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ABSTRACT

In 1983, after a 7-year study of the Chesapeake Bay, the U.S. Environmental Pro-
tection Agency (EPA) released a report indicating that the Chesapeake Bay was showing
the effects of man-made pollution. Among their findings, cu@ophication in the Bay and
its tributaries is one of the most important and serious problems. This condition is caused
by the excessive inputs of phosphorus and nitrogen to the aquatic system. Moreover,
results from a recent study of the upper James River indicate that nutrients not utilized by
the algal can be transported into the lower James Estuary and possibly into the Chc;v;a-

peake Bay (Lung, 1986).

The purpose of the study is to determine the importance of phosphorus loadings
from the James River to the Bay by model simulations. Two mathematical models were

developed in this research : a hydrodynamic model and a water quality mpdcl. The

P

e

hydrodynamic model is a steady-state, two-dimensional, \;riga_lly averagéd model, similar
to the model developed by Blumberg (1977). The water quality model developed in this
study is based on the two-dimensional QUICKEST numerical scheme, which is derived

by Hall and Chapman (1985).

Mass balance in the hydrodynamic and water quality models is checked in the
analysis. The phosphorus model is then used in model sensitivity analyses and projection
of total phosphorus levels in terms of various phosphorus control alternatives. Results
from model simulations indicate that only an insignificant portion of phosphorus loads

from the James River is transported into the Bay.



TABLE OF CONTENTS

LIST OF SYMBOLS

------------------------------------------------------------------------------------------

..............................................................

1. INTRODUCTION AND PURPOSE
2. THE CHESAPEAKE BAY AND THE JAMES RIVER

-------------------------------

2.1 Waste Loading Inputs - Point And Nonpoint Sources to the Bay

2.2 Eutrophication Control for the Bay

...........................................................

2.3 Phosphorus from the James River basin

oooooooooooooooooooooooooooooooooooooooooooooooooooo

3. CIRCULATION MODELING OF THE BAY

$0000000000000000000000¢000003000000000000000 00

3.1 Hydrodynamic Equations And Finite Difference Approximation

3.2 Application to the Chesapeake Bay

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3.3 Model Results

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

4. PHOSPHORUS MODELING FOR THE BAY

ooooooooooooooooooooooooooooooooooooooooooooo

4.1 Two-Dimensional QUICKEST Mthod

4.2 Application to the Chesapeake Bay

4.3 Model Results

............................................................................................

5. SUMMARY AND CONCLUSION

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

iii

ii

vi

viii

10

12

12

20

26

32

32

41

43

50

52



REFERENCES

...................................................................................................



LIST OF TABLES

TABLE 1. Major Waste Loading for September 20, 1983 Condition ................

TABLE 2. Summary of Parameters And Boundary Condition in the

Circulation MOdEl ........uueeeieiivrirnunieiiccresssnessneseaesessssssssens

TABLE 3. Mass Balance Test for the Water Quality Model

ooooooooooooooooooooooooooooo

-----------------------------

11

24

45



LIST OF FIGURES

FIGURE 1. The Location of Waste Inputs on the James Basin .........ccccecvrueenee.

FIGURE 2. The Chesapeake Bay And the Location of the Principle Point
SOUTCE INPULS ..eeiiiieiinniirineisniiiirsisiecsiicessisssesssnasssssssasessaressssssssesasssssssonsss

FIGURE 3. Annual Point And Nonpoint Loadings to the Chesapeake Bay
SYSIEIM .cmrreeeireintricccsistnictesssistssisnesississssesaeressessssssrsssssasssasessesassassssassasass

FIGURE 4. Arrangement of Variables on Finite Difference Grids ........cccceeuuen.
FIGURE 5. Grid Points for the 2-D Hydrodynamic Computation Lattice ........
FIGURE 6. The Notation of Grid Variables in Programming the Models .........
FIGURE 7. The Open Boundary at the Mouth of the Bay .........ccccecuneiiannnnnnnene
FIGURE 8. Computational Grid System fof the Chesapeake Bay ........ccceccevueeee
FIGURE 9. Boundary Condition at Atlantic Ocean Junction .........cceeeeecececeecenns
FIGURE 10. Simulated Velocity Vectors at 2-hr Intervals ........cccooceveneccennennene
FIGURE 11. Simulated Velocity Vectors at 2-hr Intervals(Continued) .............
FIGURE 12. Simulated Velocity Vectors at 2-hr Intervals(Continued) .............
FIGURE 13. Simulated Tidally Averaged Volume Transport Vectors ..............

FIGURE 14. Computational Grids And Definition of Variables for
QUICKEST MEthOd ......cceiveirienererencnissnsseesssssssssscssssssssssasssassssssnassssssesanssass

FIGURE 15. Grid Points Required for Each Quadratic Interpolation
Surfaces in the 2-D QUICKEST Computational Lattice .......ccccverevereencnss

FIGURE 16. Flow Chart of Programming ...........cueeseicssssecessscsssssessonssnessasssassens

FIGURE 17. Model Calculated Phosphorus Concentration Contours for the
ISt MOMA c.ovviviieeinneeesiissessaesssesssesssassessnessssesssessensersesssssssssessasssssassessssassnsase

vi

13
18
19
21
22
25
28
29
30

31
34

40

42

46



vii

FIGURE 18. Model Calculated Phosphorus Concentration Contours for the

200 MONth ..t 47
, FIGURE 19. Model Calculated Phosphorus Concentration Contours for the
H C BEA MONLh s sase s asn e tasees - 48

FIGURE 20. Numerical Simulated Result for the Phosphorus Dynamics
Between the James River And the Chesapeake Bay .....cccoccevceveeennreccnennne 49




viii
LIST OF SYMBOLS
R, ORT, 0,0 p : the dimensionless longitudinal dispersion coefficient of the
right, top, left and bottom cell faces, respectively.

g, O, 0L, 0 ¢ the dimensionless lateral dispersion coefficient of the right,
top, left and bottom cell faces, respectively.

o, : the dimensionless longitudinal dispersion coefficient with respect to the
right and left cell faces.

: the dimensionless lateral dispersion coefficient with respect to the top
and bottom cell faces.

Cr,Cr,CL,Cp : the longitudinal courant number of the right, top, left and bot-
tom cell faces with respect to the longitudinal velocity. :

Ctr,Crr,CpL,CLp : the lateral courant numbers of the right, top, left and bot-
tom cell faces with respect to the lateral velocity.

A : the operator of the forward difference.
D : the total water depth, ft.

d,,8y : the operator for the central difference with respect to the x- and y-
direction.

dt. : the critical time step, sec.
dx ,dy : the discrete size with respect to the x- and y- direction.
dt : the discrete size of the time step.

DS : the incremental depth-averaged concentration for each time step, mg/l
ft.

Ni,N2 : the tidal elevation, ft.

FR, FL, FT, FB : advective and diffusive contribution for the depth tran-
sport constituent concentration through the right, left, top and bottom cell
faces, respectively.

f : twice the value of the vertical component of the earth’s rotation, 1/sec.

F : the function dependent on the discrete variables x, y and t.



ix
I,,Iy ¢ dispersion coefficient with respect to the x- and y- direction.
g : the acceleration of gravity, ft/ sec? .
H : the depth of water with respect to the mean low water water level, ft.
h : the total water depth, ft.
i : the notation for the discrete point in the x- direction.
j : the notation for the discrete point in the y- direction.
k : the bottom friction coefficient, [ ].
K : decay coefficient for the constituent, 1/day.
n : the time level, [ ].
NTIME : the number of time step, [ ].
¢ : water quality constituent concentration, mg/l.

& : the corresponding depth-averaged transport constituent concentration,

mg/1 ft.

S : source and sink terms of the constituent, mg/1 ft/sec.
t : time coordinate, sec.

Tx'Ty : the wind stress component in the x- and y- direction respectively,
ftzlsec2 .

u : the comresponding depth-averaged longitudinal velocity components,
ft/sec.

uD : the corresponding longitudinal volume transport, ft2 /sec.

u’ : the corresponding depth dependent longitudinal velocity component,
ft/sec.

v : the corresponding depth-averaged lateral velocity component, ft/sec.
vD : the corresponding lateral volume transport, 112 [sec.

v’ : the corresponding depth dependent lateral velocity component, ft/sec.

x : the longitudinal coordinate, ft.



& | y : the lateral coordinate, ft.




1. INTRODUCTION AND PURPOSE

The Chesapeake Bay is a valuable living resource. It is not only for the Bay’s pro-
ductivity but also for its scenic beauty. During the past 15 years, however, its long term
health has been deteriorating with dramatic reduction of fish populations. In 1983, after a
7-year study of the Bay, the U.S. Environmental Protection Agency (EPA) released a
report which indicated that the Bay was indeed showing the effects of man-made pollu-
tion.

Eutrophication in the Chesapeake Bay and its tributaries is one of the most impor-
tant and serious problems among their findings. This condition is caused by excessive
inputs of phosphorus and/or nitrogen to the aqpatic system. The result is the productivity
and abundance of some undesirable aquatic organisms which quickly deplete dissolved
oxygen in the bottom waters. In addition, eutrophication causes much of the turbidity
that affects the aesthetic appeal of the Bay waters in many areas. For the past two
decades, eutrophication control for the Chesapeake Bay has focused on the reduction of
point source phosphorus loads in the Bay region. Phosphorus removal has been imple-
mented at many publicly owned treatment works (POTWs). A quantitative analysis of

phosphorus loads to the Chesapeake Bay was described in Lung ("1986b ).

Lung reported that the point and nonpoint sources in the James River basin in Vir-
ginia (Figure 1) contribute a significant amount of phosphorus, approximated 24% to
36%, to the Bay (depending on the hydrologic condition in the basin). Results from a
recent modeling study of point source phosphorus control in the James River basin indi-

cated that while present nutrient levels in the upper James River Estuary are adequate to
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support algal growth, a reduction of nutrient inputs by removing phosphorus at POTWs
would lead to a phosphorus limiting condition thereby lowering the phytoplankton
biomass levels (Lung, 1986a). Further, under the phosphorus removal scenarios, inor-
ganic nitrogen (NH3 NO, and NO 3) concentrations in the estuary would increase in the

downstream direction because they would not be utilized by the reduced algal biomass.

Would phosphorus removal in the upper estuary cause a nitrogen increase and result
in greater production in the lower estuary and the Chesapeake Bay which may be nitro-
gen limited? This is an important question in light of the fact that the Virginia Water
Control Board has adopted an average monthly limit of 2 mg/L of total phosphorus in the
effluent of about 40 POTWs in the Chesapeake Bay drainage basin. Further, a phosphate

detergent ban has been in effect in Virginia since January 1, 1988.

Part of the above question has been addressed in a recent report by Lung (1987)
who found that increases of inorganic nitrogen in the lower James River Estuary would
play a minor role in algal growth. Rather, high turbidity levels in the water column tend

to suppress algal growth in the lower estuary.

This study attempts to address the second part of the question and to put the
phytoplankton-nutrient dynamics in the James Estuary and the Chesapeake Bay into per-
spective by quantifying the fate and transport of phosphorus in the Bay as a result of the

James River input.

The investigation of the fate and transport of phosphorus inputs in the study area is
achieved by numerical simulations. There are two parts of the mathematic modeling
framework developed in this study : a hydrodynamic model and a water quality model

for phosphorus based on the mass transport pattern derived from the first model. The



u water quality model also incorporates the effects of phosphorus loading from other tribu-

taries to the Chesapeake Bay.




2. THE CHESAPEAKE BAY AND THE JAMES RIVER

The Chesapeake Bay is a complex estuarine system comprised of the Bay proper
and its tributaries. The whole Bay region (Figure 2) stretches over 64,000 square miles,
ranging 200 miles from north to south and 4 to 30 miles wide. The depth of the Bay
varies from as much as 175 feet (off the southern tip of Kent Island), to shallow tidal
marshes that are exposed at low tides. The average depth of the bay is estimated to be 27

feet, with a surface area of approximately 76 billion square cubic feet.

The Bay receives freshwater from more than 150 creeks and 8 major rivers. Princi-
pal tributaries are the Susquehanna River at the head, the Potomac River at the
Maryland-Virginia border, the Rappahannock River in Virginia and the James River at
Hampton Roads, Virgiﬁia. The monthly flow at the mouth of Chesapeake Bay ranges
from 7,800 cfs to 325,000 cfs based on the historical record of estimated streamflow
entering the Bay from each of the tributaries by the U.S. Geological Survey (USGS).
The range of tidal stages is greatest at the mouth of Chesapeake Bay which is the junc-
tion with the Atlantic Ocean, with a range of approximately 2.5 ft, and is about 1 ft at the
head of the Bay. The effect of winds may be important, which causes tidal heights and

currents to vary several times about the normal.

