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I.l Comutational Grid 

The computational grid is a single Richardson lattice with a 

staggered distribution of variables (Figure 1). The water depth, H, 

the free surface elevation above the mean, Z, and any scalar variablei 

such as temperature or pollutant concentration, C, are defined at the 

center of a grid square. They represent averages over this grid _. 

element such that, for-example, the volume of the element is equal to 

(H+Z)(DS)2,_where DS is the mesh size, and the mass of pollutant is ' 

this volume multiplied by C. The currents are represented by 

vertically—integrated water transports per unit width» The 

I-component of the transport vector, U, is defined at the center of 

the left and right sides of the grid square, while the J—component, V, 

is defined at the lower and upper sides. ‘These transport components 

represent averages over the respective sides of the grid element such 

that, for example, the water transport through the left side is equal 

to U.DS and the corresponding pollutant transport is U.C.DS.v Finally, 

the transport stream function, S, is defined at the corners of the 

Stid square. 
l 

o ' 

-" 

' ’ 
* 

"H 

For economy of computer storage, each variable array has its 
' own allocation of subscripts in relation to grid location, A particu- 
tlar combination of subscripts (I,J), therefore, refers to different "
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locations-depending on the variable concerned. -The convention adopted 

here is that all variables at the lower left corner, the left side, 

and the lower side of the grid element have the same subscripts as 

those at the center (Figure 1). This means, for example, that the 

transport through the right side of the element has an I—index which , 

is one higher than the center—index of this element and which is equal 

to the center-index of the adjacent element on the right. ' ' 

Depths and Boundaries 

_ 

The overall gridmesh has a rectangular shape (Figure 2). In 

principle, the dimensions of the-arrays, H, Z, C, to which we will 

refer as elevation points, can be one less than the dimensions of U, 

V, S, which we call current or stream points, because the number»ofl 

sides is one higher than the number of squares. To avoid this kind of 

complication, all variable arrays are given the same dimensions, 

namely, (IC, JG) where IC, JC represent the maximum number of current 

points.‘ The maximum number of elevation points which are actually 

used are (IZ, JZ) where 1z'= 1c—1, JZ‘= Jc-1.' Similarly, it can be‘ 

verified from Figure 2 that the maximum number of U-components, 

including the boundaries, will be (IC, JZ) and the number of 

V-components will be (IZ, JC)} 

. 

_ 

In order to simplify the computer code, it is convenient if 

the grid is surrounded by one_row and one column of zero depths, H,
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and concentrations, C1 By virtue of the above convention adopted for 

the array dimensions, this condition is fulfilled on the right-and the 

upper border of the grid. It remains to satisfy the same condition on 

the left and the lower border., This is done by-setting the first row 

(J=1) and the first column (I=l) of the depth array equal to zero. 

Thus, the depths and pollutant concentrations are zero in the grid . 

elements denoted by crosses in Figure 2, and the basin of interest is 

confined within this frame of-crosses. " l ' 

The shape and bathymetry of the basin are completely and 

exclusively determined by the depth array H, the depths being zero on 

land or on.islands. The shorelines of the basin coincide locally with 

either one of the sides of the grid elements, resulting inva staircase 

boundary. -Given the depths of the grid cells, the computer program 

determines_which cell side is part of the shoreline by checking if one 

of the two adjacent cell depths is zero and the other nonzero¢~ In 

qrder to locate open boundaries at the entrance or exit of rivers, the 

depths of gridcells located in such rivers must be set equal to zero 

while the transport normal_to the boundary_of the basin ust be 

prescribed at such a river entrance or exit. .4 ' 

There is another possibility to deal with open_boundaries; 

that is, to prescribe the elevation, Z, in a grid point just outside 

the basin, say, in the river. Because of the way in which the program 

decides whether or not to perform computations in a given point (as'
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will be discussed next) the depth in this particular river point 

should be zero for the purpose of Z-calculations or Crcalculations 

but nonzero for the purpose of U- or V-calculationsr While this kind 

of’ change is easy to implement, it is not done inithe present version 

of the model since it obviously requires some familiarity with the 

details_of the computer program and could easily lead to complicar 

tions. l ' 
' 

if 

]' There are no restrictions on the shape of the basin or any 

islands in the basin. Channels may be as narrow as one single grid 

cell. However, it should be realized that no dynamical connection 

exists between adjacent grid squares unless they have at least one * 

side in common. Thus two squares which touch each other in one corner 

only are essentially disconnected, ‘

' 

Active and Inactive Grid_Points 

- The program differentiates between active points where 

calculations are to be performed and inactive points where variables
_ 

are either zero or are defined by the user, Inspection of Figure Z 

shows that the indices of the active points mst be confined between 
the following limits; ' 

- A
“ 

g 

z-points I=2,lZ J=2,JZ 

U-points I=3,IZ ‘AJ=2,JZ



Q 
Vrpoints, ._ I=2,IZ 

_ 

J=3,JZ 
‘ S—points 

_ 

l=3,IZ J=3,JZ 

Within these limits, the type of any one gridpoint is completely a 

determined by the depth array H. Thus, variables Z-or C are calcula- 

ted only if the local value of_H is-nonzero; Variable Uflis computed 

only for-those grid sides for which both adjacent sqoares have nonzero 

H—values and similarly for variable V. either one of the adjacent 

H—values is zero, the transport across a grid side must be zero at a . 

regular shoreline, including island boundaries; or it must be 

prescribed if one is dealing with a river entrance or exit as noted 
' >., 

above. 
i

' 

_ 

~The points outside the above.limits can_never be active grid 

points but they may be used as inactive points. Thus, for the ele-.' 

ments denoted by crosses in Figure 2, the depths must always be zero 

but the variable C flay have a prescribed nonzero value, for instance 

at the entrance point of a river (where, as noted above, the» “ 

depth—array must be assigned a zero value)~ The.S&me holds for then‘ 

transports U or V at a river entrance or exit. Thus, for examplep
_ 

variable U with subscript I = 2 could never be an active point but it 

can be a river entrance or exit. V 

As a final word of caution, it should be emphasized that, if 

variables are.to be prescribed, the corresponding indices refer to the
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location of the particular var1able,_not necessarily to the grid 

square. Thus, if the grid square of Figure 1 were inside the lake , 

\ . 

such that a river would flow out of this square toward the right, than 

H(I+1,J) would be zero and one would prescribe U(I+1,J), not U(I,J). 

11- Circulation Hodel 

The present framework of the pollutant transport model is - 

based on the assumption that the hydrodynamic computations are 

completed before the water quality calculations are started. Thus; 

the present package consists of two parts. ‘The hydrodynamic program- 

takes the depth array, H! any prescribed river inflows or outflows and 

any forcing by wind, if desired, and it computes the water levels, Z, 

and the water transport components U,V. These results are then stored 

in some fashion and perhaps averaged in time. ‘The pollutant transport 

model takes the same depth array and the calculated water transports 

and carries out the desired water quality computations. 

The circulation model included here computes _. 

vertically—averaged currents in a basin which is relatively wellsmixed 

in the vertical. iSuch models can be formulated in two ways. The » 

first type of model was originally designed for storm surge predicr 

tions and hence it computes free surface elevations as well as water 

circulations. The second type of model eliminates gravity waves by 

requiring the vertically integrated currents to be nondivergsst, thus
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allowing them to be represented by a streamfunction. From a computa- 

tional viewpoint the main difference between the two models is that 

the free surface model allows for a longer step but requires a large 

number of iterations per time step. Thus, they are more or less A_ 

equivalent in terms of economy.» 

If one is interested in advective processes, as is the case 

here, it is generally sufficient to use the nondivergent part of the 

vertically-integrated current. This is, in fact, advisable since it 

is of crucial importance to ensure conservation of water mass in a 

pollutant transport model. While this condition can be_met by a free 

surface model, it is always satisfied by a streamfunction model.<
l 

However, it is felt that the present water quality model should also 

be applicable to situations where the water circulation has been l 

computed previously or is available from interpolation of observed 

currents. Therefore, the circulation model included here offers this 

option. First, the hydrodynamic calculations are performed.’ The 

model selected here is a free surface model. .NeXt the nondivergent- 

part of the computed verticallyeintegrated currents are obtained." 

Natura1ly;_the second step can be eliminated if the hydrodynamic 

calculations have been done by a streamfunction model.

'

I



Free surface model i 

The model computes the free surface position and vertically 

integrated currents for given wind stress and prescribed transports of 

inflowing and outflowing rivers. Nonlinear accelerations are neglec4“ 

ted, rotation is included, bottom friction can be linear or nonlinear, 

and horizontal diffusion is not needed for stability.
' 

The equations are: ~ 

. Q2 = fV — gflgg — BU_+ 1 
.6L bx sx . 

