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I. Computational Grid

The coﬁputacional ggid is éféinglevkichérdson laftice with é
- staggéred'distribution of variables (Figure 1). The waﬁgr depth, H,
the free‘sgfface elevation above. the pean,,z,.and any scalar vériéﬁle‘
sucﬁ éé temperature 6r pollutant concentration; C, are defined at ;he‘
center of a gfid square. Theyxrepresent avefages‘over this grid
element such that, fér-example, the volumé ofvphe element is équallto
(H+Z)(DS)2,‘where DS is.the_ﬁgsh size, and the haés of po11utant'is
‘this voluﬁe miltiplied by C. The Eurrents.are représehted by
§e:tically—integrated water'tfansports per unit Qidths ihe
I-component of tﬁe transport vector;‘U, is defined ét thé center of
the lgft and t;ght Sides of the grid,sqﬁare,.while the J-éompoﬁeht, v,
is defined at the lower and upper'sides. - These tradsport cbmponéntsv
représent'averages-over the reépective sideé of the grid element such'
that, fof:examﬁle,»the'watet trgnsport through ghe left side is equal
to U.DS and the corresponding pollutant transport is U.C.DS. Finélly,
"the transport.stream-function, S, is defined ét thechrners 6f the.

grid'square.

For economy'of computer storagé,'each‘variable afray has its

" .own aliocatioqvof subscripts in relation to grid location. A particu-

 Lar combination of subscripts (I,J),vtherefore, refefs to different
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locations-dépending on the variable concerned. The convention adopted

“here is.that all variables at the lower left corner, the left sidé,

and the lower side of the grid element have the same“subscriptS'as

vthoée 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 thisvelément and which is equal

_ to the center-index of the adjacentbelement on';he'right.

Depths and Boundaries

The overall gr;dmésh has a,rectangular shape (Figure 2). In

principle, the dimensioné'of the arrays, H,iz, C, to which we will

refer as elevation points, can be one less than the'diménsions Qf U,

v, §, whiéh we call current or stream points, beCadse the nﬁﬁber»of' :

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

complication, all variable arrays are given the same:diménsions,

1-v4namély, (IC, JC) where IC, JC represent the maximum number of current

points;} The maximum numbervOfveleyation points whiéh'gre actually

used are (IZ, JZ) where 1Z = IC-1, JZ = JC-1. Similarly, it can be

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

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 conveniént if

the grid is‘surfoundedvby‘one.row and one column of zero depths, H,




gnd‘concentfations, C. ﬁy»virtue of'thé above coﬁvéntion:adoptea fof
the array>dimensions, this condition is fulfi}led.oh fhe righﬁ-aéd'thé;
uppef border of the grid. It remains to satisfy the same condition on
tﬁe left and the lower bbpde;.m This is done_by-setﬁing the first row ,
(J=1) and the first golumn (I=1) of the depth a:?ay equal tovz¢r§;
Thus, the depths and poliutant concent:étions are zero ipvihé grid
elements denoted by crosses in Figure 2, and the3basiniof interésf is

confined within this frame of crosses.

fhe éhape and bathymetry ofAthe bésin are completely an&
rexclgsively detétmined by the deptﬁ array H, the depths being zerotOn
landiof'on.islands;' Thé shorelines of the basin coincide 1oca1l§ with -
'either'one bflfhe sides of the grid eleménts, résulting in a 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 nonzérog- In
order to locate open_bogﬁdaries at the entrapée or exiﬁ Of'tiverS; thé‘

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

while the transport gormal_td the boundary.of the basin mist be

grescribed at such a river entrance or exit.

There is another possibility to deal with dpén_boqndariés;
that is, to prescribe the elevation,‘z,_in é grid point-just outside
the basin, say, in the river. Because of the way in which the prdgram_

decides whether or not to perform‘computations in da given point (as’



‘will be discussed next) the depth in this particular river point

should be zero for the purpose of Z-calculations or C?calculatioﬁs,

but nonzero for tﬁe purpose of U~ or V-calculations. While this kindv

of: change is easy to implement, it is not done in the present version

of the ﬁodei since it obviously requires some familiarity with the

. details of the computer‘prdgram and could easily lead to complicéf

tions.