2.1 Waste Loading Inputs - Point And Nonpoint Sources to the Bay

The Bay is the recipient of the industrial and treated municipal waste effluents,
combined sewer overflows , groundwater discharges and residuals contained in rainwater

runoff. These waste loads enter the Bay from major tributaries and the immediate
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drainage. Furthermore, the Bay receives nutrient inputs from atmospheric sources via
direct precipitation on the Bay’s water surface. Figure 2 shows the location of the princi-
pal point source inputs, the municipal and industrial wastewater treatment plants located

in major urban centers.

Depending upon the time of the year, these waste inputs can be accumulated in the
Bay. For example, during the summer months and the other periods of low rainfall, the
point sources are significant due to the low dilution of effluent. However, .thc nonpoint
sources remaining on the ground are not so important due to the non-washoff effect. Dur-
ing the winter and the early spring months and periods of significant rainfall, the impor-
tance of point source effluents decreases due to increased dilution and associated non-
point loads. Figure 3 shows the relative contribution of point and nonpoint sources of
nutrient during dry, average and wet years (USEPA, 1983). It is seen that point sources of
phosphorus comribﬁtcs about 69% of total phosphorus input during a dry year and would
reduce to approximately 36% of the total load during a wet year. On the other hand, point
sources contribute 38% of the total nitrogen to the Bay in a dry year and about 19% in a

wet year.

2.2 Eutrophication Control for the Bay

In 1976, Congress directed EPA to conduct a study of the Chesapeake Bay. After a
7-year study, EPA found that the Bay is indeed showing the man-made pollution. Subse-
quently, a restoration program for the Bay was developed in 1983. The Chesapeake Bay
Commission, U.S. EPA, the State of Maryland, the Commonwealths of Virginia and

Pennsylvania, and the District of Columbia signed a Chesapeake Bay Agreement in
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FIGURE 3. Annual Point And Nonpoint Loadings to the Chesapeake Bay System
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December 1983. They agreed to establishing a structure to oversee the cooperative and

comprehensive measures necessary to restore the Bay.

The restoration program of the Bay includes the formulation of the planning, data
management, monitoring and modéling. Especially, thé monitoring program, begun in
1984, by the Chesapeake Bay Executive Council, comprises over 160 stations and
represents combined efforts of numerous states, federal agencies and institutions. For
example, over twenty physical, chemical and biological characteristics of water quality
have been monitored for approximately 20 times a year in the Bay proper and major tri-

butaries.

It was found that eutrophication in the Bay and its tributaries is one of the most
important problems. Nutrients reductions hav¢ been the major focus of the Bay restora-
tion program. The Scientific and Technical Advisory Committee (STAC) of the Bay Pro-
gram has reviewed overall nutrient reduction strategies throughout the basin. STAC con-
cluded that reductions of nitrogen and phosphorus loadings from nonpoint sources and
phosphorus loadings from point sources should be addressed. Subsequently, water quality
managers could develop reduction scenarios for eutrophicaﬁon control. In addition, for
the past two decades, the reduction of the point source phosphorus loads (primarily from
POTWs) has been the focus for éontfolling eutrophication in the Bay and its tributaries.
Currently, phosphorus removal occurs at many POTWs that discharge to several major

river basin in the Chesapeake Bay region.
A new Chesapeake Bay agreement, which was signed in December 1987, commits
the Bay states and EPA to an ambitious agenda of initiatives, including a pledge to

reduce nutrient input of the Bay by 40% by the close of the century. One of the strong
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commitments of the new agreement is to develop, calibrate, and validate a three-
dimensional water quality model of the Bay by 1991. The model will be used to guide

how the 40% nutrient reduction can be achieved.

2.3 Phosphorus from the James River Basin

Assuming that the phosphorus loads from the James River Basin are 100%
delivered to the Bay, the James River basin would contribute about 15% to 30% of the
Bay phosphorus input depending upon the hydrologic condition (Lung, 1986a). Figure 1
shows major phosphorus dischargers in the James River basin. Table 1 presents a sum-
mary of major wastewater loadings on September 20, 1983 to the James River. One of
the reasons that the James River basin contributes such a large portion of phosphorus
loads is none of the POTWs in the basin .currently practices phosphorus removal.
Besides, there was no other form of nutrient control existing in the James River basin
until this year. A phosphate detergent ban has been in effect in Virginia since January 1,
1988. Preliminary monitoring data indicates that the ban has reduced about 25% to 35%

of the phosphorus concentration in the effluent.
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Discharger CBOD,, Org.N NH; NO,+NO, Total P Org.P Ortho-P
Richmond 4512 4927 3916 2332 2328 144 2184
DuPont 202 230 38 9 5 2 2
Falling Creek 714 336 116 745 502 111 390
Proctors Creek 2602 208 103 33 179 25 154
Reynolds Metals 1 3 g 2 2 2 0
American Tobacco 60 27 1 31 6 0 6
ICI 31 ‘ 8 0 4 1 | 1 0]
Philip Morris 368 27 6 267 106 39 66
Allied-Chester 2480 42 3 61 9 6 3
Allied-Hopewell 12680 3363 2069 2349 80 66 13
Hopewell 8929 7048 5904 326 347 205 142
Williamsburg 229 15 196 65 162 125 37
James River 436 221 878 25 534 187 347
Boat Harbor 410 340 2719 13 867 167 700
Nansemond 770 178 938 34 362 12 350
Army Base 413 393 2063 11 569 263 306
Lamberts Point 21893 520 3087 17 418 332 86

TABLE 1. Major Waste Loading for September 20, 1983 Condition



3. CIRCULATION MODELING OF THE BAY

3.1 Hydrodynamic Equations And Finite Difference Approximation

12

The main purpose of the circulation model is to provide estimates of mass transport

for use in the water quality analysis. The original framework was developed by Blum-

berg (1977). The basic equations for the circulation model are the shallow water equa-

tions. Let the coordinates be horizontal rectangular as well as x and y be increasing east-

ward and northward respectively. The coordinate system is shown in Figure 4. The

hydrodynamic equations adopted from Blumberg (1977) are

ouD . du’D . duvD

fD+ gbﬂ= - ku(u+v?)12

dt  dx oy ox
ovD . dvuD . 9v?D omn_ . w_ 2,.,2,172
% ox 3 Tqu+gDay—1:y kv(uc+v<)
on, ouD dvD _
ot ax ¢ oy 0

In which

1)

()

3)

u = the corresponding depth avcragéd horizontal velocity com-

ponent.

v =the corréspohding depth averaged lateral velocity component.

g =the acceleration of gravity.
Ty = the horizontal wind stress component.
Ty = the lateral wind stress component.

k = the bottom friction coefficient.

f = twice the value of the vertical component of the earth’s
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FIGURE 4. Arrangement of Variables on Finite Difference Grids
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rotation.
1= the free surface elevation.
H = the depth of water with respect to the mean low water level.
D = the total water depth.
The velocity components u, v are defined as
17 17
u= —D-__Lu'dz; v= E_-[ Vvidz 4)

in which
u’ = the corresponding depth dependent horizontal velocity com-
ponent.
v = the corrcspondiné depth dependent lateral velocity com-
ponent.
uD = the corresponding longitudinal volume transports.

vD = the corresponding lateral volume transports.

The incompressible and homogeneous flow conditions are assumed in the formula-
tions. And the density variations in the water column is neglected so that constant density
is assumed in the vertical direction. The boundary conditions applicable to Egs. 1, 2 and
3 are the specification of the tidal elevation at the open boundaries and the discharges of
water into the system along the other boundaries. In addition, the normal velocity com-

ponents of the volume transport have to vanish at the coast if there is no inflow.

Numerical techniques were employed for obtaining the solutions to the _coupled

nonlinear differential equations. Firstly, the variables u, v and D are defined on a grid
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mesh as shown in Figure 4. Since the sum of H and 7 is equal to D, they two are at the
same location of D. Because a north-south boundary is chosen to coincide with the u
points and an east-west boundary to coincide with the v points, the boundary condition of

no normal flow through the coast is easily accomplished.

To derive the differential scheme of these nonlinear equations, the following opera-

tors are employed :

F(x+dx/2,y,t)+ F(x—dx/2,y,t)

F(x,y,t)= > 5)

8. F (x,y,1)= F(x +dx/2,y,t);x F(x—dx/2,y,t) ©

8. F (ry.ny= LGy, 1) F(x—dx.y.1) h
2dx

F(x,y,0)?=F(x,y,t)" ®

in which F is any function of the discrete variables x,y.t; and dx is the grid spacing. Simi-
lar operators for variables y and t can be defined. The final difference scheme derived by

Blumberg (1977) is therefore written as

Rx A+l x (n-1 — —_— —
G 08 5,05 780 @)D +

8D*8,1- T+ k{u(u+ @)1= )

(b'yv)nﬂ_ (Byv)n-l
24t

gD’ 8-ty +kv(v2+ @)1 )-1=0 (10)

F5.(D%u Ty 8,(-0:’?7’» Du +

nn+l_nn—l — =y
— + 8 (D*u)+8,(D’v)=0 S
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in which the superscripts n+1 and n-1 indicate the time step. Terms at time step n are
without a superscript. The frictional term are lagged one time step to avoid numerical

instability. Eqgs. 9, 10 and 11 are rearranged as followed :

D uy =D uy1- 241[8,(D"u T3 8,(D’v W)-D’v +

gD*8,n— T+ k(u?+ )% 2yr 1 (12)

DIV =Dy - 2d1[5, (D74 ¥+ 8,(D” V) fDu +

gD’ 8- T+ k(v (v2+ @™)H)2yn 1 (13)

M= n""1- 2408, (D" u)+ 8,(D7V)] (14)

(D*uy**! ,(D?v)**'and n**! are calculated by egs. 12 to 14. Then, u"*'and v**! are
derived by (D*u)**'and (D’v)™*!, respectively. The numerical integrations start with a
forward time step and then are followed by the leap-frog scheme. That is, at n = 1, the
factor 2dt in Eqs. 12, 13 and 14 is modified to be dt. By using Egs. 5, 6, 7 and 8, the indi-

vidual term in Eqgs. 12, 13 and 14 can be expanded as;

5.D%u @)= (D wiszrz,j+ DF)is12, Y@ i1, j— (15)

(D w)isin,j+ O w1, @), j1/2dx

X

5y(5§ )= [((By".)i-rl; i1t D) ju1)@isrr2,jr12= (16)
(D?V)is1,jornt D’V j-12)@ isrra, 412124y
D'y = [(D*V)istjr1n+ D V)ijn+ (D’ V)i, j12+ 17)
(D), j-121/4
V= [ joint T isin,j-12112 (18)
5;(5xuy71)= (D winrz,j-1+ O Wi, ) isr2,j-1r2~ - 19)
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(D*wi-1,j+ O* w122, N Vic112, j-12)/2dlx
8,7V )= [(D*V)i jou+ B*V)ij-12)F”)i - (20)
(D) joant D) j12))i j-1 124y
Du = (D" w12 jo1+ D Wir, jor + (D w)isim i+ @1)
(D*u)i_1n, 4
u?=(@ic12,j12+ @ is12,jr12)/2 (22)

Egs. 15, 16, 17 and 18 are derived with respect to the central point (i+1/2,j). However
Eqgs. 19, 20, 21 and 22 are with respect to the central point (i, j-1/2). The grid points used
to make the interpolation of each of the u(i+1/2, j), v(ij-1/2) and D(i,j) are shown in Fig-
ure 5 . The notation is implemented in the computer program code by shifting half a step
forward with respect to i and j for u and v, respectively. Figure 6 shows the notation

defined in the program coding of the finite difference equations.

To avoid stability problems of the finite difference scheme, a simplied method is

used. Two numerical stability criteria are :

1. dr<[NgD ey (1/dx+1/dy)]™! (23)
2. de< UUf (24)

The right hand side of Eq. 23 is equal to the critical time step df., which must be larger

than the time step employed.

There are additional boundary conditions required at the open boundary with regard

to the finite difference scheme. For the abrupt change in width of water body at the open
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boundary, it is assumed that the volume transports are perpendicular to the open boun-
dary and that there is no momentum flux imported to the interior from the exterior
region. For example, considering a north-south open boundary, the v component of the
volume transport is equal to zero because there are no v points coincided with the boun-
dary. In addition, the u2D " momentum " just outside of the interior region is much
smaller than that " momentum " just inside the interior region, therefore, this condition
eliminates the need to specific u values at the grid points just outside of the interior
region (a distance dx/2 away from the input forcing function at the open boundary). The
diagram for this example is shown in Figure 7. In addition, the water depth of the exte-
rior region is assumed to be the same as that of the adjacent interior grid when calculat-

ing the velocity components at the boundaries of water discharges.