QV = _v, _ 62 _ 
A 

at 
,fU - gflg; BV + 15y _ 

£>_?_=..@2l'l_“_@>.‘l
_ '-at -ax by - 

where t is time, x, y are the horizontal coordinates (x clockwise from 

y), U, V are the corresponding components of the vertically integrated 

current, Z is the uPWatd displacement of the free surface from a mean 

level, H is the depth of the basin for this mean level, B is a“bottom' 

stress coefficient, f is.the Coriolis parameter equal to twice the. 

angular velocity of the earth's rotation times the sine of latitude, g 

is the gravitational acceleration, and 15 is the wind stress at 

surface divided by the water density. ‘The units are cm and sec.

\
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' 
» The bottom stress coefficient is given by any one of the_ 

following formulations: f ' 

' 

- 

u“ 
.r'~ 

nonlinear ‘B = CD (U2 + V2)1/2/H2 _ 

CD-~ 0{002 

linear' B = a/H ". a ~ 0.01 - 0.05 cm/sec » 

quasilinear B = b/H? b v 10 + 100 _¢m2/Séc“ 

The units of B are sec'1. 

V 

The wind stress is assumed to have been computed previously, 

for example from the familiar relation
u 

? pa ’
» 

> 

Té =_CD 3*UW'W 

where pa-1S the air density, p is the water density, W is the windd - 

vector, and CD is.a drag coefficient. The units of the stress are 

cm2/secz. i 

D 

' 
1‘ 

_ 
lhe transports of inflowing or outflouing rivers~are’speci— 

fied as vertically-integrated currents in units of cmz/sec, that is, 

total river discharge divided by the grid size. The discharge from a~ 

single river may be distributed over more than one grid cell as long 

as the sum of the prescribed transports due to that river is equal to 

the total discharge divided by-the grid size. The same holds with
l
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regard to distribution over the two component of the 

vertically-integrated current, U and V.‘ 

The variables are defined on the staggered grid_of Figure 2_ 

and the derivatives in_time and space are approximated by central 

differences. The Goriolis term requires spatial averaging, which is 

applied here to the vertically—integrated currents rather than the ' 

currents themselves. It is known that a more complicated averaging 

scheme has advantages in terms of energy conservation but the'presenti 

scheme is more economical and probably_aatisfactQrY for most purposes. 

Time extrapolation proceeds by first predicting Z, then U, 

then V, at all times utilizing the last available values of all varia- 

bles.‘ This method iskstable as long as 
t 

'

A 

. ._ At < DS//Zglimax and At < .11/Ema; 
__ 

where-At is the time step and DS is the space step. 

Streamfunction' 
. 

g 
. D 

. 

~ In case the circulation is computed by a free surface model, 

the divergence of the vertically—integrated current is in general , 

nonzero.- While the divergent part of the transport determines the 

variations of the surface level, it is not important for pollutant
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transport» Therefore, the advection program uses only the 

non—divergent'psrt of the transport, that is, the part that can be 

represented by a streamfunction. Formally, this is done by writing 

=E_L$ =_@_?_.§" 
bx by 

V by‘-hexU 

where P is the transport potential representing the divergent part of 

the transport and Svis the streamfunction for the non—divergent part. 

Cross—differentiation gives the vorticity it 

. 
i 

_ 9 

'F=fi_E= 
bx '3? alj 

3,
+ 

~2'J<;~ 

Thus, given the transport, U, V, the_vorticity, F, may be computed in 

each point of the grid. Then the stream function, S, may be computed- 

from the Poison equation - 

'

' 

ails»

_

. 

'0: + sky; 
'11 

with S prescribed on the boundaries. _This is done by relaxation. 

» The boundary values of the stream function.are Prescribed as 

fo1lows.n Along any boundary-element, be it open or closed, the stream 

-function must increase in accordance with the above definition, thus
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S(I+1,J) = S(I,J) + DS.V(I,J)’ 

s(1,J+1) = S(I,J) — DS.U(I,J) V 

where V orlfl are the transport components normal to the boundary sege 

ment of interest.j The stream function may be set to zero in an arhi+ 

trary point of the shoreline; its value along the whole boundary
' 

follows then from these relations. \The value of the stream function 

in an arbitrary point of an island coast is found by applying the same 

relationships across any channel between the island and the outer =e 

boundary. - 

' '

' 

gydrodynsmical model ONELAY 

e 

. The computer program ONELAY refers to the above one-layer- 

free—surface circulation model with a single lattice. iFor definitions 

of variables refer to program listing. The following are inputs to be 

supplied by user in form of cards or tape file: ' 
' n 

'Main Routine: 

1. T'I‘HRS, DTMAP, mt
‘
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Routine DEPTH 

Z. IC, JC, DS - 

3.- ((H(I,J), I=1,IC), J=1,JC) 

Routine RIVERS ,- 

-4: ICU, KV ' 

- 

‘r 

5. (IU(K), Ju(K). K = 1,KU) 

6- (UU(K), K = 1,KU) 

7. (1v(K), JV(K), K = 1,KV). 

8. (VV(K), K4= 1,KV) 

Routine STRESS ' 

9. TSXX, TSYY 

Routine PREDIC 

10. F, G 

III. Advection—diffus1on Model 

, 

The calculations axe performed on the sing1e—lattice of 

Figure 1; eThe governing equation is "
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a..§v_ 7 
_-\._ _2- 

s-SE (HC)ij _ 
Xij Xi+1ij f Yij Y1'j+l_ W11 C11 + S11/DS 

where H is the depth, C is the concentration of the pollutant of A 

interest (grams/cm3), S is the source term (grams/sec), W is the 

settling velocity (cm/sec), and X and Y are the transport components 

through the sides of the grid square 

U’ < 
- H +»u - 

‘ ii A 1-1.3 .,ij e
< 

x .-= —-. c ~ c. -—--——-——-——— c 4 

— C . 

V13 
' ns ( i—1,j °’ .13) + D82 4 2 ( 1-1,3 .‘1]) 

' V . H .+ H .

l 

- _1l ' 

. .Ji_,JLsI1L____Ll 5 i 
Y1; ' vs (°1,j—1 °?'°1j) l D32‘ 2' (Ci;j—1 ’ Cij) 

where U and V are the components of the vertically-integrated current 

and A is the-horizontal diffusion coefficient (cmz/sec). Note that__ 

the transports across a closed boundary are zero.‘ _ 

__ The decision to use C1_1,j or C11 etc. is based on the
_ 

upstream differencing scheme (UDS), in which only upstream values are 

assumed to be essential in advective processes. This will add a 

numerical diffusion in the order of UijPDS/Hij and‘ - 

V1j.DS/Hij to the physical diffusivity A. >Thus, for systems where’ 

high accuracy of the physical diffusion is required, the grid spacing 

must be reduced to offset this numerical effect. On the other hand,
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averaged concentrations (C1_1Jj + Cij)/2 and (c1,j_1 +.c1j)/2 

can be used throughout the computation, if s central differencing. 

scheme (CDS)_is used. However, spatial instability may occur, if 

U1jD$/Hija exceeds 2, or at locations with strong sources or 
'

T 

sinks. The advection—diffusion program POLTRA contains a parameter, 

NUMTHD which the user may specify as 1 if the user prefers to use UDS, 

or as 2 if CDS_is chosen. T“ 

- 

' As in the case of the hydrodynamic model, explicit time 

differencing is used in the advection—diffusion model. The following 

time stability criteria must be satisfied; ' 
N 

,

D 

< 1 
HijDS - 

F17
\ 

The.above conditions on numerical spatial dispersion and time - 

stability_may be modified somewhat if more than one variable, which ' 

' react kinetically with each other, are used. 
l l

' 

» The advectionvdiffusion program POLTRA allows a system of 

three variables in eitsnprevsent form, but extienslion to more than three 

variables is straightforward by changing the appropriate DIMENSION 

declaration statements. The arrays related to the Nth variables are
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.1. u»-1e- ¢ 

C(I,J,N) and CG(I,J,N) fdr concentration values at the current and 

updated time steps, respectively. ‘1 '4 
A 

u‘ _-. 

_ 
V 

The program POLTRA is structured in the same way_as the _" 

program ONELAY in terms of grid convention and setup of lake bathy- I 

metry (routine DEPTH). Alt is assumed that the vertically-integrated 

currents-U, V have been computed previously, for instance by program 

ONELAY, and have been stored on cards or tape. These integrated , 

currents are now read by routine FLOW, whereupon the nondivergent part 

of the transports is determined to guarantee mass conservation with a 

streamfunction model (routine STREAM). Then, the program proceeds to 

compute the sources (routine SOURCE) including those from inflow and_ 

rivers and the sinks including outflows and settling effects., This is 

followed by the advection and diffusion (routine ADVECT) of the’ 

concentration as well as the biochemical reactions (routine BIOCH), 
if any. The three routines, SOURCE, ADYEGT and BIOCM are called for' 

each time step and each variable, one at a time. The routine BIOCHM, 

in particular, should be written by the user for any given problem, 

including the case where no biochemical reactions are present, for‘
- 

which case a dummy RETURN is needed.- 

Pollution Transport Model POLTRA
_ 

The computer program POLTRA is a one—layervtwo—dimensional 

xry advection and diffusion model for pollutant transport. For
Q
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10. 
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definitions refer to program-11sting.v The follbwing are inputs £0 be 

éupplied by user ip germ of éafds or tape files: 

Main Routine: ' 

NSTE-P, NMAP-,,DT, NUMTHD, DIFF 
'

- 

- NC, (C0(N), N = 1, NC)
' 

Routine DEPTH; 

-2.4 
, 
_IC, -Jc, ns , 

-3- <<n<i.J>. 1=1;i2>, J = 1,Jz> ‘ 

Rouciné FLOWS:. 