There are no restrictions on the éhape of the basin or any

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

gell. 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’ptogram differegtiates between active points where
calculations are to be performed and inactive pdinté where‘vatiables
are either zero or are defined by the user. Inépectidn oijigure 2

shows that the indices of the active points must be confined between

the following limits:

z-points 1=2,1Z J=2,J2

U~-points I=3,1z - J=2,J2



V-points . I=2,1Z  J=3,JZ

S-points  1=3,IZ J=3,JZ

‘Within these limits, the type_of'any one gridpoint is completely
determined by the depth arra& H;' Thus,dVariables Zor C areicalcula-.
ted only if the local value of H is- nonzero. Variable U“ds computed
only for ‘those grid sides for which both adjacent squares have nonzero:
H—values and Bimilarly for variable V. If 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.

The points outside the above iimits can never be active grid
_ points but they may be used:as inactive points. Thus, for the ele-
ments denotedvby crosses in Figure 2;_the5denths must always be zero
but the variable C ﬁay have a‘preseribed nonaero'value, for instance
at‘the entranee,noint of a river (where, as'noted above, the-
depth-array‘must be assigned a zero value). The.same holds for the -
transports U or V at a river entrance or exdt. Thus, for examnle;
variable U with subseript'I = 2 could neuer be an active point‘hut it

can be a river entrance or exit.

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

variables are to be prescribed, the corresponding‘indices refer to the -



location of the particular variable, not necessarily to_theigrid
square. Thus, 1f the'grid square of Figure I‘Wéte inside the lake
‘such that a river would flow out of this équaré toward the right, than

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

11 Circulation Model

The preéent framework éf the polluﬁant :rénspprt model_is
based on the assumption that the hydrodynamic computations afe'
' completed béEOre ;he;waﬁer quality céicﬁlations are-staftedfﬁ Thus;
the pfesenp‘package consists of ;wo parts. AThe hydrodynamic program
tékes the depth qrray,—H, éﬁy préscribedvfiverxinflows or‘bﬁtflows and
any forcing by wind, if‘Aesired,-and‘it computes the watét'lgveis, Z,
and the water ‘transport components ﬁ,V. These resﬁitsvate'then storgd
in some fashion and perhaps averaged iﬁ fime. " The pollﬁtapt tfangpbrﬁ
model takes the's5me depth array and the.calculaged water transports

and carries out the desired water quality computations.

The circulation model included heré comﬁuteé
vertically—avefaged cufrents in a basin which is relatively Qell;mixed -
,1nlthe vert;cal. - Such models can be formulated in two ways.' The
fifst type of mo&el wésvopiginally designed_fo;.stdrm_éurge‘prédic;
'tions and henée it computes freg.surfgce'elevations éé weli'as water
'cifculaﬁions. The second type of model eliminates gravity waveé.by

'requiring'thgfvertically integrated currents to be nondivergeht, thhs



'alloﬁing them:to beirepresented by a streamfunction. From a coﬁpgfa-
tional viewpoin;_the main difference between the two models is.fﬁet
the free surface model allows,fer a longer stepbet requires ; large
eumber of_iterations per time step. Thus,.they are more oOr less ‘i

equivalent in terms of economy..

If one is interes;ed ie‘advectiQe'processes, aseis the case
 here, iﬁliskgeeerally suffieient to use the‘nondiVergenf peft df the
verticaily—integrated curfenﬁ. This‘is; in fact, advisable sineejit
is of crucial importance to ensure conservation of water mass in a
pollutant transport model. While this condition can be met by a freei'
.surface model, it is always satisfied by a streamfunction model.
'queve:, it is felt tﬁat the preseﬁf water qualiey:model should also
“be'applicable,to situations where the water circulatiep.has been
computed previously or is aVailable’from‘intetpolation_of obserVed
currente. The?efofe, the circuiatiog‘model.ineluded here offers this
' optioh. First,'the hydredynemig calculations are performed;e The
-model seiected-here is a ffee.eurfaceumpdel. Next the nondivergent-
part of tﬁe compﬁted verticaliyﬁintegrated currents are ebtained;l
Naturally, the eeeond step can be eliminated if  the hydrodYnemic

~ calculations have been done by a streamfunction model..



