCRIPTIVE INFORMATIGCN.

LOGICAL
DOUBLE PRECISION
COMMON/BNKCRD /7

i JE »

2 JWEST(22),
COMMON/CHNNEL /

1 JWAG»

2 KMXxCMm2
COMMON/FLOOR Y/
COMMON/FLOORC/
COMMON/FLOWL /

U(2,18217:08) 4
COMMON/FLOW2/
. DUDTC18+17+08)»
COMMON/FLOWC] /

COMMON/FLOWC2/

1
1

& 1 UC(2,18420)
1

1 DUCDT(18,20)}
COMMON/FORCES Y/

1 FWINDY(18:,17) »

COMMON/7FORTNQ/

LW

COMMON/GRID/

X

DX INSQ,

DYTZ2INs

DZD2+

DZINSG
COMMDN/GULF/

PERIDI

COMMON/LIMITS/
1 JMAX -

2 KMAXMI.

3 KEYODUT
COMMON/LN/
COMMON/PASS/

1 PMOMAF o
COMMON/PULL Y/

1 TIME »

2 YK 2,
COMMDN/PULLC Y/
COMMON/RIVERSY/

- TN e

1STEP,
SURF {

DZINV,
CUTPT,
IMAX,

JMAXNV] &
KMAXMZ o

PRELIMINARY CALCULATIONS.

KEYQUT
SURFC{(18)}
IIMAX S
JW,
WEST{(22)
CWIDTH.
KMXCM1,

ZB(t8,17)
£2BC(1B)
S(2+18:17308)
W{l18,17.08)
DHDT (18,171}

SC{2218420)»
DHCOT(18),
FWINDX(18+17 )
LT

DTD2s
DXT2INs
DYINV,
DZ»
DZT21INs

KCUT

IMAXM1
KMAX 4
NMAX »

FUNKAPR
PDEPTH»
PWIDTH
SYY{17),
Y{17 )

NRIV,

9%¢
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1 PHASE 1, PHASER2 + RDEPTH(4 )
2 RMOMAF{4), AWIDTH(4) » UAVGS
3 UVARL » UVAR2
COMMON/RYTE/ IO, LABEL I,
1 LABEL.O
COMMON/STEP/ MN . MOs
1 NBEAR » NWRITE,. ISTEP
COMMON/TIDE/ PHSEMP PHSEPtH
1 TAMPMP, TAMPPH » TAVGMP,
2 TAVGPH. THGTNP 4 THGTPH
COMMON/TUNE / ACCEL. ARTVSCa
1 AvCOMP
COMMODN/TURB/ CDIF . CRICH»
1 CVIS, DIFFUS., vVisC
COMMON/UNITS/ BETA» BETADZ2s
1 FETCH GRAV HREF »
2 OMEGA » PI. TREF
3 VREF » YMAX

¥LTAPE = 1 IF A RUN IS TO BE CONTINUED WITH STARTING DATA READ
FROM TAPE DR FROM PREVIOQUS CASE.

¥LTARPE = 0 IF STARTING DATA IS TO BE GENERATED INTERNALLY
¥LTAPE = ~1 IF LAST CASE HAS BEEN RUN. ‘

*LABELL = 0 IF STARTING DATA GENERATED INTERNALLY OR LEFT FROM .
PREVIOUS CASE. LABELIL IS THE LAREL NUMBER OF THE DATA SET USED
FOR STARTING DATA AND TO WHICH RESULTS ARE WRITTEN, OTHERWISE.

#LABELO IS THE LABEL NUMBER OF THE DATA SET TO WHICH DUPLICATYE
COPY OF LAST RESULTS FUOR A GIVEN CASE ARE WRITTEN.

READ({LR»-1000) LTAPE, LAPELI . LABELCO
IF{(LTAPE.EQ.-1) STCP
IF(LABELI«EQeC} GO TO S
1D = LT
IFILTAPE.EGs1) CALL REED

5 CONTINUE

*IMAX» JMAXs KMAX ARE THE MAXIMUM NUMBER OF GRID POINTS IN THE
" Xo Ye Z DIRECTIONS, EXCLUDING THE SHIP CHANNEL.

*NBAR IS THE NUMBER OF TIME STEPS BETWEEN OUTPUTS OF DESCRIPTIVE
PARAMETERS, NBAR MAY BE ADJUSTED AS REQUIRED AS THE CALCULA-
TION PROCEEDSe ,

#NMAX IS THE MAXIMUM NUNMBER OF TIME STEPS TO BE TAKEN.

*NWRITE IS THE NUMBER OF TIME STEPS BETWEEN QUTPUTS OF FLOW
FIELD VARIABLES AND GEOMETRY TO TAPE. [T SHOULD DIVIDE NMAX
AN INTEGER NUMBER QF TIMES.

LYe



A0 NAaaon D000 MNNG HONOOAN Aannn an0onMOOOOLOND

READ{LR,1000) IMAX,s JMAX, KMAXs NBARs NMAX. NWRITE

*CUTPT IS THE HEIGHT IN METERS OF THE SALT WEDGE AT THE MAIN
PASS RELATIVE TO THE Z = 0 REFERENCE PLANE.

*#*DTREAL IS THE SIZE OF THE TIME STEP IN SECONDS.

*FETCH IS THE LENGTH IN KILOMETERS FROM NORYH TO SOUTH,

*HREF IS THE LOCATION IN METERS OF THE Z = 0 REFERENCE PLANE
BELOW MEAN SEA LEVEL. Z = 0 IS SLIGHTLY BELOW THE DEEPEST
POINT IN THE BAY EXCLUDING THE SHIP CHANNEL .

*PERIOD IS TIME IN HOURS CF A COMPLETE TIDE CYCLE.

#PHI [S THE AVERAGE LATITUDE IN DEGREES OF THE BAY.

#SIGMAT SPECIFIES THE DENSITY OF SEA WATER RELATIVE TGO THAT OF
FRESH WATER,y 1.0 GMACC., SIGMAT = (SEA WATER CENSITY—-1.0)%10600.

READ(LR»1001) CUTPT, DTREAL+ FETCHs HREF, PERIQODs PHIs SIGMAT

#YMAX IS SLIGHTQY GREATER THAN THE MAXIMUM DISTANCE IN METERS
FROM THE SHIP CHANNEL TO THE EAST BANK.

READ{LR,1001) YMAX

#PHSEMPs PHSEPH ARE PHASE LAGS IN HOURS AT THE PASS AUX HERONS
AND MAIN PASS, RESPECTIVELY.

*TAVGMP s TAVGPH ARE AVERAGE TIDE HEIGHTS IN CENTIMETERS RELATIVE
YO MEAN SEA LEVEL.

¥TAMPMPs TAMPPH ARE TIDAL AMPLITUDES IN CENTIMETERS.

READ{LR,1001) PHSEMP. PHSEPH, TAMPMP, TAMFPH. TAVGMP, TAVGPH

#CDIF 1S THE CUOEFFICIENT OF EDDY DIFFUSION IN SQUARE METERS
PER SECOND.

*CVIS IS THE COEFFICIENT OF EDDY VISCOSITY 1IN SQUARE METERS
PER SECOND.

*ROUGH IS THE DIAMETER IN MILLIMETERS OF THE AVERAGE PARTICLE
WHICH GENERATES TURBULENCE ON THE B80TTUOM.

2VONKAR IS THE VON KARMAN UNIVERSAL BOUNDARY LAYER CONSTANT.

READ(LR-1001) CDIF,s CVIS, RCUGHs VONKAR
#JWAG IS THE VALUE OF THE INDEX J CORRESPONDING TO THE Y-COORD-—
INATE LINE ALONG WHICH THE SHIP CHAMNNEL LIES. ’
*KMXC IS THE MAXIMUM NUMBER OF GRID POINTS IN THE Z-DIRECTION
IN THE SHIP CHANNEL.
READ{LR+1000) JWAG, KMXC

%*CDEPTH IS5 THE DEPTH IN METERS OF THE SHIP CHANNEL.

29¢
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#CWIDTH IS THE WIDTH IN METERS OF THE SHIP CHANNEL.
READ{LR+ 1001) CDEPTHs CWIDTH

¥DIRCTNe DIRCTS ARE THE DIRECTIONS IN DEGREES TO WHICH THE WIND
IS BLOWING IN THE NORTH AND SQUYH PORTIONS OF THE BAY. ANGLES
ARE MEASURED IN AN ANTICLCOCKWISE DIHECTION FROM THE POSITIVE
AX~-AXTISa .
¥FETCHNs FETCHS ARE THE NORTH AND SOUTH LIMITS IN KILOMETERS
OF A REGION SEPARATING THE REGIUONS ABOVE.
¥VWINDN» VWINDS ARE THE WIND VELCCITIES IN CM/7SEC 10 METERS
ABOVE THE WATER SURFACE.

READ{(LR-100Q01) DIRCTN, DIRCTSs FETCHNs FETCHS, VWINDNs VWINDS

#ACCEL IS AN ACCELERATION #ACTOR EXPEDITING CONVERGENCE (OF THE

SALT CONSERVATION EQUATION. IT IS NORMALLY UNITY.

XARTVSC IS AN ARTIFICIAL VISCOSITY PARAMETER IN THE KINEMATIC
EQUATION FOR THE FREE SURFACEs IT NORFNALLY VARIES FROM 0.5 TO
10,

*YKZ2 1S A COORDINATE STRETCHING PARAMETER IN THE Y-DIRECTION.
SEE SUBRUOUTINE RUBBER FUOR DEFINITICNS. ALWAYS MAKE YK2 LESS
THAN Pl /2.0

READ(LR»1001) ACCEL.+» ARTVSCs YK2

¥NRIV IS THE NUMBER 0OF RIVERS DEBOUCHING AT THE NORTH SHORE OF
THE BAYe.

*JRIV ARE THE INDEX VALUES OF THE Y CCOORDINATES OF RIVER MOUTH
LOCATIONS.

#*RDEPTH ARE THE RIVER DEPTHS IN METERS.

¥RWIDTH ARE THE RIVER WIDTHS IN METERS.

READ{LR s 1000) NRIV

DO 10 NN = 1y NRIV

READI(LR»1001) RIV,s RDEPTH(NN) s RWIDFTHI{NN)
JRIV{NN) = IFIX{RIV + (0.5)

#*PHASE ls PHASEZ2 ARE PHASE LAGS IN HOURS IN A TRIGONGCMETRIC
FUNCTION APPROXIMATING THE TIME VARIATION OF THE RIVER DIS-—
CHARGE VELOCITIES. i

*UAVG IS THE TIME AVERAGE DISCHARGE VELQCITY IN METER/SECOND.

*UVAR;’ UVARZ2 ARE AMPLITUDES IN METER/SECOND OF THE PERIODIC
TERMS .

READ(LRs 1001) PHASEl ., PHASEZ, UAVG, UVARLl, UVARZ

6%7¢
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*¥IPASS IS5 THE INDEX VALUE OF THE X-CCORDINATE OF THE LOCATION
OF THE PASS AUX HERONS ON THE WESTERN SHORE.

¥*PDEPTH IS THE PASS DEPTH IN METERS.

*¥PSALT IS THE SALINITY IN THE MISSISSIPPI SOUND.

¥*PWIDTH IS THE PASS WIDTH IN METERS.

READ{(LR,1001) PASSs PDEPTH» PSALTs PWIDTH
IPASS = IFIX{PASS + 0.5)

SKIP READING CARDS SPECIFYING BAY GEOMETRY IF CONTINUING A RUN.
IF{(LTAPE.EQ.!l) GO TO 22

READ IIMAX DATA CARDS TO SPECIFY THE GEOMETRY 0OF THE BAY AS

FOLLOWSO

1. THE DISTANCE SOUTH OF THE NORTHERN BOUNDARY OF THE BAY.
BEGIN WITH 0.0 & END WITH FETCHa

2. THE DISTANCE FROM THE SHIP CHANNEL TO THE WESTERN BOUNDARY
OF THE BAY (NOTE.«+ALWAYS NEGATIVE).

3 THE DISTANCE FROM THE SHIP CHANNEL TO THE EASTERN BOUNDARY
OF THE BAY.

ALL DISTANCES ARE IN NAUTICAL MILES.

READ(LRs1000) IIMAX

DO 20 IT1 = 1., TIMAX

READ{LR»1CG01) SOUTH1. WESTl. EAST1
SOUTH(II} = SOUTH1 % 1852,
WEST(II) = WEST1 #* 1852,

EAST{II) = EAST1 * 1852.

INPUT CONSTANTS OF POLYNOMIAL FITS TO BAY AND SHIP CHANNEL
BOTTUOMS. THESE BOUNDARIES ARE SPECIFIED RELATIVE TO THE Z = 0
REFERENCE PLANE. CONSTANTS HAVE BEEN NORMALIZED WITH HREF.

READI{LRA.1018) 8B1, B2, B3, B4, BS. 86
READ({LR,1018) 87+ B8, B9, Bl10O
READ{LR,1018) BBl1., BB2, BB3, B8«#
CONTINUE .

PRINT INPUT DATA TO IDENTIFY CASE BEING RUN.

WRITE(L.Ws1002) LTAPE., LABELI, LABELQ

WRITE(LW,1003) IMAX, JMAX: KMAXsy NBARs NMAX, NWRITE .
WRITE{(LW,1004) CUTPT, DTREALy FETCH. HREF, PERIOD, PHI, SIGMAT,
1 YMAX .

WRITE(L.Ws1023) PHSEMP, PHSEPH, TAMPMP, TAMPPH, TAVGMP., TAVGPH
WRITE(LW.1005) CDIFs, CVISs RCOUGHs» VONKAR

¢t
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WRITE(LW+1006) JWAG, KMXC
WRITE(LW»1007) CDEPTHs CWIDTH
WRITE(LW,1008) DIRCTN, DIRCTS, FETCHN, FETCHS.,
WRITE(LWs1009) ACCELs ARTVSCs YK2
WRITEgLW,IOIO) (NNs JRIV(NN)s RDEPTH{NN)», RWIDTH({NN),
1 NRIV
WRITE(LWs+1024) PHASEl, PHASE2, UAVGs UVARL.
WRITE(LW»1011) IPASSs PDEPTH» PSALT. PWIDTH

SKIP PRINTING BAY GEOMETRY IF CONTINUING A RUN.
IF(LTAPE .EQ.1) GO T0 24
WRITE(LW»21012)
WRITE(LW+1013) (IIs SOUTH(II), WEST(II)s, EAST(II),
WRITE(LW+1019) Bls B2, 83, B4, BS, B6, B7,
1 BBl. BB2, B8B83, BH4

24 CONTINUE

CALCULATE CONSTANTS AND CONVERT UNITS.
IMAXMY = IMAX — 1
JMAXM1 = JMAX - 1
KMAXMI = KMAX - 1
KMAXM2 = KMAX - 2
KMXCMi = KMXC — 1
KMXCM2Z = KMXC - 2
VREF = SQRT(GRAV * HREF)
TREF = HREF / VREF
CUTPT = CUTPT / HREF
DT = DTREAL / TREF
DTD2 = 045 % DT
FETCH = FETCH % 1000,0 / HREF
PERIOD = PERIOD % 360040 / TREF
PERIDI = 2.0 % PI / PERIOD
PHI = PHI * PI / 180.0
PHSEMP = PHSEMP % 3600.0 / TREF
PHSEPH = PHSEPH % 3600. o 7/ TREF
TAMPMP = 0401 % TAMPMP / HREF
TAMPPH = 0401 % TAMPPH / HREF
TAVGMP = 0001 % TAVGMP / HREF
TAVGPH = 0.01 % TAVGPH / HREF
YMAX = YMAX % 1000.0 / HREF
ARTVSC = ARTVSC / (HREF % VREF)
CDIF = CDIF / (HREF * VREF)
CVIS = CVIS / (HREF % VREF)
ROUGH = 04001 % ROUGH / HREF
CDEPTH = CDEPTH '/ HREF

Ts¢
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CWIDTH = CWIDTH / HREF

DIRCTN = DIRCTN. * P1 / 180.0
DIRCTS = DIRCTS % PI / 180.0
FETCHN = FETCHN % 10000 / HREF
FETCHS = FETCHS % 1000.0 / HREF
DO 30 NN = 1, NRIV

RDEPTHI{NN)} = RDEPTH{(NN) / HREF
RWIDTHINN) = RWIDTH(NN) / HREF
PHASEl = PHASEL % 3600. / TREF
PHASEZ = PHASER2 * 3600« / TREF
UAVG = UAVG / VREF

UVAR]1 = UVAR! / VREF

UVARZ2 = UVARZ2 / VREF

PDEPTH = PDEPTH / HREF

PWIDTH = PWIDTH ~/ HREF

GENERATE GRID SYSTEM.
CALL RUBBER -
SKIP CALCULATING BOUNDARIES IF CONTINUING A RUN.
IF(LTAPE.EQ.1} GO TO 137
DO 40 II = 1. TIMAX
SOUTH(II) = SQUTH{II) / HREF
WEST{II) = WEST{(I11) / HREF
EAST(ITI) = EAST(II) / HREF

ESTABLISH BAY LIMITS FOR GRID SYSTEM.

1 = 1

i1 =

J = JWAG

J =J + 1 -
IF(Y{J)LT.EAST(II)) GO TC 60
JEAST(I) = J ~

J = JWAG

J, =4 - 1 .
IF{Y(J)«GT.WEST(II)) GO TG 70
JWEST(I) = J + 1

IF(I.NE.1) GO TO 80

I = IMAX

L1 = IIMAX

GO TO 5Q

DO 126 I = 2, [MAXM]

II = 1

11 = [[ + 1

(433



oo

100

110
120

13¢

IF(SOUTHC(II) LT« X{(1))} GO TO 90

WATE = (X(I) ~- SOUTH(II-I))/Z(SOUTH(][]) - SOQUTH(II-1)})
YEAST = EAST{II} % WATE + EAST(II-I) % (1.0 — WATE)
YWEST = WEST(II!) % WATE + WEST(II-1) % {10 - WATE)
J = JWAG

J - = J + 1

IF(Y(JJ-LT-YEAST) GO TO 10D

JEAST{I} = J 1

J = JWAG

J = J - 1

IF(Y(J)2GTLYWEST) GO TO 110

JYWEST({I) = J + 1

WRITE{LW»1014)

WRITE(LWS1015) (I, JWEST{I), JEAST{I)s 1 = 1, IMAX)

GENERATE BOTTOM CONFIGURATION.

CALL BOTfOM{Bla82o83oB4sBS.B&oB7;88o89:BIO-881;882.8830884)
WRITE(LW21016}

DD 130 I = 1, IMAX

DO 130 4 = 1+ JMAX

XREAL = X{1} * HREF

YREAL = Y{J) %= HREF

ZBREAL = 2ZB(l+J) % HREF

WRITE({LW.1017) I, Jeo KFLCOR(IsJ)}s» XREAL, YREAL, ZBREAL
WRITE{LW,1021) .

DO 35 I = 1s IMAX

XREAL = X(I) * HREF

ZBREAL = 2BC(I) * HREF

WRITE(LWs1022) Is KFLORC(I)s XREALs ZBREAL
CONTINUE

COMPLETE CALCULATION GF CONSTANTS ANO WIND SHEAR FCRCES.

BETA = 0.001 % SIGMAT

BETADZ = Q.5 % BETA

CRICH = —2.0 * BETA| * DZ

F = 2,0 * OMEGA' * SIN(PMHI) * TREF
FUNLN1 = ALOG{0.2/ROUGH)
"FUNKAP = VONKAR # 8.5

FWINDN = 1.64E-4 % (VWINDN#*%1,333)

FWINDS = 1.64E-4 % {(VWINDS%¥1.333)

CXN = COS{DIRCTN) % FWINDN

CYN = SIN(DIRCTN)} * FWINDN

CXS = COS{(DIRCTE) * FWINDS

CyYs = SIN{DIRCTS) * FWINDS
WRITE(LW.1020) FWINDN., CXNs CYN

£5¢
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41

143

144

148
149

170

1856

WRITE(LWs1020) FWINDS, CXS, CYS
PREFIX = 140 / ((1004C #* VREF)*%2)
CXN = PREFIX % CXN
CYN = PREFIX # CYN
CXS = PREFIX # CXS
cYs = PREFIX # CYS
DO 149 I = 1, IMAX
= X(1)
IF(XI.GT FETCHN) GO TO 141
X CXN
cY = CYN
GO TO 144
IF(X1.LT,FETCHS) GO TO 143
Ccx = CXS
cy = CYS
GO TO 144
CX = (X1 — FETCHN) / (FETCHS - FETCHN) % {CX5 = CXN) + CXN
cY = (X1 - FETCHN) / (FETCHS — FETCHN) % (CYS — CYN) + CYN
DO 148 J = 1, JMAX
FWINDX{I,J) = CX
FWINDY(L+J) = CY
CONTINUE
ct = CUTPT./ DZ
IF(Clal.Te040) GO TO 150
KCUT = IFIX{(Cl + 0.5)
GO TO 160 -
KCUT = IFIX(Cl — 0.5)
DO 176 NN = 1y NRIV
J = JRIV(NN) -
AREA1 = RWIDTH(NN) % RDEPTH(NN)
AREA2 = 045 % (Y(J+1) = Y{J=1)) % (1.0 - ZB(1.J))
RATIO = AREAZ / AREAl
RMOMAF (NN) = RATIO :
PMOMAF = 045 % (X{IPASS+1) — X{IPASS-1)) / PWIDTH

IF LTAPE = 0» MAKE COLD START BY CALLING SUBROUTINE INITAL.