.4. (_(u(1__,- J), .= 1,_ In), J = »1,~ Jv) 

5- ((v <1,J>. I * 1, LU), J = 1, Jv>
' 

Routine S0URCE:A 

6. KLOAD, KRIVER, KLOSS 
A 

-
A 

V7. (I'LOA1> (K), JLOAD (K). K E 1; “KI-OAD) ' 

‘8- ~((CLOAD (K, M), K = 1. KLOAD), u = 1, NC) 

K =~1<, M = 1,‘ NC)



11. * »(lLOSS (K),.JLOSS (K), K = 1, KLOSS) 

12. .- (WSET(M), M = 1, NC) 
i' 

*
; 

Routine BIOCHM; 

13. RHO, TEMP,-K1, CSAT 

"F 

' “ The examples given in the program listing are for demonstra- 

tive-purpose only; some model parameters may need to he adjusted, such 

as wind stress, water~temperature and light factors, The 'lakeY is 

about 3375 x 2440 m2 in area with maximum depth of 6.35 m, There are 

two islands in the lake, one inflow affecting 5 grid points, one - 

outflow affecting 4 grid points, and five source locations of- . 

pollutant entries other than.those associated with inflowing rivers. 

\ The time step is 6 sec. for-the hydrodwnamic calculations ” 

for a 'cold start’ initial condition, i.e.'Z=U=V=0¢ ,The time to reach 

steady-state is about 2 hours, for which the computationa1_time is 

224 sec. using a CDC Cybery 170. Zero wind stresses are used. 

On the other hand, the pollutant transport model uses . 

30 sec. as one.time step, and computes 10 hours‘ simulation in.about
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960 sec; using a CDC Cyber 170 for a system of two reacting yaria—
u 

_ 

bles. One variable is particulate phosphorus and the other is-soluble 

Y reactive phosphorus, with initial concentration of 0.5 x 10"8 gm/c.c. 

'and 1,0 10'8“gm/c.c¢ respectivelyi “The former represents the . 

phosphorus in planktons and the latter the nutrient (or pollutant) in 

_ 

the lake, The chemical kinetic_equations are given in routine BIOCHM.

\

I
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Pro ram Iistin s 

Program ONELAY 
rogram POLTRA



C ONE-LAYER FREE-SURFACE CIRCULGTION MODEL WITH SINGLE LATTICE
C 

mrvrunznrvn

m 
I - BY T. J» SIMONE‘ AND H. Cq L} LAM (19 

- PROGRAM ONELAY (INHUTiOUTPUTvTfiPE5=INPUTvTAPE6=OUTFUTvTAFE1) 

EFERENCE 3 DOCUMENTATION OF A TNO*DIMENSIONfiL X*Y MODEL FACRAGE 
FOR COMPUTING LAKE CIRCULfiTIONS AND POLLUTGNT TRANSFORTS 

-- H = UEPTH (cu),-2 = SURFACE ELEUQTIDN (cm); u,u = TRANCFDRT (CMY*°/SEC) 
c DIHENSIUNS OF ARRAYS.mRE <1c,Jc> as DEFINED IN-ROUTINE DEPTH 

- 

' DIMENSION H(48!35)1Z(QB!35)fU(48!35)!U(48{35) - 

c>fTaRs 
c'uTHQP 

TOTAL TIME FOR UHIOH COMPUTATION IS CARRIED OUT (HOURC) 
OUTPUT INTERUGL (HOURS): HT = TIMESTEP (SECONDb) 

RE€D ( _| 5,1051; TTHRSvUTMAP¢DT ' 
'

' 

URITE(év1000) 
. URITE(6s1001) TTHRSvUTMAPvDT 

UTHRS=HT/3500.. 
HSTEPFTTHRS/UTHRS+.1 
HHS*0 ' 

. HHfiPSwDTMfiP/DTHRS¥§1 
. R 

~r 

I I 

HmP:%U . 

CHLL DEPTH(IC1JCvIZvJZvDB:H) 
‘ DO Q0 I=11 

DO 20 J=1rJC 
Z(I 
U(I 

" no 50 NTIME=1rNSTEP 
THRS=THR8+nTHRS 

!J)::O+ 
vJ)¥O» 

30 U(IwJ)=O.' 

CALL RIUERS(THRSvU1U) -
, 

CALL STRESS(THRSrDTvTSX)TSY) ' 

CHLL PREDICKIZyJZvDTvDSvTSX:TSYrH1ZQUJU) 
NMAPS=KMfiPS+1" 

\ IF (KMAPS.LT{NMAPS) so T0 so I KMAPs=o'~ 

CELL'MAPOUT(ICvJC!THRS!H7ZIUrV)I 
A 

50 CONTINUE 
1000 FoRMnT<1H1>' 
1oo1_FuRMAT¢sF1o.2> 

END



C gf 
C REHD DIMENSIONS OF ARRAYS (ICvJC) nun GRIUMESH us IN on 
c READ HEPTHS OF GRIDSGUARES IN CM nun °TDRE IN ARFAY H(IsJ) 

DEF 
F.l(7i'a 

C
,

C

1 

P M 
- 4

C

4

5 
c

‘ 

'1000 
1001 
1003 
1003 

‘SUBRUUTINE UEPTH(ICrJC1IZiJZ|USvH) 

THS MUST BE ZERO.FOR I=1s FOR I= C R =11 ANI FOR J= 
»UEPTH OUTSIDE BASIN MUST HE ZERO EVEN IF GRID CELL LIES WITHIN A RIVER 

DIMENSION H(49# W W 0 \-6 

READ (5&1OO1).IC1JC:DS 
7URITE($!1O01) IC1JCvU9 
TZ*IC+1 R

’ 

JZrJCfi1 V 

U0 I I¢1vIC 
no-1 J=1vJC 
H(I:J§=0; 
n0_2 I#1»IZ -

' 

R5mn,<1,1oo2) 
URITE(§!1000) 
no 4 JJ=1,Jc 

-J=JG—JJ+1- 
URITE($11O03) 
URlTE(év1GOO) 
no 5 JJ=1sJC "

, 

J+40—JJ+1 
,

V 

L!J)vI"25J URITE(é$1QQ3) (H( 

FORMQT(1H1) ‘
' 

FDRMflT(2I5vF10~O) 
FUHHAT(2fiF3v0) 
FOHMAT(LHOv24F5»0) 
RETURN

V 

END _ 

(H(IvJ)aJ*1vJZ) 

(H(IvJ)uI*ivQ4) 

ID)



V SUBROUTINE R1UERS(THRS,U§U) '.=,_ 

"1 

(T1 

, THIS ROUTINE SPECI 
O,NO DISTINCTION IS 
9. 
C
C 
C 

. . 

C » 

FIES INFLOHS OR OUTFLOUS UUE TO RIVERS 
MADE BETUEEN INFLOUS OR OUTFLOUS 

KU = NUMBER OF POINTS UHERE U - COMPONENTS ARE TO BE FRESCRIPED 
IUvJU = INDICES OF THESE_POINTS IN TUO—DIMENbIONAL GRID 
UU R UALUE OF U 4 COMPONENT IN CMXXZ/SEC 
NU1IUéJUrUU = SAME FOR U - COMPONENTS 

._ ‘DIMENSION U(4B1355vU(48s35) - 

“V DIMENSION IU(1 
C

4 

O)!dU(10)rUU(1O)1IU(10)!JU(10)!U“(1O) 
' 

.’ DATA NCfiLL/O/ ' .” 
IF(NCfiLL.GT.0) so TO 1 

C . 