Free surface pogg}

The model computéé the free'éurfﬁce pésition and v;ttically
integrated cuffents>for given wind stréssﬁand prescribed tfanspérts of
infldwing'énd outflowing rivers. _Noniinear acceieratioﬁs»afe heg1e¢4’
ted, rotation'is included, bottpm friction can be 1ipeat or nonlihear;

 and horizontal diffuéion is not needed for stability.

The equations are:

N _ oo _ w0 '

® £V gﬂse BU + T

v ez -

& =t " 8y B+ 1y
& _ o _ v

ot - ox oy

where t is tiﬁe, X, y aré thé horizonta1'coordinates (x ciockwiSe from
y), U, V are the corresponding componenté of the Qérticaily integratéd_
current, Z is the upward displacementiof the free surface.from a mean
level, H is the depth of thé basin for this mean levei, B is a bottom
stress coefficient, f‘ié.the Coriolié paraméter'eqUal'to.twiCe'the.
angular velocity of the earth's rotation times the sine of latitude, g
is the gravitational acceleration, and tg is the wind stress at the -

sutface 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:

nonlinear B = Cp (U2 + vH)1/2/m2 ¢y ~0.002
linear B = a/H o a = 0.01 - 0.0Sch/sec
quasilinear B = b/H? | b E 10 - 100 _cmzlsec“

- The units of B are sec'l.

The wind stress is assuméd to have been computed previously,

for example from:the.familiar relation
»> pa‘ =4
Ty =_CD ET1W'W

where p, is the air density, p is the water density, W is the wind
vector, and Cp is a drag coefficient. The units. of the stress aré

cm?/sec?.

The ttansports of'ianOWing_or outfloﬁing riVers~aré’speci—

- fied as vertically-integrated currents in units of cm?/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 présc:ibed transports due to that river is equal to

the total disChargé'divided'by-the gfid size. The same holds with
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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:Z_.a'
and the derivatives in time and space are approximated by central |
differences. The Coriolis 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 present

'scheme is more economical and probably satisfactory 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 1is .stable as long as
M < DS//HZgHmax- and At < ‘1"/Bma).{'

where. At 1is the time step and DS 1is the space step.

Streamfunction'

In case the circulation is computed by a free surface model,
the divergence of the vertically-integrated ¢urrent 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 part of the transport, that is, the part that can be

repfesented by a streamfhnction.' Formally, this'is done by writing

7 = O _ 08 )
U= 3 dy v by*'ax

’Qhere P is the ttansport potential representing the divergent part of
‘the transport and S is the streamfunction for the npn-divergent.part.

Cross=differentiation gives the vorticity

F=g_g=azs+azs
% ¥y 2 oyl

Thus, givén 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 Poisbp equation

2 2o
3°s . 8°S

S 4 . = F
&% ay?

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

The boundary values of the stream function are prescfibed as
follows. Along'any boundary-element, be it open or-clqéed, the stream

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

S(I,3+1) = S(I,J) - DS.U(I,J)

where V orLU are the transport components normal'to thenboundary'ség*‘

- ment of interest. The stream function may be set to zero in an arbi— o

trary point of the shoreline, its value along the whole boundary

follows then_from these relations. The value of the,stream‘function
in nn'arbitrary'point;of an island coast 1is found bY'applying the'saméi‘
'rélationships ncross any channel between the ‘island and the:oute:

boundary.