If(LTAPE.EQoO) CALL INITAL
DO 190 I = 1s IMAX

DO 18¢ J 1 IMAX
SURF{(MO+1+J) SURF (MN eI o.J)
DO 180 K 1s KMAX

UCMNT s JsK)
V{MNsTI s JaK)
S{MDs 19K

S{MNsI +J2K)
CONTINUE
DO 190 K = 1, KMXC

Is+J
U{MO»s Is.JsK
VIMOs TsJdeK

e e

)
)
)

237



UC{MOIsK) = UCI{MNIL oK)
SC{MDsIsK) = SC(MNsI 4K)
190 CONTINUE
IF{LABELI. %Q » D+ ANDLJLTAPELEQW1l) GO TO 200
10 = L
CALL RITE3
200 CONTINUE
RETURN

1000 FORMAT(BI1l0)
1001 FORMATIQFLI0.5)
1202 FDRTAthisxo'LTAPE = V314,735 Xs"LABELI = *314,/+5S%Xs*LABELG = ¢,
1 14
003 FORMATI(/+5Xs "IMAX = 15144/ 55X IMAX = Tolas/+3Xs "KMAX = v,
L I4+,/355Xs'NBAR = Y, I44/+5Xe "NMAX = .14./.5X.'NWRITE = Y414)
1CC4 FORMATI(/+5X: *CUTPT = Y3 F10sd s MY,/ 35X 'DTREAL = ?,F1044," SECY,
1 /«5X«*FETCH B Y 4F10a8+Y KMo/ +SXs'HREF = T 3F10+4s" M14,/,5),
2 'PERIOD = *4F10a4+s" HRP 4/ 4SXs*PHI = P ,F10489s"' DEGY+/+5Xs
3 'SIGMAT = "3F 104 +/+5Xs*YNAX = ' G,FlOwWds' KM?)
1005 FORMAT(/+5Xs *CDIF = ' aF 10084+ MEXZ2/SECY 3/ 35X *CVIS = "4,F10e4,
1 ' M%xk2/SEC* /35Xy "ROUGH Z PyF10ed " MMY L/ .S "VONKAR = ", F10.4)
1006 FORMAT( /25X " JWAG = 9,183/ s5Xs"KMEXC = ",14)
I0C7 FORMAT(/«SXsPCDEPTH = "3F 1004 +% Mt /30X "CHIDTH = "3FI10 4G, " M*t)
1008 FORMAT( /48X "DIRCTN = " ,Fl0e4s+* DEG» DIRCTS = " ,F1lQ4," DEG?*,/
1sSXs*FETCHN = '4F10e8¢% KM, FETCHS = "4 FIQ«4+% KNt,/
e EXs PVWINDN = ', F10e4s* CM/SEC, VWINDS = "3F10c4s' CM/SECT)
1009 FORMAT{/+5Xs 'ACCEL Z P 4F10eA s/ 35X+ "ARTVSC = "4F 10ab+/ 45X
I 'YK2 = ",F10.4) .
1019 FDRMAT(/;bX&'RIVER Tells? J = Y,02.0 DEPTH = "43FSasls
1 M WIDTH = Y,F 540, M%)
1011 FORMAT(/'SX"IPASS = '.[4./;5!.'PDEPTH = Y 3F10e4s" Mty /35X,
1 *PSALT = "3F10482/+SX%2'PWIDTH = P sF10.4,y* M2)
1012 FORMATU/+1SX+ ' I1 315X *SOUTH (M) ', 15X *"WEST (M) 315X *EAST (M), /
1013 FORMAT( (13X 1 4313X51PE1346:2(10XsE136)))
1Ul4 FORMAT( /15X %1% 415X Y JWEST' 315X, JEAST?)
1015 FORMATL{13X41I3416X413,17%X,13)
1016 FORMATO /310X " 31 0Xe ' J 310Xy "KFLOOR{IL s J) ' 215X+ "XREAL. %5 14X,
I PYREAL *»15X, *ZBREAL ", /)
1017.FDRMAT(BX‘IB!BXQI3'IO s T4 420X 1PEL3 4B +e7XsE134695X3E13.6)
1018 FORMAT(6EL12.0)
1019 FORMAT(//+5Xs'B1 THRU B19 AND BB81 THRU BB4 ARE AS FOLLOWSOY,../,
1 SX»1PSE 1653 /3{SX:SE16e6))
1620 FURMAT(/!SKQ'FWIND = IJIPEL2.59* DYNES/CM*%2, FWINDX = ',E12.59
i DYNES/CMEx2, FHINDY = ?2,E12¢5+? DYNES/CM%x¥2%)
1021 FBRMAT(/'loxi'I”llXG'KFLQRC(I)'yléXr'XR&AL'114XQ'ZBCRFAL'|/}
1022 FORMAT(EX213+10XsI44320X%X91PE1346:5X3E13:6)
1023 FORMA T/ +5Xs "PHSEMP == *,Fl{0+4+" HR» PHSEPH = %43F10s4s* HRY,

Gse
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http:SC(MN.IK
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1 725X 'TAMPMP = ¢

2F1l10e44+% Cly TAMPPH = "+ FLlO.43" CMY4/45Xs
2 *TAVGMP = *,3,F1044s* CM, TAVGPH = "3sF1l0e4s® CM*)

L1024 FORMAT(/sSXs *PHASEL = ";F10ed s HRY" /45X, "PHASE2 = "4F10s4s"' HR?,
I 7+5Xs*UAVGE! = P3F1Cafs? M/ST /250 UVARL = '4F10e4," M/S?,
EE/BSXg'UVARZ = *3F10ed4s* M/35Y)

N } .

3
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SUBROUTINE PRESS

CALCULATE PRESSURE FIELD USING STATIC FLUID APPROXIMATION,

INTEGRATE FROM FREE .SURFACE DOWN

TO BAY BOTTOMe NOTE THAT P IS

THE DEVIATION FROM THE HYDROSTATIC PRESSURE FOR FRESH WATER

HAVING A FREE SURFACE AT MEARNR SEA LEVEL.

LOGICAL
DOUBLE PRECISION
COMMON/BNKCRD/

1 JE o

2 JWEST(22)
COMMON/CHNNEL/

1 JWAG»

2 KMXCMm2
COMMON/FLOOR/
COMMON/FLOQRC /
COMMON/FL.OW1 /

1 U{2,18+s17508),
COMMON/FLOW2 Y/

1 DUDT(18-,17+08B)»
COMMON/FLOWC1 /

1 UC(2518:201)s
COMMON/s7FLOWC2 Y/

1 DUCDT(184+20)
COMMON/FORTNOY/

i Lw
COMMON/GRID /.
DXy
DXINSQs
DYTZEINs
DZD2 s
DZINSQ
COMMON/ZL.IMITS/
JMAX S
KMAXML,
KEYOUT
COMMON/INDEX /S

- W D e

Ke
COMMON/RIVERS/
1 PHASE 1y
2 RMOMAF{(4)»
3 UVAR 11 »

COMMON/STER /
1 NBAR «
COMMON/UNITS/
i FETCH

ISTEP
SURF {
EAST(

2173

NN

DY«
DYINSQ,
DZINV.

IMAX,
JMAXNL »
KMAXNMNZ »
I,

N
JRIVI4) o

.PHASEZ,

RWIDTH({4) »
UVARZ

MN »
NWRITE s
BETA S
GRAV s

KEYOUT
SURFC({18)
LIMAX,
JWs
WEST{22)}
CWIDTH
KMXCM1s

Z28(18.17)
Z28Cc{18)
S(2+18s17+08)>
W(18,17,08)
DHDT (18417 )

SCL2+18:20)»
DHCOT(18 ).
LT

OTD2,
DXTZ2IN
DYINV,
DZ»
DZT2INs

IMAXMt»
KMAX .,
NMAX o

J

NRIV»
RDEPTH{4)»
UAVGs

MQ.
ISTER
BETADZ2»
HREF o

LSE
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BETADZ2 % {SK + Skp1l)
PKP1 + DELRHO % DZ
PlIsJK) = PK
DETERMINE IF PRESSURE HAS DIVERGED.

IF{ABS{PK)sGT.TEST) GO TO 100"

DMEGA » Pl TREF«

3 VREF » YMAX
TEST = 3.0 % D2Z

DO 10 I = 14 IMAX

JW = JWEST(I)

JE = JEAST(I)

DO 10 4 = JdW, JE

KBOT = RKFLOGR(I,4)
IF(KBOT.GT«KMAX) GO TO 10
SK = S(MN+I,JsKMAX)

RHO = 1.0 + BETA * 3K

PK = RHO *x SURF{MN.I+J)
P{IsJsKMAX) = PK

KKMAX = KMAX ~ KBOT

DO 5 KK = 14+ KKMAX

K = KMAX - KK

SKP1 = SK

PKP1 = PK

SK = S{MNsI,+JseK)

CONTINUE
CONTINUE

DD 20 I = 1, IMAX

KBOT = KFLORCI(I)

SK = SC{MNsI sKMXC)

RHO = leQ + BETA * SK

PK = RHO * SURFC(I)
PCLI.KMXC) = PK :

KKMAX = KMXC - KBOT

DO 20 KK = 1, KKMAX

K = KMXC - KK

SKP1 = SK

PKP1 = PX

SK = SC{MN.I,K)

DELRHO = BETAD2 * (SK + SKP1)
PK = PKP1 + DELRHO #* DZ

PC(I+K) = PK
DETERMINE [F PRESSURE HAS DIVERGED.
IF(ABS{PK)uGT.TEST) GO TO 11C

85¢



SI #HV TVNIDIEO0

ALITVAD ¥004 40

20 CONTINUE
RETURN
100 WRITE(LW,1000) N, T Js K
GO TO 120
110 WRITE(LW.1001) Ns Is K
12C¢ KEYDOUT = .TRUE.
T RETURN

C
TJ00 FORMAT(/+5Xs '"PRESSURE DIVERGED AT N
1 [4+%4 K = *"514)
1001 FUR?AT(/;SX!'PRESSURE DIVERGED AT N
1 14
END

*,I94 %%

Y144,

Y2I44%,

L P

J
K

393
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SUBROUTINE PRNT

PRINTER»
KEYOQUT

SURFC(18)
SBAR»

I IMAX,
JWs
WEST(22)
CWIDTH,
KMXCM1 ,

OQUTPUT FLOW FIELD VARIABLES T LINE
LOGICAL ISTEPR,
DIMENSION SURF1(18)
DOUBLE PRECISIOM SURF (2 .18+17} s
COMMON/BARS/ PTCTIN

1 UBAR» VBAR
COMMON/BNKCRD / EAST(22)

1 JE » JEAST(22) »
2 JWEST(22)., SQUTH(22) »
COMMON/CHNMEL / CDEPTH

1 JWAG, KMXC »

2 KMXCM2

COMMON/FLOOR/ KFLLOGR(184+17) s
COMMON/FL.OQRC/ KFLORC{(18) »
COMMON/FLOW1 Y/ P(18s17208)
1 U(2:18+175,08), . . V{24184+417+08)»
COMMON/FLDwW2 / SURF »

1 DUDT{18+17+08) s DVDT(IB,17+08)
COMMON/F{.OWC1/ . PC{18+20)

1 UC(2+18»20)» WC(18,20)
COMMON/FLOWC2 Y/ SURFCy

i DUCDT(18.+,290)

COMMON/FORTNO/ R LR,

X LW .

COMMON/ZINDEX/ Is

1 Ks N
COMMONA/LIMITS/ IMAX.,

1 JMAX . JMAXMY &

2 KMAXMLE » KMAXM2

3 KEYOUY

COMMON/PULL S SY(17)»

1 TIME »- X{18)»

2 YK2» 2(8)
COMMON/STERP/ MN 4

1 NBAR, NWRITE .
COMMON/UNI TS5/ BETA»

1 FETCH, GRAV»
2 OMEGA » Pl
3 VREF » YMAX

CTM = TREF / 3600,

cs8 = PTCTIN / TREF

cuB = CSHB #* VREF

CSH = HREF % 100

Zal{i8,17)
zZpCc(is)

S{2018,17208)

W{l18517.08)
DHOT(18s17 )

SC(2218+20),
DHCDT{ 181,
LT

Ja

IMAXMI
KMAX »

NMAX »

SYY(17),
Y(127),

MO
ISTER
BETADZ2s
HREF »
TREF s

09¢
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nonn

non

CPR = GRAY % HREF # 001
KMAXP1 = KMAX + 1

KMXCP1l = KMXC + 1

JMAXP1 = JMAX + 1

TIMERL = TIME % CTM

SBAR = SBAR % CS8

UBAR = UBAR * CUB

VBAR = VBAR % CuUB
WRITE{LWs1GC00) N, TIMERL, SB8ARs UBAR,s VBAR
WRITE(LW+1001)

DO 10 I = 1. IMAX

JW = JWESTI(I)

JE = JEAST{I}

D0 10 J = JWs JE
WRITE{LW.1002)

KBOT = KFLOOR(IsJ)
IF{KBOT«GT«KMAX) -GO TO 10
KKMAX = KMAXP1 - K807

DO S KK = 1s KKMAX

K = KMAXPL —~ KK .

UNEW = U{MNsIs»JoK) * VREF
VNEW = V(MNsIsJdaK) %¥ VREF
WNEW = W(IsdeK) #* VREF
SNEW = S{MNsI»JeK)

PNEW = P{ledsK)}) % CPR

VELOCITIES ARE IN M/Ss SALINITIES ARE GULF WATER'FRACTIGNSv
AND PRESSURES ARE IN BARS.

WRITE(LW,1003) UNEWs VNEWs WNEW. SNEWs PNEW, Is Js K
CONTINUE

CONTINUE

WRITE(LW.1004)

PO 20 I = 1, IMAX

WRITE(LW21002)

KKMXC = KMXCP1l — KFLORC(I)

DO 20 KK = 1, KKMXC

K. = KMXCPLI - KK

UNEW = UC{MN».TI,K}) % VREF

WNEW = WC{Ia.K) % VREF

SNEW = SC{(MNsI'sK)

PNEW = PC{IsK) * CPR

WRITE(LW+1005) UNEWs WNEWs SNEWs PNEWs Is K
CONTINUE

GENERATE SURFACE HEIGHT MAF.

T9¢



36
40

20

1060
10C1

1002
1003
1004
1065
1006
1007
1008
1009

11 J K

WRITE(LwW»1006)
WRITE(LwW.1007) (1
DD 40 JJ = 1. JMA
J = JMAXP1l -
bo 30 I = 1, IMAX
SURFI({I) = SURF(M
WRITE(LW,1008) J»
CONTINUE

WRITE(LW,1009)
DO 50 I = ts IMAX

I = 1, IMAX)

SURF1{(I) = SURFCI(I) * CSH
WRITE(LW.21008). JWAGs (SURFI(I)s I = 1., IMAX)
RETURN
FORMAT(5X, = 1,15,y TIME = %,F6s2.+" HRsy SBAR = *,1PE12.4,
1%, URAR = 2edas%s NBAR = 1,E1244)
Us

]
*

FORMAT(//7+7 M/E VaM/S WesM/S FRAC 6 W Ba.BAR
L)

N

E

»

/
FORMAT{/}

FORMAT{SX,s 1PE

k]

E

8

»

2

Vo2 284 {2XsETe2) 93{2X+13))
FORMAT(//+7XsUC,M/S RCasM/S .FRAC G W PCeyBAR I K¥s/)
FORMAT(S X3 lPEQ.233({2X+EQa2)+2(2X212)) ’
FORMAT(///7+48X3* SURFACE HEIGHTS, CTM.? /7))
FORMAT(4Xs "I="42016+//7) !
FORMAT( ¢ TV, I233XsF5a14+20(1X4F5e1))
FORMATE//7/+52X+YSHIP CHANNEL?® /)

END

9¢
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SUBROUTINE REED
SUBRDUTINE FOR

LOGICAL

DOUBLE PRECISION

COMMON/ACCT/
QSOOTL(7)»
COMMON/BARS/
UBAR «
COMMON/BNKCRD /
JE »
JWEST(22)
COMMON/CHNNEL /
JWAG,
KMXCM2
COMMON/FILLOOR Y/
CoOMMON/FLODRC Y/
COMMDN/FLOWL /

U(2218,17208},

COMMON/FLOW2/

DUDT(18,17,08),

COMMON/FLONCL Y

UC(24+,18+20)

COMMON/FLOWC 2/

DUCDT(18,290)

COMMON/FORCES/

FWINDY{IB+s17)»

COMMON/GRID/
DX s

2 DXINSG»

3
4
5
1
1
2
3
1

1

DYT2INs
DZD2,
DZINSG
COMMON/GULF /
PERIDI
COMMON/LIMITS/
JMAX »
KMAXMI,
KEYOUT
COMMON/PASS/
PMOMAF
COMMON/PULL /
TIME s

2 YK 2

COMMON/PULLC /A
COMMON/RIVERS/

DYINSQOs
DZINV,

CUTPT,
IMAX,

JMAXML »
KMAXNZ o

I/8 TO SEGQUENTIAL STORAGE DEVICE.

KEYOUT
SURFC(18)
ONET(7)s

SBAR,

IIMAX,
JW o
WEST(22)
CWIDTH»
KMXCML.

SCLi2+18+20)»
DHCDT(18),
FWINBX{18s17)s

DTD2,
DXT2IN,
DYINV .,
DZ»
DZT2INs

KCUT s

IMAXML,
KMAX,
NMAX

POERPTH,
PWIDTH
SYY{17)»
Y{17 }»

NRIV,

€9¢
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1 PHASE 1» PHASE?2 4

4 RMOMAF{4)» RWIDTH{4 )
3 UVAR]L » UVARZ
COMMON/RYTE/ 10,

1 LABELO

COMMON/STER/ MN

1 NBAR» NWRITE s
COMMON/TIDE/ PHSEMP 4

1 TAMPMP, TAMPPH ,

2 TAVGPH» THGTNMP
COMMON/ TUNE/ ACCEL »

|3 AVCOMP

COMMON/TURB / CDIF »

1 CVISs DIFFUS.,
COMMON/UNITS/ BETA»

1 FETCH, . GRAV s

2 OMEGA » PIs

3 - VREF » YMAX
REWIND IO

READ{ IO) ACCEL,s . ARTVSC, BETA.

1 CWIDTHs DT,  DXs DYs

2 IMAX. IPASS, JMAX , JWAGs
3 DUM, NBAR » NRIV, NMAX
4 PTCTIN, PWIDTH,s TREF, VREF »
READCIO) (EAST{I)s SQUTHI(I) s MEST
READLIOQ) (JEAST(I):'JWESfl[)- 1 =
READ(ID) ((KFLOOR{I+J)s ZB{(IsJ) s
READ{IO) [(KFLORC(I), 2ZBC(I)+ I =
READCIO)Y ({({(P{LsJsK)» I = 1s 1
READIIO) (({S{MNesTsJsK)e I = 15 I
READ(CIO) ({{U{MN+TsJsK)Ye I = 14 I
READ(IO) (((V{MNsIsJsK)s I = 1 1
READ(IO) ({{W{lsdsK) e [ = 1. 1
READ{IO) ((DHDT{Is+J)» I = 14 1
READ(ID)Y (({DUDT{T sd+K} I = 1,
READ{ID) (((DVDT{(TsJdsK)s I = 1,
READCIO) ((PC{I+K)s SC{MNE K]y U
1 K. = 1y KMXC)

READ(IO) (DHCDT(I) s {(DUCDT(I K},
1 IMAX)

READLIO) ({(FWINDX{Is+sJd)s FWINDY(I,
READ(TIO) (SY({Jd)s SYY{J)s Y(JI)» J
1 (ZiK)e K = 15 KMAXN), {ZC(K), K =
READ( IO} (JRIV(I)s RDEPTH(I}» RMQO
1 PHASELls PHASE2s UAVG. UVART, UVA
READ{ IO} PHSEMPs PHSEPHs TAMPNP.,

ENTRY REE£D2

RDEPTH{(4 )
UAVGs

LABEL L.