V 
READ ¢s?1oo1> 
wHITE(§»1001) 
REfifl <5,10o1v 

-R;np‘<5,1oo2> 
URITE(éa100£) 
READ (511001) 
URITE(é11O01) 

I _REfiU (5r1002I 
" VHRITE($;lOO2) 

A 

1 NCfiLL=NCflLL+1“ 

KUvNU ' 

KUvKU I H 

(IU(K)vJU(K)vK=1sKU) 
(IU§N)sJU(K)vK=1§NU) 
(UU(K)vK=1rKU) ' 

(UU(K)|K=11KU) 
(IU(K)iJU(N)iK=1vNU) 
(IU(K)vJU(N):K=1rNU) 
§UU(K)vK=11KU) 
(UU(N)vN=1vKU) 

‘ IF(THRS»GT,1») RETURN 
c -

' 

no 10 K"11RU 
I*IU(H> 

- J '*-= JU 4. iii. > 

. 10 U(IvJ)*UU(K)¥THRS' ’ 

20 K=1,Ku ~ 

1»Iv<ua _- 
J=JU(K) 

Q0 U(IvJ)*UU(N)#THRS 
0- 

> 

~

- 

.1001 FORMfiT(16I5)’ 
E1002 FORMfiT(8E10»37 

RETURN ‘I 
E N‘-II -



SUBROUTINE 9TRES§(THRS1DT1TSXrTSY) 
. A 

V
» p - 

_ ‘ J ' 
- 14 

,
. THIS_ROUTINE SPECIFIES HINDSTRESS COMPONENTS TSX;TSY <cfi*x2ZsEcxx2> 

DATA NCALL/O/ 
- - » I '~ 

- IF(NCALL.GT.O) GD TD 1 

READ (511001) TSXXvTSYY 
URITE(691001)>TSXX7TSYY 

C 
.

/ 

1 NLALL=NCALL+1
_ 

. Tsx=nTxTsxx 
TSYHUTXTSYYA

_ 

1001 FURNflT(8F10@2) ~' 
. 

’ RETURN ' 

END

(



' _r; F'F:~E[IICT‘ION OFYSURFACE
L 

SUBRDUTINE FREUIC(IZ:JZrDTiDSvTSXrTSYrHvZ1UvU)Y 2" ': 
.

A 

‘ SINGLE LQTTICE ,

" 
DIMENSION H(48v35)vZ(48v35)rU(4Bv35)vU(4Sv3$)‘ ' 

' 

~_ DIMENSION_GUHU(168O)rGUHU(168O)vFKHU(168O)1BKHU(1680) 
DATA NCALL/O/ 

V

' 

IF (NCfiLL~GT.0) GO TO 40 

C F ='COR1DLIS PARAMETER: G = GRAVITY " 
REflU(511OO1) F16 » 

uR1rg;¢.1oo1) F16 
" DTUS=UT/US -,~ 
FDT=F#DT/4. 
GDS#G*UT/US » 

C EFRIC 3 BOTTOM FRICTION COEFFICIENT 
_ 

'_ '

- 

C HERE LINEAR FRICTION IS UEEH . 
. >

V 

C FUR NUNLINEGR BUTTON FRICTION USE CARDS STARTING UITH*CCC 
BFR1c=.osxnT ‘ 

- 

4 

’ 

V. 
ccc BFRIC=.O025#DT . 

L>v 

C FUR ECONOMY OF CALCULATION-USE DUMMY ARRfiYS'
. 

u=o 
_ 

' ‘ 

‘ *@ - 

. no 20 -3112 
no 20' ?2sJZ‘ 

_, H=N+1 ~ 

> 

‘ 

. 

'"
A 

snHu<u>=o. » ~ . ., ’. 
IF(H(I—1;J).LE.0..GR.H(IvJ).LE.0,) so T0 20 

_ 

HU=(H(I—11J)+H(I:J))/2. - -

- 

_ GHHU(N)=GDS#HU 
BNHU(N)=EFRIC/HU' . 

ccc 4BKHU(N)=BFRIC/(HU#HU)' 
V20 CONTINUE = 

(_l—|

i 

N=0 ~ 
U0 30.I=24IZ 
DO 30 J=3wJZ 
N=N+1 

_ 

, 

_ 

,. 
BnHv(N)=0. ‘ 

; 
»

. 

IF(H(I1J-1)-LE.O~>DR;H(IrJ)¢LE»O») GD T0'30 Y 
- HU=(H(I1J*1)+H(I9J))/Q» _; _ GDHU(N)=GDS*HU 

_ 

'- 
' BKHU(N)=BFRIC/HU '-'_ ‘ ‘ 

CCU 
CONTINUE . _



40 NLfiLL#NCfiLL+1- D c SUFIFACE F'F:E[lI.CTIO_N 

_ 
U0 J0 I=Z!IZ

~ 

DU 50'J=QrJZ 
‘ 

~ 

A 

. . 

I 

I
_ 

IF(H(I1J)¢LE»0¢) G0 T0 50 
_ 

. 
- 

Y 

~-V 
. Z(IvJ)=Z(1yJ)+BTHS*(U(InJ)-U(I+1sJ)+U(IvJ)-U(IvJ+1)? ‘ ‘ 

‘ so CONTINUE 
, V 

. 

’ ' 

' 

'~ -

" 
C PREDICTION OF U—COMPONENT 

M=o ~ 
. . 

no so 1=3,12 
no so J=2wJZ 

, N*N+1 _'v ‘

. IF(GDHU(N).LE.O.) so TO so 
. ’ UBAR=U(I+1sJ)+U(I—1»J+1)+U(IvJ)+U(IvJ+1) 

~ 

, UMB=1.—BKHU(N) ' 

-

_ 
can 0HB=1.-BKHU(N)¥SGRT(U(IvJ)**2+UHnR##2/16»7 ~ 

U4IvJ)=OMB#U(IvJ)+FDT#UBAR+GUHU(N)*(Z(1+11J)—Z(I:J))+TSX so cdnrrnus 
4 

- ~". - 

c PREDICTION OF U—COMFDNENT 
V N:O ' 

no 70 I=Q»IZ 
no-70 J=z»Jz».. »; -

“ 

n~n+1 ‘ 
"

. - I#@enHu<~>.L5.o.> so TU 70 
_ 

.

. 'UHAR%UfIsJ-1)+U(IvJ)+U(I+1vJ¥1)+U(I+1vJ) “ 0MB=1.~nmHv<u> 
s 

'"
A ‘CLO OHH=1w~BKHU(N)¥SQRT(UBAR¥¥2/16.+U(IvJ)¥X2) 

' ' l 

U(I1J)=DfiB#U(IsJ)-FDT*UBAR+GUHU(N)#(Z(IaJ-1)-Z(IvJT§+TSY 70 DUNTINUE* ' 

. " 
1001 FORMAT(8E10.2) 

RETURN- 
END -



'3 
._ 

' 3

4 

. 5 

'1'D 

'

7 

1003 
1011 

'101Q 
~1013 

SUHROUTINE MAPOUT(ICrJC1THRS1HsZ1UvU) 

DIMENSION H(4Q135)vZ(48v35)vUT 
DIMENSION-D(48135)1C(48v35)

A 

BO 1 I*1rIC 
no 1 J*11JCv 
U(IrJ)*U(IvJ)/ 
C(IsJ)*U(IvJ)/ 
EQNTINUE 
wRxrE<¢.1o11> 
no 2 JJ?1rJC 
J*JC~4J+1 ’ 

HRITE(6w1003) 
URITE(6v1011) 
no 3 JJ=1»JC 
J=JC~JJ+1 
wRTTE(6a1003) 
wR1TE<s»1012> 
no 4 JJ*11JC 
J=JC-JJ+1' 
wRITE(6y1003) 
wRITE(6r1012) 
no 5 JJ=1§JC 
J:Jc—JJ+1 
URITE(é’1003) 

URITE(5w1013) 
no 6'JJ?1wJC 
J*JC+JJ+1' 
URITE(é110O3) 
wRITE(6v1013) 
no 7 JJ=;,gc 
J*JC—JJ+1 
URITE(611003) 

100» 
100. 

THRS 

(Z(I1J)vI=1124) 
THRS 

<z(1,J>;1= 10> f-J U1 ‘U 

THRS Y 

(D(I!J)7I=1v24) 
THRS 

<n<1,J>;I=2sa1c> 
THRS f 

A

' 

(C(I)J)1I=1r24) 
THRS "A 

(C(liJ)vI=25vIC) 
FuRMATc1H0,g4Fs.o>

, 

0 E: mar-s OF summrze UELCI'CI'TY COMPONENTS 
48v35)vU(48iZ5) 

"w 

FURMQT(1H1a' TIME IN HOURS'F6.2y‘—DT SURFACE ELEVATION (CM) ) 'FURMAT(1H1v' TIME 'F¢.2,' HRSV [U—TRANSFORT_(1OO cmmxz/sir) - FORMAT(1H1v‘ TIME 'F¢.2,- HRS U-TRANSPORT (100 cmx*2/s)-> RETURN - 

- 

- ’ 

- -’ 
.

' END ‘ 
' 

-'
‘

’
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C
O 
C

C
C 
C 
C
C 

D3

I 

ICU C 

STAGGERED GRID WITH H AND C AT CENTER OF GRIDSQUAREr U AT LEFT HAND SIDE/ 

PROGRAM POLTRA(INPUTvOUTPUTvTAPE5»TAFE6=OUTPUT) 
POLLUTANT TRANSPORT MODEL ' 

‘EFERENCEZOD0CUMENTATI0N“DF_A Tu0énfMENsI0nnL X—Y MODEL Pecans: H 
_ FOR conpurxns LAKE CIRCULATIDNS Ann POLLUTANT TRANSPORTS 

BY T. "J. SIMONS . 
AND D. C. L} LAME (1982) 

AND V AT LOWER SIDE HAVING THE SAME INDICES IvJ‘ V‘ 
I

, 

ALL TWO~DINENSIONAL ARRAYS HAVE DIMENSIONS (IU1JV) '
' 

IZvJZ’ = 
IUvJV 

NUMBER OF GRIDSOUARES IN XrY DIRECTION. H-T,I 
"? NUNBER#OF SIDES OF GRIDSUUARES IN XsY DIRECTION (=IZ+1!JZ+1). 
v GRIDSPACING (CM): DT = TIMESTEP (SEC)i NSTEP = NUMBER. 