Hydrodynamical model ONELAY

. The computer orogram ONELAY refers to the’abOVe,oné-layer-
free—snrfaoe circulation model with a single lattice. IFo:'définitions-"
of variables refer to progfam listing. The following are inputs to be

- supplied by user 1n'fopm of cards or tane file:

‘Main Routine:

1. TTHRS, DIMAP, DT
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Routine DEPTH

2. 1C, JC, DS

3. ((H(1,9), 1=1,IC), J=1,JC)

Routine RIVERS

4. KU, KV |
5. (IU(K), JU(K), K = 1,KU)
6. (UU(K), K = 1;kU)
7. .(IV(K), JV(K), K = 1,KV).

8. (W(K), K = 1,KV)

Routine STRESS

9. TSXX, TSYY

Routine PREDIC

'10. F, G

III. Advection—diffusion Model

The-calculationé'a:e’performed on the single-lattice'of>

Figure 1. The governing equation is
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2 = - + - v + D
c (HC)ij _ xij Xi+11j . Yij Y1’j+1_ ij 13 5, / S
" where H is the depth, C is thefconcentration of the pollutent of
interest’(grams/cma), S is the source term (grams/sec), W is the
settling velocity (cm/sec), and X and Y are”the transport components

through the~side§ of the grid square

] ‘ - H +H 3
_ 13 : A 1-1,3 4]

X3 =95 (Ci-1,5 °F Ciy) 52 7 (Ci L3 - Gy
v H -
Yy A M5 13
Yij B3 (Ci,j‘I or Cij) + 52" 5 (c - C,.)

i,3-1 7 “1j

where U and V- are the compdnents of the vertically-integrated cdrrent
and A is the horizontal diffusion coefficient (Cm2/8ec), Note that

-the transports across a closed boundary are zero.

~ The decision to use Ci 1,3 or Cij etc. 1s based on the
upstream differencing scheme (UDS), in which only upstream values are
‘asgumed to be essential in adVective processes. This-will add a
numerical diffusion in the order of Uij°DS/Hij and’
Vij'DS/Hij to the physical diffusivity A. Thus, for systems where
high accuracy of the physical diffusion is required the grid spacingj

must be reducedito offset this numerical effect. On the other hand,
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averaged concentgétions (Ci-l,j + Cij)/z and (ci,jhl +'c1j)/2

. cah Be used ﬁhroughout the coﬁputation, if a centfal diffe:enéing;
séheme (CDS) 1is QSed. Howeﬁer; spatial idstabiiity may occur, 1f .
_ﬁijDS/HijA exceeds 2, or at locati&ns with strong sources 6:

sinks. The advection—diffusion program POLTRA coﬁtains a parameter.
NUMTHD;which the user méy specify as 1 if the user.pfgférs to use UDS,

or as 2 if'CDS_is chosen.

As in the case of the hydrodynamiq model, explicit time
differencing is used in the advection-diffusion model. The following

‘time stability criteria mst be satisfied:

< 1
HijDS
and - AAt
Akt <
DS

' The above conditions on numerical spatiai dispersion and time
stabilit&,may‘be modified somewhatlif'more,;han one variable, which -

‘react kinetically with each other, are used.

The advectionrdiffusidn program POLTRA allows a systém of
three variables in its,ﬁresent form, but extension to more fhan thtee
variables 1s straightforward by changing the appropriate DIMENSION

~ declaration statements. The arrays related to the Nth variables are
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¢(1,J,N) and CC(I,J,N) for concentrat1oh values'at,the current and |

updated time steps,'respeCtively.

The prqgraﬁ POLTRA‘is:structuréd in the saﬁe way as Ehe._"
program'ONELAY in terms of grid coﬁvention and setup of lake bathy- :
metry (routine DEPTH). It is assdmedrthat the vertically-integrated
. currents- U, V have beén.computed previbusly, fér instance Sy program
ONELAY, aﬁd_haVe beep stored on cards or tape. These integrated
'curreﬁcs are. -now read by routine FLOW, &hereupon the'ﬁondivergent,part
‘of the transports iS-determine&<to guafantee,mass~COnse:Qation with a
' streamfunction model (:out;ne STREAM). Then, the program‘prbceedé'to
compute tﬁe sburcesl(rautine SOURCE) includigg thbse from inflow and:.
rivers and the sinks';ncluding outflows and settling effecgs.v Thié is
'Afollowed by the adveétion and_diffusioh (routiﬁe-ADVECT) 6f the’
copgentration_as well as the‘bioghemical reacﬁibns (féﬂtine'BIOCHM),
if any. The ;hfee routines, SOURCE, ADVEdT and BIOCHM are called for"
éach‘timg step and each variable, bne_at é time. Thé foutine BIOCHM,
in ﬁarticﬁlar,_shpuld‘be written by the user for any glven probleﬁ;
iqcluding the case where-np.biochemicalvreactioné are present, for

‘which case a dummy RETURN is needed..