MO
ISTEP
PHSEPHSs
TAVGMP .,
THGTPH
ARTVSC,

CRICH,
VISC
BETAD2,
HREF »
TREF

CDEPTHs CDIF«
DZs FETCH, HREF TIMAX,
KCUT s KMAX s KMXCo DUM,
NWRITEs PDEPTH+ PERIDI. PMOMAF,
YMAX )

CUTPTs CVIS,

(I)s I = 1 IIMAX)

» IMAX) .
r = l1ls IMAX)}s J = 1, JMAX)
1, IMAX)
MAX)s J = ls JMAX)s K = 1+ KMAX)
MAX)s. J = 1y JMAX)s K = 1ls KMAX)
MAX)s J = 1s JMAX), K = 1. KMAX)
MAX)s J = 1+ JMAX)s K = 15 KMAX)
MAX)s J = 1+ JMAXYs K = 1y KMAX)
MAX)s J = 1 JMAX)
IMAX)s J = 1, JMAX]}, K = 15 KMAX)
IMAX)s J = 1y JMAX)e K = 1y KMAX)
CIMNsIsK)s WC({IaK)s I = 15 I[MAX)s

K = 1ls KMXC)ys SURFCC(CI)s I = 1,

JYs I = 1, IMAX)e 4 = 1 JMAX)

= 1o JMAX) s (X{(1I}s I = 1s IMAX]},
1, KMXC)

MAF{I)s RWIDTH(I}s I = 1s NRIV)s

R2

TAMPPH: TAVGMPs TAVGPH

79¢



non

READ(ID) {QDOTIL)s ONET{L)., GSDOT(L)s GS5NET{L)e L = 1y 7}y TIME
READ{ IO) SBAR, UBAR., VBAR
READ(IO) ((SURF{MNsIsJ)s I = 1, IMAX}s J = 1+ JIMAX)
RETURN
A ENTRY TO WRITE TO STORAGE DEVICE.
ENTRY RITE
IF{LABEL I.EQ.LABELCO) END FILE IO
GO TO 10
ENTRY RITES3
REWIND O
CONTINUE
WRITE(IO) ACCEL, ARTVSCs BETA CDEPTH, CDIF, CUTPT, CV IS,
1 CWIDTHs DT DXs DYy DZ» FETCHa HREF» IIMAX
2 IMA XS IPASS, JMA X, JWAG, KCUT» KMAX KMXC, LABEL X,
3 LABELQOs NBARS NRIV» NMAX o NWRITE, PDERPTH, PERIDIs PMOMAF,
4 PTCTINs PWIDTH, TREF, VREF , YMAX
WRITE(ID) (EAST(I), SOUTH(I)s WEST(I)y I = 1s I1IMAX)
WRITE(IO) {JEAST{I)s JUEST(I)s I = 1+ IMAX)
WRITE{(IOU) ((KFLOOR(l+J)s. ZB{(IsJd)y I = 14 IMAX)y J == 1y JMAX)
WRITE(ID) {(KFLORC(I)s ZBC(I)s» I = 15 IMAX)
WRITE{ID) {({(P(IsJsK) s I = 1 IMAX)s J = 19 JMAX)s K = 15 KMAX)
WRITE(IO) ({(S{MN+TsJsK)a.I = 15 IMAX)s J = le JMAX)y K = 1e¢ KMAX)
WRETE(IO) ({IU{MN+sT+JesK)s I = 14 IMAX)s J = 1ls JMAX}s K = 1, KMAX)
. WRITE{TIU) (({(VIMN+IsJsK)s I = 1, IMAX), J = Ls JMAX)s K = 14 KMAX)
WRITEC(IOQ) (({W(IsJsK), I = 1+ IMAX), J = 19 JMAX)s K = 1s KMAX)
WRITE{IOQ) {({(DHOT(I+J) s I = 1+ IMAX)s J = 1s- -JMAX)
WRITE(IOI({(DUDT(IvJeK) e I = 1s IMAX)}s J = 1s JMAX)y K = 1, KMAX)
WRITE(IGY(({DVDT{(I+JeK)» I = 1s IMAX)s J = 1a JMAX): K = 1, KMAX)
WRITECIO) ({PC(I +KYs SC{MNsIsK)s UC{MNsl+sK}s WC{IsK)s I = 1,
1 IMAX)s K = 1s KMXC) .
w?éIEglﬂ) (DHCDT(I)s (DUCDT(I+K)y K = 14 KMXC)s SURFC(I)}s I = 1»
1 X .
WRITE(IO)Y ({(FWINDX{(IsJ)Ys FWINDY(I4J)s T = 14 IMAX), J = s JMAX)
WRITE(IO) (SY(J)s SYY(J)s Y(Jds J = 1, JMAX), {(X{X)e T = 1ls IMAX)e
1 (Z(K)s K = 1+ KMAXYs (ZC(K)sy K = 1s KMXC) !
WRITE(IO)Y {JRIV(T)s RDEPTH{I) RMOMAF{1I). RWIDTH(I)s I = 1, NRIV),
1 'PHASEYs PHASEZ2., UAVGs ULVAR1s UVARZ
WRITE(I(O) PHSEMP, PHSEPH.,. TANPMP, TAMPPHs, TAVYGMP, TAVGPH
ENTRY RI1TE2
WRITE(IO) (QDOT(L)s QNET{L), QSDOT(L)s OSNET(L)s L = 14 7} TIME
WRITE(ID) SBARs UBAR. VBAR
WRITECIO) {((SURFI{MNsTIsJ)s I = 1, INAX)s J = 1+ JMAX)
RETURN '
END
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LOGICAL ) KEYOUT
COMMON/CHNNEL / CDEPTH
1 JWAG KMXC »

2 KMXCM2

COMMON/FORTNO/ LR,

1 LW

COMMON/GRID/ DT

1 DX, DXINV
2 DXINSQ» DY

3 DYT2IN, DYINSQo
4 DZD2, DZINV,
5 DZINSG

COMMON/L IMI TS/ IMAX,

1 JMAX, JMAXML
2 KMAXM1, KMAXNZ
3 KEYOUT

_COMMON/PULL Y/ SY(17),
17 TIME, X(18),
2., YK2s 2(8) .
COMMON/PULLCY/ Zc{20)
COMMON/UNITS/ BETA.

1 FETCH, GRAV,
2 OMEGA» PI s
3 VREF » YMAX
WRITE(LW.1000)

DX = FETCH / FLOAT(IMAX —
DXINV = 1.0 7/ DX

DXT2IN = (.5 % DXINV

DXINSG = DXINV % DXINV

X1 = — 145 % DX

DD 10 I = 1a IMAX

X2 = X1 4+ DX % FLOATI(I)
X{1I} = X2 .

XREAL = X2 % HREF
WRITE(LWs1001) I+ XZs XREAL
WRITE(LW+1002) . .
DY = 140 / FLOAT{JMAX — JWAG)
DYINV = 1.0 / DY

DYT2IN = $+5 * DYINV

DYINSQ = DYINV % DYINV

YK 1 = YMAX / TAN(YK2)

CONSQ = YK1 ¥ YK1

SUBROUTINE RUBBER
GENERATE GRID SYSTEWMa

2)

CWIDTH,
KMXCM]

LT

DTDZ,
DXT2IN,
DYINV,
DZs
DLZT2 1IN,

IMAXML,
KMAX 5

*NMAX o

5YY(17)»
Y{17)»

BETADZ,
HREF »
TREF,

99¢



20

30

40

10400
1601
1002
1403
1004
1005

DO 20 4 = 1s JMAX

CAPY = DY % FLOAT{J — J%AG)

Y1 = YK1 % TAN(YKZ2 % CAPY)

Y{J) = Y1

YREAL = Y1 * HREF

YSG = Yl ¥ ¥l

DENOM = CONSQG + YSO

SyY{(J) = YK1 / {(YK2 % DENOM)

SYY{J) = —2.0 % YKL % ¥1 / (YK2 % DENOM % DENOM)
WRITE{LW»1C03) Js Yise SY(J)» SYY(J)s YREAL
WRITE(LW»1004)

DZ = 140 / FLOAT{KMAX)

pzbz = 0«5 % DZ

DZINV = 1.0 / DZ

DZTZ2IN = 045 % DZINV

DZINSQ' = DZINV % DZINV

Z1 = 0.0

DO 30 K = 14 KMAX

z2 = Z1 +'DZ % FLOAT(K) N
Z(K) = Z2 .

ZREAL = Z2 % HREF

WRITE{LW+1001) Ks Z2s ZREAL

WRITE(LW+1005) .

21 = 1e0 =~ DZ % FLOAT(KMXC)

DO 40 K = 19 KMXC

Z2 T = Z1 + DZ & FLOAT(K)

ZE(K)Y = Z2

ZREAL = Z2 *%* HREF

WRITE(LW.1001}) K, 22, ZREAL
RETURN

FORMAT(//313XK+ 1 151BX "X 315X, XREAL(M)*,/)
FORMAT{10X+I4+11X+1PEL13+46+5X+E1346)

FORMAT{ /79 13X 0 418X+2Y 315X 4'SY?315X2*35YY 215Xy *'YREALIM) /)
FORMAT{10XaI4911XsIPEL346:3(SXsEL11.6)) .
FORMAT(//313Xs'K*a18X+%Z%,15X+* ZREALIM)? /)
FORMATC /73 13X 'K Ts17Xs"ZC*'»13Xs*ZCREALIM)*,4 /)

END
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SUBRODUTINE SETUP

RETRIEVE VALUES FROM ARRAYS AND ASSIGN THEM TO SCALARS IN

TO CALCULATE NEW VALUES OF Us Ve AND S

LOGICAL
DOUBLE PRECISION
COMMON/BARS/

UBAR »
COMMON/BNKCRD/

JE »

JWEST{(22),
COMMON/CHNNELY/

JWAG

KMXCM2
COMMON/CONC/

SJIM1,

SKP1»
COMMON/FLLO0OR Y/
COMMON/FLDORCY/
COMMON/FLOW1 /

UG 2+18+417+08)
COMMON/FLOW2/

DUDT(18,517208),
COMMON/FLOWC1/

UC{2418+20)»
COMMON/FLOWC 2/

DUCDT{18,20)
COMMON/FORCES/

FWINDY(18+17)>»
COMMDN/GRID/

DX

DXINSQs

DYT2INs

DZD2»

DZINSG
COMMON/INDEX/

Ks
COMMON/ZELIMITS/
JMAX,
KMAXM1,
KEYOUT
COMMON/L NS
COMMON/PAS S/
PMOMAF »
COMMON/PRES/
PJM1 .

ISTEPS
SURF(24183517)
PTCTINSs

vBAR

EAST(22) »
JEAST{22) s
SOUTH(22 ) »
CDEPTH,

KMXC

JMAXML
KMAXNMZ »

FUNLNI] «
IPASS,
PSALT .
PIMl,
PJP}

KEYQUT
SURFC(18)
SBAR,

IIMAX .
JW,
WEST(22)
CWIDTH.
KMXCM1,

SIPl.

5C(2,18.2
DHCDT{18).,
FWINDX{18,17),

DTD2.,
DXT2INe
DYINV,
DZ+
DZT2INs

Je

IMAXMIL,
KMAX »
NMAX»

FUNKAPR
PDEPTHe
PWIDTH
PIPLs

ORDER
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COMMON/PULL /
1 TIME»
2 YKZ2y
COMMON/PULL.C/
COMMON/RIVERS/
PHASE 1,
RMOMAF{4) s
UVARL »
COMMON/STEPR/
NBAR
CGMMDN/STRTCHI
SYJs
COMMON/TIDE Y/
TANPMP .
TAVGPH»
COMMON/UNITS/,
FETCH.
OMEGA »
VREF »
COMMON/VELCTY/
UJIMLs
UKP1,
VIMl,
VJIPI s
VNEW,
WKP1l,

SBAR
UBAR
VBAR
KDELTA
FRAC

CULLNw N o = e G-

00
«0
«0
MX

Q
0
0
KMXC
C

S

3-D

0

DO 29¢
JW

JE

P
IF{I.EQ
M1
JHM1
SYJ
SYJP1
KBOT
KBaTJp
pg 294¢

= 2

I + 1
IMAX)
I -1
JW -

BB die lig e

= JdWs

WIDTH % SY({JWAG)
ALCULATION FOR BAY PROPER.

JUWEST(I)
JEAST(I)

SY(JwM1)
SY{Jw)
KFLOOR(I «JWMI)
KELOOR( I, JW)

NWRITE,
PREFIXa
SYJP1l»
PHSEMP 4
TAMPPH »
THGTMP »
BETA
GRAV
PIs
YMAX
UIMis
UJP1l »
UNEW,
VIP1l
VKML »
VOLD

WNEW

IMAX

* DYINV

SYY

{1 )-
Y{i7)

NRIV,
RDEPTH(4),
UAVG,

MO,
ISTEP
S5YJIML,
s5y2
PHSEPH»
TAVGMP,
THGTRPH
BETAD2s
HREF »
TREF s

UIF1ls
UKM1
UQLD,
VJML,
VKP1s
WKM1,

69t



JP1
JM1
5Y2
KBOTIM
KBOTIP
KBOTJM
KBOT

K
KBOTJP
KBOTP1
SYJM1
SYJ
SYJP1
PREF I X
IF{KBAT
TOPLYR
ZB1l
ALPHA
FUNLNZ2

1
FUNLN
1 .

SOoLD
UOoLpD
vaoLD
WNEW
WKM1
SKM}
IF{J«NE
NTRFCC
WKML
SKM1
S CONTINU
SKP1
UKP1
VKP1
WKP1
IF{(KBOT
SJM1
VM1
IF( I+ NE
SJM1
vVJIMl -
GO TO 2¢
SJM1
VJiM1l =

M hde g wdgSHNH

H

e e U GUEME e H0yy0w

o

KBOT
KFLOOR(IsJP1)
KBOT + 1

5YJ

SyJe1l

SY(JP1)

SYJ ¥ DYT2IN

GT.KMAX) GO TO 290

SURF{MN,I+J4) + DZD2

Z8{(1,53)

5.0 % {Z{KBOTP1) =~
ALPHA * (1.0 -
ALPHA % (Q0.25 -
1.0 -~ DZ /7 ({(Z(KBOT) -~ ZBl1 + DZD2)

FUNKAP} )
S5{M0O»1+J:KBOT)
UMD I9J.KBOT)
V{MOs14J+KBOT)
W{Il+J.KBOT)

- WNEW

SCLD

JWAG) GO TO S

KFLOOR{ I +» JWAG)

ZB1) ~ 1.0
ALPHA * (0.5 -

ALLPHA * (0,.333333 -

Ce2 * ALPHA)I}))

+ KDELTA — 1

WC(I+NTRFCC) % FRAC

SCIMN+I «NTRFCC)

5(
{MO

{MD»
{I.J.KBOTP1)
*

PSALT

MOsI+JeKBOTP1)
1+ J+sKBOQTP1)
I+ JRBOTPY)

KBOTJUM) GO TO 10

IPASS.OR«JaNEWJW)} GC TO 20

VIMOs1aJM1,KBOT)

= S{MO,1,JMLKBGT)

VIMO,Le JM1.,KBCOT)
20 TIF{KBOT.GE.KBOTJ4P) GO TG 30

* (FUNLNI + FUNLNZ2 +
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30
40

" 50
60

70

a0
30

IF{KBOT
5IM1
UiMi

GD TO 6
S5IM1
UIMl
IF(I.EQ
IF{KBOT
SiPl
UIPl

GO TO 9
STIP1
Uiel

GO T 9
siPi
uiri
CALL 80
S{MN. T,
SBAR

DO 190
KP1
SKM1
SoLD
SKP1
UKM1
UoLD
UKP1
VM1
vOLD
VKP1
WKM1
WNEW
HKP1
IF{KeGE
S5JM1
UJMI1
VJamMi
PJMl
IF{I.NE
SJM1
VJML
PJMl

= S0LD
= =VOLD

= S{MO+1,JP1,KBOT}

= V{MO41,JP1,.,KBOT)

«GE +KBOTIM)Y GO TQ 50

= S0OLD ‘

= -UgLp

]

= S{MD.IM1,J.,KBCT)

= U{MD.IM1,.4,KB80T)

« IMAX)Y GO TD 80

«GE +KBOTIP) GO TC 70

= SOLD

= —yoLD

4]

= S{MOLIP14+J+KBCT)

= U{MOSIP1+J,KBOT)

c g
= e

= UoLD

TGRD

J+KBOT) = SNEW i
= SBAR + (SNEW * SNEW - SOLD * sSgLD)
= KBOTP1a,2 KMAXM] '
K + 1

SoLD

SKP1

S{MO+1sJ+KPY)

yaLD

UKP1

UIMOsT s JeKP1)

vaLo

VEPL

V{MOs Iy FsKP1)

WNE W

WKP1

Wil s deKP))
KBOTJM) GO TG 100-

SaLD

UGLD

-VvOLD

P{IlsJ+K)

IPASS.0OReJeNE«JW) GC TOC 110
PSALT .
VMO I IM] LK)

THGTPH + BETA % PSALT # {(THGTPH + 1.0

B sie M HNs g ol XRg

ZiK))
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110

“ 120

130

140

150

160

170

180

GO TO 1i10Q

SJuM1 2 S{MO+1sJMIsK)
uJMi1 = U{MOasI9sJdM1,K)
VJM1 = VIiMOeI e+ JdM1.K)
PIM1 = P{I+JIMl LK)
IF{K+GE .KBOTJP)} GO TGO 120
SJdpP1 = S0OLD

uJpl = UDLD

VaPl = —=VaLD

PJP1 = Pl sJeK)

G0 TO 130

SJP1 z S{MOs1le+JdP1K)
UuJeil = UIMOL I JP1K)
VJP 1 = V{MOIs JP1,K)
PJPt = PlIsJPl K}
IFIKeGE.KBOTIM) GO TO 140
SIM1 = 350LD

UiMi = =-UaLp

ViMil = vVOLD

PIM1 ., = P{IsJdeK)

GO TO 15¢

S5iM1 = S{MOsIM1lsJ.K)
UIM1 =2 PY(MOLSIML 3 UaK)
VIMI1 = VI(MOsIM) s JsK) -
PIM1 = P{IM14JsK) :
IF{I.EQ.IMAX} GO TO 170
IF{K«GE+KBOTIP) GO TO 160
S1iP1 = SOLD .
uip} = =-UOLD

VIl = VOL.D-

PIP1 = P{1sJaK)

GO TO 180

SIiP1 = S{MOIP1lsJsK)
Uirt = UIMOWIP 1 JsK)
vIirl = VIMOLIP14J+K)
PIPI = PLIPI sJ+K)

G0 TO 1840

SIP1l = 10

Uiel = YoLp

vipPl = VOLD '
PIP1 = THGTMP + BETA % (THGTMP + l.0 — Z{K)}
CALL UVSNEW

S(MNs TsdeK) = SNEM

SBAR = SBAR + (SNEW % SNEW - S0LD % S0LD)
U{MNes I+J,K) = UNEW
UBAR = UBAR + {UNEW * UNEW - UOLD * UGLD)

VIiMNes IT3J.K) = VNEW

Ug
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200

21¢

VBAR = VBAR + (VNEW % VNEW ~ VOLD # VvOLD)

CONTINUE
INTERPOLATE LOGARITHMICALLY FOR VELOCITIES AT BOTTCM GRID
POINT.

Ui = U(MO+I+J+KBOT)

uz = U{MN»I,J,KBOTP1) ¥ FUNLN

U{MN. I, J.KBOT) = U2

UBAR = UBAR + (U2 % yz - Ul % Ul)

Ut = V{MO.+1+JsKBOT)

uz = V(MN:IsJsKBOTP1) #* FUNLN =
VIMN+ I+JXBOT) = U2

YBAR = VBAR + (U2 %= U2 - Ul % Ul)

EVALUATE NEW S, Us AND V AT FREE SURFACE. VALUES QF Ss Us Vs
AND W JUST ABQOVE THE SURFACE ARE ASSUMED TO BE EQUAL TO THOSE
AT THE SURFACE.

K = KMAX

SKM1 = S0LD

SOLD = SKP1

UKM1 = U0L.D.

UoLD = UKP1

YKM1 = YOLD

VOL.O = VKPI1

WKML = WNEW

WNEW = WKP1

IF(KMAX.GE «KBOTJM) GO 70 200
S54M1 = S0LD

UJmMl = UOLD

YJaM1 = —~VOLD

PJM1 2 P(IsJdeKMAX)

[F(I NE+IPASSsOReJeNESJW)Y GO TC 210
S.JM1 = PSALT

VUMt = V{MOs1IsJIMLsKMAX)
PJM1 = THGTPH % (1.0 + BETA * PSALT)
G0 TO 2190

SJIM1 = S(MO«IsJMIJKMAX)
UamMi = U{MOsI,sJUM1L.KMAX)
VJIM1 = V{MOsIs UJMLsKMAX)
PUMi = P{]+JdM1 s KMAX)
IF{KMAX . GE.KBOQTJP) GO TO 220
SJP1 = S0LD -

uJel = UagLp

vJpP1 = —=VOLD .