NC ' = NUMBER OF VARIABLES’ C0_# INITIAL VALUESLGRAM/CMXXB) 
NNAF 

_

w 
DIFF» I: 
uufirun = 

HUMTHD * R 

'3 
A- 

NO. OF TINE STEPS IN BETWEEN PRINTOUTS_ l 

"_ 

HORIZONTAL EDDY DIFFUSIVITY (CN£$2/SEC) - 
- 

' 
'

I 

1 IF UPSTREAM DIFFERENCING SCHEME IS USED ‘

A 

. 
(NUMERICAL DIFFUSION IS ABOUT UXDS/H9 '

I 

TEMPORALLY STABLE IF UXDT/DS¥H IS LESS THAN 1 
AND DIFFXDT/DS*¥2 IS LESS THAN 0.5)“ ' 

"IF CENTRAL DIFFERENCING SCHEME IS ussn 
I 

_ _ 

_ 
(SPATIALLY STABLE IF UXDS/HKDIFF IS LESS THAN 25 

-COMMON 
COMMON 
DINENSION 
DIMENSION 

TEMPORAL STABILITY CONDITION IS SAME AS NUMTHD%i) 
TLOAD(3)vTGAIN¢3)1TLOSS(3)vTWSET(3) < 

/TEMP/ TT(4Sr35)1NUMTHDwDIFF A’
A 

H(4B735)pU(48!35)vU(48735)' ’ 

CL"-1S!3'§i!3)1C'O(3)_!CC(-4313593) A " 

READ IN-MODEL PARAMETERS? NSTEEvNMAP1DT1DIFFvNC!CQ 

Rsnn (5,1oo4> NSTEPgNMAE§DT1NUMTHDvDIFF 
READ <5,xQo5> NC¢(CO(I);I=11NC) - 

wR1TE(¢,1ooo> ' 

‘ 

'. 

_ 

_- 
UF~'I'T-‘E ( 6 ! 100-4) NSZTEF‘ s NMAF‘ 9 UT v NUMTHDVI DIFF 
WRITE(6r1005) NC1(C0(I)iI=11NC) 

READ DEPTHS OF GRID SQUARES IN CM ' 
O 

> 
- 

- ';
, 

DEPTH OUTSIDE LANE MUST BE ZERO EVEN IF GRID CELL LIES WITHIN A RIVER 
FIRST ROW AND FIRST COLUMN OF DEPTH ARRAY ARE ASSUMED TO BE ZERO 
LAST ROW AND LAST COLUMN ARE ALWAYS_ZERO SINCE DIMENSIONS ARE IUvJU! 
WHILE NUMBER OF GRIDSOUARES ARE IZ=IU~1v JZ=JV-1 

' CALL DEPTH(IUvJVvIZuJZrDSvH) " '. 

CALL FLOWS(IZrJZvIUvJVsDS1H|U§V) 
.DO 10 NF1! 
DO 10 I=11 
ADO 10'J=1q
P 

NC I

- 

IZ 
JZ 

.,(Iv.JvN)==()¢ , 

IF(H(IvJ).EG»O~) GO TO 10 - 

C(IvJ1N)=CO(N) 
' '10 CONTINUE 

TIME=O. 
HMAP=0 

VARIABLE CONCENTRATION AVERAGED OVER GRID SQUARE {GRAMS/CMXXZ)
A VERTICALLY INTEGRATED WATER TRANSPORT IN XvY DIRECTION (CM#*2/SEC) 

fi WATER DEPTH AVERABED OVER A GRID-SQUARE (CM) A ' 

OF STEPS



' 15 

20 
~ 30 

35 

C PRINT COMPUTED CONCENTRATIONS AND VOLUME INTEGRALS-OF POLLUTANTQ 

40 

a1 

42 

50 
1000 
1001 
1002 
1003 
1004 
1005 

DO 50 ISTEP=1vNSTEF 
TIME=TIME+DT ‘ 

DD 30 N=1vNC 

DO 15_I=1vIZ 
no 15 J§1sJZ 
TT(I1J)=O.‘ ' ‘

' 

CQLL SDURCE(NvNC!IZfJZvUT1USvH!U1UvC(19l!N))N 
CQLL fiHUECT(IZvJZ!IU§JUvUTvDSvH|U!V9C(1!11N)§ 
CALL BIUCHN(N1IZsJZvUIvHvC) _ 

' 

,N 

DO 20 IFIIIZ 
HO 20 J=1wJZ 
CC(I!JrN)=TT(IIJ) 
CONTINUE 

N=1iNC 
I=1vIZ X 

HO 35 J=1wJZ A 

C(I!JvH)=C(IiJ!N)+CC(I1J!N) v; 
CC§(IsJzN)f=C(IsJqN)>K1.E9- - 

-A N ' 

A 

'- 

uo 35 U0 35' 

“5nP=mMnP+1 44‘ -

“ 
IF(HMfiP,LT.NMAP)_GO TO 50 
NMAP¢0 _

’ THRS=TIME/3600; ’ 

no 42 N=1,Nc " 

ceufi=0. 
no 40 1=1,Iz 
DO 40 J=1!JZ . 

CSUM=CSUM+H(IvJ)#C(IvJ,N) . .

" 

CSUM=CSUN#DS#US . 

' 

- 

" 
' ' "A 

~ 
' N ' 

MRITE(6110OZ) THRSsCSUMvTLOAU(N)vTGAIN(N)1TLOSS(N)yTUSET(N) 

no 41 JJ=1:35 », . 
-

’ 

J=365JJP . , 

V
- 

wRITE(b110O3) <cc<1,J,N>,1=1-an) 
URIIE(6v1000) . 

no 42 JJ=1v35 =4 . 

J=3$—JJ . 

' 

. .
_ 

URITE€6s1003) (CC(IvJwN):I=25v48) 
CONTINUE » 

FDRMAT(1H1) . V 

FURHAT(24F3.0)’ . 

FQRNflT(1H1vF10;3v5E20.6/) . 

FURMAT(1HOp24F5.1) '

» 

F0RNAT(2I101E1O.3oI1OsE10.3) ‘ 

FDRHfiT(I10v6E10q3) -" - 

E N11 
_, 

' 

~

‘

-



('30-T‘.If'J{‘3i'i 

C
C

C

C

C 

.SUBRDUTINE HEPTH(ICvdC1IZ1JZyH$1H) . 
A

. 

READ UIMENSIQNS UF ARRAYS (ICvJC)'AND'GRIUHESH US IN CH 
READ DEPTHS OF GRIUSGUARES IN CM AND STORE IN ARRAY H(IvJ) 
DEF 
DEPTH OUTSIDE BASIN MUST BE ZEROqE9EN.IF GRID CELL hIES UITHIN A FIUEF

1

Q

4 

\J 

1000 
1001 
1002 
1003 

THS MUST BE ZERO FDR I=1: FDR I=IC! FDR J=11 AND.FUR J= 

- \ 

DIMENSION H(4Bs35)
A 

READ (5v1001) ICzJCvDS 
NRITE(§v1001) ICvJCvUS 
IZ=IC*1 ' 

JZ=JC-1 

no 1 I=1vIO 
no 1 J=1vJC 
H<1,J>=o, - 

. 

_ 

A , 

an 2 x:1,12 
REHU_(q!1QO£) (H(11J)vJ=1rJZ) - 

URITE($!10QO) ' 

H0 4 JJ=1»JC 
J*JCPJJ+1 ’

‘ 

URITE(6z1003)_(H(IaJ)sI=1v24) ' 

MRITE(és1000) , _
. 

HO 5 JJ#1vJC ,‘ 

J*JC—JJ+1- _A _ ,., ’l 
wHITE{§w1003) (H(I;J)1I=25!IC) _ 

FDRMAT(1H1) " 

FURHAT(2I5$F10.0) 
FURHfiT(24F3.0) 7 
FURMAT(1HO12flF5.0) 
RETURN A 

END‘ -



C READ UERTICALLY INTEGRATED TRANSPORT COMPONENTS IN CMXV"/SEC 

’1 
’? ‘-

3 

.V4a

5

I 
4-. 
\__| 

7 

'3u 

‘9 

10 

11 
1000 
1002 
1003 

SUEROUTINE FLous<I2,JZ,Iu,Jv,ns,H1u@u> 

. ..‘ ‘ 

DIMENSION H<as,3s>;Ur49,35),v<4e,3s> 
n0_1 I:1,1u n0’1'J=1,Ju 
u<1,4>=o.v 
U§I:J)fiO;V - 

no 2 I=1.1u- A

‘ 

READ K5v10Q2) (U(IsJ)vJ#1rJU) " 

nu 3 1=1-Iu -' ‘ 
'

- 

REAU <s,1oog> (U(IrJ)vJ=1:JU) 
unrT#1oo; 
um 4 I*1éIU 
no 4 J=11JU 
U(IvJ)*U(IvJ)/UNIT» 
UiIvJ)"U(IvJ)/UNIT 
IHRITE*O 
IHRITE=IURITE+1 
HRITE($a1000) 
UUQ6 JJ=1135 ‘ 

J#36-JJ_ . 