3.2 Application to the Chesapeake Bay

The grid system used for the computation in the Chesapeake Bay and the James
River hydrodynamic model is presented in Figure 8. The boundaries of the Chcsépeake
Bay are defined to fit on a grid 25 by 48 points and that of the James River 24 by 9
points. The Chesapeake Bay and the James River are separated to two systems for effi-
cient use of computer memory. That is, the storage space of a 50 by 50 matrix is more
than that of 25 by 50 plus 25 by 10 matrices. Therefore, the program has to combine the
grid point values between the junction of the two systems. For numerical simulations, the
horizontal grid sizes are dx=9986.67 ft and dy=20597.5 ft. The mean low water level (H)
is based upon the bathymetric chart which is estimated by Goldsmith, Sutton and Willi-
ams at the Virginia Institute of Marine Science (1977). With this grid size, a time step of

60 sec is needed to satisfy the stability criterion, Eq 23. The other parameters and
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FIGURE 7. The Open Boundary at the Mouth of the Bay



FIGURE 8. Computational Grid System for the Chesapeake Bay
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discharge inflows obtained from Blumberg (1977) are summarized in Table 2. Freshwa-
ter inflows from the Susquehanna River, Potomac River and Rappahannock River were

incorporated in the model although the tributaries were not modeled.

Along the open boundary of the the Atlantic Ocean, the tidal elevation 1, prescribed
from values of the tidal table given by the National Ocean Survey for a tidal cycle (12.51
hrs) beginning April 10, 1976 at 16.72 hrs after midnight is graphed in Figure 9. The

input forcing function for the tidal control elevation is divided into 2 parts :

n=1.51-COS (-7%)+ 131 0<t<TlI 25)

1t(t Tl)

Mp=~1.54-COS (m——"}+134 Tl<t<T2 (26)

in which T1= 5.91 hrs and T2= 6.60 hrs. Therefore there are almost 750 time steps per
tidal cycle. Besides, the velocity component is zero along the coast (the closed boundary
condition). Since the model will reach a dynamic steady-state condition following con-
stant forcing function, the initial values of velocity components and surface elevation (1))
are set to zero, which make no effect on the results. The data input is presented in Appen-
dix 1.

Due to the irregular shape of the simulation domain, a grid search system was esta-
blished. This function apparently reduces the computer time because the hydrodynamic
and/or water quality calculation are just executed within the boundaries. Two one-
dimensional arrays, IP(M) and NP(M), in which M=50 for the Chesapeake bay system
and M=10 for the James River system, are set . The value of IP(J) is the column index of

the grid point that is the first one to do the calculation at J row, and NP(J) presents the
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PARAMETER

VALUE

k
f 1/sec
Ty Ty
g Ibf/sec2
Q(1) cfs (Susquehanna river)
Q@) cfs (Potomac river)
QQ@3) cfs (James river)

Q(4) cfs (Rappahannock river)

2.96E4

)

0.0025
0.00009

32.2

8.21E4

3.11E4

1.64E4

TABLE 2. Summary of Parameters And Boundary Condition in the Circulation Model
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number of grid points after column IP(J) at J row that are within the system. However,
the variables on the other grids, which are not included in the grid search system, have to
be calculated separately. IP(M) and NP(M) are shown the input list in Appendix 1.
Appendix 2 presents the program list for the circulation and the water quality simula-

tions.

3.3 Model Results

The hydrodynamic model was first tested to satisfy the theory of mass balance for
water. The test method is to put the freshwater input (8.0E6 cfs) at the head (fresh inflow
of the Susquahanna River) of the Bay and the tidal control (Figure 9) at the open boun-
dary of Atlantic Ocean. The model was run for 120 time steps (2 hrs). The water volume
of fresh inflows and tidal input should be t};e same as the increase of water volume
within the simulation area at the last time step theoretically. The result appears that there
is only 0.12 % error for these two quantities (the volume of fresh inflow and the tidal
input is 48,389,381,807 ft3. And the increase of volume within the boundary in the end is

48,331,336, 421 ft3).

Figure 10, 11 and 12 show the model calculated velocity over one tidal cycle at 2-hr
intervals of the 13th tidal cycle. It presents the exactly physical phenomonon of tidal con-
trol. During the 12 hrs ( that is, almost one tidal cycle), the water transport reverses its
direction after a half tidal cycle roughly. Currents at the lower portion of the Bay show
the condition of the tidal elevation at the mouth. Figure 13 presents the tidally averaged
volume transport vectors at the 12th and the 13th tidal cycles. Both of them are shown

the same current conditions. Thus, the model has reached a dynamic steady-state condi-



tion after the tidal forcing function is repeated 12 times.
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4. PHOSPHORUS MODELING FOR THE BAY

A water quality simulation model which interfaces with the hydrodynamic model
was developed for the pfcdiction of water quality constituents. In this study, the depth-

averaged two-dimensional mass transport equation is :

obh . Judh  Ovoh _

FrY
ot ox 9y ‘ax(r‘

ax

y %(F,agf)is @n

where
¢ = water quality constituent concentration.
h = water depth.
t =time.
u,v = velocity components in the x- and y- directions, respectively.
X,y = two-dimensional cartesian coordinate directions.
Iy, Ty = dispersion coefficients in the x- and y- directions,
respectively.

S =source and sink terms of the constituent.

Numerical finite difference schemes are needed to obtain the solution of Eq. 27. It is
known that low-order spatial or temporal discretization techniques results in significant
numerical dispersion and parasitic oscillations in real time computations. They are not
suitable for this study. Instead, a higher order scheme was used for solving this equation.

4.1 Two-Dimensional QUICKEST Method

The QUICKEST (Quadratic Upstream Interpolation for Convective Kinematics

with Estimated Streaming Terms) technique was first proposed by Leonard (1979). The
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algorithm of QUICKEST is based on a conservative control-volume formulation with
cell wall values of each field variable written in terms of a quadratic interpolation in any
one coordinate axis the adjacent nodal values together with the values at the next
upstream node. Leonard’s QUICKEST is specifically designed to address unidirectional
transient transport problems. Recently, Davis and Moore (1982) presented a two-
dimensional version of the QUICKEST scheme. In this study, the formulation of the

two-dimensional QUICKEST scheme is adopted from Hall and Chapman (1985).

The depth-averaged mass transport equation presenting here is for non-conservative

substances with source and sink terms.

0P oud owv®_9 9P, d . D
o ax T oy axtrax oy Tyg, KO (28)
where
® =6h

K = decay coefficient for the constituent.

The computational grids and definitions of variables (u,v,h) are the same as those of
the hydrodynamic model. D in the hydrodynamic model is the same definition and loca-
tion as h in the QUICKEST. And @ is the same location as h in the mass transport model
as Figure 14 shows. In addition, I, and I'y are defined on the same location as u and v,
respectively. It’s noted that the nodal values represent cell averages, and that cell wall
values represent cell wall averages. The deviation of QUICKEST is based on the conser-
vative control cell formulation and uses a spatial six-point upstream weighted interpola-
tion surface with temporal advective correction to obtain a third-order approximation to

cell- to-cell face average quantities. The QUICKEST formulation is therefore written
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FIGURE 14. Computational Grids And Definition of Variable for QUICKEST

Method
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(29)

where FR, FL, FT and FB represent advective and diffusive contributions through the

right, left, top and bottom cell faces, respectively. Eq. 29 is actually an explicit finite

difference scheme. If the u and v velocity components are assumed to be positive :

n OR 1 n
FR=Cp[= (<b"+<b,+1,) A<I> (Tg(l—C%»S,%@,,-

Crr orr  Ctr CrCrr
- TAyd’ﬂj-ﬁ (T+ —) 8207+ —3 Oy 82, @ 2,j-112]
Cr Crr oy
— R (A D7 - Tsfd’ﬁj ——82,0M1n,j-1n2)

Cr, .. ,0r 1 n
2 Ay¢i,j+ (—2 F(l- C%)) 83(1)‘.]
RT . n ogr Chr ...  CrCrr n

i Ax¢i-1.j+(T+ o )8207 i+ - — 5§y¢i—1/2.j+1/2]

FT=Crl> (<I>’l i+ D i)

Cr Crr
- or(Ay @7 ;- 753 o - Ts?cyd’f' -172,j+172)

oL

FL=CL[ (@] +¢".1,>— S AT (5 L(1- CP) B20%y
CBL OB %L CLCsL
- TA Dy, j-1+ (T 52¢ -1t~ 52 -112.j-172]

CBL
— o (A DIy, i~ 52(1’ -1 53y¢f"—1/2.j—1/2)

FB—CB[ @7+ D 1>— A yOF - 1+( —(1 CENBIOT;
CLB LB CLB n CsCrp
- TA W ,—1+( ——)5207; 1+ 82,01, j-11]
n CLB 2 a0
—og(A, DY~ 5 yOrj-1— 3 — 05 P 12,j-112)

where

(30)

@31

(32)

(33)
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updt vpdt
R= " ; TR=
Tradt I'rradt
oR= X 2~ o= TR2 for FR
dx dy
vrdt urdt
I'rar Tgrat
or= PR ORrT= ) for FT
upde v, dt
L= CaL= &
I at Iprdt
o= L—2 3 OBL= BL2 for FL.
dx dy
vpdt updt
Ipdt Iy pd:
o= > 2~ »  OLB= LB2 for FB
dy dx

A and § are the symbols of the forward difference and the central difference, respectively.
Because the velocity component v and parameter Iy, on the north-south cell surface and
the velocity component u and parameter I'; on the east- west cell surface are omitted in
the grid system in study. Ctg , 07g » Crr » QT » CBL » 081 » Crp and 0y p are eliminated
in Egs. 30, 31, 32 and 33. These equations for the positive u and v are therefore simpli-

fied :

C o
FR= CRIZ-(@Lj+ Ol 1= —-A 0+ (S (1= Ch) 8207 ]
(34)
n Cr 20
= oR(8; P70~ — 0z D7)



= =

Cr
FT=Crl+ <<1>.,,+<1>:',+1>— —LA D7+ = ——(1 ch) 2%

— a8y Q- 753 7))

FL=CL[-;—(<I> ,+<1> 1,)— LA+ ( ——(1 Ch) s2an, ;]

— 0L (A D]y, j— 812:¢?—1.j)

op

) —<1—CB»82<1> j-1]

1
FB= Cpl—(®}j+ DY, R Aq’?z—x (5—
— Or(A. D" —i82¢"-
ap( y i, j~1 2 ) ‘J'l)
where
for FR: A® =%, j—DF;

534’5.';‘: H-l g 2<Dl j+¢ ~-1,j

for FT : A ¢?j=¢?j+l-¢?.j
8207 =D - 207 i+ O

for FL : Ad’_l]—‘b,j d’—l]
820y = O - 207, j+ Dly

for FB: Ay®[; 1=®f;i—DF;j
8207 1= D 2081+ DFj,

37

@S

(36)

(37

(38)
(39)

(40)
(41)

(42)
43)

(44)
(45)

If the u and v velocity components are negative, the four dominated terms should be

modified



FR= CR[ (¢n1+¢1+11)"

FT—CT[ (PFj+ DLjr1)-

1
FL= CL[E((D J+¢ 11)

FB=Cp[— (<b",+¢, 1)-

where

for FR :

for FT ;

for FL :

for FB :

— ap(A, D}~ 82¢,+1 D)

— ar(A, 0~ 78§¢2j+1)

2

CL
— 0 (A, Py = 581 PE))

— ap(A,®Fj - 753¢2J)

EQ. 38

2 _
83PN, = Plag j— 200y, j+ DL

EQ. 40
8L j=DFj— 207+ Oy

EQ. 42
8207 = By, j— 207+ O, j

EQ. 44
834’:]: ,J.,,l Z(D +¢n

—R ADN+ ( —(1—c,%»83¢?+1.,-1

Cr
A¢:‘, = ——(1 CH) 80711
CL Q
ZEADE )+ (S (1= CP) 820%)

A yOF - 1+( —(1- C3)) 8207
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(47)

(48)

(49)

(50)

(51)

(52)

(53)
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% The dispersion coefficients are constants for all cells with respect to the x- and y- direc-

tions in the model, therefore -

w : Tp=T1=T, (54)
Ir=Tg=T, (55)
that is,

“

OR= 0= Oy (56)

| or=0p=0y YD)
¥

With examining the sign of C value for each face in a cell, one can determine which for-

mulas (Eqgs. 34, 35, 36, 37, 46, 47, 48 and 49) should be used with Eq. 29. Figure 15

“ presents the grid points required for each quadratic interpolation surface. It is assumed

that the velocity components do not change signs in one cell. The time step used in this

model is 60 sec, which is small enough to minimize the numerical dispersion problem.

“ The time step is the same as that used in the circulation model so that the two models can
be integrated easily. In addition, the cell size is the same as the design of the grid system
for the circulation model. Dispersion coefficients I'y and I'y of 645 ft? /sec and a decay

4
coefficient K of 0.1 day™! are used in the phosphorus calculation.