PJRP} = PUIsJsKMAX)

€LE
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220

230

240

250

260

270

280

290

GO TO 230

SJyril = S{MDsIsJP1.KMAX)

uJer1 = UMD I»JP1 ,KMAX)

vJP1 = V{MO=1+JPI .KMAX)

PJP1 = P{I+JP1sKMAX)
IF(KMAX .GE «.KBGQTIM) GO TO 240
SIM1 = S0LD

UimMi = =yoLo

viMil = VOLD

PIM1 = P(IsJsKMAX)

GO TD 25¢

SIM1 = S(MDOsIM1,J.KMAX)

UIM1 = UIMO2IML 5 s KMAX)

VimMmi = VI{MOIM1,,JaKMAX)

pPIMl = PLIML+JIsKMAX)
IF{1.EQ.IMAX) GO TOC 270
IF{KMAX.GE .KBOTIP) GO TO 2860
SiPtl = S0LD

VIPi1 = —UgLD

viP}Y- = VOLD

PIP1 = P{IlsJesKMAX)

GO TO 2840

S5IP1 = S{MOIP1 s JsKMAX)
Uiri1 = U(MOLIPL,sJsKMAX)

VIP1 = VI(MO+IP1l,JsKMAX)

PIiP1 = P{IPlsJryKMAX)

GO TO 28¢

SIP1 = 1,0

uirli = UOLD

viPil = VOLD

PiP1Y = THGTMP % (1.0 4+ BETA}
CALL SURFAC

SIMN»T» 2+KMAX) = SNEW

SBAR = SBAR + (SNEW ¥ SNEW -~
U{MNs [+ JsKMAX) = UNEW

UBAR . = UBAR 4+ {(UNEw * UNEW ~
VEMNs Is JoKMAX) = VNEW

VBAR = VBAR + {VNEW * VNEW ~
CONTINUE

SOLD % SCLD}
UoLD % UGLD)
VOLD % VOLD)

2~D CALCULATION FOR SHIP CHANNEL,

KEOT = KFLORC(1
KBOTIP = KFLORC(Z2
DO 460 I = 2, IMA
IP1 =1 + 1

IF(I.EQ.IMAX) IP1

= IMAX

742



iMmil = I — 1
KBOTIM = KBOT
KaoT = KBOTIP
K = KBOT
KBOTIP = KFLORC(IP1)
KBOTP1 = KBOY + 1
NTRFCE = KFLQOR(I+JWAG)
NTRFCC = NTRFCE + KDELTA -~ 1
TOPLYR = SURFC{I) + DZD2
ZB1 = ZBC{I)
ALPHA = 5.0 % (Z2C{(KBOTP1) ~ ZB1) - 1l.C
FUNLNZ = ALPHA * (1.0 — ALPHA * (0«5 — ALPHA % (0.333333 -
i ALPHA # (0625 — 02 * ALPHA))))
FUNLN = 140 - DZ /7 {({ZC{KBOT) -~ ZBl1 + DZDZ2) % (FUNLNL + FUNLNZ +
i FUNKAP) )
SOLD = SC(MO.I1.KBOT)
L UoLD = UCIMD, ]I +KBOT)
WNEW = WC(I+KBCT)
SKM1 = S0LD
SKP1I = SC(MO.I+KBOTPL)
UxkP1 = UC(MO,I,,KBOTPL)
wKP1 = WC(I.KBCTP1)
IF(KBOT+GE «KBOTINM)} GO TO 30¢
SIM1 = SOLD
UIiMi = —=UgLD
GQ To 31¢C :
300 SIML = SC{MO,IMi,KBOT)

Uimi = UC(IMOLIM1KBOT)
310 IF(I1.EQ.IMAX) GO TO 330
IF(KBOT.GEKBOTIP) GO TC 320
SIP1 = S50LD
VIFP1 = =JoLD

320 sSIP1 = SC{MO,IP1,KBOT)
uir1 = UC(MO.IP1,.KBOT}
GO TO 340

330 siIel = 1a0
UIP1 = UoLnD

340 CALL BTGRDC
SCI(MN,I.KBOT) = SNEW

S8'AR = SHAR + (SNEW * SNEW - SOLD #% 5S0LD)
DO 40C K = KBOTP1las NTRFCC

KP1 =K + 1

SKM1 = S0LD

SBLD = SKP1

SKP1 = SC{MD.,I,XP1)

UKM1 = UaLb

LFAN



350

360

370

JE0

350

400

450
{4 EG

ugLD = UKP1

UKP1 = UC{MD.IKP1)
WKM1 = WNEW

WNEW = WKP1

WKP 1 = WC{I+KP1)
IF(K.GE.KBOTIM) GO TO 350
SIMI1 = SOaLD

UMt = =-UOLp

PIML = PC{Is+K)

GO TO 3649

SIimMi = SC{MG,1IM1,K)
UMt = UC{MO+TIMLl oK)
PIM1 = PClIMLlsK)
TF(I.EQ. IMAX) GO TO 380
IF(K.GE.KBOTIP)Y GO TQ 370
SIP1 = SOL.D

UIP1 = —=yOLD

PIiP1 = PC{IsK)

GO TO 3990

SiP1} = SCIMOL1PI oK)
yiryr - = UCIMO.1IP1 K}
PIP1 = PC{IP1sK)

GO TO- -390

SIPL, = lefl

Il = UOLD '
PIP1 = THGTMP 4+ HETA % (THGTMP + 1.0 - ZC(K))
CALL USNEW ;

SC(MNsTsK) = SNEW

SBAR = SBAR + (SNEW % SNEW — SOLD % SCLD)
UC(MN,T+K) = UNEW

UBAR = UBAR + (UNEW % UNEW ~ UOLD * UCLD)
CONTINUE

Ut = UC{MQ.IKBOT)

uz = UCI{MNsI+KBOTP1)} % FUNLNM

UC{MN,TsKBOT) = U2

UBAR = UBAR ¥ {(Uz % U2 - Ul % UL}
DO 45¢ K = NTRFCEs KMAX

KC = K + KDELTA

UC{MNsIKC) = U{MNLI + JWAG,K)
SC{MN2IsKC) = SIMN,LI»JWAGsK)
CONTINUE

RETURN

END .

9LE


http:SC(MN.I.KC

nnnnn

SUBROUTINE UVSNEW

EVALUATE HORIZONTAL MONENTUM AND SALT WATER TRANSPORT EQUATIONS
USING ROACHE®*S SECOND WINDWARD DIFFERENCES FOR THE CONVECTIV

TERMS.

LOGICAL
DOUBLE PRECISIGN
COMMON/BNKCRD /
1 JE»
2 JWEST(22)
COMMON/CHNNEL /
i JWAG,
2 KMXCM2
COMMON/CONC /
1 SAML .
4 SKP1 s
COMMON/FLLOW2/
X DUDT(18+s17+08),
- COMMONZFLOWC2/
) 1 DUCDT{(18:20)
COMMDN/FORCES/
1 FRINDY(18,17)«
COMMON/AGRID/
1 DX
2 DXINSQy
3 DYT2INs
4 DZD2,
5 DZINSQ
COMMDN/ INDEX/
1 Ke
COMMON/PASS/
1 PMOMAF
COMMON/PRES, -
PJIM1,
COMMON/RIVERSY/
1 PHASE 1
2 RMOMAF{ 4 ) »
3 UVAR L s
COMMON/STERPY,
1 NBAR S
COMMDN/STRTCH/
1 SY Je
COMMAON/ TUNE Y/
3 AV.COMP
COMMDN/TURBY
1 CVISa,

i

SURF »
DVDF{18+17:08)
SURFCa

Fs
TOFLYR
DTs
DXINV,
DYs
DYINSQs
DZINVY

Is

2%

IPASS,
PSALT,
PINML 4
PJP1
JRIV{4G4) .
PHASEZ »
RWIDTHI(4) »
UVARZ
MN »

NWRI TE,
PREFIXo
SY-JP1 »
ACCEL s

COIF » .
DIFFUS,
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COMMON/UNI TS/ BETAS
i FETCH» GRAV s
2 OMEGA » Pl,

3 VREF » YMAX

COMMON/VELCTY/ UI ML,
1 UJM1 5 UJPl
2 UKP 1 » UNEW.,
3 VIML, VIFLl
4 VJIP1l . VML »
5 VNEWs vaLD,
6 WKP1l, WNEW

3-0 EQUATIONS FUOR BAY.

RHOINY = 1.0 ~ BETA % SQOLD
WINDX = 0a0

WINDY = 0.0
GO 70 1¢&

SPECIAL ENTRY FOR SURFACE

ENTRY SURFAC

RHOINV = l.0 — BETA *% SOLD
camp = RHOINV / TOPLYR
WINDX = FWINDX(I.J) ¥ COMP
WINDY = FWINDY{I.,J) #% COMP
CONTINUE

UF = UIP1 + UOLD

uB = UOLD + UlMl
IF(UF.GT«0+0) GO TC 29
COMPULl = UF % UIP1L

COMPVLI = UF * VIP1

COMPS1 = UF % SIP1

GO YO 30

COMPULl = UF % UCLD

COMpVv 1l = UF * VvOLD

COMPS1 = UF #* S0OLD
IF(UB.GT«0.0) GO TQ 40
COMPULl = COMPULl - UB * UOLD
COMPV1 = COMPVI ~ ULB % VOLD
COMPSI = COMPS1T - UB % SOLD
GO TO 90

IF{(I.NE.2) GO TO 70
NRIV

DO S50 NN

= 1

IF{JRIVINN)«EQsJ)} GO TC 60

CONTINUE
GO TO 70

BETADZ2s
HREF »
TREF»

UIP1y,
UKML,
UgLD,
VJIML
VKR,
WKML,

CALCULATIONS.
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60

70
80

30

160

110

120

130
140
150

1€0

170

-180

190

COMPU1 = COMPUL - UB % UIM1 % RMOMAF (NN)
G0 TO 80

COMPU1 = COMPU1 -~ UB * UIM]
COMPV1 = COMPV1 = UB % VIMI
COMPS1 = COMPS1 — UB % SIMI1
COMPUZ = RHOINV # (PIP1 ~ PIMI)
COMPV2 = RHOINV % (PJUP1 - PJUNM1)
VF = VJP1 + VOLD

VB = VOLD + VJMI1
TF{VF+GT«0.0) GO TO 100

COMPU3 = VF % UJPI

COMPV3 = VF # vuPl

COMPS3 = VF * SJP1

GO TO 110

COMPU3 = VF * UOLD

COMPV3 = VF % vOLD

COMPS3 = VF % SOLD
IF(VBeGTe0.0) GO TO 120

COMPU3 =-COMPU3 - VB % UOLD
COMPY3 = COMPV3 — VB % VaLD
COMPS3. = COMPS3 — VB % SOLD

GD TO 150 :
COMPU3 = COMPU3 - VB * UJMI1
IF(1.NE.IPASS.0ReJ+NEsJW) GC TO 130
COMPV3 = COMPV3 — VB * VJML % PMOMAF
GO TO 140

COMPV3 = COMPV3 - VB * VJMI
COMPS3 = COMPS3 — VB # SJM1

WF = WKP1 + WNEW

wB = WNEW + WKM1
IF(WF.GT<0:0) GO TO 16C

COMPU4 = WF #® UKP1

COMPV4 = WF % VKP1

COMPS4 = WF % SKP1

GO TO 170
_COMPU4 = WF % UOLD

COMPV4 = WF % VOLD

COMPS4 = WF % SQOLD

IF(WB «GT-0.0) GO TO 180

COMPU4 = COMPU4 — WB # LOLD
COMPV4 = COMPV4 — WB % VOLD
COMPS4 = COMPS4 - WB * SOLD

GO TO 1490

COMPU4 = COMPU4 — W8 * UKMI
'COMPV4 = COMPV4 — WB % VKMI
COMPS4 = COMPS4 — WB & SKMi
CONTENUE -
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NOW SOLVING THE X~MOMENTUM EQUATION.
CALL VISCUS

DU/DLT = —{D(UXU) /DX + D{U%V) /DY + D(U*W)I/DZ + [1.0/R+Q)*¥DP/DX)
+ COEFVZ%{DSQU/DZSQ) + F%VOLD + FWINDX/{RHOC*DEPTH)
DUODT = — DXTZ2IN % (COMPUL + COMPUZ) -~ PREFIX * COMPU3 -
DZT2IN % COMPU4 + VISC + F % VOLD + WINDX
UNEW = YotL.D + (DuUODT + DUDT(I.JsK}) % DTD2

IF(ISTER)Y DUDT{I+J+K) = DUODT
NOW SOLVING THE Y-MOMENTUM EQUATION.
CALL "VVISC

DV/DT = —(D{U%V) /DX + D(VEVI/DY + DIVHW}/DZ + (1.0/7RHO)*DP/DY)
+ COEFVZ%{DSQU/sDZSG)Y ~ F*UCLD + FWINDY/(RHO%DEPTH)

DVODT = — DXT2IN % COMPVY - PREFIX % (COMPV2 + COMPY3)} -
1

200
1

DZT2IN * COMPV4 + VISC — F * UOLD + WINODY
VNEW = VvOLD + (DVQDT + DVDTI(I,J,K}) * DTD2
IF(ISTER) DVDT{(I+JsK} = DVODT

NOW SOLVING THE SALT CONSERVATION EQUATION.
CALL DIFUSE
DS/DT = —{D{U%XS} /DX + D(V%S)/DY + D(W*S)/DZ)

+ COEFDX*(DSAS/DXSGCY + COEFDY*{DSQS/DYSQ)
+ COEFDZ*{(DSQS/DZSQ)

DSODT = -~ DXTZIN % COMPS1 — PREFIX # COMPS3 - DIZTZ2IN * COMPS4
"+ DIFFUS

SNEW = SOLD + DSODT % DT % ACCEL

IF(SNEW.LT«Cu0) SNEW = 0.0

IF{SNEWGT+1e0) SNEW = 1.0

RETURN
SPECIAL ENTRY FOR SALINITY CALCULATION AT BOTTDOM GRID PDINT.

ENTRY BOTGRD

UF = UIPl + UOLD

uB = UgLD + ulm:
iF{UF+GT«0.0) GO TQ 210
COMPS1 = UF % S5IP}2

08k
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GO TO 22¢0

210 COMPS1 = UF * 5S0LD

220 IF{UB.GT.0.0) GO TO 230
COMPS1 = COMPS1 ~ UB * SO0OLD

GO TO 24¢C
230 COMPS1 = COMPS1 - UB * SIML
240 VF = VJP1i + VOLD

vE = VOLD + vJMi

IF{VF +GT«0e0) GO TO 250
COMPS3 = VF % SuPl
60 TO 260

250 COMPS3 = VF % S0OLD

260 IF{VB.GT«.040) GO TO 270
COMPS3 = COMPS53 ~— VB #* SOLD

GO TO 2840
270 COMPS53 = COMPS53 - vB % SJM1
280 WF = WKP1 + UWNEW

wB = WNEW + WKMI]

IFI(WF GT.0.0) GO TO 290
COMPS4 = WF * SKP1
GO TO 3040 )
290 COMPS4 = WF * SOLD
300 IF(WB.GT.0.0) GO TO 302
COMPS4 = COMPS4 - wWB % SOLD
GO TO 304 .
32 COMPS4 = COMPS4 — WHB % SKMi
304 CONTINUE

SKM1 & 50LD
CALL. BTDIF
GO TO 200

2-D EQUATIONS FOR SHIP CHANNEL.

ENTRY USNEW -
RHOINV = 1.0 — BETA * SOLD
WINDX = 0.0

GO TO- 31T

ENTRY SRFACC
RHOINV = 140 - BETA % SOLD

WINDX = FWINDX(I.JWAG) % RHOINV / TOPLYR
310 CONTINUE -

uF = UIP1 + UOLD

us = UoLD + ulIMi

IF(UF +GT.0.0) GO TO 320
COMPULl = UF % UIP1
COMPS1 = UF % S5IPT

T8E -
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GO TO 330

320 COMPU1 = UF ¥ UOLD
COMPS1 = UF * S0LD

330 IF{UB.GT.0.0) GO TD 340
COMPUT = COMPU1 - uB »* UQLD
COMPS] = CDOMPS1 - UB % SOLD
GO YO 3s%¢C

340 COMPUL = COMPULl -~ UB * UIN]
COMPS1 = COMPS1 - UB % SIMI

" 350 COMPUZ2 = RHDINV % (PIPI - PIM1)

WF = WKP1I + WNEW
WB = WNEW + WKM1
IF{(WF.GT«0.0C) GO TO 364
COMPU4 = WF * UKPI1
COMPS4 = WF % SKP1
GO TO 370
36C COMPU4 = WF % UOLD
COMPS4 = WF ¥ SOLD
370 IF(WB.GTW0.0) GO TO 380
CoMPU4 = COMPU4 - wWB % UOLD
COMPS4 = COMPS4 — WB % S50LD
GO TO 390
380 COMPU4 = COMPU4 — WB # UKNMI
COMPS4 = COMPS4 ~ WB % SKMI
390 CONTINUE

CALL VISCSC

DUODT = -~ DXT2IN * (COMPUL + CGMPUZ) -~ DZTZ2IN % COMPU4
1 + VISC + WINDX ) .
UNEW = UYoLD + {(DUODT + DUCDT(I.K)) * DTD2

IF{ISTER) DUCDT{I.K) = DUGDT

CALL DIFUSC
400 DSODT = — DXT2IN % COMPSL - DZTZ2IN # COMPS4 + DIFFUS
SNEW = S0LD + DSODT #* DT * ACCEL
IF{SNEWLTa0.0) SNEW = 00
IF(SNEW.GTela0) SNEW = 1.0

RETURN
ENTRY BTGRDC

UF = UIP1 + UOLD
uB = UOLD + UIM1

IF(UF «GT«0.0) GSB. TO 410
- . COMPS5]1 = UF * SIPL

GO TO 420
410 COMPSE = UF * S0LD
420 IF{UBGT+0.0) GO TO 430

‘¢8E



ALTIVOD 90043 HO
SI @HVd TVYNIDING

430
440

450
460

COMPS1 = COMPS1 - UB * SOLD
GO TO 440

COMPS1 = COMPS1 ~ UB % SIMIL
WF = WKP1 + WNEW

IF(WF «GT0.0) GO TO 450
COMPS4 = WF % SKP1

GO TO 460 .

COMPS4 = WF % 'SOLD
CONTINUE

CALL BTDIFC

GO YO 400

END
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SUBROUTINE VISCUS
CALCULATE TURBULENT SHEAR STRESS AND DIFFUSION TERMS.

CNEWNE = o= PN fom

COMMON/CONC/ SIML, SIPl.
SJIM1 s SJP1 ., SKM1,
SKP1s SNEW» SO1L.D

COMMON/GRIDY/ DT DTDZ2»
DX, DXINV, ODXTZ2INs
DXINGQ, DYs DYINV,
DYTZINs DYINSQG» DZs
DZD2 s DZINY, DZT2INs
DZ INSQ

COMMON/STRTCH/ PREFIX» SYJML .
SYJs SYJP1, S5y2

COMMON/TURB ./ - CDIF » CRICH,
CVIS, . DIFFUS, VISC

COMMONAZVELCTY/ UL MY » UiPl,.
UJIM1ly UJPI » UKM1i s
UKP1y UNEW . UOLDs
vime, VIP1 » V.IM1,
VJIP] . VKM] » VKPRl
VNEWS VOLD » WKML1 .
WKP1, WNEW
3-D EQUATIONS FUOR BAYa

CvIs)l = CVIS

UDEL = UKPL — UKM1

VDEL = VKP1 - VKM]1

pa = SQRTIUDEL * UDEL + VDEL #* VDEL)

RICH = CRICH * {SKPl1 - SKMl1l) / {DQ * DQ + 1.02E—6)

IF(RICH«LT 040} RICH = Q.0

DAMPY % 1le0 / SQART{1-0 + 10,0 % RICH)

ZComp = CVLS1 % (UKPEF - UllD — UOLD + UKM1 )Y % DZINSG

GO TO 2¢ ’

ENTRY VVISC

ZCOomMp = CVIS1I % {(VKP1 -~ VOLD - vOLD + VKM1) % DZINSQ

V-ISC = DAMPYV * ZCOMP

RETURN

ENTRY BTDIF

CDIF1 = CDIF

DAMPD = 10

G TGO 3¢

ENTRY DIFUSE
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DAMPD = 1.0 / {1e0 + 34333 % RICH)#%1.5
TWOS = SOLD + SOLD
YCOMP1 = SY2 * DYT2IN % (SJPl ~ SJM1) " ,
YCOMP2 = 440 % PREFIX % PREFIX % (SJP1 - TWOS + SJML)
XCOMP = (SIP1 - TWOS + SIM1) % DXINSQ
ZCOMP = CDIF1 * (SKP1 - TWOS + SKMI1) #* DZINSQ
DIFFUS = CDIF1 % (XCOMP + YCOMPL + YCOMP2) + DAMPD % ZCOMP
RETURN '
2-D EQUATIONS FOR SHIP CHANNEL .
ENTRY VISCSC
DQ ABSC(UKP1 = UKM1)
CVISl = 2.0 % CVIS
GO TO
ENTRY BTDIFC
CDIF1 2.0 % CDIF
DAMPD 1.0
6o TO
ENTRY DIFUSC .
DAMPD = 1eC 7 {140 + 34333 % RICH)%%1.5
TWOS = SOLD + SOLD :
YCOMP1 = 0.0
YCOMP2 = 0.0
GO TO 40
END

68t
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SUBROULTINE VOLDIL

CALCULATE NEW VERTICAL VELCCITIES AND
USING THE VOLUME DILATATION EQUATIONS.

LOGICAL
DOUHLE PRECI]
DOUBLE PRECI
SURFIP,
SURF 1.
COMMON/ZRNKCRD
JE
JWEST{221},
COMMON/CHNNEL Y
JWAG
KMXCMZ
COMMON/FLOOR Y/
COMMON/FLOOQRC Y/
COMMON/FLOWL /

S1
51

Ul2+s181175G8) s

CQMMON/FLDWE/
’ DUDLT( L8,
COMMON/FLLOW
UC(24+418»
CQMMUN/FLDW
pDUCDT (LS

Lw

CUOMMON/GRID/
DX
DXINGQs
DYT2IN
DZ02,
DZINSQ

COMMON/GULF /
PERIDI

COMMON/INDEX Y/
K

»
COMMON/LIMITS/
JMAX
KMAXM1,
KEYCOUT
TCOMMONZPASS/
PMOMAF,
COMMON/PULL /
TIME »
YK Zs»

ISTEFP,

SURF (2218417 )
SURF AV,

SURF JM»

SURF 2

DYINSG,
DIINV.

CUTRPT.

R+ 7o
TZTZT e

L PR
~ BT XXX
-t TR
Ny
. -

N ¥ T
A.&-{m‘ﬂ
W W W

-

SURFACE HEIGHY LOCATIONS

KEYQUT
SURFC(18)
SURFIM,
SURF JP
TWGSRF
IIMAX,
JW,
WEST(22)
CWIDTH,
KMXCM]

7)

7
by
l
SC{24+1842

OHCDT(18),

CEUNNN

Z8{
(=1
{2
(1
HD

—— -
=t DL e
ONE e
. .