URITE(5v1003),(U(IvJ):I*1v24) 
URITE(é1100O) ' 

4

~ 

BU 7 JJ*1135» » 
»

' 

J=36*JJ -;~~A 
.

. 

wR11E<¢,1ooz> <u<1,J>,z::s,4a> 
wRITE($,1000) 
no 8 4J:1,35 . . 

J=36—JJ - V 

wRITE(éwlOO3) <ut1,J>,I=1»24> 
URITE(&»1000) - 

no 9 JJ=1v35 Y 

J=36+JJ 
_ 

'

_ URITE(6v1QO3) (U(IwJ)vI= VP 
IF§IURITEqGT@1),GU TU 10 ' 

I’-J U1 '4 
4-3- CO -I 

CALL STREAH(IZ1JZvIUvJVvDS§HwUvU) ‘ 

GO TO 5 
CONTINUE'@ 

, 

.» -'- 
DO 11 I=19IU 
DO 11 J?1vJU 
U(I1J)=U(IvJ)¥UNIT 
U(IiJ)=U(I1J)#UNIT 
FORMAT(1H1) 
FORMAT(12F6.0) 
'FQEHHT(1H0!Q4F5»0) 
RETURN‘

_ 

END



SUBROUTINE S7REfiM(IZ1JZvIU1JU¢HSvHzUgU) - 

~ 

‘

l 

C THIS ROUTINE FINDS THE NONDIUERGENT PGRT OF THE UERTICALLY INTEGRQTED ‘ 

C HATER TRANSPORT BY UETERMINING THE STREAMFUNCTION S GNU UORTIQITY F0 

DIMENSION H<4s,35>;u§4a,3s>,v¢4s,3s>,s<4s,3s),F<4s,3s> I 

. no 10 1=1,1u ‘E -~' ‘ 

,n0.10 J=1sJU 
s<1,J>;o.v 

_
_ IO F(I1J)=O~ ~ 

C FIND STREAMPOINTS INSIDE THE LfiNE~ANU'SET F TEMPORARILY GREATER THAN ZER 
-no 2Q"1:2;1Z 

, 

I
- 

HO 20 J“2vJZ ~ 

- 'IF(H(I!J)wEQ~0.)‘ GO TO 
-IF(H(I—1wJ).E0.0¢) GO TO 
IF(H(IvJ*1).EU.0¢) GO TO. 
~IF(H(I-1!J-1)»ED.O~) GO TO 

vvF(I1J)=1. _v » 

A 

BO CONTINUE C -_
. 

C SPECIFY STREQHFUNCTION ON ALL BOUNDARY CONTOURS - 

CALL sH0RE<Iz;Jz,IuvJu+ns,H,u»v,s,FY‘_ ’ 

C COMPUTE UORTICITY OF UflTER TRQHSPORT 
- no 30 1¢2»Iz -- 

.

I 

g Inn 30‘Jfi2iJZ
_ 

' IF(F(IvJ).EQ.0.).G0 To 30- 
F(I1J)=(U(IvJ—1)—U(IrJ)~U(I¢11J)+U(IrJ))*DS_ 

. 

_ 
IF(F(IvJ).EG¢Oq) STOP u

' 

30 CONTINUE 1' 

c FIHU STREAMFUNCTIDN INSIDE THE LAKE’ 
cnLL‘P01s0n<1u»Ju,s,F> 

20 
20 
20 
20 

C'UETERHINE NONDIUERGENT TRANSPORTS 
VDO'$0 I*2vIZ 

* 
- no so J=2vJZ '

_ 

1 
\ 1F<H<I+1,J>.Eo.o..nnn.Hc1,J>.Eu;0.> so T0 40 

' U(I!J)=(S(I:!.J)'?S'(I!J_+"1))/[IS 

I 

‘ 
U(IrJ)=(S(I+IzJ)—S(IvJ))/US 

- 50 CONTINUE 
C. I. ‘

- 

C . 

RETURN 
‘ 

' END 

Q - .7--~ ..._.,,._.-._-.. 4..>., - 

I .‘
3 

I 5
V

| 

c F.EQ.0'0n Lawn nun on ANY BUUNDfiRY_CONTDUR , 

"' " ~“ '



Ofifi

C
C
O
C
C 

f1fi(1@C7@ 

SUBROUTINE SOURCE(NvNCrIZrJZsUTvUSvHvU1UvT) - 

I 

' _. 

THIS ROUTINE SFECIFIES INPUT OF POLLUTANTS FROM ALL SOURCES INCLUDING INFLOUING RIVERS fiNU.ALL'LOSSES RUE TOOOUTFLOUING RIVERS OR SETTLING FOR COMPUTING THE RIVER CONTRIBUTIONS IT IS ASSUMED THAT THE RIVER“ FLOWS ARE KNOWN 
NLOAD 

_ 

'
' 

ILOfiD1JLOAH 
cL0nn<w»~> 
KRIUER 
IRIUER)JRIUER 
CRIUER ( l"; z N) 

wposs ' 

ILOSSsJLOSSI 
USET(N) 

common 
common 
DIMENSION 
urnswsxuw 
uzmeusxum 
DIMENSION 
DIMENSION 
DATA 

TLOAD(3)sTGAIN(3)rTLOSS(3)rTUSET(3) 

FROM ins CIRCULATION ndnEL. I 

- 

A,
I NUMBER OF'GRIUFOINTS UITH LOADING OTHER THAN RIVERS INUICES OF THESE GRIDFOINTS IN TUO—DINENSIONAL GRID LOADING OF VARIABLE N IN POINT K (IN GRAHS/SEC) NUMBER OF GRIDPOINTS ADJACENT-TO INFLOUING RIVERS ' 

INDICES OF THESE GRIUPOINTS IN TUO~HIMENSIONAL GRID RIVER CONCENTRATION OFJUARIAHLE N QDJACENT TO POINT (IN GRHHSICMKKZ) 
_ 

- 
- 

" ‘ 

NUMBER OF GRIUFOINTS AUJQCENT TO OUTFLOUING RIUERS INUICES OF THESE GRIUPOINTS IN THO-DIMENSIONAL GRID SETTLING VELOCITY OF VARIABLE N-(CM/SEC) 

/TEMP/TT<a9,zs> 
“ 

I P 
H14e,3s>,u<4s,3s>,u<4s,3s>,T<4e,35) 
ILUAD(1O)vJLOAU(I0)vCLOAH(1O13)I ‘ 

IRIUER(10?!JRIUER(10)wCRIUERI10v3) 
ILOSG(10)vJLOSS(10) 

. 

-

' 

UTET(3). .
- 

NCfiLL/O/ T 

[F(NCfiLL.GT.0) GO TO»2 - 

L
- 

HERD 
HERD 
REHH 
READ 

» REfiD_ 
- REfiU 
URITE(é1l0O1) 

<s,1oo1) 
45,1002) 

_ 

<5,1oo1> 
" READ <5,1oo5> 

45,1001) 

(5v1001) KLOfiU1NRIUERvKLOSS ' 

§ILUflU(H)1JLUAD(K)vK=1vKLOfiU) 
<<cL0nn¢m¢m>,R=1,KL0an>,M=1,uc>_ 
(IRIUER(K)vJRIUER(K),H#13HRIUER) 
(<CRIUER(K»M)1K=1sKRIUER):M=1vNC) 
(ILOSS(K):JLOSS(K)»K=1vHLOB8) 

(5v1004) (USET(N)sMm11NC) Y ' 

KLOfiUaNRIUERrKLOSS 
~ URITE(bi1001) (ILOAUKN)rJLUOD(H)vK=11HLOfiD)'I URITE(6r1002) 

HRITE(611OO1) 
URITE(év1003) 
URITE(6vIOO1) 

~ URITE($11CO$) 
n0'1 n=1,uc 
TLOAD(M)=0. 
TGflIN£N7=0. 

. TL0ss<n>=o. 
1 TUSET(fl)=0. 