“
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4.2 Application to the Chesapeake Bay

The phosphorus concentfation is computed at the center of a grid. The total phos-
phorus boundary condition applied at the mouth of the Bay is 0.1 mg/L ; 0.2 mg/L at the
fresh water inflows from the Susquehanna River, Potomac River and Rappahannock
River. The simulation region is only up to the junction of the Appomattox River and the
James River in the grid system. The James River from Richmond to Hopewell is not
explicitly included in the model because this reach is much narrower than the grid size.
Instead, the phosphorus loads from this section of the river are lumped into one input in
the Hopewell area as a boundary condition for the model. The phosphorus concentration
at the head of James River is 0.3 mg/L associated with a freshwater flow of 2300 cfs in
Richmond (Lung,1987). The initial concentrations for phosphorus are zeros in each grid
except those in the open boundaries. Becausé there is no normal velocity component
along the coast, the phosphorus concentration distributed by that cell face will be very
small from Eqs. 34 to 53. Further, in light of the flow direction, the concentration just
outside of the boundary is assumed to be the same value as that of the adjacent interior
grid.

The sequence of computation is, firstly, to solve for the volume transport com-
ponents (uD, vD); secondly, to sblvé for the water surface elevation (1) and finally to
calculate the depth-averaged concentration (P). The flow chart for programming the

hydrodynamic and phosphorus transport models are shown in Figure 16.



START
v

Read the parameters coefficients, Read H, IP,

values of boundary condition. NP
3

Initialized D, U, V, S, DU, Set up the initial condition

DV, PSI, PSIN for open boundary

Next time step calculation

—_
L4

Set up the boun::lary condition
at the fresh inflows,ie
V({1J)=Q*2/(DAJ)+D{IJ-1))/DX

PSI(L7)=C * D(L,])
v

calculate DU, DV | |Calculate S | | Calculate PSIN

from eqs 12, 13| | fromeq 14| | from eq 29
¥

Calculate D, ie DAJ)=HI.1)+S(1.J)
¥

Replace PSI Calculate U, V

PSI(IJ)=PSIN(L]) U@+17)=DU(+1J3)*2/(D({1+1J)+D(1.3))
VADN=DV{J)*2/(DAIHDJ+1))

¥
Calculate S, D at the open boundary

of tidal control for the next time step
1

¥
Print output

v
END

FIGURE 16. Flow Chart of Programming
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4.3 Model Results

The model was first checiced for mass conservation. The phosphorus concentration
for the boundary condition is réplaced by the mass loading. This modification, however,
is the easiest way to test the mass balance of the substance. The boundary conditions for
this test are James River inflow 3.0E6 cfs and the waste loading input ww (= 3.0E10
1b/day) for a conservative substance. And the tidal control is at the mouth of the Bay. The
loading input, which has to be converted to be depth-averaged concentration, is put at
one selected grid point of the James River system. The incremental depth-averaged con-

centration for each time step at the waste input grid is

DS=ww- dt /186400./ dx/dy/! 5.4 (58)

Table 3 presents the comparison of mass conservative tests The third column of Table 3

is the mass input,

mass input=ww- dt/ 86400.- NTIME (59)

where NTIME is the number of time step. The fourth column is the mass remaining in

the boundary,

mass=O(,J) dx- dy- 5.4 (60)

where @ (1,]) is the depth-averaged concentration in a grid point (1,J). Furthermore, since
the numbcf of the time step for these tests is small enough, the substance mass will not
flow into the Ocean. Table 3 shows that the errors for different locations of mass input
are quite different. It is explained that the substance transport is restricted by the bathy-

metry, especially that of the James River; and that the assumption of the boundary



e =S—

44

condition along the coast is the error which comes from. Therefore, the errors of row 3

and 6 in Table 3 are less than the others.

Due to the low discharge flow at the upstream of the James River, the transport and
dispersion of substance are very slow in the James River. The phosphorus dynamic
model should have the simulated time of a long term period (ie. month or year ). Besides,
the hydrodynamic part reaches the dynamic steady-state condition after the downstream
forcing function is repeated 13 times. Therefore, hydrodynamic model results following
13 tidal cycles are applied to the phosphorus dynamic part for the phosphorus simulation.
Figure 17, 18, 19 present the model calculated concentration contours for the 1st, 2nd
and 3rd month of simulation time. A comparison of the concentration distributions for
the conservative and non-conservative constituent is also presented. In addition, the
phosphorus concentration distribution in Figure 20 shows the phosphorus dynamics

between the James River and the Chesapeake Bay.
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NUMBER OF | MASS INPUT | WASTE MASS | MASS REMAINING ERROR
TIME STEP NODE INPUT IN DOMAIN PERCENTAGE
(Ib) (b) (%)

120 PSIIN(3,8) 25E8 2499691144 - 0.012
PSIIN(15,6) 2472912240 -1.08
PSIBN(13,16) 2500392730 0.016
360 PSIIN(3,8) 75E8 7478783832 -0.28
PSIIN(15,6) 7268830599 -3.08

PSIBN(13,16) 7500642213 -0.0086

TABLE 3. Mass Balance Test for the Water Quality Model
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FIGURE 17. Model Calculated Phosphorus Concentration Contours for

the 1st Month

46

«RO0COE-01 FTIN BIe @,

CBNTOUn INTRAVAL 8

CONtOUn PREn @,



47

«200002-81 PTI3.3)e o,
.200002-01 PTIS, 1. a..

TEAVAL or

CENTOUA INTCAVAL BF

i tive
non-conservative conserva

FIGURE 18. Model Calculated Phosphorus Concentration Contours for

the 2nd Month



non-conservative

conservative

FIGURE 19. Model Calculated Phosphorus Concentration Contours for

the 3rd Month

438




g
; 0
| o]
o
#; i
%
H [}
‘ Q
i ]
i 4
H (
i 7]
5 [}
o
» B
u
i 1]
: 4
i 4

i
¥ é
. '
n
°
v
i Lt
i N
" :
' ]
]
0
Q
Q
Q
]

INTERVAL OF

NT D)

« 830000E-01 CO

CRNTOUR rFPREM O.

FIGURE 20. Numerical Simulated Result for the Phosphorus Dynamics Between

the James River And the Chesapeake Bay

49



50

5. SUMMARY AND CONCLUSION - e

A depth-averaged hydrodynamic model and a fate and transport model of phos-
phorus have been developed for the Chesapeake Bay. Conceptualization of the hydro-
dynamic model was derived from the work by Blumberg (1977). The QUICKEST
scheme is utilized to solve the phosphorus transport equation. Both hydrodynamic and
water quality models have been successfully tested to maintain mass conservation in real
time. The model results show that the Bay system reaches a dynamic steady-state condi-
tion following constant forcing function at the mouth of the Bay. During one tidal cycle,

currents reverse their direction due to the tidal elevation at the mouth.

The simulation results for the fate and transport of phosphorus show that the phos-
phorus loading from the upstream of the James River will not have an influence on the
upper part of the Chesapeake Bay on a short time basis. Wastewater input in the upper
James Estuary only contributes to local increases of phosphorus concentrations. Once it
enters the Bay, phosphorus would be transported toward the Atlantic Ocean along the
current flow and diluted with the large volume of water in fhc Ocean. Figure 18, 19 and
20 show that there is no much progress for the phosphorus transport along the James
River when the simulation time éxténds to 3 months, even though the constituent is
assumed to be conservative. The explanation is that the low discharge flow from the
upper James River can not steer the phosphorus transport as fast as possible; and that the
bathymetry of the James River makes some restrictions for the phosphorus transport.
Besides, the phosphorus transport for the lower Chesapeake part reveals that it is under

the tidal control.
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For the first few time steps the model calculated concentrations with QUICKEST
are very small negative values if the initial concentrations are zeros. It is possible to pro-
duce little error when doing the test of mass balance for constituent in a control volume.
On the other hand, it is seen that from Table 3 the loading input at the most interior grid
point (column 3 and 6) gave the most accurate result for mass conservation because this
grid point is not close to the coast and the phosphorus calculation is not much related to

the coastal boundary.

For the requirement of stability criteria, the time step in the hydrodynamic model
could be much smaller than that of the transport model. However, the same time step is
applied to these two models. It arises the problem that quite a lot of simulation time has

to be taken for generating the concentration distribution of a long-term simulation result.
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APPENDIX 2

w PROGRAM ESTUARY (INPUT,OUTPUT, INS, TAPE2=OUTPUT,
* TAPES=INS,TAPE7, TAPEG)

(o 2121222222232 2 2233233 L 32 2223322223222 2222222222223 22222221 Yo
THE PROGRAM IS A SIMULATION MODEL FOR HYDRODYNAMICS OF CURRENT ¢
FLOW AND TRANSPORT-DISPERSION OF PHOSPHROUS APPLIED TO THE c
CHESAPEAKE BAY AND JAMES RIVER REGION. ALSO, THE PROGRAM OUTPUTS C
THE VELOCITY VECTORS, AVERAGED VOLUME TRANSPORT VECTORS AND c
PHOSPHORUS CONCENTRATION FOR EACH GRID POINTS FOR GRAPHING,

i i i A R L e T IR E S22 S22 3232222222223 2X2222232 o

DIMENSION DJAM(0:26,0:10),UJAM(0:26,0:10),VIAM(26,0:10),

SJAM(0:26,0:10), DUJAH(ZG 10) DVJAM(26,10) ,
HIAM(0:26,0:10) ,DB(0:26,0:50) ,UB(0:26,0:50),
VB(26,0:50) ,SB(0:26,0:50) ,DUB(26,50) ,DVB(26,50),
HB(0:26,0:50),Q(4) , LRI (10} ,NPJ(10) , IPB(50), NPB(50),
SHUPJAM(26,10) , SHUJAM (26, 10) , DUBPTAM (26,107 ,
SHVPJAM(26, 10) , SHVIAM(26, 10) , DVPPIAM(26,10) ,
DUPJAM(26,10) , DVPTAM(26,10) ,C(4),

SHUPB(26,50) ,SHUB(26,50) , DUPPB(26,50) ,DUPB(26,50),
SHVPB(26,50) ,SHVB(26,50) ,DVPPB(26,50) ,DVPB(26,50),
SPPJAM(26,10) ,SPTAM(26,10) ,SPPB(26,50) ,SPB(26,50),
AUJAM(26,10) ,AVIAM(26,10) ,AUB(26,50) ,AVB(26,50),
PSIJ(-1:27,-1:11) ,PSIB(-1:27,~1:50) ,PSIIN(25,9),
PSIBN(25,48) ,APJAM(26,10) ,APB(26,48) ,CONJ (26,10},
CONB(26, 48)

C
C
C
C
C
C

LE S BB EEEENE NS NN

COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP,TIME,KK
COMMON/MASS/ ARFAX,ARFAY
COMMON/AVERAGE/ AUJAM,AVJAM,AUB,AVB,APJAM,APB
COMMON/AVEl/  DUJAM,DVJAM,DUB,DVB, PSIJ,PSIB
DATA NT1,NT2 /8257,9007/
[ 2 22222222 22222222 2222222 2222322222322 22223 2322322322222 222222222712)]

; C  PARAMETERS AND BOUNDARY VALUES INPUT
ib (s 2112222322222 223222203 2222222222232 223222232222 22X2222222228 2223
' READ (S5,*) MAXJ,MAXB,NTIME,K,F,W,T1,T2,G,KK

READ (S,*) DT,DX,DY, (Q(I),I=1,4),DIFX,DIFY,

* (C(1),I=1,4),C0

% C ®esex DIFFUSION COEFFICIENT iQt*itttiittttttttttttttttttitittttt
j ARFAX= DIFX * DT / DX##2
; ARFAY= DIFY * DT / DY##2
| C *##4¢ THE NUMBER OF TIME STEP FOR THE 1ST AND 2ND AVERAGED ##### -
| C ####+ VOLUME TRANSPORT DURING TWO TIDAL CYCLES *hRan
» NNT1=NT2-NT1
f NNT2=NTIME-NT2
c

MAXJT=MAXT+1
MAXBB=MAXB+1
NJ = 26
. MI = MAXT + 2
] NB = 27
o MB = MAXB + 2
ChA A AR AR R AR R AR R AR R AR AR AR R R AR R AR R A AR AR AR R AR R R AR R AR R R AR AR AR A AR A AR
C THE INITIAL WATER ELEVATION AND THE GRID SEARCH ARRAYS INPUT
CrR R AR AR R AR R AR R RAR AR R AR AR R R AR AR AR AR R A A AR AR A A RA AR AR A AR AR AR AAA AR AN A
READ (S, t; ((BJAM(I,J) ,I=0,26) ,J=1,MAXIT)
READ (s #) (IPJ(J),J=1,MAXT), (NPT (J),T=1,MAXT)