—la:‘ —

LT

OTo2y
CXTZ2 Ny
BY INVs
DZs
PDZT2INs

KCUT
Je

IMAY MY,
KMAX
MMAY

POREPTH,
PWIDTH
SYY(1?),
Y(17)»

98¢
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COMMON/P ULLC / 2C(20)
COMMON/R IVERS/ JRIV(4Y, NRIV
1 PHASE I » PHASEZ » ROEPTH{4 ),
2 RMOMAEC(4) » RWIDTH{4) UAVG,
o0 3 UVARL . UVAR2
& & COMMDN/STER/ MN y MO
Y t NB AR, NWRITE o ISTEP
85 COMMON/TIDE/ PHSEMP » PHSEPH,
5 1 TAMPMP 4 TANFRH, TAVGMP,
@: 2 TAVGPH» THGTMP, THGTPH
o COMMON/ T UNE / ACCEL s ARTVSC,
c:,'gg <1 AVCOMP  °
& KDELTA = KMXC — KMAX
& . TEST = ~1+5 % DZ
- FRAC = CWIDTH % SY(JWAG) % DYINV
k c .
g 2-D EQUATIONS FOR SHIP CHANNEL.
KEOT = KFLORC(1)
KBOTIP = KBOT
DO 430 I = 1. IMAX
iM1 =1 -1
[IF(1.EQel) IMP = 1
Pl = 1 + 1
IF(I.EQ.IMAX) IP1 = INAX
KBOTIM = K807
KBOT = KBGTIP
KBOTI® = KFLORC(IP1)
KEOTP1 = XKBOT + 1
NIRFCE = KFLODR(I s JWAG)
NTRFCC = NTRFCE + KDELTA -~ 1
IF(KBOT-GE -KBOTIM) GO TO 300 -
UiMl = = UC(MNs+I KBGT)
GO TO 31¢
30C UIM1 = UC(MN+IM1,KBQT)
310 IF(KBOT.GE KBOTIP)Y GO TC 320
UIP1 = o~ UC(MN, I KBOT)
30 TO 330
320 UIPi = UC{MN,IP1,.K80T)
330 CONTINUE
WNE W = (Je25 % (UIM1 =~ UIPI) # NDXINV # (ZCU(KHIT) - ZBC(1))
WC{I+KBOT) = WNEW
DO 38C K = KBOTRI, NTRFCC
KM1 = K - 1
UIMKM1 = UIM1
[F(KeGE.KBQTIM) GO TO 340
UIMi = = UC{MN,I K]}

LBE
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340
35C

360
370

380
430

GO TO 35¢0
UMy = UC(MNS,IML »K)

UIPKM] = UIP1

IF(K.GE.KBQTIP) GC TO 369
Uirl = = UC(MNI K}

GO 0 370

UIPr1 = UC{MN,IP! 4K)
CONTINUC

UIN UMt + UIMKMI
UouT UIlirt + LIPKMI
WNE W WNEW + 0429 % (UIN -~ UDQUT)
WC(IK) = WNEW ’
CONTINULC

CONTINUE

[T

3-D CQUATIONS FOR BAY.

DO 280 I = 1. IMAX

IMi =1 - 1
IF(1.EQs1) IMlI = 1

IPi1 = I + 1
IF(I.EQ.TMAX) IP]l = IMAX
JWw = JWESTI(I)

JE = JEAST(I)

SURF 1 = SURF(MQ+L . JW)
SURFJP = SURF1

KBOT = KMAX + 1
KBOTJP = KFLOORI{I»JW)
Y1 = ¥Y{Jw—-1)

YJP1 = Y(JW)

DELY2 = YJP1l - YL

DO 280 J = JW. JE

JP1 = J + 1

JM1 = J -1

YJM1 = Y1

Y1 = YJP1

YJP1 = Y{JP1)

DELY = CeD % (YJP1 - YJUML}
DELYIN = 1.0 / DELY
DELY!] = DELYZ

DELYZ2 = YJP1l - Y1
KEGTJM = KHOT

KBOT = KBOTJP

KBOTJP = KFLOOQR(I,.JP1)
SURFJM = SURF1

SURF 1 = SURFJP

SURFJP = SURF(MO,I+JP1}

* DXINV % DZ

88¢



IF{(KBOTJIP«GT.KMAX) SURFJP = SURF1
IF{KEDT.GT«KMAX) GO TO 280
SURFIM = SURF{MQO,IM] +J)
IF(T«EQ.IMAX)Y GO TO 10
SURFIP = SURF{NMDIP1,J)
GO TO 2¢
10 SURFIP = THGTMP
20 KBOTIM = KFLOOR(IM1.J)
KBOTIP = KFLOOR({(IFP1.,.J)
= KBOT + |}
IF{KBOTIMJGTKMAX} SURFIM = SURF1
IF{IKBOTIP«GT.KMAX} SURFIP = SURF1
IF(KBOT.GE « KBOTIM) GQ TC 30
UIlMt = - U{MN:IsJsKBET)
GO TO 4¢
3¢ UIM1L = U{MNIML s JaKECT)
40 IFIKBOT.GE.KBOTIP) GO TC 50
: uipt ., = - UIMNyI+JeKBOT)
GO TO 6t
S0 VIP1 = U(MNL.IP1,J.KBOT)
60 IF{KROT.GEKBOTJMY GO TC 70
. VJIM1 = = V{MN2I 2+ JsKBGT) .
[IF(I«EQeIPASSeANDs JaEQaJdW) VUML = V(MO+sI2J¥M1KBQOT)
GO TO BoO ’
70 VJM1 = V{MN.I,JM1.KBQT)
AU IF(KBOT.GE .KBQTJP) GO TC 990
VJP] = — VIMN+TI+JsKBCT)
. GO TO 1C¢0
30 VJP1 = V{MNsI,JP1sKBCT)
160 CONTINUE .
WNEW = Ge25 % ((UIMLI — UIRPL) % DXINV + (VJUM] - VJP1) % DELYIN) *
1 (Z(KBOT} =~ ZB{l+J))
W{I,JsKHAT) = WNEW
DO 190 K = KBOTP1. KMAX
KM1 = K.=- 1
UIMKM1 = UIML
IF{(KGE <KBOTIEMY GO TQ 110

UrmMi = =~ U{MN»I +JaK)
&0 TO 120
11¢ UIM1 = U(MN,IM1,J+K)
120 UIPKM} = UiPrt
IF(KeGELKBQOTIP) GO TO 130
UIP1 = o~ U{MNJI+JIaK)
GO TQ 140 -
130 uiIrPl1 = UMMNLIP L,y JoK)

140 VJIMKML = vJMil
IF{KeGELKBOTJM) GO TO 150
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VJaMml = = VI(MNsIsJaK)
IF{I+EQuaIPASSeAND e JeEQe JW)Y VUINL = VIMOWI»JdM1,.K}
G0 TG 1¢C

VJM1L = VIMNsT » ML ,K)

VJPKM1I = vJP1

IF(KGE.KBOTJP) GO TO 1790

vJip1 = = V{MNJ+IsJ+K)

GO TO 140

vJaPi = V(MNOI'Jpl!K)

CONTINUE

UInN = UIMl + LINMKM]

uouT = UIP1 + UIPRPKM1

VEIN = VJMI + VJINKMI

vourT = VJIP1 + VJURKMIL

WNEW = WNEW 4+ 0«25 * ({(UIN = UCUT) % CXINV +

(VIN = VvOUT) * DELYIN) % DZ

1
13C W{Iad,K) = WNEW

280
216

230

WET2JWAGIK) = W{I+JWAG.K) + WBAY
CONTINUE
CALCULATE FREE SURFACE LOCATION.
UMID = U(MNeI»JosKMAX) 4+ U(MMKsILsJsKMAXNL)
vMID = V{MNsT s JeKMAX) + VI NMNsT o JsKMAKXML)
UIN = (UIN + ULMID) #* (0.5 % {(SURFIM + SURFL)}
VoLT = (UDUT + UMID) * (0.5 % (SURFIP + SURF1)Y + DZ)
VIN = (VIN + VMID) #% (0.5 & (SURFJM + SURFI1)
vouT = (VOGUT + VNID) % (Q0e5 % (SURFJP + SURF1)} + [CZ)
TWOSRF = SURF1 + SURF1
COMPH1 = (SURFIP — TWOSRF + SURFIM) % DXINSQ
PREFI®X = SyY{(J) % DYINV
COMPH2 = {SURFJP — TwGSRF + SURFJM) # PREFIX % PREFIX +
t (SURFUP -~ SURFJM) * DYT2IN % SYY{J)}
OHODT = W(IsJKMAXMI) + 0,25 % ((UIN - UGUT)Y % CXINV +
1 {VIN - VOUT) % DELYIN) + ARTVSC % (CCMPHL + COMPH2)
SURFZ = SURF1 + (DHODT + DHDT(IL.J))} % Droz
DHOT{Is+J) = DHODT
IF(SURFZ.LT.TEST) GO TG 290
SURF(MN,1,J) = SURF2
GO YO 47C

IF(J«NELJWAG) GO TQ 21C
WCHM = WCC(I+NTRFCC)
WBAY = FRAC % WwCHN
DO 20¢ K = KBOT, KNMAX

WRITE(LW.100GC) Ns I, J
KEYOQUT = o TRUE. )
RETURM
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470
330

280
440

450
10C0

I
1601 FORMAT{5X, *SURFACE TOCQ ROUGH AT N

1

CONTINUE

IF{J.NE.JWAG) GO TC 230

DO 390 kK = KBOTs. KMAX

WC(IsK+KDELTA) = WCHN + W{I +JWAG,K)

SURF2 = SURF(MN.I+JWAG) + WCHN #* DT

IF{SURF2.LT.TEST) GO TG 449

SURFC({I) = SURF2

CONTINUE

GO 70O 45C

WRITE{LWs1Q01) Ns I

KEYOUT = «TRUE.,

RETURN

FORMAT(SX. *SURFACE TOO RQOUGH AY N
3)

END

' LI5,5X,1

'OIS‘SXC'

I
1

H

15 13e5Xs?
*,I13)

J

1l
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BL.OCK DATA

VARIUUS CONSTANTS ARE DEFINED.

LOGICAL

COMMON/FORTNOY/
Lw

COMMON/ INDEX/

Kas
COMMON/STER S/
NBAR »
COMMON/UNITS Y/
FETCH»
OMEGA »
VREF »

ISTEP
LRs

Ia

N

MN
NWRITE s
BETAS
GRAV .
PIs
YMAX

LTa»
Ja

MG,
ISTEP
HETADZ s |,
HREF ,
TREF,

Lws, LRy LT ARE THE LOGICAL I/C UNIT NUMBERS FOR WRITING ON L INE

PRINTER» READING FROM CARD READERs

DATA LWL.LRLT/64+5,3/
CDATA MN+MOJN/Z2s1,0/

DATA GRAV.OMEGAWPI/9:790+7429E~5+3414159/

END

USING TAPEs RESPECTIVELY.
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DATA

0 0 _ 2
18 17 8 £0 6000 3175
Coe 60 50.5860 Se 25 . 307 3Q.
2643130
Ce 1.7127 39.% 35.9 33.2 33.2
D«40015 C.C018 10.0 Oets
7 20
123 122.0
0.0 0.0 Q0«0 Ce0 0.0 Q.0
1.0 2400, 1«0
4
7e Fe 235.6
8. e 3166
11l. G 335.8
12« Ba 3i2.4
Le39G6 3.8256 0.4971 —Ja4 378 ~C e UT7I6
iSe. 15 Ga? 3000.
22
0.0 ~Ca10 600
1.3 -1.35 5«90
2«6 =1+45 5.85
3.9 —-1440 £¢20
D2 —~1.65 6.00
E45 ~250 6..35
T 78 ~3.00 6440
el -3.15 S¢930C
10+4 —-4.,20 540
11.7 ~4% a35 425
13.0 4440 5-00
143 ~44830 520
1546 ~4460 S+40 -
16.9 —-4.55 6450
1802 ~4 445 8-25
195 ~4485 G.80
20«8 ~5.40 10.90
221 -5.35 13.10
234 —5.00 14.00
2447 ~4440 14.20
2.0 -3.80 11,290
27«3 —-3.20 0450
«SCINGQLED . 7724584E~4~41369818E~3-e294039YC -7 o, 3376983E~7 H45TO60E~T
el 7ICTBE-11-¢223053E~11 -460191E-1L1-4164306(5-10
—s1459126E 1 g.£0 0.EQ O« ED
1 C 4
ia - 17 8 60 3000 375
C. 60, 50532560 Sa 25 e 30.7 30.
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APPENDIX C

VARIAN PLOT PROGRAM

The Varian plot program generates plots of velocity vectors,
salinity numbers and water level contours in cross-sections correspond-
ing to the grid planes in the Mobile Bay model program. The plot
program has been written specifically for the output of the Mobile Bay
program. In addition, it requires the Varian plot package currently
available on Louisiana State University Computer Research Center's
I3M 360.

The Varian plot program determines what cross—sections to ﬁlot at
a glven time level for which data are stored on fape on the basis of
the values of control variables read from punched card input. These
variables are defined with comment statements preceding the EFAD state-—
ments in which they appear, and are listed in Table C.1 along with
their input format for easy reference. These READ statements are
located in the MAIN program. The model data are read from tape by a
subroutine entitled READ, scaled by PREP and plotted by Varian subrou-
tines invoked by the MAIN program. Subroutines DODAD1 and DODAD2
generate reference scales and XYBRD1, XZBRD1 and YZBRD1 generate the
bay boundaries corresponding to the xy- xz- and yz-cross-sections. The
printed output from the program is nominal.

A listing of the FORTRAN IV statements for the Varian plot program

and a typical set of input data follow,

395
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TABLE C.1

Input Variables for Varian Plot Program

Name Format
NPLOT1 Ii0
NPLOT2 110
NXY I10
NXZ 110
NYZ I10
KSEQTN(I) 110
JSECTN (I) 110

ISECTN (L) Ilo



aonn

THIS PROGRAM PLOTS VELCCITYs SALINITY. AND SURFACE HEILIGFT DATA

FOR VARIOUS CROSS—-SECTIONS OF MOBILE B8AY.

LOGICAL

1
1
i
i
i
i

[H - F PN

1

DIMENSION
KSECTN{S)

DIMENSION
LELA{4)
LFRGU(
LMMS(

Q5007 (7

UBAR »
COMMON/BNKCRD /
JE »
JUEST(22),
COMMON/CHNNEL/
JWAG S
KMXCM2
COMMDN/ZFLOORY/
COMMON/FL.ODRC /
COMMON/ZFLOWL Y/
U{18:17+08),
COMMUN/FLOW2 Y/
DUDT{(18+17+08),
COMMON/FLOWCL /
UC(18.2C) 0
COMMON/FLOWC 2/
DUCDT(18.20)
COMMON/FORCES/
FWINDY(18+17)
COMMON/FORTNG/
i Lw
COMMON/GRIDS
DX
DXiINSO,
DYT21IN,
DZD2 .
NZINSQ
COMMODN/GULF /
PERIDI
COMMON/INDEX/

- N

ISTEPR,
ISECTNIS)»

LCASWY (4 ),
LEWS(3)
LGUL

KFLOCR(18
KFLORC(LS
v+
+ S

SURF
DVDT (18,1
PC(18420)
WC {18420
SURFC .,

Fs
TOPLYR
LR

DT,
ODXINV,
OY
DYINSGy
DZINV,

CUTPT,
Ts

KEYOQUT
JSECTN(S )

LCHANL(4),

S3ARS
IIMAX o
JW,
WEST(22)
CAIDTH,
KMXCML

ZB{18B.17)
Zacd(

SC{18,20),
DHCDT(13),
FWINDX{18417)
LT,

NFD2.

DXT2IN,

DY INV .

DL

NZT 21N

KCUT »

3

L6E


http:DUCDT(18.20
http:UC(1d.20
http:SCCX8.20
http:DHOT(18.17
http:U(18.17.08
http:P(18917.08

H
1
2
3
1
1
2
1
2
i
2
3
L
i
2
1

1
2

1
L

H
2
3

Ko

COMMON/ELIMITSY/
JMAX S

KMAXM 1,
KEYDUT

COMMON/RPASSY/

PMOMAF o

COMMON/PLOTT/

NPLOTL,

ZMAX »
COMMON/P UL /

TI

ME »

YKZs
COMMON/PULLC/
COMMON/RIVERS/

PHASE 1.3

RMOMAF {4}
UVARL ,
COMMON/RYTE/
LABELO
COMMON/ SCALE Y/

USCALES

ZSCALE
COMMON/STERP/
NEB AR »
COMMON/TIDE/

TAMPMP +
TAVGPH,

COMMODN/ TUNE /
AVCOMP

COMMON/TURA/
CVIS,

COMMONZUNITS/
FETCH.
OMEGA »
VREF ,

DATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA

LCASWY/Z" KM ®
LCHANE /' KM ¢

LELA
LEWE
LFRE

LFRGU /'FRES®
Y210

"w o=
LGUL
LHET
LHR

LMMS

/IELAP
FIE—W ¢
/YFRES?®

-
* N e 2w o4

Z'GULE "
FHEIG?
T HR Yy
St M M,

N

IMAX
JMA XML o
KMAXNZ o

PHASEZ2 »
RWIDTH(4 ),
UVAR2

IMAXM1,
KMAX »
NMAX,

PLDERTH,
PWICTH
L
PERIUGD,

SYY{L17}s
Y{17)s

NRIV .
RDEPTH(4 ),
UAV G

IQa LABEL 1.
HSCALE » SSCALE,
WSCALRE o XSCALE
NN MG
NWRITE, ISTEPR
PHSE VP, PHSEPH,
TANPHEH TAVGEMP
THGTNMP THGTPH
ACCEL ., ARTVSC,
CDIF » CRICHs
DIFFUS. VISC
BETA, BETADZ
GRAV, HREF
Pl TREF
YMAX

TWRT Y2 'CAUSY tEwAY S/

PWRT P4 YCHAN®  TNEL v/

PSED 'L 'TIFE 'L v/

*SECTYS,*ICKN */

*H 100 LV

H O OWAS L YTER t,%= 5 9,0 S LVULF P, YWATE?',

' 11,'C '/

THT» '"o'CWM v/

'S A4

86¢&
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Onnmoad oannt

onn ano oan

10

DATA LNSS /'N—S '2,'SECT','ION '/

CATA LPLO F'RLOTYs ' ELE?,'VO ‘s

DATA LSAL /*SALI*H*'NITY's' PRO"Z'FILE'/
DATA LSUR /YSURF* S 'ACE ',*PROFY,'ILE '/
DATA LTID /*TIDE* ' PER',*I0D0O",* vy
DATA LvCL AITVELO®» "CITY*,* VEC*"+*TCORS"/
DATA LWAT J/'WATE?'2'R SCr,'ALE */ .
DATA LIMPS /t'1.M/'4'5 t/

CALL IDENT(*1303 B8532 FHpPp!)

10 = LT

REWIND 10

DGORD = 1800 / PI
pIc2 = 0+5 % PI

CALL PLOTH( 500 12.04+—3)

#NPLGT1s NPLOT2 ARE THE FIRST AND LAST FRAME NUMBERS FOR THE
SEQUENCE DF FRAMES TC QE PLCTTED. A FRAME IS A COMPLETE SET
OF DATA DESCRIBING THE FLCW FIELD AT A GIVEN INSTANT [N TIME,
THE FRAME NUMBER MULTIPLIED BY KWRITEF EQUALS THE TIME [INDEX N
IN THE MUBILE BAY PROGRAN.

READ(LR.10C0) NPLOT1 . NPLLTZ2
IF{NPLOTLI«EQs~1) SYOP

ENXYs NXZs NYZ ARE THE NUVMBER OF CROSS5-SECTICNS IN THE XY—, XZ-—,
AND YZ-PLANESs RESPECTIVELY, TO BE PLOTTED FOR EACF FRAME,

READ(LRs1000G) NXYs NXZs NYZ

XKSECINs JSECTNs ISECTMN ARE THE SPECIFIC 'VALUES (Of THE SPATIAL
INDICES FOR EACH SECTION IN THE XY~=s XZ—s AND YZ—PLANES,

RESPECTIVELY,
READ(LRS1000) (KSECTN{L), L = 14 NXY)
READ{LRI000) (JSECTNIL)» 'L = 1 NXZ)
READ(LR21000) (ISECTN{L) L = 1, NYZ)

GENERATE PLOTS FOR ABUOVE SECGUENCE CF FRAMES.
DO 359 L = NPLOTl. NPLGTZ2

READ DATA FOR GIVEN FRAME AND SCALE THEM.
CALL ®REP

PLOT VELQCITY VECTORS IN XY-FLANE CRCSS-SKECTIONS .

66¢&
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15

IF(NXY«=Qe0) GO TO 165
bOo G0 M = 1 NXY

K = KSECTN(M)
CALL XYBRDI

CALL PLOT( 2e2%3 —1400,—3)
CALL DODADZ2 .
CALL PLOT{ ~2.25+ 1.00+-3)
CALL VTHICK{1l)

CALL PLAOT( 2050y —4400,-3)
VECTOR = USCALE / HREF

CALL PLOTH D« QQ s VECTOR,, 2}
CALL sSyMBOL ¢ QDO +»VECTUOR Q07

2 Qels—1)

CALL SYMBOL( . 0420,.,VECTOR%045~C 0720414, L1MPS,
CALL PLOT{ —2450, 4.00+s—3)

CALL pLUT( 0030' "7.25:"".3}

CALL 3SYMBOL( Oe70 s 0s00+0a14, LVEL s Qe+ 16)
CALL £YysMD3OL( 0.C0,s —0.25,.0a.14, LPLO, Gellell)
EL.EV = HREF #* (1.0 - Z(K) /S ISCALE)

CALL NUMBER({ la54s —0.25:0e14, ELEV, Cels 2)
CALL SyMEQL( 2228, ~0.290:0.14, LVMS, Calls &)
CALL SyMmMBOL( 0sCOy —0e50,0. 141 LTID, Gelal3)
CALL NUMBER({ 1.82s ~0+50+0 4.PFRICD§ GeDs 2)
CALL SYMBOL( 2:52s —04500 C 14, "LHR . Lela 3)
CALL SymMaDlL( Cea00s —~0Qo» 7r'0.14' LELAS Jelsl4)
CALL NUMBER({( 1696, —0.754De14, TINE, Qaele 21}
CALL SYMBOL ( 2¢480r =Je75+0cl4, LHR s LDy 3)

CALL PLOUOTC —0+30, 7+25+-3)

FOR THIS PLOT ¥ IS5 ALONG THE
PAPEL ROLL.