((CLOfiH(NvM)rN=1vKLOfiD)rM=11NC) 
(IRIUER(K)vJRIUER(N)1K=1vNRIUER)‘T 
((CRIUER(K:M)1K*1vKRIUER)rfi=1sNC) 
(ILOSS(K)vJLOSS(N)sN=1sKLOSS)

4 (USET(N)vM=1:NC) I ' 

_ NCfiLL*NChLL+1-

I

\

O

K



1

, 

35 EUNTINUE -
' 

V IF<HLOfiH.EQ.O) G0 TU 15 . ..n0 10 K=1,mLunn ~ =* 
I*ILOfiU(K) 4; J=JLOau<K) 

.

' 

V 

UOLUM=DS#DS*H(I»J) -~ 
.

, TT(IvJ)=TT(IvJ)+UT*CLOAU(KvN7/UOLUM 
10-TLOAD(N)fiTLOAU(N)+DT#CLOAD(H,N) 
15 CONTINUE - 

IF(KRIUER.EQ.O) GD TD 25 
no 20 Kfi1vHRIUER ‘V

* 

I=IRIUER(K) ' ~- 
_ J=JRIUER(K7 

-

- 

- CGAIN¢O.. V 

» 

' 
_

~ 

IF(H(I~1rJ).EQ.O;) CGAIN=CGnIN+DS*U(I1J)*CRIUER(KvN) IF(H(I+1sJ).EG.0.) CGAIN#CGnIN—DS1U(1+1vJ)#CRIUER(K»N) IF(H(I¢J—I).EG.0.) 
1F(H(IvJ+1).EQ.O.) CGAIN=CGAIN—DS$U(IvJ+1)*CRIvER(HrN) UOLUM*DS%U$#H(I»J) ' 

' "‘ 
WTT(I:J3*TT(I:J?+DT¥CGfiIN/UDLUH ~

l 

Q0 TGfiIN(NYFTGAIN(N)+DT#CGfiIN 
' 25 CUNTINQE " ' 

-

< 

-IF(NLOSS@EQ.O)_GU TO
A _HU 30 N*1aNLD35 ' ‘ 

rw1L@ssrk> ' 

J~JLuasck) % cL0$s=o. »~ 
»

' 

[>1 U1 

1F<H<1+1,4>.Ea.o.> CLOSS=CLUSS+HS%U(I+1:J)#T(I:J) IFfiH£I—1vJ).EG.0.) CLUSS=CLOSS—US#U(IvJJ*T(I1J) IF(H(I1J+1J.EQ.O.) CLUS3=CLUSS+US#U(IaJ+1)$T(I1J7 
- IF(H(IvJ—1).EQ»O.)_CLO€S=CLUSS—US#U(IvJ)*T(IvJ)> UULUM*U8$DS*H(IvJ) IA 

’ 

_ 

‘ 

- _- TT(IvJ)#Tf(IvJ)-DTXCLOSS/UULUM
A 30 TLU$S(N)=TLO9S(N)+UT*CLDSS "

‘ 

.1
. ' IF(wSEF(N)4EQ.O.)'G0 T0 45 

no 40 I=1rIZ 
D0 40 J=1»JZ ’ ‘ 

IF(H(IwJ)¢EQ»0¢) GO TO 40 »‘ 

BU8ET=wSET(N)#T(I§J) '

- 

TT<I,J>=TT<1,J>-nTm0usET/H<I,J> 
' 

THSET(N)=TUSET(N)+DT#D8#DS%CUSETZ ,4o V

~ 

45 CONTINUE 

1OO1YFURMAT(16I5) 
1002 FURMAT(8E10.3) 
100$ FORMQT(8E10.3) 
100¢ FORMfiT(8F10.5) “ RETURN 

' END.



-SUHROUTINE ADUECT(IZ|JZrIUvJUrUTvUS:HvUvUrT) '
' 

THIS ROUTINE COMPUTES TUO~UIHENSIONAL TRANSPORT BY AUUECTION AND UIFFUSI[ 
USING UPSTREQM-UIFFERENCES(NUMTHD=1) OR CENTRAL DIFFERENCES (NUMTHU=27 

=IUfiRIABLE AUERAGED OVER A GRIUSQUARE - 
A I

. 

noon 

If‘ 
» 

, . . 
- ‘. ., = HATER UEPTH AUERfiGED‘OUER A GRID SQUARE » 

T --
. 

C U9U = UERTICALLY INTEGRATED UQTER TRANSPORT IN X|Y DIRECTION~ '* 
C STAGGERED GRID UITH'H-AND T AT CENTER OF GRIUSQUAREv U QT LEFT.HAND SIDEs 
C fiNU"U AT LOWER SIDE HAVING THE SAME INUICES - 

_ 

._ - 

3 V 

C DEPTH H MUST BE ZERO OUTSIUE THE LANE: INCLUDING RIQERwFOINT$~- ' 

C CONTRIBUTIONS FROM INFLUUING OR OUTFLOUING RIUERS ARE COMPUTED IN 
C ROUTINE SOURCE GNU THUS ARE NOT INCLUDED HERE. . 

' -‘ 

C . 
. _~ . 

’
' 

_ DIMENSION H(48v35)vU(48v35)vU(48iB5)vT(4B135) I 

' COMMON I ITEHPJ’TT(4S:35)vNUMTHDvUIFF’ 
C DIFF # DIFFUSION COEFFICIENT IN CM*#2/SEC 

. 
_ 

nx=ns ~

W 

' nvfins I IAHUIFF/(OXXDX) ' 

_ 

’ 
_ _ 

- B=HIFF/(DYXHY) ’ 

_ 
; 

-H' - 

C TRANSPORTS ACROSS EAST-UEST'SIUES OF GRID.SQUARES 
no 2o'I=2,rz ~ 

_ 

" 

' 
I 

YT 

HO 20 J“2wJZ ’ 

'

. 

IF(HlIvJ*1).EQ.O¢.OR.H(IiJ).EG{O~) GO TO 20 
IF(NUMTHD¢EQI21 GO TO 10 ' 

I IF(U(IrJ).GE.O.) UT¥U(IvJ)%T(IvJ-1)/HY I 0 _ 

'.IF('¢'(I!J) .7LT.O.) UT=“'v'v('IvJ)3‘KT(I!.J)/DY
G - "0»r0-15 I 

. 

T > 

. 10‘vr=v<I,4§x<T<1,J>+T<1,J-1>>xo.5/nY 
- 10 CONTINUE ' 

. 

'
» 

HV=(H(IvJ-1)+H(I1J))/2. 
UT=UT+B$HU#(T(I»J—1)—T(IvJ)) - 

» TT(I1J) =TT(IvJ)¥UT$UT/H(IuJ) 
’TT(I§J~1)=TT(IrJ~1)~DT¥UT/H(IvJ-1) 
CONTINUE; ' 

- 

I T, 'm £3 

C TRANSFORTS ACROSS NORTH—SOUTH SIDES OF GRID-3QUéRES 
I no 40 1:2,1z ' 

1 »_ 
-' 

_ 

*< 

DO 40 J=QvJZ ' 

‘ 

‘ 
.

- 

IE(H(I—IuJ)»EQ.0..OR.H(IvJ).EGy0~) GO TO 40 
IF(NUNTHD»EO.2) GU TO 30 ' 

» IFlU(IvJ)¢GE.O.) UT*U(IaJ)*T(I—1vJ)/DX ' 

IF(U(IvJ).LT}0,) UT=U(I1J)*T(IyJ)/UX ’ 

_ 
so TO 35 - 

_ A 

»- . 

30 UT=U(I:J)*(T(I—1§J)+T(IvJ))*0{5/DX 
35 CONTINUE . 

HU=(H(I@1iJ5+H(I!J))/2. 
UT=UT+fi*HU#(T(I"1vJ)-T(IvJ)); 

_‘"“ TT(IvJ) =TT(IsJ)+DT*UT/H(I1J) 
*_TT(I-1vJ)=TT(I%IiJ)-DT*UT/H(I-11J)- 

’4o CONTINUE 
_ _

- 

ARETURN 
E N [1 _

T



C
C
C

C
C
C

C
C 

10 

20 

‘so 

40 

1000 

SUBROUTINE HIOCHM(NvIZ!JZvDT!HrC) 
REAL K1 ' ' =4 
DIMENSION H(48v35)vC(48v35u3) -S f 
COMMON /TEMP/TT(4S{35)vNUMTHUiDIFF ' 

UATQ NCALL/0/ ~ 

, 

I

" 

AN EXAMPLE OF TUO-COMFARTMENT FHOSPHORUS MODEL: 
nc1/mi = 
[ICE/-D T 7: 

NHERE C1 
A C2 

RHO 
, 

TEMP 
PHI 
H1 

CSHT‘ 

—PHI#C1/(C1+CSAT)*C2+K1*1.07##TEMP#C2 
+PHI*C1/(C1+CSAT)$C2-KIXI.07¥#TEMF*C2 l 

SOLUBLE REfiCTIUE'PHOSPHORUS.‘(GM/CHXXZ) 
PARTICULATE FHOSPHURUS (GM/CM*#3) ’ 

LIGHT FHCTOR ( O TO 1)v , 
TEMPERATURE (DEGREE C) ‘ * 

LIGHT QNO TEMPERATURE FACTOR RESPIRQTION RATE (FER SEC) . 