READ (5,%) ((HB(I,J),I=0,25),J3=0,MAXBB)
READ (S,*) (IPB(J),J=1,MAXB),(NPB(J),J=1,MAXB)
C ##%#s SET UP THE INITIAL VALUES FOR EACH VARIABLES **#kdssdkdss
DO 19 J=0,MAXBB
19 HB(26,J)=0.0
CALL INIT(MAXJJ,DJAM,UJAM,VIAM, HJAM,STAM, DUTAM, DVIAM)
CALL INIT(MAXBB,DB,UB,VB,HB,SB,DUB,DVB) =
CALL INITI(10,AUJAM,AVIAM,ARJAN)
CALL INIT1(50,AUB,AVB,APB)
DO 137 J=-1,MB
DO 137 I=-1,NB
137 PSIB(I,J)=0.0
DO 147 J=-1,MJ
DO 147 I=-1,NJ
147 PSIJ(I,J)=0.0
DO 157 J=1,48
DO 157 I=1,26
IF (J .LE. 10) CONJ(I,J)=.0
CONB(I,J)=.0
157 CONTINUE
(o4 2222221222222 ITELTLISISLILIZ S22 22222 2222 222 X2 2 2222 2 2
C THE INITIAL BOUNDARY VALUES OF WATER ELEATION AT THE MOUTH OF
C CHESAPERKE BAY
(s A 2222 2222223212222 2222222 XX 2223 2321223222232l 2222217
DO 99 I=16,18
SB(I,0)=2.82
DB(I,0)=HB(I,0)+SB(I,0)
99  CONTINUE
DO 999 J=1,3
SB(18,J)=2.82
DB(18,J)=HB(18,J)+SB(18,J)
999  CONTINUE
(ol 2232322222222 222222 T RT3 222222222 X222 2 2 4 2

C BEGIN THE SIMULATION AND MARCH THE TIME STEP
Cttitﬁtﬁﬁtitﬁttiﬁﬁﬁﬁtitﬁﬁtﬁttttt‘ﬁitiitiﬁﬁiﬁﬁiiﬁiﬁﬁﬁﬁﬁﬁﬁﬁiﬁiﬁ*iﬁiﬁ
RTIME=0.0
DO 777 TIME=1,NTIME
RTIME=DT*TIME/60./60.
###44 TRANSFER THE BOUNDARY VALUES FROM DISCHARGE TO
##+#+ HORIZONTAL OR VERTICAL VELOCITY FOR THE HYDRODYNAMIC panr-
VB(13,48)==1%Q(1) *2./(DB(13,48)+DB(13,47))/DX
UB(6,19)=Q(2) *2./ (DB(6,19)+DB(5,19))/(2.*DY)
UB(6,20)=UB(6,19)
UJAM(1, 9)-0(3)-2./(naax(o 9)+DIJAM(1,9))/ (2. *DY)
UJAM(1,8) =UTAM(1,
UB(7, 12)-0(4)-2./(05(7 12)+DB(6,12))/(2.4DY)
UB(7,13)=UB(7,12)
#esas TRANSFER THE BOUNDARY VALUES FROM CONCENTRATION TO
#s¢ses DEPTH-AVERAGED CONCENTRATION FOR THE TRANSPORT-
#s¢s4% DISPERSION PART

PSIB(13,48)=C(1)*DB(13,48)
PSIB(13,49)=PSIB(13,48)
PSIB(5,20)=C(2)*DB(5,20)
PSIB(4,20)=PSIB(S,20)
PSIB(5,19)=C(2)*DB(5,19)
PSIB(4,19)=PSIB(S,19)
PSIJ (0, 9)-c(3)-naau(o 9)
PSIJ(-1,9)=PSIJ (0,9
PSIJ(0,8)=C(3)*DIAM(0,8)
PS1J(-1,8)=PSIJ (0,8
PSIB(6,13)=C(4)*DB(6,13)
PSIB(S,13)=PSIB(6,13)
PSIB(6,12)=C(4)*DB(6,12)
PSIB(5,12)=PSIB(6,12)

DO 98 I=16,17

0o

0nnon
» %%
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e

PSIB(I,0)=CO*DB(I,0)
98 PSIB(I,~-1)=PSIB(I,0)
DO 998 J=1,3
PSIB(18,J)=CO*DB(18,J)
998 PSIB(19,J)=PSIB(18,J)

C ###%% CALCULATE THE VOLUME TRANSPORT COMPONENTS ####Aksksadshkahhdssans

C ®*hhdkdktaktdd TJAMES RIVER PART ekt thddddhthdhdhhhhhh A bt hhhdddd
LEAP=1.0
IF (TIME.EQ. 1) LEAP=2.0
DO 100 J=1,MAXJ
IF (IPJ(J) .NE. 0) THEN
IF (J .EQ. 2) THEN
DJAM(25,2)=DB(1,2)
DJAM(26,2)=DB(2,2)
DJAM(25,1)=DB(1,1)
UJAM(26,2)=UB(2,2)
VIAM(25,2)=VB(1,2)
END IF
CALL DUTERM(IPJ,NPJ,J,DJAM,UJAM,VJIAM, STAM, DUJAM,
* SHUPJAM, SHUTAM, DUPPJAM, DUPJAM,1,1)
CALL DVTERM(IPJ,NPJ,J,DJAM,UJAM,VJIAM,SJAM, DVIAM,
* SHVPJAM, SHVJAM, DVPPJAM, DVPJAM, 1,1)
CALL JAMESV(J,DJAM,UJAM, VIAM, STAM, DUTAM, DVJAM,
* SHUPJAM, SHUJAM, DUPPJAM, DUPJAM, SHVPJAM, SHVJIAM,
* DVPPJAM, DVPJAM, 1)
END IF
100 CONTINUE
C dhhkhhdhd® CHESAPM BAY PART (2222222223222 X2 222222220 2 2
DO 50 J=1,MAXB
CALL DUTERM(IPB,NPB,J,DB,UB,VB,SB,DUB,

* SHUPB, SHUB, DUPPB, DUPB, 1, 2)
CALL DVTERM(IPB,NPB,J,DB,UB,VB,SB,DVB,
* SHVPB, SHVB, DVPEB, nvps,1 2)

IF (3 .EQ. 2) THEN
UB(1,2)=UJAM(25,2)
DB(O 2)=DJAM(24,2)
END IF
CALL BAYV(J,DB,UB,VB,SB,DUB,DVB,
* SHUPB, SHUB, DUPPB, DUPB, SEVPB, SHVB, DVPPB, DVPB, 1)
50 CONTINUE
C ###%% CALCULATE THE CHANGE OF WATER ELEVATION ####t#addsdhhhs
C *kikddd THE JAMES RIVER PART #haddkbkddhdhhhhahhhth b h ks hhhed
DO 400 J=1,MAXJ
IF (IPJ(J) .NE. 0) THEN
IF (J.EQ. 2) DJAM(2S,2)=DB(1,2)
CALL STERM(IPJ,NPJ,J,DJAM,UJAM,VIAM,SJAM,HIAM,

* SPJAM,SPPJAM, PSIJ, PSIJN, 1)
CALL JAMESS (J,DJAM,UJAM, VIAM, STAM, HIAM,
* SPJAM, SPPJAM, PSIJ, PSTIJIN,1)
END IF
400 CONTINUE

C wtassdas THE CHESAPEAKE BAY pm AR AR AR AR AR AR R AR AR RRR AR AR

DO 350 J=1,MAXB -
CALL S'I'ERH(IPB NPB J,D0B,UB,VB,SB,HB,SPB,SPPB,
* PSIB, PSIBN 1)
IF (J .EQ. 2) DB(O,Z)-NAH(24,2)
CALL BAYS(J,DB,UB,VB,SB,HB,SPB,SPPB,PSIB,PSIBN,1)
350 CONTINUE
C %%*%% CALCULATE THE DEPTH-AVERAGED CONCENTRATION ###iddadadadd
C skkkkddd THE JAMES RIVER PART R4t o d At A dat ot tdddAdAoddddbddad
PS1J(25,2)=PSIB(1,2)
PSIJ(26,2)=PSIB(2,2)
DO 500 J=1,MAXY
IF (IPJ(J) .NE. 0) THEN
CALL STERM(IPJ,NPJ,J,DJAM,UJAM,VIAM,STAM, HTAM,
* SPJAM,SPPJAM, PS1J,PSIJN,3)
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CALL JAMESS (J,DJAM,UJAM,VIAM,SJAM,HIAM,
* SPJAM, SPPJAM, PSIJ, PSIJN, 3)
END IF
500 CONTINUE
C *kkkktit THE CHESAPEAKE BAY PART R AXARAARAARARAAAKAAARAARARRARAR
PSIB(0,2)=PSIJ (24,2)
PSIB(-1,2)=PS1IJ(23,2)
DO 550 J=1,MAXB
R CALL STERH(gggéng),J,DB,UB,V'B,SB,HB,SPB,SPPB,PSIB,
[4
CALL BAYS(J,DB,UB,VB,SB,HB,SPB,SPPB,PSIB,PSIBN,3)
550 CONTINUE .
C #¢xx%x CALCULATE THE TOTAL WATER DEPTH FOR THIS TIME STEP #%#®&&&&#
C kktkkkdkk® THE JAMES RIVER PART At RARRAAAARAAAAAARARARAARARANNAR
DO 1000 J=1,MAXJ
IF (IPJ(J) .NE.O) THEN
CALL STERM(IPJ,NPJ,J,DJAM,UJAM,VJAM,SJTAM, HIAM,
* SPJAM,SPPJAM, PSIJ,PSIJN, 2)
CALL JAMESS(J,DJAM,UJAM,VIAM,SJAM,HIJAM,SPJAM,SPPJAM,
* PS1IJ,PSIJN,2)
) END IF
1000 CONTINUE
C kkkkkkdk® THE CHESAPEAKE BAY PART A4 &d st AAAAAAAAAARAAAANANAANS
DO 2000 J=1,MAXB
CALL STERM(IPB,NPB,J,DB,UB,VB,SB,HB,SPB,SPPB,
* PSIB,PSIBN,2)
CALL BAYS(J,DB,UB,VB,SB,HB,SPB,SPPB,PSIB,PSIBN, 2)
2000 CONTINUE
C *kkk*x CALCULATE THE VELOCITY COMPONENTS R ARA&AAARAKAAAAAAAAARAS
C *kkkkkkkd THE JAMES RIVER PART Stk RkA A AdAAA AR AAAARAAARAAAAARAS
DO 3000 J=1,MAXJ
IF (IPJ(J) .NE. 0) THEN
CALL DUTERM(IPJ,NPJ,J,DJAM,UJAM,VJAM,STAM,DUJAN,
* SHUPJAM,SHUJAM, DUPPJAM, DUPJAM, 2,1)
CALL DVTERM(IPJ,NPJ,J,DJAM,UJAM,VIAM,STAM,DVIAM,
* SHVPJAM, SHVIJAM, DVPPJAM, DVPJAM, 2,1)
CALL JAMESV(J,DJAM,UJAM,VIAM,SJTAM,DUJTAM, DVIAN,
* SHUPJAM, SHUTJAM, DUPPJAM, DUPJAM, SHVPJAM , SHVIAM,
* DVPPJAM, DVPJAM, 2)
END IF
3000 CONTINUE
C %kkk% THE CHESAPEAKE BAY PART S A4 AAAAAAARARAAAAAAAARAARAARARAR
DO 4000 J=1,MAXB
CALL DUTERM(IPB,NPB,J,DB,UB,VB,SB,DUB,
* SHUPB, SHUB, DUPPB, DUPB, 2, 2)
CALL DVTERM(IPB,NPB,J,DB,UB,VB,S§B,DVB,
* SHVPB, SHVB, DVPPB,DVPB, 2,2)
CALL BAYV(J,DB,UB,VB,SB,DUB,DVB,SHUPB, SHUB, DUPPB,DUPB,
* SHVPB,SHVB,DVPPB, DVPB, 2)
4000 CONTINUE ’
C #*#4+¢ REPLACED THE DEPTH~-AVERAGED CONCENTRATION VALUES WITH #++#
C *x4%% NEW ONES 21
C stkkkdtht THE JAMES RIVER PART SAARAAARAANAAAAAAAAAAASAAARARARS
DO S000 J=1,MAXY
IF (IPRJ(J) .NE. 0) THEN
CALL STERM (IPJ,NPJ,J,DJAM,UJAM,VJAM,SJTAM, HIAM,
* SPJAM,SPPJAM, PSIJ,PSIJN,4)
CALL JAMESS (J,DJAM,UJAM,VIAM,SJAM,HIJAM,SPJAM,SPPJAM,
* PSIJ,PSIJN,4)
END IF
5000 CONTINUE

C *ktkkktkd THE CHESAPEAKE BAY PART fAAAAAAAAARAAAASSNAAAAARARAASR
DO 6000 J=1,MAXB
CALL STERM(IPB,NPB,J,DB,UB,VB,SB,HB,SPB,SPPB,
* PSIB,PSIBN,4)
CALL BAYS (J,DB,UB,VB,SB,HB,SPB,SPPB, PSIB,PSIBN,4)



6000 CONTINUE

C #*%**%x THE INPUT FORCING FUNCTION DUE TO THE TIDAL CONTROL AT ##+

C ##%%x%* THE MOUTH OF CHESAPEAKE BAY
CYCLE=MOD (RTIME, (T1+T2))
IF ((CYCLE .LE.T1) .AND. (CYCLE .GE. 0.0)) THEN
SB(18,0)=1.51%COS (3.14159#CYCLE/T1)+1.31
ELSE