Pollution Transport Model POLTRA

The computer program POLTRA is a oné-layervtwo-dimensionai

Xy advection_and diffusion model for pollutant transport. For



definitionS‘fefer to programlliéting.v The following are inputs to be

supplied by user in form of cards or tape files:

Main Routine:

1. NSTEP, NMAP, DT, NUMTHD, DIFF

NC, (CO(N), N =1, NC)

Routine DEPTH:

2. 1C, JC, DS

" Routine FLOWS:

by (U, 3, T =1, I0), J =1, JV)

5. (W (L, I=1,10),J=1, JV)
Routine SOURCE:

6. KLOAD, KRIVER, KLOSS

7. (ILOAD (K), JLOAD (K), K = 1, KLOAD)
‘8. ((CLOAD (K, M), K = 1, KLOAD), M = 1, NC)

' ’ L9 (IRIVER (K), JRIVER (K), K = 1, KRIVER)

10 ((GRIVER (K,M), K = 1, KRIVER), M = 1, NC)
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11. - (ILoss (K), JLOSS (K), K = 1, KLOSS)

12. .~ (WSET(M), M = 1, NC)

Routine BIOCHM:
13.  RHO, TEMP, KI, CSAT
Iv. Examples

’”The examples given 1h the program listing are for demonstra-
tive - ‘purpose only, some model parameters way need to be adJusted, such
as wind stress, water - temperature and light factors. The flake_ is
about 3375 x 2440 m? in area with maximum depth of 6.35‘ﬁ{ There are
two islands in the lake, oné inflow affectihg 5 grid points, one -
outflow affecting 4 grid points, and five source locations of

pollutant entries other than those assoclated with inflowing rivers.

The time step is 6 sec.-for-the‘hydrodynamic calculatiOns )
for a 'c¢old start' initial condition, i.e. Z=U=V=0‘ The time to reach
steady-—state 13‘about'2 hours, for which the oomputational_time is

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

vOn the other hand, the pollutant transport model uses

30 sec. as one.time step, and computes 10 hours' simulation in. about



‘ - RS

960.8ec5 uging a CDC_CybérL17O‘f6r a system of two reacting yéria-
blesf One variablé is paréiculaﬁé phosphorus and the other 1s:sglubie
reactive pbosphérﬁs, with initial concéntrétion of 0.5 x‘l()."8 gm/c.c.
~and 1,0>10“8 gﬁ/c.ca respectively. 'The‘forﬁér,rgprééénts the
'phosphorué infplankﬁons and the‘latter the ﬁutrien; (or pollutant) in

the lake. The chemical kinetic equations are given in routine BIOCHM. - .



V. Program listings

Program ONELAY
Program POLTRA

-20-‘
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CNooOoO00o

0o

UTHAF

FROGRAM ONELAY (INFUTyDUTFUTvTﬁFE =INFUT» TAFE6= UUTFUTvTﬂFEI)
OME-LAYER FREE-SURFACE CIRCULATION MODEL WITH SINGLE LATTICE

REFERENCE ¢ DDCUMENTATION.DF A TWO-DIMENSIONAL X-Y MODEL FACKAGE

FOR COMFUTING LAKE CIRCULATIONS AND FOLLUTANT TRANSFORTS
- RY T. Jo SIMOMNG ANDN D', €. L, LAM (1982)

H = DEFTH (CM)y Z = SURFACE ELEVATION (CM)s UsV = TRANSFORT (CM¥%2/SEC).