DO 80 I = 1, IMAX

XSTRT = X(I)

IF(I«NE.1) GO TO 40

DO 30 NN = 1, NRIV

J = JRIVINN)

YSTRT = Y{J)

IF(K.GE.KFLOOR(I +J)) GO TC 20
IF{J.EQ.JWAG) GO TO 15

CALL SYMBOL{ YSTRT> XSTRT»0.07s
50 TO 3u

KC T KMXC — KMAX + K

uct = UC({IsKC)

XEND = XSTRT - UC1

THETA = 0.0

IF(UC14GTaa0) THETA = 18G.0
CALL PLOGT{ YSTRT, XSTRTs 3)

PARPER RCLL AND X

G Jedae=~1}

IS ACRQSS THE

00%
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CALL SYMBOL( YSTRT. XEND+OoC7 2,THETA-2)

GO TO 3¢
20 Uil = U{I+sJsK) + CGaC00001
Vi = V{IasJsK)
XKEND = XSTRT - Ul
YEND = YSTRT '+ V1
THETA = {ATANZ2(=-U1l,V1) -~ PID2) * DPGGRD
CALL PLOT{ YSTRTs XSTRT: 3)
CALL SyMaoL( YEND » XENDsC D7 2+ THETA,-2)

32 CONTINUE
GO TG dC

40 JW = EST(T)
JE = JEAST{I)
DO T7C 4 = JWwW, JE
YSTRT = Y{(J)

IF(KsGE.KFLOOR(I,J}) GC .TC 60
IF(J.EQ.JWAG) GO TO 50

CALL SYMBOL({ YSTRT, XSTRT+0.07s 3y UeQa—1)
GO TO 70
5¢ KC = KMXC = KMAX + K
uclt = UC({I.KC)
XEND = XSTRY - UC1
THETA = 0e0

IF(UC1aGT20e0) THETA = 180.0
CALL PLOT{ YSTRTs XSTRTs 3)

CALL SYMBOL{ YSTRT. XEND 0407, . - 2:THETA,~2)
GO TO 7C.
60 Ul = Ul(TsdeK} + 0D.C00001
Vi = V(T deK)
XEND = XS5TRY - Ul
YEND = YSTRT + Vi
THETA = {ATANZ2{-=Ul.Vv1) — PID2) * DGORDC
CALL PLOT{ YSTRTs XSTRT. 3)
CALL syMmpot{ YEND ¢ XKEND 40207 2sTHETA,-2)

7C CONTINUE
80 CONTINUF
CALL EUALOTO.1)
CALL RPLOT( De0C O0eCCa—3}
S0 CONTINUL

PLOT SALINITIES InN. XY—-PLANE CROSS5—-5ECTIONS.

DU 140 M = 1, NXY S
= KSECTNIM)

CALL XYBRO1

CaLL PLOTY( 2¢28y ~1.00,:,-3)

CALL wloAaD?2

107
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95
10

110

It puet et
L ) me
(=3 o BTl

14¢C

CALL FOPLOT{0.1)
CALL PLOT( o0,
CONTINUL

PLUT SURFACE HEI

CALL PLOTL ~-2.25, 1e0G,=3)

CALL VYTHICK(1l)

CALL PLOETL 14504 —34C04+~-3)

CALL SsSyYMBot.( D00, 0e00+s0al14, LWAT,
CALL SYMBOL{ DeC0y =0e2H540sl4 e LFRE s
CALL SyYMBOL{ 000,y =0.50+0a14, LGUL
CALL PLOTL —1.50, F200¢-3)

CALL PLOT( Da3Qy ~Ta25,-3)

CALL -SYMBOL.( Qe70, 0e00»0a14, LSAL,
CALL SymBOL({ OG0y —04254+0el8y LELG,
ELEV = HREF * (1.0 — Z(K) ~/ ZSCALE),
CALL NUMBER( 1eS4, —0.2540.14, ELEV.,
CALL SYMBOL( 2424y =Qo2530el4, VMS .,
CALL SyYMmMBOL( 04005 ~0aS50aUeld, LTID,
CALL MNUMBER( 1482s ~NaS0 014 ,4,PRERIOD
CALL SyYyMa0OL( 26592y —045040.14, LHR,
CALlL. 3SyYMBOL( Col0s =075 +0altts EEL A,
CALL NUMBER( 14963 =04754+0c16, TINVE,
CALL. sSYMBOL( 2804 =0a7?7530elby LHiZ.
CALL. PLUT( —=0.30, Ta25:~3)
DO 130 1 = 1+ IMAX

XSTRT = X{I) - €.038

IF{l.NE«1) GD TN 110

OO0, 100 NN = 1ls NRIV

J = JRIVINN)

YSTRT = ¥{J) — G.935

IF{Ko LT KFLOOR(TI s J) e ANDW JaEC. JWAG) GO TO
CALL NUMBER{ YSTRT, XSTRT+0+s07+5(TsJsK)
GO 7O icCC

CALL NUMBER({ YSTRT, XSTRT30+07+SC(L+KC)»
CONTINUL

GL TO 13¢

Jw = JWEST(I)

JE = JEASTI(1)

B0 126 J = JwWs JE

YSTRT = ¥{J) — 0.035
IF{KeLTAKFLUOR(I +J)aANDe J<EC+ JWAG) GU
CALL NUMBER({ YSTRT, XSTRT.

GO TO 12¢C

CALL NUMBER{ YSTRT, XSTRT+0.0T7+5CIIKCY,
CONT I NUE

CONTINUE

0- 001“3-}

GHT PRCFFILES.

Calall)
CeDy 9}
Cells10)

LR J
. -

Hm
L
S

—
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WP WRWwo N
Yt W i Nt B e

CONMOQUQOCO OCc

CASOCOCO OgC

4 w 9 ¥ v W% 4w

35
el e—

Qalde—1}

LS

Ga07+5(LadeK)s Falis—1)

Jads—=1)
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CALL XYERDI1 ’

CaLL PLUT{ 24254 —1.00,-31
CALL DODADZ

CALL PLOT( -2.25, 1e00+:-3)
CALL VThICKI({1l)}

CALL PLOTA 200012 —3.25,+,-31}
VECTOR = HSCALE / HREF

CALL SYMBOL ( 0s00s—VECTOR+0410y 13y 90e0a4~1}
CALL SYMBoL( De GO Ge0Gal 10, 13, 90.04—21}
CALL syManL( Ce Q0+ VECTOR 0610 13+ F0+0,.-21)
XSTRT = 0.10

YSTRT = = VECTOR — (Q.035

CALL NUMBER({ XSTRTs YSTRT+040374—100.0 3.Cs O
YSTRT = ¥YSTRT + VECTOR

CALL NUMBER{ XSTRT» YSTRT0.07, Dely G0, 0}
YSTRT = YSTRT + VECTOR ’

CALL NUMBER( XSTRTs YSTRT+0a07s 1G0 0 GaDa O)
CALL SYMBOL{ 'Da70s —Qe704+0014, LHEIs 90:3+101}
CALL PLOT( -2.00, 3e254~3)

CALL PLOT( De30s —T0225,-3)

CALL SymaoL({ De7Co» Qa0 sDalls LSURS 0404159
CALL SYMBOL{ Qel0s —Ce25+0al4, L.TID Qelsl3}
CALL NUMBER({ 1682y ~0025+CclbsPERIOD U0 21}
CALL SYMBOL( 253y ~0425+0al4, LHR Qa+D0o 3)
CALL SyYyMBOL{ DadOs —0450s001l4, LLELAS D014}
CALL NUMBER({ 1096y —0e50+0a14, TINE s Oells 21}
CALL SYMBOL{ 2480y —0e504.0el4, LHR» Q.0+ 31}

CALL PLUT{ —-0,30, T+254~3})

DO 160 I = 2, IMAX

JW = JWESTI{I)

JE = JEAST(I}

X1 = X{I)}

Y = Y{JIW)

YE = Y(JE)

CALL VTHICK{1)

CALL PLUTI( YE Xie 31}
CALL PLUOT( YW Xts 23
X2 = X1 + SURF(I,JW)
CALL PLUOT{ YWy X2+ 2}
CALL VYTHICK(=-3)

DO 150 J = JWs JE

X2 = X1 4+ SURF(I,J)

Y2 = Y(J}

CALL »LOT{ Y2 4 X2, 2)
CONTINUL

CALL VTHICK{1)

£oy
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CALL PLOT( YE » Xls 2)
LEC CONTINUE

CALL EQPLOT(O0.1)
LeS CALL PLOTY 0.00+ —5.00+~3)

PLOT VELOCITY VECTORS IN XZ~PLANE CROSS-SECTIUNS.

IF{(NXZ.EQ.0Q) GO TO 285

DO 220 M = la NXZ

J = JSECTN(M)

CALL PLUTI( 2:00, 1+80,—3)
CaLL. DODADI1

CALL PLUT( —2«00» “1-80o'3)‘
CALL ~PLUT( 7209 =1e50+~3)
CALL DODADEZ .
CALL PLUOT( ~7+20 1e300~3)
CALL VTHICKI(1)}

CALL LOUTH CeQ0s =2e¢704+-3)

Catl symaoL{ 2910, CeCUsQald, LVEL, L.0»16}
CALL SYMBOL({ CeBls ~0425+Gol4d, LINSS s Ve 12)
OFFSET = Q.C01 % HREF % Y(J) / XSCALL
CALL NUMBER( 2¢9Gs ~0425410e142UFFSETs U0, 2}
CAlLL SYMBOL{ Fe 3 “0-2510'141LCHABL' Ded s 13}
CALL SYmBOL({ DeCOas ~0e5C+Coldo LTID, JelDsld)
CALL NUMBER( 1.82y =0.5040+14.PERIOD Jeliw 2)
CALL SyMBOL{ 2¢52s -0e50+0el4, LHRs Oe0» 3)
CALL SYMBOL( 3-29' “"0-500(2-14' LELAS 0-9‘.14)
CALL NUMBESQ({ 5425, =048l a1l4, TIME G.?. 2)
Dels 3)

CALL SyYmMBOL{ 5059y =05 aelb, LR,
CALL PLOTH CGeQ0o 2704~3)
IF{J+EQ«JWAG) GO TC 190

CALL XZRRD1

CALL VTHICKI(1)

FOR THIS PLOT X 15 ALOKG THE PAFER RCLL AND Z 1S ACROSS THE
PAOER ROLL.

DO 180 [ = 1+ IMAX

KBOT = KFLOGR(TI «J)
IF(KBUTGTLKMAX)Y GC TO 180G
XSTRT = — X{1) .
DG 17C K = KBOT. KMAX

LZSTRT = Z(K)

ur = U(l.J3KY + C.ncaco1
Wl = W(lsJdaK)

XEND = XSTRT + Ul

ZEND = ZSTRT + Wl

0%



170
180

150

THETA = (ATAN2(W1lsUl) - PID2) % DGCHD

CALL PLOT{ XSTRTs 2ZSTRTs 3)
CALL SYMBOL{ XENDs ZEND0+07,
CONTINUE

CONT INUE

GO TO 210

CALL CHHERD1

CALL VTHICK(1)

DD 20C [ = 1, IMAX

LKBaT = KFLORCI(I)

XSTRT = - X{I)

DO 2060 K = KBOT, KMXC

ZSTRT = ZC(K)

uci = UC{Is+K)} + 0.000001

wWC1 = WC(] K2

XEND = XSTRT + UC1

LEND = ZSTRT + wCl1

THETA = (ATANZ(WCl,UC1l) - PIC2)

CALL PLOT{ XSTRTs ZSTRT, 3)
CALL sSymBOL( XEND ZEND +Qa Q7
CONTINUF

T CALL EOPLOT{(C.1}

CALL PLOT( Qal0s  GeGOa=-3)
CONTINUE

2+THETA»—-2)

* DGAORD

2y THETA»=—-2)

PLOYT SALINITIES IN XZ—FLANE CROSS-SE£CTIONS.

DO 280 M = 1y NXZ

J = JSECTN{M)

CALL PLOT( Ta200e —1e50+—3)
CALL DQOQlL.aD2"

CALL PLQOT( —~T7+20, 1e504—3)
CALL VTHICKI(1)

CALL SY#Maot. { Oa700 1e8020.07,
CALL PLOT( DaCQy ~Ze702—3)
CALL S5YMBOoi( 2e10C, Qe¢00+Cela,
CAabLL SyYMBOL( De91s ~0aPS+Celdy

LFRGU »
LLSAL

LNES

OFFSET = $«001 ¥ HREF % Y{J) / XSCALE
CALL MNUMBER{ 2489, 025430414 .0FFSET,
CALL SywmBOL( 34435 —0425+0e14,,LCHANL,

CALL sSymBDL( Qe GOI —-’3-'—30.0.14’4—-

LTID.,

CALL HUMBER( 1682y «~CeB0s0.14+PERICDS

CALL. SYMBOL( 2e32s —=0eS0aald,
CALL SyYyMBOL( 3429y ~QeB0s0eld,
CALL NUMBER( 52252 ~J0e5040atdy
CALL SyMmpBoObL( B+09s ~0e50+0a014
CALILL PLAOTC JeidOy 2+ T7T53s—3)

LHH
LELA,
TIVE .

LHA,

Gelino 3a)

TeO 16
Calb i)
3.’—" -
el e l5
Deloel
Colys
Jel s
Delol
Dalye
Cele

wUPWwhNLaEN

3
}
}
)
}
H
}
3
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IF{J«EQ«JWAG) GO TO 250

CALL XZHRD1

CALL VTHICK(1)}

DO 240 [ = 15 IMAX
KBoTt = KFLOOR([s+J)

IF{KBOT.GT.KMAX) GO Ta 24¢
XSTRYT = — X¢(I} - Q.035

DO -23C K

Z5TRT = Z(K)Y — 0.035
CALL NUMBER( ASTRTs ZSTRT 30«07 +S{IsJaK}, Telae—1)
CONTINUE
CONTINUE
GO TQ 27C¢
CALL CHBRDI1
CALL VTHICK(1)
DO 26C 1 = 14 IMAX
KBOoY¥ = KFLORC(I)
XSIRT = =~ X{I) - C.035
DO 26C K = KBOTs KMXC
ZSTRT = ZC{K) — 0.035
CALL MUMBER( XSTRTs ZSTRTsUelT25C(T +K) s Calia=1)
CONTINUE
CALL EOQPLOT{G+1)
CALL PLDT( 0.009 00000"'3)
CONTINUL: .
PLOT VELOCITY VECTORS IN YZ-PLANE CRUSS-5F

KBOT, KMAX

IF(NYZ.EQ.C) GO TO 345

DO 31C M = 1s NYZ
I = [SECTN{M)
CALL PLOTH{ 000,
CALL DODADIL
CALL PLOT(
CALE PLUT{

CALL bopavz

400,

1980."'5,

2009 —1.805—-3)
1.C0e—-32)

CALL PLUT{ —40J3Cs —1l.00s-d)

CALL VTHICKI{1)

CALL PLOT{ —-2:20, ~2.60+~13)

LVEL»
LEWSH
S XSCALE

LTID,
PERIGL
LidF

CALL &SysBoL( 210 DeQUs0eld,

CALL SYA‘HUL( fJa‘-le “'OLQ%QO.].Q’

OFFSET = —~ 0,001 * MREF % xX{I[)

CALL nNUMEER( 2490Fr ~0eZ25s0e-lb s OFFSET
LALL SYMBOL ( 343y ~U0e25,0e14,LCASHY,
" CALL SYMBOLY Calls =UeS0s0eldy

CALL NUMBER( 1a82s —0eH5030Cala,

CalL SymMbobL ¢ 2252 ~0250s0014,

e
R
-

- o

— -
w B e I
e S ot

L IC I )

90y
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CALL SYMBOLI

3-29' “0.5090.149
5.251 -0.50’00141
652039y ~0e5020.14

CALL syMBOL{
CALL NUMBER/({
CALL symBOL(

CALL PLUT{ 220y 2460+-3)
JW = JWEST(I)
JE = JEASTL(I)

CALL YZIBRD1
CALL VTHICK{1)

FOR THIS PLOT Y IS ALONG THE
PAPER ROLL.

DO 308 4 = JW, JUE

LELA, CeQ42147)
TEME Da04 2)
LHR» Gs0s 3)

PAPER RCLL AND Z IS ACROSS THE

2, THETA+~2)_.

KBOT = KFLOOR(IsJ)
IF(RKHOT.GT.KMAX) GO TO 300
¥YSTRT = ¥Y{J4) '

D0 290 K = KBOT. KMAX

ZSTRT = Z(K}

Vi = ViledeKY + 040CQ001

w1 = W{lsJsK)

YEND = ¥YSTRT + Vi1

ZEND = ZSTRT + Wl ,
THETA = (ATANZ(Wl.VL) ~ PID2) % DGCRD
CALL PLOT( YSTRT, Z2STRT. J4)
CALL SYMBOL:( YEND ZEND s 007
CONTINUE .

CONTINUE

CALL EQPLOT{(Os1)
CALL PLOT{ 000,
CONTINUL

0a00,-3)

PLOT SALINITIES IN YZ-PLANE CROSS~-SECTIONS.

DO 340G M = 1+ NYZ
I = [SECTN(M)
CALL VTHICK{.1)
CALL SYMBOL(
CALL PLUT(
CALL DDDADR2
CALL PLUT( =-4.00, =1400s~3)
CALL PLUT{ ”20209 “2.600*3}

0400
4e0Q0,

1800407,
L.OG;—B)

CALL sSYmBoL{ 24109 0sCOs0Dal by
CALL SYMBOL( 0e91ly —042530414»
OFFSET =& — 0.001 % HREF % X(I)

CALL NUMBER({ 2¢539s ~0e2530sl4

CALL SYMBOL{
Ce00s ~“0a5C+Dallhs

32439 =0025+0014+LCASWY

LFRGU, De0+34)
LSAL, D016}
LEWS, Col12)

/S XSCALE

OFF SET » Qa0 2)

Vel 186)
LTIDS Uels13)

L0y



akale:

CALL NuUMBER({ 1.82y ~0e50+0+:14+PERICD GeCs 2)
CALL S¥YMBOL( 2e52s ~0eS0+0alb, LHR » DeDs 3)
CALL SYMBOL ( 329y —0450:0414%, LELA, DaCala)
CALL NUMBER( 5429y =0e5020el14, TIME » Ce0y 2)

3)

CALL SYMBOL( 609y =04D2D 8Dl L.HR» G0
CALL PLOT( 220 2e¢504+~3)

JW = JWEST(I)

JE = JEASTI(I)

CALL YZRRD1
CALL VTHICK(1)
DO 330 J = JW, JE
KBOT = KFLODR(Is+J)
IF(KBOT.GT.KMAX)} GO TG 330
YSIRT = Y(J34) —~ 0.035
DO 32C K = KBOT, KMAX
ZSTRT = Z{K} - 04035
CALL MHUMBER{ YSTRT, ZSTRT0.07+S{IsJdsK)> Cx0+—-1)"
32C, CONTINUE
330 CONTINUE
CALL EODOPLOT(0s1)
‘ CALL pLUT( 0000. 0.00.—3L
340 CONTINUE
345 CALL PLOT( ., 0.00, S5.00+-3)
350 CONTINUE )

PUT ORIGIN IN BOTTOM LEFT HAND CCRMER OF VARIAN FéAMEu
CALL PLOT( ~5.00s=-12400s~-3)"

GO TO, 10
100CC FORMAT(BI10)
END

80%
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SUBROUTINE DODADI

DIMENSION LIMMPS(2) LIMPS(2)

COMMON/SCALE/ HSCALE » SSCALE,
USCALE, WSCALE s XSCALE,
ZSCALE

COMMON/UNITSY/ BETA BETADZ2S
FETCH, GRAV HREF s
OMEGA » PILys TREF»
VREF » YMAX

DATA LIMMPS/%1.MM*, /5 t/

DATA L1IMPS /'1.Mst,15 ‘s

GENERATE VELOCITY SCALES FCR VERTICAL CROSS—-SECTIONS.,

CALL VTHICK(1)

VECTUOR = USCALE / HREF

CALL SYMBOL{VECTOR., C.C0s0.C7, 2+=90.0,~-2)

CALL SYMBOL{(VECTOR+0.07+3=0e035+0.07+ LIMPS, 0l 5)
CALL PLOT( 0.00s 0.00, 3)

VECTOR = WSCALE / (HREF * 1000.0)

CALL SYMBOL( D+ Q0+ VECTORCA 07 24 DalGa=2)

CALL SYMBOL{ —0u.49sVECTOR¥0e5~0e035:0207+LIMMPS, 0.0y 6)
EESURN

N
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SUBROVUTINE DODAD2

DIMENSION LLST(2)

COMMON/PLOTT/ DXD2» L
1 NPLGOT1,. NPLOTZ2 » PERIGDS
2 ZMAX S ZORSCL
COMMON/P ULL Y/ SY(17), SYY{17)
1 TIME, X(18)y Y(17)»
2 Y Z zZ(8}

COMMON/TIDE/ PHSENP o PHSEPH»
1 TAMPMP, TAMPPH , TAVGMP
2 TAVGPHSs THGTMP THGTPH

COMMON/TUNE / ACCEL ARTVSC»
1 AVCOMP

COMMON/UNILTS/ BETA, HETADZ,
1 FETCH GRAV HREF,

2 OMEGA » L N TREF

3 VREF » YMAX

DATA LGU SEGULF Y/
- DATA LHI 7 'HI 4

DATA L1 O Lo, s

DATA LMN AUYMN v/

DATA LST STSTAG® , 'E v/
DATA LTI AYTIDE®Y/

GENERATE GULF TIDE GAGE.
CALL VTHICK(1}

CALL sSyMBOL{ 0 COs=TANPNMP4C4 10, 13s 900 ~1)
CALLL SYMBOL( DeODs De00+0a10 13, 900+-2)
CALL SymBOL( Ge SO+ TAMPMP 4010, 13: 900+ 2)
XSTRT = =0e24 .
YSTRT = - TAMPMPE — (0.035

CALL SYMBOL{ XSTRT. YSTRT20.C7a LLGOs DDy 2)
YSTRT = YSTRT + TAMPMP
CALL SYMBOL{ XSTRT., YSTRT+0.07., EMNs  Gel» 2)
YSTRT = YSTRY + TAMPNP
CALL SYMBOL( XSTRTs |[YSTRT+G0U7> LHIs TaQas 2)
TIDSCL = THGTMP ~ TAVGNP

Catl. Sympol( 0+10.TIDSCL,Q«07 s , 29 90—t}
DTHTMP = -~ SIN{Z2+ ®* PL % (TINE -~ PHSENP) ~/ PERIGD)
THETA = Qa0

IF(DTHTMP.LLT..0.0) THETA = 180.0

CALL SyMmpoL( DelB8sTIDSCLS0+07 23 THETA, -1

}
CALL SYMBOL( —0s145 —0440,0.07 LGUs CaeC»r 4)
CALL SYMBOL( —0414+s=04505+404C7 LTIs GeGs 4)
CALL SYMBOL(-Ge17Ss ~0ab8140:07 LS5T, el 5)
RETURN

01%
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SUBRQUTINE PREP

LOGICAL

DOUBLE PRECISION

COMMON/ZACCT/
ASDOT(7 )
COMMON/BARS/
UBAR»
CUOMMON/BNKCRD Y/
B
JWEST(22)
COMMON/CHNNEL /
JWAG»
KMXCM2
COMMON/FLOAOR Y/
COMMUN/FLOORC Y/
COMMON/FLOWL /

U{18,17,08),

COMMON/FLOWZ /

DUDT(184+17+068) .