SB(18,0)=-1.54%COS (3.14159% (CYCLE-T1) /T2)+1.34

END IF
DB(18,0)=SB(18,0)+HB(18,0)
DO 205 I=16,18
- IF (I .NE. 18) THEN
SB(I,0)=SB(18,0)
DB(I,0)=SB(I,0)+HB(I,0)
END IF
J=I-15
SB(18,J)=SB(18,0)
DB(18,J)=SB(18,J)+HB(18,J)
205 CONTINUE

L 2 2

C #%*&*x SET THE WATER SURFACE DEPTH OF THE EXTERIOR GRID POINTS #*+#

C ###4+ TO BE THE ADJACENT INTERIOR ONES
SB(13,48)=SB(13,47)
DB(13,48)=SB(13,48)+HB(13,48)
SB(5,19)=SB(6,19)
DB(5,19)=SB(5,19)+HB(5,19)
SB(5,20)=SB(6,20)
DB(5,20)=SB(5,20)+HB(5,20)
SB(6,13)=SB(7,13)
DB(6,13)=SB(6,13)+HB(6,13)
SB(6,12)=SB(7,12) .
DB(6,12)=SB(6,12)+HB(6,12)
SIAM(0,9)=SIAM(1,9)
DJIAM(0,9)=SJAM(0,9)+HIAM(0,9)
SJIAM(0,8)=SJAM(1,8
DJIAM(0,8) =SJAM(0,8)+HJIAM(O, 8)

C *#%##¢ SET THE CONCENTRATION OF THE EXTERIOR GRIDS TO ##

C ®%%+** BE THE mhm INTERIOR ONES (222222222223 X222 24
DO 10 I=1,3

10 PS1J(I,10)=PSIJ(I,9)
PSIJ(8,9)=PS1J(8,8)
PSIJ(7,7)=PS1J(8,7)
PSIJ(10,6)=PSIJ(11,6)
PSIJ(11,8)=PSIJ(11,7)
PSIJ(14,8)=PS1J(14,7)
PSIJ(18,4)=PSIJ(18,5)
PS1J(19,5)=PSIJ(20,5)
PSIJ(20,7)=PS1J(20,6)
PSLJ(21,6)=PSIJ(21,5)
DO 20 J=3,4

20 PSIJ(20,J)=PSIJ(21,J)

- PSIJ(22,5)=PS1J(22,4)
PSIJ(22,2)=PSIJ(23,2)
DO 30 I=23,24

30 PSIJ(I,4)=PSIJ(I,3)
PSIJ(24,1)=PSIB(1,1)
DO 40 I=1,2

40 PSIB(I,3)=PSIB(I,2)

PSIB(4,2)=PSIB(S,2)
PSIB(5,0)=PSIB(S,1)

*&

C #*##&% CALCULATE THE AVERAGED VOLUME TRANSPORT COMPONENT FOR ####
C #*«#«#+ HYDRODYNAMIC PART AND THE DEPTH-AVERAGED CONCENTRATION ###

C ####% FOR THE TRANSPORT-DISPERSION PART DURING ONE TIDAL
C #*%##% CYCLE
IF (TIME .GT. NT1) THEN
IF (TIME .LE. NT2) CALL AVE(NNT1)
IF (TIME .EQ. NT2) GO TO 1

L 2 3
L1 3
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IF (TIME .GT. NT2) CALL AVE(NNT2)
IF (TIME .EQ. NTIME) GO TO 1
END IF
GO TO 777
1 DO 207 J=1,48
DO 207 I=1,26
IF (J .LE. 10)THEN

. IF (DJAM(I,J) .NE. .0)
* CONJ (I,J)=APJAM(I,J)/DIAM(L,J)
ENDIF
IF (DB(I,J) .NE. .0)
* CONB(I,J)=APB(I,J)/DB(I,J)
207 CONTINUE

DO 177 J=1,50
IF (J .LE. 10) THEN
WRITE(6,7050) (AUJAM(I,J),I=1,26),

* (AVIAM(I,J),T=1,26)
WRITE(7,7060) (CONJ(I,J),I=1,%6)
ENDIF
WRITE(6,7050) (AUB(I J),I=1,26),
* (AVB(I,3) ,I=1,26)

IF (J .LE. 48) WRI'I‘E(’I 7050) (CONB(I,J),I=1,26)
177 CONTINUE
7050 FORMAT(1X,10E12.4/)
CALL INIT1(10,AUJAM, AVIAM + APTAM)

CALL INIT1(50,AUB, AVB APB)
C ###a4+ QUTPUT THE VEI’.OCITY COHPONENT AND DEPTH AVERAGED ###atadas

C ###%% CONCENTRATION FOR EACH 2-HR INTERVAL I
c IF (TIME .GE. 8640) THEN

c IF (MOD(TIME,120) .EQ. 0) THEN

cc DO 97 J=1,10

cc 97 WRITE(6,7050) (UJAM(I,J),I=1,26),

cc * (VIAM(I,J),I=1,26)

7050 FORMAT (1X, 'UJAM="/2X,13F8.3/1X,13F8.3/1X,

c = ‘VIAM='/2X,13F8.3/1X,13F8.3)
cc DO 207 J=1,10

207 WRITE(7,8050) (PSIJ(I,J),I=1,26)
cc DO 107 J=1,48
107 WRITE(6,7060) (UB(I,J),I=1,26),

cc ¢ (VB(1,J),I=1,26)

7060 FORMAT (1X, 'UB="*/2X,13F8.3/1X,13F8.3/1X, 'VB="'/2X,

* 13F8.3/1X, 13F8.3)

cc DO 197 J=1,48
cC197 WRITE(7,8050) (PSIB(I,J),I=1,26)

9050 FORMAT (1X, *PSIB=*/2X,13F8.3/1X,13F8.3

9060 Fggxar(1x,'pst-'/zx,lsra «3/1X,13F8.3
c END

C END IF
8050 FORMAT(10F10.4/)
777  CONTINUE
STOP
END

c
c
SUBROUTINE INIT(MAX,D,U,V,H,S,DU,DV)
C SRR ARARA R AR AR R AR AR R A AR RER AR E AR AR AR AR A AR R AR AR AR AR AR R RRAR AR AR A NS
c SUBROUTINE INIT IS TO INITIALIZE THE VARIABLES
C AR AR AR R R R AR RARA AR AR R AN R A AR R AR AR R AR R R R AR AR AN R AR ARR AR R ARAAR AR AR AR
DIMENSION D(0:26,0:50),U(0:26,0:50),V(26,0:50),
* H(0:26,0:50) ,S(0:26,0:50) .DU(26,50) ,DV(26,50)

DO 9 J=0,MAX
DO 9 I=0,26
U(I,J)=0.0
IF (I .NE. 0) V(I,J)=0.0
§(I,J3)=0.0

C
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D(I,J)=H(I,J)+5(I,J)
IF (( I .NE. 0) .AND. (J .NE. 0)) THEN

51 ,J)=0.0
pv(I,J)=0.0
END IF .
9  CONTINUE
RETURN
END
c .
c
SUBROUTINE DUTERM(IP,NP,J,D,U,V,S,DU,SHUP,SHU,DUPP,DUP,
* ID1,ID2
[ *************************‘***z‘**********infifi*fif*fffifi*fifﬁf
c SUBROUTINE DUTERM CONTROLS THE CALCULATION NUMBER OF *
; c HORIZONTAL VOLUME TRANSPORT COMPONENTS FOR EACH ROW *
(ol 2222122122222 22T TR 22223 222222222222 T2 2 2
m DIMENSION IP(50),NP(50),SHUP(26,50),SHU(26,50),
; * DUPP(26 50) , DUP(26,50) ,
* D(0:26,0:50),U(0:26,0:50),V(26,0:50)
REAL K,LEAP,KK
INTEGER TIME
DIMENSION S(0:26,0:50),DU(26,50)
c COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME,KK

NN=IP(J)+NP(J)-1
Y DO 200 I=IP(J),NN
IF (I .NE. NN) CALL UTERM(I,J,D,U,V,S,DU,SHUP,SHU,
* pUPP, DUP, ID1)
IF (ID2 .EQ. 2) THEN
IF (3 .LE. 3) CALL UTERM(NN,J,D,U,V,S,DU,SHUP,SHU,

* DUPP, DUP IDl)
; END IF
‘ 200 CONTINUE
ly RETURN
! END
C
| (o
SUBROUTINE DVTERM(IP,NP,J,D,U,V,S,DV,SHVP,SHV,
* DVPP,DVP 101 IDZ)
} [o] ttt**i*i*iiitt*ittiitittiitititiiitiiiiiitii*iit*ttttttiii**tiit
o SUBROUTINE DVTERM CONTROLS THE CALCULATION NUMBER OF *
L c VERTICAL VOLUME TRANSPORT COMPONENTS FOR EACH ROW *
M C SRR ARRARRAAARAARARARAR AR R A RR A AR R AR R AR ARA R AR R AR AR AR REEA AR A ARAAER

DIMENSION IP(50),NP(50), snvp(zs 50),SHV(26,50),

* DVPP(26 50) ,DVP (26,5

* D(0:26,0:50) ,U(0:26, o §0) ,v(26,0:50) .
REAL K,LEAP,KK -
INTEGER TIME :
DIMENSION S(0:26,0:50),DV(26,50)
COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME, KK

IF (ID2 .EQ.1) IJ=2
IF (ID2 .EQ.2) IJwl
IF (J .NE. IJ) THEN
IPP=MAX(IP(J) ,IP(J-1))
IN1=IP(J-1)+NP(J-1)~1
IN2=IP(J)+NP(J) -1
: MM=MIN (IN1,IN2)
DO 300 I=IPP,MM
d : CALL VTERM(I,J,D,U,V,S,DV,SHVP,SHV,DVPP,DVP,ID1)
300 CONTINUE
END IF
RETURN
END

(pXp]




C
C
C
C
C

SUBROUTINE JAMESV(J,D,U,V,S,DU,DV,SHUP,SHU,DUPP, DUP,
* SHVP,SHV, DVPP, DVP, ID1)

2 R R R L I T I T Ty e ey )
SUBROUTINE JAMESV CONCLUDES THE RANDOM PART OF VOLUME *
TRANSPORT CALCULATION WHICH ARE NOT INCLUDED IN THE *
DUTERM & DVTERM FOR THE JAMES RIVER *

L2232 2222322222322 232 3223232222322 22 X2 2L LI LTI R LR LR R R R
DIMENSION D(0:26,0:50),U(0:26,0:50),V(26,0:50),
S(0:26,0:50) ,DU(26,50),DV(26,50),
SHUP(26,50) ,SHU (26, 50) , DUPP(26,50) , DUP(26,50),
SHVP(26,50) ,SHV(26,50) , DVPP(26,50) ,DVP(26,50)
REAL K, LEAP,KK A
INTEGER TIME
COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME, KK

IF (J .EQ. 2) CALL UTERM(24,2,D,U,V,S,DU,SHUP,SHU,
* DUPP, DUP, ID1)

IF (J .EQ. 6) CALL VTERM(18,6,D,U,V,s,DV,SHVP,SHV,
* DVPP, DVP, ID1)

IF (J .EQ. 7) CALL VTERM(14,7,D,U,V,S,DV,SHVP,SHV,
* DVPP, DVP,ID1)

RETURN

END

* %N

SUBROUTINE BAYV(J,D,U,V,S,DU,DV,SHUP,SHU, DUPP, DUP,
* SHVP, SHV, DVPP, DVP, ID1)

L2 2222222222223 222232222 323333332382 31122 232223212222 X22 22322322 4 2]
SUBROUTINE BAYV CONCLUDES THE RANDOM PART OF THE VOLUME #
TRANSPORT CALCULATION WHICH ARE NOT INCLUDED IN THE *
DUTERM & DVTERM FOR THE CHESAPEAKE BAY *

12222222 222222222222 2222222222122 L2222 LTI S22 2238282222 23

DIMENSION D(0:26,0:50),U(0:26,0:50),V(26,0:50),

s(0:26,0:50) ,DU(26,50) ,DV(26,50),
SHUP (26,50) ,SHU (26,50) , DUPP(26,50) ,DUP(26,50),
SHVP (26,50) ,SHV(26,50) ,DVPP(26,50) ,DVP(26,50)

