Introduction to the Si3D flow model
(Prepared by Fabian A. Bombardelli; adapted from McDonald, MS Thesis, UC
Davis, 2007)

Smith (1997) authored a semi-implicit, three-dimensional, finite-difference model for
estuarine circulation in the FORTRAN 90 programming language. This program,
commonly known as Si3D, was implemented to simulate circulation in the San Francisco
Bay and Estuary from the ocean to the delta. The Si3D program simulates estuarine flows
within a three-dimensional grid which is horizontally resolved by squares and vertically
resolved by layers. A bathymetry file identifies which cells are open to flows and which
ones are closed. A salinity initial condition is needed, and boundary files are used to
indicate water surface elevation, flow rate and salinity, if necessary, for every time
increment at each open boundary at the model perimeter. All modeling parameters and
output specifications are given in the general input file.

The shallow-water flows of an estuary can essentially be considered horizontal and,
therefore, vertical velocities and accelerations are negligible compared to gravity. As a
result of this assumption, only the pressure and gravity terms are retained in the z-
momentum equation, reducing it to the hydrostatic pressure equation. The Coriolis terms
in the horizontal momentum equations involving vertical velocity w can also be
neglected. By incorporating these assumptions, the continuity, x-momentum, Y-
momentum, z-momentum and salt transport equations become the following five
equations, respectively:

ou dv Jdw
DT Iaidpy o' 1
ox i dy " 0z M
a—u+8W+auv+auw—fv:—ia—’o+i[AHa—”j+i AHa—u +E[Ava—uj 2)
ot oJx dy Oz P, 0x  Ox ox) dy dy ) 9z 0z
ﬁ+auv+aw+avw+fu=—La—'[)+i(AHﬁj+i AHﬂ +1(Avﬁj 3)
ot ox dy 0z P, 0y  Ox ox) dy dy ) 0oz 0z
10
0=-—L_L, )
Py 92 P,
§+%+%+M:i(l)l_]§j+i DHé +E(Dvﬁj (5)
ot odx dy Oz Ox ox) dy dy ) 0z 0z

where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The layer- averaged form of the Si3D governing equations is as follows.
Continuity equations:
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.



ou Juu OJuv OJuw
—+

oo Ty T T
of 1 %top a( auj ) ou a( auj
—g—2—g—|Ldr+—| A, = |+=—| A, — |[+—| A, — 6
o o T a Mo ) Ty Moy ) T\ ™ e ©)
ov auv o odvw
+ + + fu=
at ox ay az
t9p av) o av) d v
—g—=- d7' +— —| A, = |+=—| A, — 7
J- - (Haxj-'_ay(}qayj-l_az(vazj 2

The layer- averaged form of the Si3D governing equations is as follows.
Continuity equations:

aé‘ a km a km

——+—| DU, |[+—| )V, |=0 8

or +8x[k_1 "j+ay(; "j ®
v OU, _BL

(W]k-%—‘/z - ox dy

Momentum equations:

oU, oUu), o(Vu) 5 he 9 _

T N T L e Rl L e

k
_ﬁ g_hlapl +Z(ghm—l apm—l +ghm apmj a (A ha j +i AHh% + &
Pl 2 ox &S\ 2 ox 2 ox ox ox ), dy ) \p

av, 4 a(Uv)k N B(Vv)k (v )|/< 4 o

k=2,3,...,km )

(10)

kY2

k+Ya

+ 11
o o oy WtV pgplay o
k—Y2
_ﬂ g_hlapl +i ghm—l apm—l + ghm apm a (AHhavj a AHh aV &
Pl 2 dy = 2 dy 2 dy ax ox ), ay dy) Lp s
Salt transport equation:
Ahs), Auhs), d(vhs) en 0 ) 9 as) (s
L2 LA E(ws) == (D h— j +—|D,h— | +| = (12)
ot ox dy e ox ox), dy ) \p).,

The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular
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caused by the Boussinesq approximation. The bottom and free surface boundary
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0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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The shallow-water flows of an estuary can essentially be considered horizontal and,
therefore, vertical velocities and accelerations are negligible compared to gravity. As a
result of this assumption, only the pressure and gravity terms are retained in the z-
momentum equation, reducing it to the hydrostatic pressure equation. The Coriolis terms
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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The notation ( )|:Z represents the difference between interface values for a particular

layer. Layer-averaged density pi has been substituted for py in the denominator of the
pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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increment at each open boundary at the model perimeter. All modeling parameters and
output specifications are given in the general input file.

The shallow-water flows of an estuary can essentially be considered horizontal and,
therefore, vertical velocities and accelerations are negligible compared to gravity. As a
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momentum equation, reducing it to the hydrostatic pressure equation. The Coriolis terms
in the horizontal momentum equations involving vertical velocity w can also be
neglected. By incorporating these assumptions, the continuity, x-momentum, Y-
momentum, z-momentum and salt transport equations become the following five
equations, respectively:

ou dv Jdw
42420 1
ox i dy " 0z M
a—u+auu+auv+auw—fv:—ia—’o+i[AHa—”J+i AHa—u +E[Ava—uj 2)
ot odx dy 0z P, 0x  Ox ox) Ody dy ) 0z 0z
ﬁ+auv+aw+avw+fu=—La—'[)+i(AHﬁj+i AHﬂ +1(Avﬁj 3)
ot ox dy 0z P, 0y  Ox ox) dy dy ) 0oz 0z
10
0=-—L_L, )
Py 92 P,
§+%+%+M:i(l)l_]§j+i DHé +E(Dvﬁj (5)
ot odx dy Oz Ox ox) dy dy ) 0z 0z

where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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caused by the Boussinesq approximation. The bottom and free surface boundary
conditions are satisfied by defining wiu1s = 0, (UW)y, = UW)imss = 0, (VW) = (WW)kmers =
0, (Tzs Tvs = (Tass Ts)s (Tizs Gdkmers = (Taps Tn)y (WS = WS)imars = 0 and (J2)ys = (J)imss =
0. The summation term in Equations 10 and 11 is omitted for a surface layer (k = 1).
These five three-dimensional governing equations are discretized using semi-implicit
leapfrog and semi-implicit trapezoidal finite-differencing schemes.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
Boussinesq approximation, we obtain a form that applies to estuarine tidal flows
influenced by density variations.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
momentum equations, assuming p; = oy to the same order of approximation as the
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influenced by density variations.
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where u, v and w are the velocities in the x, y and z directions, respectively, and f is the
Coriolis parameter. The advective acceleration terms, Juu/dx, duv/dy, duw/dz,

ouv/dx, dvv/dy, and dvw/ dz, are written in a conservative or divergence form.

By substituting in baroclinic terms for the pressure gradient terms in the x- and y-
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pressure, vertical stress and vertical salt flux terms. This substitution reduces any error
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