COMMDN/FLOMWC1 /
UC{18+20),
COMMDON/FLOWCZ /

DUCDT{18420)

COMMON/FORCES/

FWINDY(18ys17) s

COMMON/FORTNO/
Lw
COMMON/GRID/
DX»
DXINSQs
DYT21IN,
DZD2 s
DZINSGQ
COMMON/GULF /
PERIDI
COMMON/ZINDEX/
Ky
COMMON/LIMITS/
JMAXS
KMAXtAT o
KEYQUT
COMMON/PASS Y
PMOMAF 4
COMMON/2LOTT/
NPLOT1,
ZMAX »
COMMON/ZPLLL/

KFLOCR{
{
P{18.,17
7
8

L ]
PC(18.,20
wWC(18.420
SURFC.»

Fe
TOPLYR
LR,

DT

DXINV,
DY .
CYINSG.,
DZINV,

CUTPT,
Iy

N

IMAX,
JMAXNIL
KMAXNZ ,

IPASS,
ESALT
DXD2,
NPLOTZ
20HSCL
SY(17) s

KEYQUT
SURFC(18)
ANET(7),

SBAR,

IIMAX,
JW,
WEST(22)
CWIDTH,.
KMXCML1l,

ZB8(18.17)
ZBC(1L8)
S{18:17+08)»
W{l8+17,08)
CHET( 18+ 17},

S5C{18+20),
DHCDTU 18 )»
FWINDX{18+17),
LT

DTLZ .
DXTZ2INs

DY INV»

DZs
DZTZ2IN,
KCUTs

J

IMAXM] S
KMAX s
NMAX ,
PREPTHS
PWIDTH

L

RPERIOD

5YY(17)»

(4%
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T[ME;

X{18)»

YKZ2 28}

COMMON/PULLC/ ZC{201}

COMMON/RIVERS/ JRIVEA) »
PHASE 1, PHASEZ »
RMOMAF(4) RWIDTH{4) »
UVAR L, UVARZ

COMMON/RYTE/ IO,
LABELQO

COMMUON/SCALEY/ HSCALE,
USCALE, WSCALE »
ZS5CALE

COMMON/STER Y/ MN s
NB AR » NWRITE s

COMMON/TIDE/ PHSENP,
TAMPMP TANPDPH,
TAVGPHs THGTMP,

COMMON/ TUNE / ACCEL S
AVCOMP

COMMON/TURB / CODIF »
CVEIS» DIFFUS,

COMMON/UNITS/ ) BETA»
FETCHa GRAV ,
OMEGA » - Pl
VREF 4 YMAX

LOCATE DESIRED FRAME 0ON TAPE.
IF{N«NE.QJ) GO TO 10

N = ]

IMAX = 18

JMAX = 17

NIBAR < 60

NWRITE = 375

NMAX = 6CS0 !
G0 TD 1¢

10 = LT

CALL REFD

N =N +

1

IF (NoNEJNBARK(N/NBAR)) GO TC 20
10 T

CALL REED2
IF(N.NE.NWRITE*(N/NWRITE)) GO TGO
10 = LT

CALL RELCD _
IF (N.GE.NPLOTI%*NWRITE) GO TC 'S0
IF(N.GE-NMAX) GO T0 40

3o

Y{17 )+

NHIV

RDEPTH{ 4 }.

UAVG,
LABELIL

SSCALE,
XSCALE.,

MOs
ISTEP
PHS5EPH»
TAVGMP
THGTPH
ARTVSC,

CRICH»
vIisSC
BETADZ2,
HREF »
TREF,

ETY
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GO TO 10
WRITE(LW,1000)
sToR
GENERATE SCALE FACTORS AND CONVERT FROM NONDIMENS IONAL VARI-
BLES TO VARIABLES SCALED FCR PLCTTING.
THGTMP = TAVGMP + TAMPMP % COS{(TIME - PHSEMP) * PERIDI)
TIME = TIME % TREF / 3600.0
PHSEMP = PHSEMP % TREF / 36000
PERIOD = 2.0 % PI % TREF / (3600.0 % P
IMAXML = IMAX — 1
JMAXML = JUMAX - 1
KMAXML = KMAX = 1
XSCALE = 6.50 / X(IMAX)
ZSCALE = 1.5
I =0
I =1 + 1
X1} = - X{I) % XSCALE
IF(I.LT-IMAX) GO TO .60
J =0 .
J = 4 + 1
Y(4) = Y(J) * XSCALE
IF{J.LT.JMAX) GO TG 70
K = 0
K =K + 1
Z{K) = Z{K) * ZSCALE
IF(K.LT.KMAX) GO TO 890
ZMAX = Z{KMAX)
K = g
K = K + 1
ZCI{K) = ZC{K) * ZSCALE
IF(K.LT.KMXC) GO TO 85
LI = 0
I1 = [1 + 1
SOUTH(II) = = SQUTHIII) * XSCALE
EAST{II} = EAST(II} % XSCALE
WEST{II) = WEST(II) * XSCALE
IF(II.LT.IIMAX) GO TO 86
USCALE = 2.5
WSCALE = 500.0 _ B .
HSCALE = 2.5
SSCALE = 10.0
ZOHSCL = ZSCALE / HSCALE
DO 13C f = 1, IMAX
"DO 110 J = 1. JMAX
IF(KFLOOR{IsJ)+LTeKMAX}) GO TG 90

2Ty
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SURF{IsJ4) = 0.0

ZB{1IsJ) = Z2B{l+J) % ZSCALE + 0D.225
GO TO 110 :
SURF({IsJ) = SURF{IsJ) * HSCALE
ZB(Is J) = ZB (I +J4) % ZSCALE
KBOT = KFLOOR(I +J)

DO 100 K = KBOTs KMAX
U(IedsK) = UlIsJeK) * USCALE
VIEsdsK) = V{IsJsK) % USCALE
WlIsJdaK) = W{IsJasK) * WSCALE
S{IsdsK) = S{I+JsK) * SSCALE
CONTINUE

ZBC(1} = ZBC(1) % ZSCALE
SURFC{I) = SURFC(I} * HSCALF
KB80T = KFLORC{1I)

DO 12C K = KBOT, KMXC
UC{I+K)Y = UC({IK) # USCALE
WC(LsK) = WC{I+K) * WSCALE
SC{I1+.K) = SC{IsK) * SSCALE
CONTINUE . -

DX - = DX % XSCALE

BDXD2 = DeH & DX

PWIDTH = PWIDTH =% XSCALE
THGTMP = THGTMP *x HSCALE
TAMPMP = TAMPMP % HSCALE
TAVGMP = TAVGMP % HSCALE

PRINT FRAME IDENTIFICATICN,. IF THIS [S THE FIRST FRAME
PLOTTED+ PRINT SCALED GECNMETRY.

WRITE{LW,1001) Ly LABELI

IF(L+NE.NPLOT1) GG TO 140 )
WRITE(LWs1002) HSCALE, SSCALE., USCALE, WSCALE, XSCALE, 2SCALE
WRITE(LN.lCOJ}

WRITE(LW,1008) (I, XCIds I = 1, IMAX)
WRITE(Lw,lOGS}

WRITE(LW-1004)Y tJs Y{(J}s J = I, JMAX)
wRLTE(Lw.looe)

WRITE(LWs1004) (Ko Z(K)s K = 1, KMAX)
WRITE(LW‘IOOT)

WRITE(LW,1004) (K. ZC(K)s K = 1, KMXC)
wRITE(Lw.loos)

RETURN

FORMAT(///»5Xy 'RAN QUT CF. INPUT DATA.*)
FORMAT(//745Xs 'L = 3,13," LABELI = '.1(3)

FORMAT(5Xs SH5CALE = '-FB.B./.SX.'SSCALE = VYV FB803s/ DX 'USCALE = v,

eTY



1003
1004
10895
1006
1607
1608

1
2

FEa3e/2SX»tWSCALE = "+F 8433/ +5X+"XSCALE = Vs F8e3+4/ 5%y
PZSCALE = Y,F8.3)

FORMAT(/+5X." 1 X{SCALED) *+/)

FORMAT{ /+9Xs12+FFe2)

FORMAT(/+5Xs " J Y{SCALED) "+/)

FORMAT(/7+5Xs" K Z{SCALED) *»/)

FURMAT(/ +5%Xs" K ZC(SCALEDY?*»/)

FORMAT(/s5%Xe "PREPARATORY CALCULATICNS -CCMPLETED.")

END

oT%
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SUBROUTINE REED
SUBROUTINE FOR

LOGICAL ISTEP KEYOUT
DOUBLE PRECISIGHN SURF{18:17), SURFC(18)
CUMMON/ZACCT/ QDGT(7)» QANET(7 )
1 QSDOT(7)» OSNET(7)
COMMON/BARS/ PTCTIN, SBARS
1 UB AR » VBAR
COMMON/BNKCRD /Y EAST(22) « [IMAX s
1 JE » JEAST(22),» Jv s
2 JWEST(22) SOQUTH(22), WEST(Z22)
COMMON/CHNNEL / CDEPTH., CWIDTHs
i JWAG KMXC s KMXCM1,
2 KMXCM2
CUOMMUN/FLOQR Y/ KFLOCR(18,1 ZB(18.17)
CCMMON/FLOORC Y/ KFLORC(18), Zec(18}
COMMONA/AFLOWI/ FP{18+17:08), 5(18417:08),
1 U{ 18417080 V{i8+17508)» W{i8+17.08)
COMMON/FLOWZ Y/ SURF » DHDT(18+17)
1 DUDT(18,17.08), DVDT{18,17,08)
COMMON/FLOWC1 / PC(13,20), S5Cl18+20)
1 UC{1a3:20)s WC(18,20)
COMMON/FLOWC 2/ SURFC DHCDT{18),
1 DUCDT(L8.+20)
COMMON/FORCES/ Fa FUWINCX(18+417)s
1 FWINDY{(18s17) TOPLYR
COMMON/GRID/ DTs DTD2s
1 DX s DXINV, DXT2INs
2 DXINSQ DY DY LNV
4 DYT2INs DYINSQs DZ,
4 DZD2 DZINV DZT2IN,
S DZ INSQ
COMMON/GULF / CUTPT . KCUT»
1 PERIDT
COMMONALIMITS, IMAX IMAXML,
1 JMAX JMAXML , KMAX
2 KMAXMLY» KNMAXNZ & NMAX »
3 KEYOUT
CUMMON/ZPASSY IPASS, PRRERPTH,
1 PMOMAF o PSALTs PRWIDTH
CUMMON/PULL / SY(L7) » SYY{17 )
1 TIMNE, X{18) Y{17)s
2 Y2, i Z{8)
COMMON/ZPULLC 7~ ZC({20})
COMMON/RIVERS/ JRIVI{4) s NREV,

I1/0 TO SEQUENTIAL STORAGE DEVICE.

LTy
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i PHASE 1, PHASEZ « RODEPTHIA4) .
2 RMOMAF(4) » RWIDTH(4) VAV G
3 UVAR] » UVARZ
COMMON/RYTE / 10, LABELIL,
1 LABELO
COMMODN/STEPRP / MN. MO
1 NBAR» NWRITE » ISTREP
COMMON/TIDE/ PHSENMP , PHSERPH,
1 TAMPMP TANPPH TAVGMP,
2 TAVGPH,. THGTMP 4 THGTPH
COMMON/TUNE Y/ Lol ARTVSCy
1 AVCOMP .
COMMON/TURB/ CDIF CRICH.
1 CVIS, DIFFUS, Vv ISC -
COMMON/ZUNITSY/ BETA RETADZ2,
1 FETCH s GRAV 4 HREF »
2 OMEGA » PI, TREF,
3 VREF YMAX .
READ{ 10} ACCEL, ARTVSCs BETA, CDEPTH» CDIF., CUTPT. CVIS,
1 CWIDTHs DTa DX» DY s DZos FETCH HREF, TIMAX,
2 IMAXS, IPASS, JMA X » JWAG KCULT KMAX KMXCq LLABEL [
3 DUM, NBAR s NRIV. NMAX 5 NNR[TE:‘PDEPTHs PERICIs» PMOMAF s
4 PTCTIN, PWIDTH, TREF » VREF » YMAX
READ(IUO) {EAST{I}s SOULTH{I)s WEST{I)s I = 1, IIMAX)
READ(ID) (JEAST(I)s JWEST(I)s I = 1+ IMAX) ‘
READ(IB) {((KFLOOR{I+J)s ZB{I+d)s [ = 1, IMAX)s 3 = 1. JMAX)}
READ( IO) (KFLORC(I)s ZBC({I)s» I = 1» IMAX) .
READ(IO) {{(P({IsJaK) I = 1y IMAX), J = 1s JMAX)s K = 1, KMAX)
READLIO) ({(S{IsJsK)» I = 1 IMAX)S J = 1ls JMAX)s K = 1, KMAX)
READ(IO) ({(U{TsvJsK), I = 15 IMAX)S J = 1y JMAX), K = 1, KMAX)}
READ(IO)Y {(({V{IsJsK), I = 1s IMAX)s J = 1, IMAX)s K = 14 KMAX)
READ(CIO) (({W{Is+JsK), I = 15 IMAX)s J = 1l JMAX), K = 1, KMAX)
READ{IO) ((DHDT(IJ)as I = 1, IMAX)s J = 1 JMAX)
READ{( IO)Y ({(DUDT{I vJaK)s I = 14 INMAX) s J = 13 JUMAX)e K = 1s KMAX)
READL I0) (({DVDT{Il vJsK)s I = 1s TMAX)s J = 1s JMAX)se K = 1,2 KMAX)
READ(IO) ((PC{I+K)Ysé SC(IsK)s UC(I+K)s WC(IsK)y I = 1, IMAX),
1 K = 1y KMXC}
R%AD(IU) (DHCDT(I}, (DUCDT({IsK)s K = 1y KMXCls SURFC(I)s I = 1,
1 MAX )
READ(I0) ((FWINDX(TsJd)s FWINDY(IsJd)sy I = 1, IMAX), J = 1, JMAX)
READCIO) (SY{Jd)s 3SYY{J)s ¥Y(J) J = le JMAXYs (X{I)s I = 1.4 IMAX)s
T (Z(K}y K = 13 KMAX)s (ZCIK)s K = 14 KMXC)
READCIO)Y (JRIVII) s HDERPTH(I)s RNOMAF(I)s RWIDTH{I)s I = 1, N2UIV),
1 PHASEL, PHASE2, UAVG, UVAR1., UVAR2
READ( IQ) PHSEMD, PHSEPH. TAMPNP, TAMPPH, TAVGMD, TAVGRH
ENTRY REEDZ . )
READ(IU) (QDOT{L)Ys ONET(L)+» QSDCT{L)s CSNET(L)}s L = 1l 7)s TIMFE

8Ty



READ(
READ(
RETUR
END

101}
10}
N

SBA
((s

R:. UBAR.
URF(IsJ)s

VBAR

1

1,

IMAX) »

J =

| B

JMAX)

6Ty
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SUBROUTINE XYBRDI1
LOGICAL

LOGICAL

DIMENSION
1 LS50KM(2)

DOUBLE PRECISION
COMMODN/ACCT/

1 QSDOT(7)»
COMMON/BARS Y/

1 UB AR
COMMON/EBNRCRD Y/

¥ JE o A
2 JWEST(22)
COMMON/CHNNEL /

1 JWAG

2 | KMXcmg
COMMON/FLOOR/
COMMON/FLOQRC/
COMMON/ZFLOWL Y/
1 U{18,17,08)4
COMMON/FL.OW2/
1 DUDT(18517s08)
COMMON/FLOWCL Y,
i UC{184+20),
COMMON/FL.OWCZ2 /
1 DUCDT(18:20)
COMMON/FORCES/
i FWINUDY(18+17)
COMMDN/GRED /
|8 DX s
2 DXINSQ,
3 DYT2IN,
4 DZD2,
5 DZINSQ
COMMON/GULF/
1 PERIDI
ICGMEDN/[NDEX/

»

COMMON/ZLIMITS/
JMAX
KMAXM Ly
KEYOUT

COMMON/PASS/
PMAOMAF ,

COMMON/PLOTT/

1 . NPLOTI1 s

2 ZMAX

L [

- EAST(2

FLAG
ISTER,
LNIOKN(2),

SURF (184+17)
GDoT(7),
GSNET(7)
RTCTIN,

VBAR

' N g

r
SOUTH( *
CDEPRPTH

KMXC»

2)
JEAST (22
22
.

KFLCCR(1
KFLORC({(1
P{18s17.
V{1B+17
SURF »

DVDT (18,
PC{18,20
WC (18420
SURFC»

F

TOPLYR
DT, )
DXINVa
PDYas

DYINSQy
DZINV

CUTRPT.

]

IMAX,
SMAXMI 5
KNAXNZ,

IPASS,
PSALT.
DXD2 s

NPLOTZ2,
ZOHSCL

KEYOQUT
L3OKM(2),

SURFC(18)
GNET{7),

SBARS

IIMAX,
JW
WEST(22)

SC{(18.+20),
DHCCT(18 ).
FWINDX(18417 )

DYLE2a.
DXT21IH
DYINV.,
DZs
DZTZ2Z 1IN,

KCUT,
Js

IMAX ML,
KMAX
NMAX »

PLEPTH,
PWIDTH
Lo
PERIQD.,

0y
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aon

[N

COMMON/PULLS SY(17)
TIME s X{18),
YK 2 ' z2{(8)

COMMON/PULLC / ZC(24Q)

COMMON/RIVERS/ JRIV{4}),
PHASE 1S PHASEZ,
RMOMAF(4) » RWIDTH{4}) s
UVARY » UVARZ

COMMON/RYTE/ I0.
LABELO

COMMON/STERP Y/ MM
NBAR » NWRITE»

COMMON/SCALE/ HSCALE »
USCALE, WSCALE »
ZSCALE

COMMON/TURB/ CDIF »
CVIS» DIFFUS.,

CDMMDN/UNITS/ ’ BETA.
FE ICH GRAV s
OMEGA » PL»
VREF , © YMAX

DATA LNIQKM/Z '~ 10e%,'KM v/

DATA LOKM St0KMT/ ‘

DATA LSCKM /'50.KY M vty

DATA L3LCKM /'30.KV,'M v/
PLOT BAY OCUTL INE

CALL VTHICK(Z2)

JW = JWEST(1}

JE = JEAST(1} B

YWEST = (Ge5 % (YC(JIW-1) + ¥Y(JW))

YEAST = Oo # (Y(JE) + Y{(JE+1))

CALL PEOTI( WEST Qe 000Gy 3)

NN = 0

NN = NN + 1 I

J = JRIV{NN)

Y1 = Yi{J}

Y1iM = Y1 - 0.05

Y1P = Y1 ¥+ D.05

CALL PLOT( Y1iMs, 0.00s 2)

CALL PLODT({ Y 1M, 025, 2}

CALEL PLUOTK Y1P D254 3)

CALL PLOTH YiP, Qe CU» 2)

IF{(NN.LT.NRIV) GO T9 10

CALL PLOT( YEAST, 0-0C,s 2)

CALL RPLUT( YWEST., 0+004 3)

SYY(17)»
Y(17)a

NRIVS
RDEPTH(4 ) »
UAVGa

LABEL I

MO s
ISTEP
SSCALESs
XSCALESs

CRICHo»
VISC
HETADZ»
HREF 4
TREF,

TZY



vy

0 &

40
Iab

v,

V;
im0

ahals

24
39

40

50

XPASS = X{IPASS)

PWTHD2 = 0.5 * PWIDTH

XBANKN = XPASS + PWTHD2

XBANKS = XPASS - PWTHD2

YWSTIP = YWEST

XAVGIP = X(1} — OXD2

IPSSM1 = IPASS — 1

DD 30 I = 1, IMAXM1

IP1 = I + 1

XAVG = XAVGIP

XAVGIP = XAVG — DX

IF{IP1.EQsIMAX) XAVGIP = XAVG - DXD2
Jwip = JWEST(IP1)

JWIPM1 = JWIP - 1

YWEST = YWSTIP

YWSTIP = 0.5 % {Y(JWIPM1)} 4 Y(JWIP))

CALL PLOT(YWSTIP, XAVG, 2)
IF(I.NE.IPESM]1) GO TO 2C
CALL PLOTIYWSTIP+XBANKNs 2)

CALL PLOT(YWSTIP-0.25+XBANKN, 2}
3

CALL PLOT(YUSTIP—-0.25+XBANKS»
CALL PLOT(YWSTIP +XBANKE, 2)
CALL PLUOT{YWSTIP,.XAVGIFPs 2)

CONTINUE

CALL PLOT{ YEAST, 0.00s 3)
YESTIP = YEAST .