REAL K, LEAP,KK

INTEGER TIME

COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME, KK

IF (J .EQ. 1) THEN
DO 5 I=1,4
5 CALL UTERM(I,1,D,U,V,S,DU,SHUP,SHU,DUPP, DUP,ID1)
DO 55 I=16,17
55 END IFCALL VTERM(I,1,D,U,V,S,DV,SHVP,SHV, DVPP, DVP, ID1)
IF (J .EQ. 2) THEN
CALL UTERM(1,2,D,U,V,S,DU,SHUP,SHU,DUPP, DUP,ID1)
CALL VTERM(S,2,D,U,V,S,DV,SHVP,SHV,DVPP,DVP, ID1)
DO 60 I=1,2
60 XD IFCALL VTERM(I,2,D,U,V,S,DV,SHVP,SHV,DVPP,DVP,ID1)
IF (3 .EQ. 8) THEN
DO 10 I=4,S
10 CALL UTERM(I,8,D,U,V,S,DU,SHUP,SHU,DUPP, DUP,ID1)
DO 65 I=S,6
65 XD IFCALL VTERM(I,8,D,U,V,S,DV,SHVP,SHV, DVPP,DVP,ID1)
IF (J .EQ. 9) THEN
CALL UTERM(4,9,D,U,V,S,DU,SHUP,SHU, DUPP, DUP, ID1)
DO 70 I=4,S
70 END IFCALL VTERM(I,9,D,U,V,S,DV,SHVP,SHV,DVPP,DVP,ID1)
IF (J .EQ. 19) THEN
DO 15 I=21,24
CALL UTERM(I,19,D,U,V,Ss,DU,SHUP,SHU,DUPP,DUP,ID1)

* %%
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15 IFCALL VTERM(I,19,D,U,V,S,DV,SHVP,SHV,DVPP,DVP, ID1)

END

IF (J .EQ. 26) THEN
CALL UTERM(18,26,D,U,V,S,DU,SHUP,SHU, DUPP, DUP,ID1)
CALL VTERM(15,26,D,U,V,S,DV,SHVP,SHV, DVPP, DVP, ID1)
cggn VTERM(18,26,D,U,V,S,DV, SHVP, SHV, DVPP, DVP, ID1)

END

IF (J .EQ. 25) THEN
CALL VTERM(1S,25,D,U,V,S,DV,SHVP,SHV, DVPP, DVP, ID1)
CALL VTERM(18,25,D,U,V,S,DV,SHVP, SHV, DVPP, DVP, ID1)

END IF
IF (J .EQ. 36) THEN
DO 20 I=7,8
20 oo ggL? uTERM (I,36,D,U,V,S,DU,SHUP,SHU, DUPP, DUP, ID1)
=7,9
80 IFCALL VIERM(I,36,D,Y,V,S,DV,SHVP,SHV, DVPP, DVP, ID1)
END

IF(J .EQ. 32)CALL VTERM(10,32,D,U,V,S,DV,SHVP,SHV,DVPP,DVP,ID1)
IF (J .EQ. 38) THEN
DO 25 I=8,9
25 IFCALL UTERM(I, 38,D,Y,V,S,DU, SHUP, SHU, DUPP, DUP, ID1)
END
IF (J .EQ. 39) THEN
CALL UTERM(10,39,D,U,V,S,DU,SHUP,SHU, DUPP, DUP,ID1)
CALL VTERM(8,39,D,U,V,S,DV,SHVP,SHV,DVPP, DVP, ID1)
ENDC??L VTERM(10,39,D,U,V,S,DV,SHVP,SHV, DVPP, DVP,ID1)
IF(J .EQ. 44)CALL VTERM(7,44,D,U,V,S,DV,SHVP,SHV,DVPP,DVP,ID1)
IF(J .EQ. 45)CALL VTERM(9,45,D,U,V,S,DV,SHVP,SHV,DVPP,DVP,ID1)

END
c
C N

SUBROUTINE STERM(IP,NP,J,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
(o 2332222323222 22322223222 232 22 1232222222322 2222221212222 22
c SUBROUTINE STERM CONTROLS THE CALCULATION NUMBER OF *
c CHANGE IN WATER SURFACE FOR EACH ROW *
o 222222222222 222222223 2222232223 2222222022222 2222222222 22222 )

DIMENSION IP(S0),NP(50),SP(26,50),5PP(26,50),
D(0:26,0:50),0(0:26,0:50) ,V(26,0:50),
S(0:26,0:50) ,H(0:26,0:50) , PSI (~1:27,~1:50),
PSIN(25,48)

REAL K,LEAP,KK

INTEGER TIME

COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME, KK

COMMON/MASS/ ARFAX, ARFAY

NN=IP(J)+NP(J)-1
DO 500 I=IP(J),NN
CALL DEEP(I,J,D,U,V,S,H,SP,SPP,PSI,PSIN,IDl1)
500 CONTINUE
RETURN
END

L 2R I J

c
c

SUBROUTINE JAMESS(J,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
C SR RRR AR RARRRAEARAAEANEERA R AR R A AR AR A AR EANEAARAAANCAEARNARANEEERAda RN
c SUBROUTINE JAMESS CONCLUDES THE RANDOM PART OF WATER .
c DEPTH CHANGE CALCULATION WHICH IS NOT INCLUDED IN THE *
g STERM FOR THE JAMES RIVER *

s L L e T T P T P T YRR Y I R f R A R T L O

DIMENSION D(0:26,0:50),U(0:26,0:50),V(26,0:50),
§(0:26,0:50) ,H(O: 26 0:50 SP(26 50), SPP(26 50),
PSI(-I:Z?,-I:SO),PSIN(zs 48)

REAL K,LEAP,KK

INTEGER TIME

®
®



000NN O 00

COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME, KK
COMMON/MASS/ ARFAX,ARFAY

IF (J .EQ. 5) CALL DEEP(18,5,D,U,V,S,H,SP,SPP,PSIY,PSIN,IDl)
IF (J .EQ. 7) CALL DEEP(14,7,D,U0,V,S,H,SP,SPP,PSI,PSIN,ID1)

END

SUBROUTINE BAYS(J,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)

*****************************************t***************ﬁ******

SUBROUTINE BAYS CONCLUDES THE RANDOM PART OF WATER *
DEPTH CHANGE CALCULATION WHICH IS NOT INCLUDED IN THE *
STERM FOR THE CHESAPEAKE BAY *

*******************t*********t**t***************************tt**

108

110

118

120

128

130

135

140

*
*

" END IF

DIMENSION D(0:26,0:50),U(0:26,0:50),V(26,0:50),
S(0:26,0:50) ,H(0:26,0:50) ,SP(26,50) , SPP(26,50),
PSI(-1:27,-1:50),PSIN(25,48)

REAL K, LFAP,KK

INTEGER TIME

COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME, KK

COMMON/MASS/ ARFAX,ARFAY

IF (J .EQ. 1) THEN
DO 105 I=1,5
CALL DEEP(I ,D0,0,Vv,S,H,SP, SPP PSI,PSIN,ID1)

IF (J .EQ. 2) THEN
DO 110 I=1,2
CALL DEEP(I,2,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
END IF
IF (J .EQ. 8) THEN
DO 115 I=4,6
CALL DEEP(I,8,D,U,V,S,H,SP,SPp,PSI,PSIN, ID1)
END IF
IF (J .EQ. 9) THEN
DO 120 I=4,5
CALL DEEP(I,9,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
END IF
IF (3 .EQ. 19) THEN
DO 125 I=21,25
CALL DEEP(I,19,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
END IF
IF (J .EQ. 25) THEN
CALL DEEP(1S,25,D,U,V,S,H,SP,SPP,PSI,PSIN,IDl1)
CALL DEEP(18,25,D,U.V.S,H,SP,SPP,PSI,PSIN, ID1)
END IF
IF (J .EQ. 26) THEN
CALL DEEP (15,26,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
CALL DEEP(18,26,D,U,V,S,H,SP,8PP,PSI,PSIN,ID1
ENchgL DEEP(19,26,D,U,V,5,H,SP,5PP, PSI,PSIN,ID1
IF (J .EQ. 31) CALL DEEP(10,31,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
IF (J .EQ. 36) THEN
DO 130 I=7,9
CALL DEEP(I,36,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
END IF
IF (J .EQ. 38) THEN
DO 135 I=8,10
CALL DEEP(I,38,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
END IF
IF (J .EQ. 39) THEN
DO 140 I=10,11
CALL DEEP(I,39,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
END IF
IF (J .EQ. 44) CALL DEEP(7,44,D,U,V,s,H,SP,SPP,PSI,PSIN,ID1)
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IF (J .EQ. 45) CALL DEEP(9,45,D,U,V,S,H,SP,SPP,PSI,PSIN, IDl)

RETURN
END

SUBROUTINE UTERM(I,J,D,U,V,S,DU,SHUP,SHU,DUPP,DUP, ID1)

3223333 2222222222 222222 222 21 sl 2zs YRR eeress s

" SUBROUTINE UTERM CALCULATES THE HORIZONTAL VOLUME
TRANSPORT COMPONENT WITH FINITE DIFFERENCE SCHEME FOR

ID1l = 1, AND CALCULATES THE HORIZONTAL VELOCITY
COMPONENT FOR ID1 = 2

*
*

*

**ttt***************i**i*iiit*t*t*****t*****itt*****iiti**ti*ill

* % %

DIMENSION ggg¥§§s ,50) ,SHU(26,50) ,DUPP(26,50),
l
D(0:26,0: 50),0(0:26,0:50),V(26,o:50),
5(0:26,0:50) ,DU(26,50).
REAL K,LEAP,KK
INTEGER TIME
COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME, KK

IF (ID1 .EQ. 1) THEN

II=I+1

JI=T+1

IIT=II+1

IF (TIME .NE. 1) THEN
SHUP(II,J)=SHU(II,J)
DUP(II,J)=DU(II,J)

END IF

SHU(II,J)=2,*DT*K#*(U(II,J)*(U(II,JT)**2+

( (VKUY (U,V,II,J,1)4VXUY(U,V,II,JT,1))/2.) #%2) #*0.5)

IF (TIME .EQ. 1) THEN

SHUP(II,J)=SHU(II,J)
DUPP(II,J)=DU(II,J)
DUP(IT,J)=DUPP(II,J)
END IF :
EUA-DT*($DUV(D,U,V,III,J,1)+DUV(D,U,V,II 1))
UXvY(U,V,III,J,1)~(DUV(D,U,V,II,T,1)+
puv(D,U,V,I,J,1))*UXVY(U,V,II,J,1))/DX
EUB-DT*($DUV(D,U,V,II ,33,2)+DUV(D,U,V,I,J33,2)) *
U,V,II,JJ,zg-(DUV(D ,U v,:z,a,z)+
DuUv(D,U,V,I,J,2)) *VXUY(U,V,II,J,2))/DY
EUC=DT+*F* (DOV(D,U,V,II,3J,2)+D0V(D,0,V,T,33,2)+
DUV(D,U,V,II,J,2)+DOV(D,U v,I,J,z))/z
EUD=DT*G# (D (I, J)+D(II,J))*(S( I,7)~S(I,J))/DX

IF (II .EqQ. 18)
IF (J .LE. 3

)
EUA= DT#(-(DUV(D,U,V,II,J,1)+DUOV(D,U,V,I,J,1))*

oxvy(v,v,.11,J,1))/DX

END IF
DU(II,J)=DUPP(IX,J -}zua+zun-zuc+suu-z.-nr*w+
SHUP(II,J))/LEAP

gupp(xr,a)-oop(xz,a
II=I+1
U£§I,J)-DU(II,J)*2./(D(II.J)+D(I,J))

RETURN

END

SUBROUTINE VTERM(I,J,D,U,V,S,DV,SHVP,SHV,DVPP,DVP, ID1)
T e T T e P e e e T 22 2 A2 Al g L

SUBROUTINE VTERM THE VERTICAL VOLUME

CALCULATES
TRANSPORT COMPONENT WITH FINITE DIFFERENCE SCHEME FOR
ID1 = 1, AND CALCULATES THE VERTICAL VELOCITY COMPONENT

FOR IDl1 = 2

*

*
*
*
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[od Y TS A2 2 8 2 R 2 X X 2 R 22 R 2 X 3 2 2 22 X2 X 222 222222222 2222222222222 2}
DIMENSION SHVP(26,50),SHV(26,50),DVPP(26,50),DVP(26,50),
* D(0:26,0:50) ,U(0:26,0:50) ,V(26,0:50),
* §(0:26,0:50) ,DV(26,50)
REAL K,LEAP,KK
INTEGER TIME
COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP,TIME, KK

IF (ID1 .EQ. 1) THEN

II=I+1

JT=T+1

J1=J-1 :

IF (TIME .NE. 1) THEN
SHVP(I,J)=SHV(I,J)
DVP(I,J)=DV(I,J)