HALF—SfiTURfiTEU CONSTANT (GM/CMXXK) 

NOTE THAT WHILE THESE MODEL PARAMETERS ARE TREATED AS 
CONSTANTS'HERE»-THEY MAY BE FUNCTIONS OF TIME QNU SPACE 
(SEE! E.G.y SIMONE AND LAN 1980vUAT.RESOUR}RES.v16r105-116i 

IF£NCfiLL.BT.O) GO TO_1O ' 

READ (5y1000)_RHOsTEHP§N1!CSAT ' 

UHITE(éw1000)_RHOaTEMPsN1rCSAT 
NCfiLL*NCALL+1 \_A TEX*1»0?¥%TEMP W“ 

PHI$5vEP6#RHO#TEX 
TEX=N1¥TEX 

KINETICS UF C1 " 
IF(N.EQ.2) GO TO 30 
no so 1=1,12 I 

no 20 J?LvJZ "
- 

IF(H(I§J);EQ.O.) so TO 20 
c1=0<I,J¢1> ‘ 

- 

I 
Y 

- -
- 

c2=c<i,J,2> ,' ' 

M‘ 
, _‘ 

»1 ¢ 
‘

i TT(IvJ)=TT(IvJ)+DT*(—PHI*C1/(C1+CSAT)+TEX)¥C2 
courxnus » 

" 

» 

_ 

- f 
RETURNS _’A ~ 

' 
I 

A 

’- 

KINETICS OF C2 

no 40 1=1,1z " " 

HO 40 J=1!JZ . 

' 

, ~ 

IF(H(IrJI¢EQ~0¢) GO TO 40 
C1=C(I!J!1)‘ -

' 

c2=c<I.J,2> - ,' 
TT(I!J)=TT(I!J)+UT*(PHI*C1/(C1+CSfiT)PTEX)*C2 
CONTINUE '

- 

'FORMAT(2F10.1v2E10.3) > 

RETURN 
run " 

-I -



C-THIS ROUTINE SETS THE.UfiLUES OF THE STREAMFUNCTLON ON BOUNDARY CONTOURS 
C INCLUDING ISLANDS ANU_OPEN BOUNDARIE€Q'V 

C ARRQY F IS USED TENPORNRILY TO-UIFFERENTIATE BETUEEN STREAMFOINTS IN THE 

SUBROUTINE1SHORE(IZvJZvIUvJVvDSrHvUvU§SrF) 

DIMENSION H(49r35)9U(48v35)!V(4Bv35)fS(48135)4F(4B135)' 

C LAKE (F¢GT.0)! ON LAND (F.EQ.0) QND ON ANY CONTOUR (F.LT.O) 

10 

C FIND THE FIRST POINT OF EACH CONTOUR 

20 

no 10 1=2»1u ' 

no 10 J=2» 
IF(F(IsJ).GT~0.) GO TO 
IF(H(I-1vJ—1).GT.0.) F(IaJ)=- 
IF(H(I"1vJ).GT.0.) F(IiJ)=- 
IF(H(IvJ¥1)@GT+0,T‘ F(I:JT=- 
IF(H(I1J).GT.O.) F(IvJ)=- 
CONTINUE 

NB*O 
NBHNB+1 
DO 30EI=1rIU 
DO 3OTJ=1:JU I 

IF(F(I1J).LT.O.) GO TO 
30 CONTINUE 

C SET S 

ao 

50 

-F! UT 
' \. 

$0 

GU TO 90_ 

SS=O. 
IF(NB.EG.1) ,OO TO 
1=1~1 
IF(FLI:J).GT.0.) GO TO 
SS=S(IsJ) 
'SS"SS+US¥U(IrJ) 

F(IsJ)=O. 

1 1+1 
IF(F(IvJ),GT.0.) so TO 
s<1>J>=ss - 

10 

40 

50 

50 

55 

r-*|-1~o-I-'0-I 

Q 

O90 

.1 

TREAHFUNCTION_TD ZERO IF THIS 19 THE 0uTER cQNTOuR (NB En 1) 
C DETERMINE STREANFUNCTION IF THIS IS GN ISLAND CONTOUR (NBWG1 1) 

C.F[NU STREQNFUNCTION IN REMAINING POINTS OF THIS‘CONTOUR’ 
C SET F=O IN POINTS WHERE STREAHFUNCTION 

?0 

F(IIvJ)= 

CONTINUE 
URITE§611000) I§JrS(I!J) 

1000 FORNfiT(2I5vE12,5) 
II=I+1' 

IF(F(IIvJ).GE.0 
IF(H(IvJ—1).EO.0..ANH,H(IaJ).EQ.O.)I 
IF(H(IvJ-1)»GT»0¢»ANO»H(IvJ)¢GT.0¢) 
S(II2J)=S(I1J)+US#U(IsJ) 

0. 
I=II 
GO TO 70 

.) 

HAS BEEN 

so TO 75 
so TD 75 
so T0 75 
so T0-75 

DETERMINED



-

- 

3 

l

s 

\

I 

75 JJ=J+1 
IF(JJ.GT.JU) f, , < 

J=JJ 
BU TO 70 

80 II=I-1 ‘ 

(CI U3 

90 

[F(II4EQ.O) ' 

IF(F(IIvJ)¢GE.O.) 
IF(H(IIuJ*1)~EG.O¢»ANU.H(II1J).EQ.0.) 
IF(H(IIvJ-1).GT.Q..fiNH.H(II?J).GT.O»). 
S(IIvJ)flS(IvJ)—DS*U(II;J) V. 1- 
F(II1J)=O, 
1=r1" 
GO'TD 70 
JJ*J*1 
IF(JJ.ED.O)

. 

IF(F(IvJJ).GE»0»). ' 

IF(H(I*1vJJ).EQ.O.@AND.H(IvJJ).EQ.0.) 

F(IvJJ)=0. 
, 

' ' 

J == ..| J 
BO TD 70 
UUNTINUE_ 

RETURN 
Enn_ _ 

IF(F(I1JJ).GE.0.) . 

F 
4 

-

" 

IF(H(IP11J)¢EQ»0¢§fiNU¢H(I{J)§EQ»0w) 
IF(H(I-1wJ)~GTs0¢»fiNU.H(IvJ)»GT»0i) 
S(IvJJ)=S(IrJ)-US*U(IvJ) 
F(IrJJ)=O. __

' 

IF(H(IF1rJJ)~GT;O..fiND¢HlIaJJ);GT.O.) 
S(IsJJ)*S(IvJ)+HS$U(IvJJ)7 »§ 

GO TO 80 
GO TD BO 
GO TO 80 
so T0 80 

BO 
GD 
GD 
GU 

GU 
GU 
GD 
BU 

as 
85 
as 
as 

3.0 
20 
20
Q0



- SUBROUTINE POISON(IU1JU1SvF)4' . 

I 

_
. 

SOLUTION OF POISON EQUATION BY RELAXATION! S = UNKNOUNr F = RIGHT HAND S] 
F HUST BE EQUAL TO ZERO OUTSIDE LANE? INCLUDING BOUNDARY CONTOURS flv . 

BUT F CANNOT BE ZERO INSIDE THE LANE . 

-

' 

S MUST BE PRESRIBED.ON ALL BOUNDQRY CONTOURS- »

I 

EPS = ACCURACY: RD = OUERRELAXATION 
DIMENSION Q(4By35)|F(48s35) " 

' .EPS=.OO1 - 

RO=1»5 

no 10 I=11IU 
DO 10vJ#1vJU 
IF(F§IaJ).EQ40,) GO TO 10 »‘ 
5(IvJ)=F(IvJ) 

10 CONTINUE 

no 4O’ITER=1,2o0
_ 

SMAX=O. 
_nsnnx=0;' - 

DO 30 N=1v2 
DO 30 I=l;IU 
no Q0 J=1»4u *- 

IF(F(IvJ).EU.O@) GO_TU 30 
~ IJN=I+J+N ' 

. 

V. 
_ _ _

. 

A IF(MOD(lJN»2)) 30»30,2o fl% .

* 

I20 RES=SAI~1»J)+S(I+1vJ)+SiIvJ—1)+S(IvJ+1)—4.#S(I»J)4F(I»J) 
US=RES#RD/4. ' 

H . 

I‘ -

. 

S(IiJ)=SiI1J)+DS » 

'

‘ 

$SwS(I»J)*¥2 ‘ 

IT: I 

IF(SS,GT.5HAX) snnx;ss 
nss=ns#ns

_ 

IF(USS.GT.DSMAX) DSMAX=USS 
10 courxuus W 

I 

'

; 

DS=SORT(USMAX/SMAX) 
. IF(DS.LT.EPS) GO TO 50 

< 40 CONTINUE V

‘ 

50 URITE(6a1000)-ITERvDS 
1000 F0RMaT<1s,E12.5>- ' 

‘ RETURN _' 
END
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