XAVGIP = X{1) -~ DXD2

PO 40 I = 1,4 IMAXML

IP1 = I + 1

XAVG = XAVGIP

XAVGIP = XAVG - DX ]
IF(IP1.EGe IMAX) XAVGIP = XAVG - DXD2
JEIP = JEAST{IP1)

JEIPP Lt = JEIP + 1

YEAST = YESTIP

YESTIP 05 #* (Y{JEIP)Y +
CALL PLOT(YESTIP. XAVG.
CALL PLOT(YESTIP +XAVGIP,

CONTINUE

YUJETIRPL))
21 -
2}

GENERATE LENGTH SCALES.

CALL VTHICK(1Y)
CALL PLOT{( —1+50, 0eQCH»—3}

XREAL = 10000.0
XREAL = XREAL - 1C000.0
= {XREAL / HREF) % XSCALE

X1

ey
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&C

CALL
[F{XR
X1
CALL
CALL
CALL
CALL
YREAL
YREAL
Yl
CAlL
IF(YR
Y1
CALL
Y1
CALL

CALL

GENERATE 8.5 BY 11-INCH PAGE BORDER.

CALL
CALL
CALL.
CALL
CALL
CALL
RETUR
END

SYvMBOL( CalOo X1+0407, 13»
EAL 4GT«-50000.0) GO TO 50
= X1 = D« (35
SYMBOL{ =0e44. X1 4007, L50KM,
SYMBOL{ ~0a37+«0a03540.07+ LOKM»
PLGT( 1-50' 00001—3)
PLDT(- 0.00' "'6060'“’3)
= «~20000.0
YREAL + 1C00C.0
(YREAL / HREF) % XSCALE
SYMBOL( ¥Yi, Ce00+06407 13
EAL LT+ 30000.0) GO TQ 60
= Y1 — Q.175
SYMBOL { Yls —0e2CsG+0Ty LIOKM,
=, {-10000.0 / HREF) * XSCALE -
SYMB0L( Yla =0aZ0,0407,LNIGKM,
PLOT( GsD0» HaB0a-3)

|

VTHICK{1)

PLOT( ~-3,50, 1«50 3)
PLOT{ —3.50, -9.50, 2)
PLOTI( 5.00, ‘9-50,_2)
PLOTHY 500+ 1aS0s 2}
PLOT( —3.590, 1e503, 2}
N

G0 ela=1)

Cal e~

CeDo

Ge21

Ce0

5)
4)

1)

5}
6}

€Ty



SUBROUTINE XZBRD1

LOGICAL

DIMENSIUN

DOUBLE PRECISION

COMMON/ACCT/

1 QSDOTLT)»

COMMON/BARS/

1 UBAR »

COMMON/BSNKCRD Y/

1 JE »

2 JWEST(22),

COMMDN/CHNNEL. /

1 JWAG

2 KM XCcmMm2
COMMON/FLOOR Y/
COMMON/FLLOORC Y/
COMMON/FLDWL /

‘1 U185 17+08)+
COMMON/FLOWZ/

1 DUDT(1i8+17+08)
COMMON/FLOWC L/

1 UC(18+20)»
COMMON/FLOWCZ2/

1 DUCDT{18.20)
COMMON/FORCESY/

1 FWINDY(18+17)»

COMMON/GRID/

DXy

DXINSQ,

DYT2IN»

DZD2,

DZINSQ
COMMON/GULF /
PERIDI
COMMON/INDEX/

Ky
COMMON/LLIMITS/
JMAX
KMAXM1 .
KEYOLT

COMMON/PASSY/
1 PMOMATF »
COMMON/PLOTY/
1 NPLOTL.

2 ZMAX 4
COMMON/PULL /
1 TIME,

Ui e

PNH [

KMXC ,

KFLCGR
KFLORC

WC{18,

IMAX
JMA XML »
KMAXM2 »

IPASS,
PSALT s
DXD2 s

NPLOTZ s
2Z0HSCL
SY(17)
X(18),

KEYQOUT

SURFC(18)
QNET(7)»

SBARS

IIMAX .
JW e
WESF(22)
CWIDTH,
KMXCMla

ZB(18+17)
Zsc{18}
5{(18,17508),
W(1B8,17.08)
DHOT(18+17)»

SC{18+20)»
DHCDT (18 )y
FWINDX(18s17 )

Proz,
DXT2INs
CYINVY
DL
DZT2IN

KCUT »
Js

EMAXM] &
KMAX
NMAX

FPOEPRPTH,.
PWIDTH
L
PERIOD

S5YY{(17)s
Y{17)a

LEA
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¢

2
1
2
3
1

1
2
1
1
2
1

1
1
2
3

T IP1

YK 2

COMMON/PULLC Y/
COMMON/RIVERS/

PHASE 1»

RMOMAF (4) »

UVARIL »

COMMON/RYTE/

LABELO

COMMON/SCALE Y

USCALE,
ZSCALE

COMMON/STEPRP Y/

NBAR s

COMMON/TIDE/

TAMPMP,
TAVGPH,

COMMON/TUNE /

AVCOMP

COMMON/ZTURB/

CVISs

COMMON/UNITS/

FETCH»

OMEGA »

. VREF

DATA LNSM
DATA LOKM
DATA L.OM-
DATA LSM
DATA

V=B MY/
0. KME/
'0.M v/
/'5.M v/

LSUKM /'5Q0.KY,'M

CALL VTHICK(2)

XNORTH = -

X(1) - DxD2

ZBOTIP = ZB(1l,J)
CALL PLUT({XNORTH+ZMAX+0+3, 3}

IF(ZBOTIP.LT.2ZMAX) CALL VTHICK{-4)

M = 2

[F{J.EQ.JWAG) M = 3
CALL PLUT{XNORTH.ZBOTIP, N)
CALL VTHICK{2)

I
Z
z

oo 2¢

ZBOT
ZBarie
XAVG ..
CALL PLOT(
CALL PEOT(
CONTINUE

[ T ]

|

1s IMAXM]

+ 1
oTiP
{(IPi., N
X

(I} + DXD2
ZB0Ts 2)
2)

XAVG 4

HSCALE »
WSCALE

MN,
NWRITE »
PHSEMP,
TANPPH »
THGTNVP .
ACCEL,

CDIF
DIFFUS,
BETA,
GRAV,
Py
YMAX

v/

XAVG + ZUOTIF

XSOUTH = — X(IMAX) + DxD2

NRIV,
RDEPTH(4),
UAVGs

LABEL [«

SSCALE.
XSCALE,

MCs
ISTEPR
PHSEPH,
TAVGMP e
THGTPH
ARTVSCs

CRICH,
VvISC
BETADGZ2.
HREF
TRETF »

YA



aonn

ac

T

60

CALL PLOT{XS0UTH.ZBOTIP. 2)
IF{ZBOTIP.GT+ZMAX) GO TOQ 30
IF{J«EQaJWAG) GO TC 30

CALL VTHICK(-4)

CALL PLOT{XSDUTH,ZMAX+0.3, 3)
CALL PLOT{XSOUTH+ZBOTIP. 2)
CALL VTHICK(-3) '
CALL PLOT( CeC0s ZMAX,»-3)
SURFIP = SURF(1,J4) * ZOHSCL
KBOTIP = KFLOOR{(1l.+J)

CALL PLOT{XNORTH,SURFIP.s 3)

BO 70 I = 1, IMAXMI]

IP1 =1 + 1 .
KBOT = KBOTIP
LRBOTIP = KFLOOR(IPLsJ)

SURF1 = SURFIP

SURFIP = SURF(IP1l,J4) % ZOHSCL

XAVG = — X{I) + DXD2 '

[IF(KBOT«GTaKMAX ANDKBOTIP.GT«KMAX) GO TG 60

IF(KBOT«GTsKMAXLOR.KEOTIP.GT«KMAX) GO
SRFAVG = 0.5 % (SURF1 + SURFIP)

CALL PLOTEL XAVG s SRFAVGs 2)

GO 70 &4

IF{KBOT.LT.KMAX) GO 70 50O

CALL PLOT( XAVG+sSURFIP, 3)

GO To 6¢C ’

CALL PLOT( XAVG, SURF1s 2)

CONTINUE

IF{IPl.L.T«IMAX) GO TQ 7C

TO

A G

SRFAVG = 0.5 % (SURFIP 4+ THGTMP % ZGCHSCL)

CALL PLOT{XSOUTH..SRFAVGs 2)

CONTINUE

CALL PLOT( QeQ0s —ZMAX,-3)
GENERRATE LENGTH SCALES.

CALL VTHICK({1)

ZSTRT = 0,00

IF{JaEQe dWAG) ZSTRT = = 2,30

CALL PLOTH( 0a00s Z5TRT-3)

XREAL = ~14000.¢C

XREAL = XREAL + 1C0Q0.0

X1 = {XREAL / HREF) % XSCALE

CA‘LL SYMESDL( Xl —‘000010-071 1-5!
IF(XREAL.LT.5CQ00C.8C) GO TO 80

x1 = X1 = 0.179

CAaLL SYMBOL( Xls =Ce20s0407r LS50KMS

:}-01"1)

el

S}

YA



(%
o) dop
Vg "1%5 &«%} .

Sy

alals!

(a¥aly)

90

g5

CALL SYMBOL{ —0e¢143s —0.20,0.07s LOKM,
CALL PLOT( De0G+—ZSTRT+~3)

IREAL = = 1.0

IF(J+.EQeaJWAG) ZREAL = — 640
ZREAL = ZREAL + 1.0

Z1 = {ZREAL / HREF) % ZSCALE

CALL SYMBOL( —0:80, Z1 40207 i3,
IF{ZREAL .LT+5.0) GO TO 90

Z1 = Z1 — 0,035

CALL SYMBOL{ ~1lel10s Z130C7 LLSMy
CALL SYMBOL({ —1+10+=0+035:0.07., LOM,
IF{J«NE.JWAG) GO TO 95

Z1 = —~ (21 + 0.07)
CALL SYMBOL{ —~1.17» Z1 +Ge 07 LNSM.
CONTINUL

GENERATE 8.5 BY 11—-INCH PAGE BCRDER.

CALL PLOT{ —2.50, 3.50»
CALL PLOT( ~2.50s ~5.004°
CALL PLOTC B8+50s —5.00,
CALL PLOTL B8.50, 350,
CALL PLOT( —2.50, 3.50,
RETURN

NN W
L e

SPECTIAL ENTRY FOR PLOTTING SHIFP CHANNEL OCUTLINE.

_ ENTRY CHBRDI

1Co

XNORTH = - X(1) — DXD2
ZBOTIP = ZBC(1)

CALL PLOT{XNORTH,ZMAX+Ces 3,y 3)
CALL VTHICK{-4)

CALL PLOTIXNORTH,.ZBOTIP, 27

-CALL VTHICK(2)

DO 10C I = 1s IMAXML

Pl =1 + 1

ZBOT = ZBOTIP

ZBOTIP = ZBC(IP1)

XAVG = — X(I) + DXD2
CALL PLOT( XAVGs ZBOT, 2)
CALL PLOT( XAVG+Z30TIP, 2)
CONTINUE -
XSQUTH = — X(IMAX) + DXD2

CALL PLOT{XSOUTH,»Z3QTIP. 2)
CALL VTHICK{-4)

CALL PLOT(XSOUTH »ZMAX+0+434+ 3
CALL PLOT{XSOUTH,ZBOTIP ,2)

040

4)

GO e y—11}

o0
oo
. *

Vel

SR Y]
e

L2y
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GO TO
END

ORIGINAL PAGE IS
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SUBROUTINE YZBRD1

LOGICAL
DIMENSION

DOUBLE PRECISION

CUMMON/ACCT/
QSDOTI(7),
COMMON/BARS/
UBAR »
COMMODN/BNKCRD/
JE »
JUWEST{22).,
COMMON/CHNNEL /
JWAG,
KMXCM2
COMMON/FLOORY/
COMMON/FLOORC Y/
COMMON/TLOW1/

U{ 18517408},

CUMMON/FLOW2/

CUDT{ 18417508}

COMMDN/FLOWCL /
UC{18+20)»
COMMON/FLUWC 2/

COMMON/FURCES/

COMMON/GRID/
DX s
DXINSQ,
DYTZ2IN,
DZD2
DZINGQ
COMMON/WnULE/
PERIDI
CUOMMON/INDEX/

Ky
COMMON/L IMITS/
JMAX,
KMAXM1
KEYQUT
COMMUN/PPASS Y/
PMOMAF
COMMON/PLOTT/
NRPLOT1L,
IMAX
COMMON/PLLL Y
TIME,

DUCDT(18+207)
FWINDY{18+17),

DYINSG,
DZINV.®

CUTPT,

Iy

N

LMAX .
JMAXNMNL o
KMAXNZ ,

IPASS.,
PSALT,
DXD2,

"NPLGOT2,

ZOHSCL
SY{17)»
X{18}),

KEYOQUT

L3ICKM(2)
SURFC(18)
ANET(7) .

SUHAR

TINAX,
JWs
WEST(22)
CWIDTH,
KMXCMLI,

7)

»

EUNMN
~ 3 (0
s Yy

18,
(18
S3el
81
DHOT (1

]

8.1
18)
v 1708
+ 1708
(184,17

T Yl

SCl1H,20),
DHCDT(18),
FWINDX{183517),
DTO2,

DXT2IN,

CYINV,
DL»

"DZT21IN

KCUT s
Js

IMAXM]
KMAX »
NMAX

PRERPTH,
PWIDTH
s
RPERTUD,

SYY(17)s
Y{17),

627
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0nan

2 . YKZ»
CUOMMON/PULLLC/
COMMON/RIVERS/

1 PHASE 1»

2 RMUMAF(4),

3 UVARIL &
COMMON/RYTE/

i LABELQ
COMMON/SCALE/

1 USCALEs

2 ZSCALE
COMMON/STER /

1 NB AR »
COMMON/TIDE/

1 TAMPMP,

2 TA VGPH,
COMMON/TUNE/

1 AVCOMP
COMMON/TURB Y/

1 CVIS,
COMMON/UNITS/

1 FETCH

2 OMEGA »

3 VREF »

DATA LNIGKM/'"-10."s "KM
DATA LOM 0 M Y/ ’
DATA LSM V5 .M v/

DATA L3IO0OKM /32304KY, "M
GENERATE YZ~CROSS SECTION AT X{I}e

CALL VTHISK(E) -

JuMl = -1

JEMI = JE - 1

JEP1 = JE + |1

YWEST = 0.5 % (Y{JWMLl)
ZBOTJIR = ZB(I sJW)

zZ(8)
2C{2n1}
JRIV{4),
PHASEZ ,
RWIDTH{
UVARZ
10,

HSCALE »
WSCALE »

&)y

MN » ’
NWRITE .
PHSEMP ,
TAMPPH »
THGTMP
ACCEL»

CDIF.
DIFFUS,
BETA»
GRAV s
=1
¥ MA X

'/

A

+ Y{(Jw))

CALL PLOT{ YWEST,.ZMAX+Q.3, 3)
IF(l1.EQ.IPASS) CALL VTHICK{—-4)

CALL PLOT(

CaALL VTHICK(2)

YJP

0o 10
JP1
2807
zZBorJae
A}

Nugun

YWEST

= Jw, JE
J + 1
Z80TJdP
ZBLI4JP1)
YJP

YWEST,.ZBOTJR,. 2)

NRIVS,
ROEPTH({4 ).
UAVGs

LABELTI,

S55CALE,
XSCALE,

MO,
ISTEP
PHSEPH,
TAVGMP,
THGTPH
ARTVSCo

CRICHs
VISC
BETADZ2,
HREF »
TREFs

0ey



non

20

30

54

YJdp = Y{(JP1l)
YAVG = 045 % (Y1 + YJP)
CALL PLOT( YAVG ZBOT. 2)
CALL PLOT( YAVGAZBCTJRE. 2)
CONTINU=

YEAST = YAVG
CALL VTHICK(~3)
CALL PLOT{ 00

s ZIMAX-3)
SURFJP = SURF(I.,J

Ts

(T

Y % ZOHSCL

W
CALL PLUT( YWEST.SURFJP,. 3)
*

KBOTJ4P = KFLOOQR Jw)

YJdp = YWEST

DO 40 J = JW, JEMI

JP1 = J + 1

KBOT = KBOTJP

KBOTJP = KFLOOR{I.JPLl)
SURF 1 = SURF JP

SURFJP = SURF{IsJP1)} % ZOHSCL
Y1 = YJP

YJP = Y{JP1l)

YAVG = 0SS % (Y1 + YJP)

IF{KBOT « GTeKMAXSs AND+ KBOTJPaGTaKNAX) GG TO 40
IF{KBUOT+GTeKMAX+ORLKBOTJP+GTLKNAX)Y GO TQ 2C
SHFAVYG = 045-% (SURF1 + SURFJP) ' )
CALL PLOT( YAVG s SRFAVG, 2)

GO TD 40 X

IF(KBOT.LT.KMAX) GC TO 139

CALL PLUTH YAVG s SURFJP. 3)

GO.T0 40 -

CALL PLOUTH YAVG,2 SURF1l, 27

CONTINUE ’

CALL PLOT{ YEAST,SURFJPs 2)

CALL PLAOTE Qa0 —~ZMAX,-3)

GENERATE LENGTH SCALES.
CALL VTHICK(1)

- YREAL = ~20000.0

YREAL = YREAL + 10000.0

Yi - = (YREAL / HREF)} % XSCALE

CALL SYMBOL( Y1y, —0.00,0.07, 13y 240,-1)
IFIYREAL .LLT<«30000.0) GGO TO S50

Yi = Y1 — 0a.175 .

CALL SYMBOL( Yl —0s2940C7s L3CKMy ey 3)
¥Yi = {~10G00.0 / HREF) * XSCALE — 0.21

CALL S¥MBoOL{ Yls ~0e2040074LNIOKMs 040 6)

ZREAL = =-1.0

©IEY
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ann

60 ZREAL = ZREAL + 1.0

Z1 = {ZREAL 7 HREF) % ZSCALLE

CAL L SYMBOL( "10700 Zl'OOO?' 13 90.0,-1)
IF{ZREAL 1. T«e5.0) GO TQ &0

Z1 = 71 - (0.035

CALL SYMBOL{ —2.00 213007 LSMs G0

Wi

CALL SYMBOL( =200+ =0.035+0a07 LOM, Cels
GENERATE 8.5 BY 11~INCH FPAGE BORDER.

CALL PLOT( —-4.40, 3450, 3)
CALL PLOT{ ~4+40, =S5.00, 2}
cAtL PLOT{ G260, ~Se00, 2)
CALL PLOT( 64B0s 3450s 2)
CALL PLUOT( —4.,40, 3350, 2)
RETURN

END

ey
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1

IO b b=

BLOCK DATA .

VARIOUS COUONSTANTS ARE DEFINED.

LOGICAL

COMMON/FORTNO/
LW

COMMON/INDEX /

Ke
COMMON/STER/
NBAR »
COMMON/UNITYS/
FETCH »
OMEGA »
VREF,

ISTER
LR«

I,

N

MN
NWRITE.
BETA»
GRAV!
Pl
¥YMAX

LTe
Js

MOs
ISTER
BETADZ2,
HREF
TREF,

LWs LRs LT ARE THE LCGICAL I/C UNIT NUNMBERS FOR WRITING ON L INE

PRINTERs READING FROM CARD READERS

DATA LW,LR WL T/E6:5:37
DATA MN»MOWN/24+1,0/

DATA GRAV.CMEGAPI/9.79047+29E-5+93,14159/

END

USING TAPEs RESPECTIVELY.

EEYy



DATA

MNe=FOO
o

-

434