END IF

SHV(I,J) =2, *DT*K* (V(I,J)*(V(I,JT) **2+

* ((VXUY(U,V,I,J,2)+VXUY(U,V,II,J,2))/2.) **2) %0, 5)
IF (TIME .EQ. 1) THEN
SHVP(I,J)=SHV(I,J)
DVPP(I,J)=DV(I,J)
DVP(I,J)=DVPP(I,J)
END IF
EVA=DT* ((DUV(D,U,V,II,J,1)+DUV(D,U,V,II,J1,1))*
* vXuy (u,v,I1I1,J,1)-(DUV(D,U,V,I,J,1)+
. puv(D,U,V,I,J1,1))*VXUY(U,V,I,J,1))/DX
EVB=DT* ( (DUV(D,U,V,X,JJ,2)+DUV(D,U,V,I,J,2))*
1,J3,2)-(DUV(D,U,V,I,J,2)+
I,J1,2))*UXVY(U,V,I,J3,2))/DY
I1,J,1)+DUV(D,U,
1)+DUV(D,U,V,
I,J))*(s(1,J)
7)

v,I,3,1)+
I,Ji,1))/2.
-s(1,J1)) /DY

»

§

as

< <
QAQ~U

-

EVD=DT*G* (D (I,J
IF (J .EQ. 1) THEN i
IF ((I .EQ. 16).0OR.(I .EQ. 17))
* EVB= DT*((DUV(D,U,V,I,3J,2)+DUV(D,U,V,I,J,2))*
* UXvY (U,V,I,33,2)) /DY
END IF
DV(I,J)=DVPP(I,J)=(EVA+EVB+EVC+EVD~2.%DT*W+
* SHVP(I,J))/LEAP
DVPP(I,J)=DVP(I,J)
ELSE
J1=J-1
DV;%,J)-DV(I,J)*2.0/(D(I,J)+D(I,Jl))

RETURN
END

SUBROUTINE DEEP(I,J,D,U,V,S,H,SP,SPP,PSI,PSIN,ID1)
RERAN R AN AR AR A RN R AR AR R AN A AR R R R AN R AR A ARA A AN AR A A A A ARA A AN AR RN AN R
SUBROUTINE DEEP CALCULATES THE CHANGE OF WATER DEPTH FOR +
IDl = 1, THE TOTAL WATER DEPTH FOR ID1 = 2, THE DEPTH- *
AVERAGED CONCENTRATION FOR ID1 = 3, AND REPLACES THE NEW #
DEPTH-AVERAGED CONCENTRATION FOR THE OLD ONE FOR ID1 = 4 +
RAAE RN EE IR AN A AN AR AR ACR RN R AR RARAARRENAE AN SR AN A AR AR AN AN RN ARD
DIMENSION SP(26,50),SPP(26,50),
. 050226,0350),U(0:26,0:50),V(26,0:50),
. 5(0:26,0:50) ,H(0:26,0:50) , PSY(-1:27,-1:50),
. PSIN(25,48)
REAL K,LEAP,KK
INTEGER TIME
COMMON/PARA/ K,F,W,G,DT,DX,DY,LEAP, TIME,KK
COMMON/MASS/ ARFAX, ARFAY

NOOONN N0

IN1=1
IN2=)
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IN3=1
IN4=1
IF (ID1 .EQ. 1) THEN
II=I+1
JI=J+1
IF (TIME .NE. 1) SP(I,J)=S(I,J)
IF (TIME .EQ. 1) THEN
SPP(I,J)=S(I,J)
SP(I,J)=SPP(I,J)
END IF
S(I,J)=SPP(I,J)-(2.*DT#(DUV(D,U,V,II,J,1)~
* puv(D,U,V,I,J,1))/DX+2.4DT+
* (puv(b,U,v,I,JJ,2)-DUV(D,U,V,I,J,2))/DY)/LEAP
SPP(I,J)=SP(IL,J)
END IF
IF (ID1 .EQ. 2) D(I,J)=H(I,J)+S(I,J)
IF( ID1 .EQ. 3) THEN
II=T+1
JT=T+1
I1=I-1
J1=J-1
CR= U(II,J)* DT/ DX
IF (CR .LT. 0.) IN1=2
CT= V(I,JJ)* DT/ DY
IF (CT .LT. 0.) IN2=2
CL= U(I,J)* DT/ DX
IF (CL .LT. 0.) IN3=2
CB= V(I,J)* DT/ DY
IF (CB .LT. 0.) IN4=2
FR= CR#(0.5#%(PSI(I,J)+PSI(IX,J))-0.54CR*DELTAX(PSI,I,J)+
(0.5*ARFAX~-(1.0-CR#*#2)/6.0) #DDELTAX (PSI,I,J,IN1))~
ARFAX#*DELTAX (PSI, I,J)+0.5*ARFAX*CR*DDELTAX (PSI,I,J,IN1)
FT= CT*(0.5*%(PSI(I,J)+PSI(I,JJ))=-0.54CT*DELTAY(PSI,I,J)+
(0.5*ARFAY~-(1.0~CT##2)/6.0) *DDELTAY (PSI,I,J,IN2) )~
. ARFAY#DELTAY (PSI,I,J)+0.5¢ARFAY*CT*DDELTAY (PSI,I,J,IN2)
FL= CL#*(0.5%(PSI(I,J)+PSI(I1,J))-0.5¢CL*DELTAX(PSI,I1,J)+
(0.5#ARFAX~-(1.0-CL#*%2)/6.0) *DDELTAX(PSI,I1,J,IN3))-
ARFPAX*DELTAX (PSI,I1,J)+0.5*ARFAX*CL*DDELTAX (PSI,I1,J, IN3)
FB= CB#*(0.5%(PSI(I,J)+PSI(I,J1))=0.5¢CB*DELTAY(PSI,I,J1)+
(0.5*ARFAY~-(1.0-CB#%2)/6.0) *DDELTAY (PSI,I,J1,IN4))-
ARFAY#*DELTAY (PSI,I,J1)+0.5#ARFAY*CB*DDELTAY (PSI,I,J1,IN4)
PSIN(I,J)= PSI(I,J)*(1.-KK*DT/86400.)=-FR+FL~FI+FB
END IF
IF (ID1 .EQ. 4) THEN
;gI(I,J)-PSIN(I,J)

RETURN
END

* % * » *

» *

FUNCTION DUV(D,U,V,N,M,NNM)
ARAR AR R AR AR A RN R AR AR R A AR R AR AR AR AR R AR AR AR AR AR R AAR AR AR SRR AN RO RN
FUNCTION DUV AVERAGES THE HORIZONTAL VOLUME TRANSPORT *
B TWO ADJACENT GRID DEPTH *
AN R AR AR R R AR AR R R AR R AR AR AR R R AR R A RAARRRAARAR A AR AR AR AR RAARRARS

DIMENSION D(0:26,0:50),U(0:26,0:50),V(26,0:50) :

IF (NM .EQ. 1) THEN
NN=N-1
DUV= (D (NN, M) +D(N,M) ) *U(N,M) /2.
ELSE
MM=M-1
IF (MM .EQ. -1) MM=0
DUV=(D(N,MM) +D(N,H) ) #V(N,M) /2.
END IF



RETURN
END

FUNCTION UXVY(U,V,N,M,NM)
1222222222222 222222 22222222 2222222232222 2222 32222222222 2% 2%

FUNCTION UXVY AVERAGES THE HORIZONTAL VELOCITIES IN X-DI #

AND VERTICAL VELOCITIES IN Y-DI *
ek 22222222 222222232222 222 222222222222 3022222222322 322222 3" 2 22

W DIMENSION U(0:26,0:50),V(26,0:50)

c
IF (NM .EQ. 1) THEN
NN=N-1

3 UXVY=(U(N,M)+U(NN,M)) /2.
| ELSE
; MM=M-1
: UXVY=(V(N, M) +V(N,MM) ) /2.
W END IF

! RETURN

END

[2XoXo RN oXe)

FUNCTION VXUY(U,V,N,M,NM)
1222222223222 2 2222232222222 2222222232 22322233 2232223222222 23

FUNCTION VXUY AVERAGES THE VERTICAL VELOCITIES IN X-DI  #

AND HORIZONTAL VELOCITIES IN Y-DI *
(el 22 222222322232 2222 323223232 322322223 2322232032322 223222 P22 22202 23

DIMENSION U(0:26,0:50),V(26,0:50)

IF (NM .EQ. 1) THEN
NN=N-1
: VXUY=(V(N,M)+V (NN, HM)) /2.
ELSE
: MM=M-]
;& VXUY= (U(N,M)+U(N,MM)) /2.
END IF

aan oo

C

END

FUNCTION DELTAX(PSI,N,M)
I Rt I e IR LR R L T A T R I I e T R R e e e 22

FUNCTION DELTAX CALCULATES THE FORWARD DIFFERENCE OF *
]

PSI(N,M) IN THE X-DI
I e r A e R R e A L T A L R R P L A L R Y Y

DIMENSION PSI(-1:27,-1:50)

0 Q0000 a0n

NX= N+1
DELTAX= PSI (NX,M)-PSI(N,NM)
RETURN

END

# c

: (o4

| FUNCTION DDELTAX(PSI,N,M,ID)

[ i*‘..‘*.‘i.‘.i‘.i“iﬁ.i‘.‘*.*‘.....‘..“i‘..ﬁi‘ﬁitﬁ..‘ii“.‘ii‘i

c FUNCTION DDELTAX CALCULATES THE CENTRAL DIFFERENCE OF +
c PSI(NN,M) IN THE X-DI *

! [ 'Y R 2 2 2222z 2R R R R R R YRR SRTISREEI TSI 22 2222222222 20

“ DIMENSION PSI(-1:27,-1:50)

c

: NN=N

IF (ID .EQ. 2) NN=N+1

NX=NN+1

- NNX=NN-1

DDELTAX= PSI (NX,M)~-2.0#PSI(NN,M)+PSI(NNX,M)
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RETURN
END

FUNCTION DELTAY(PSI, N, M)
T P A R e e AR L e I I A I T R T Y e s )

FUNCTION DELTAY CALCULATES THE FORWARD DIFFERENCE OF *
PSI(N,M) IN THE Y-DI *
e T L L L T T T P P T

DIMENSION PSI(-1:27,-1:50)

MY= M+l
DELTAY= PSI(N, MY)-PSI(N, M)
RETURN

END -

FUNCTION DDELTAY(PSI,N,M,ID)
AR R AR A AR R A RAR R A RN AR AR AR A AN RARR AR AR R A AR AR A RN AR AN A AR AR R R kR

FUNCTION DDELTAY CALCULATES THE CENTRAL DIFFERENCE OF *
PSI(N,MM) IN THE Y-DI *
BRRE R AR AR R AR R R AR NR AR R AR AR RARRARNARAR AR ARAR A AN AR SRR A AR AR AN AR

DIMENSION PSI(-1:27,-1:50)

MM=M .

IF (ID .EQ. 2)MM= M+l

MY=MM+1

MMY=MM-1

DDELTAY= PSI(N,6MY)-2.04PSI(N,MM)+PSI (N, MMY)
RETURN

END

SUBROUTINE INITI1 (MAX,AU,AV,AP)
L T e R e e R e P e T R R e T I e A L 2 2 )

SUBROUTINE INIT1 INITIALIZES THE AVERAGED VARIABLES *
L e L s e L T Y I L2 L

DIMENSION AU(26,50),AV(26,50),AP(26,50)

DO 9 J=1,MAX
DO 9 I=1,26
AU(I,J)=0.0
AV(I,J)=0.0
AP(I,J)=0.0
9  CONTINUE
RETURN

END

SUBROUTINE AVE (NNT)
AR AR R AR AR AN R AR AR AR A AR AR AR AR AR AR AR A RS AR AR A AR AR ARARRAR AR AN S

SUBROUTINE AVE AVERAGES THE VOLUME TRANSPORT COMPONENTS +*

AND THE DEPTH-AVERAGED CONCENTRATIONS DURING ONE TIDAL :

ARR AR AR R AR AR R A RAR AR AR R AR AR ARRN AR AR AARN R A A RN AR R AR R A ARA A SRR AR ARSI AR
DIMENSION AUJAM(26,10),AVJAM(26,10),AUB(26,50),
* AVB(26,50) , APTAM(26,10) ,APB(26,48),
* DUJAM(26,10) , DVIAM(26,10) , DUB(26,50) , DVB(26,50) ,
* PSIT(-1:27,-1:11) ,PSIB(-1:27,-1:50)
INTEGER TIME
COMMON/AVERAGE/ AUJAM,AVJAM,AUB,AVB,APJAM,APB
COMMON/AVE1/ DUJAM,DVJAM,DUB,DVB,PSIJ,PSIB

WRITE(2,8051) TIME,NNT

8051 FORMAT(1X, ‘TIME=',IS, 'NNT=¢,I5)

DO 117 J=]1,48

68



117

DO 117 I=1,26
IF (J .LE. 10) THEN
AUJAM(I,J)=AUJAM(I,J)+DUJAM(I,J)/NNT
AVIAM(I,J)=AVJIAM(I,J)+DVIAM(I,J)/NNT

APJAM(I,J)=APJAM(I,J)+PSIJ(I,J)/NNT -

ENDIF
AUB(I,J)=AUB(I,J)+DUB(I,J)/NNT
AVB(I,J)=AVB(I,J)+DVB(I,J)/NNT
APB(I,J)=APB(I,J)+PSIB(I,J)/NNT

CONTINUE

RETURN

END
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