DINENSTUNSE OF ARRAYS ARE (IC:JC) AS DEFINED IN. ROUTINE DEFTH

UIMENSION H(48!3u))Z’QB!3J)7U(48v3u)!U(48!34)

TOTAL TIME FOR WHICH LDHPUTQTION IS LﬁhRIED ouT (HOURQ)
OUTFUT INTERUQL {HOUKSY» DT = TIMESTEF (LhLONDb)

fTHﬁb

READ (qleOl) TTHRbyDTMAFvDT
WRITE(A:,1000)

WRITE(551001) TTHRa;DTMﬂFvDT
UTHRS=0T/3£00. .

HS EF T1Hh 3 /UTHRS+. 1

THRS '

NN%FC DTHAF/DTHRSY.1

lh)F““

| CnLL DEFTH(IC;JC;IZ;J7vD rH)

O 20 I=1,IC
0o 20 J=1sJ4C
2T =0,
UCTsJY=0,

20 Y{Ted)=0, "

THRS THRS+DTHRS

CALL RIVERS(THRSsU»sV)
CALL STRESS(THRS,OT»TEX>TS
CALL FREDIC(IZ yJZvDTyDSvaXyTSY HeZyUsV)

KMAFS=KHAFS+1 |
IF (KMAFS.LT.NNAFS) GO TO 50 . | “ .
KMAFS=0 -~ | | - :

ceLL'MAPOUT(Ic.Jc.THRS,H,z,U;v)'

50 CONTINUE

1000 FORMAT (1H1)
1001_FORMATt3F10.2

END



OGCE OO0

o

a .

. 'SUBROUTINE DEFTH(IC,JCsIZyJZsDSsH)

READ DNIMENSIONS OF ARRAYS (ICsJC) ANDI GRIDMESH DS IN CM -
READ DEFTHS OF GRIDSQUARES IN CM AND. STORE IN ARRAY H(IsJ)
DEFTHS MUST EE ZERKO FOR I=1s FOR I=IC»s FOR J=1y AND FOR J=JC
DEFTH OUTSIDE BASIN MUST BE ZERO EVEN IF GRID CELL LIES WITHI

DIMENSION H(A8,1%5)

- READ (%5y1001) ICy»JCsDS
_URITE(&!lOOl) ICyJCL18E

00 1 I=1,1IC
D01 J=1y4C
1 H(IyJ)=0.
00 2 I<i,1Z , :
REAL (151002) (H(Iyd)sdelyd2)

3

WRITECS51000)

Sk 4 JJd=1,JC

NN ENAES

A WRITE(£,1003) (H(IsJ)sI=1,24)
WRITE(451600)
0 5 JJd=154C

NN ENNES] . :

5 WRITE(451003) (H(LsJ)»I=25,1C)

T1000 FORMATC(LIHL)

oot FDRMhT(EISvFi0.0)
1002 FORMATCR24AFT . 0D

1903 FORMAT(LHO» 24F5.0)

RETURN
END

N A& RIVEK.
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SUBROUTINE RIVERS (THRSsU» V)

THIS ROUTINE SFECIFIES INFLOUWS DR OUTFLOWS NIUE TO RIVERS
HO DISTIMCTION IS MADE BETWEEN INFLOWS OR OUTFLOUWS, '

KU = NUMEER- OF ‘FOINTS WHERE U - COMFOMENTS ARE TO RE FRESCRIBED o
‘IUsJU = IMDICES OF THESE FOINTS IN TWO-DIMENSIONAL GRID
UU = VALUE OF U - COMFONENT IN CMXX2/SEC

KUsIUsIVyVY = SAME FOR V - COMFONENTS

DIMENSION U(?By&;)vU(‘Sv?u)
DIMEMSION lU(lO‘-JU(lO)yUU(lO)yIU(lO)yJU(lo)vU”(io)

nATA NCALL/O/
[F(NCALL.GT.0) GO TO 1

READIl (5+1001) KUsKV

WEITE(E,1001) KUsKY '
READ (571001)'(IU(h)1JU(I)!h lyhU)
CWRITE(S51001) (IUCK) » JUCK) sK=15KU)
"READ (5510602) (UU(K)VK=1;KU)
WRITE(&21002) (UU(K)sK=1sKU)

READ (551001) (IV(K) yJU(K) yK=1yKV)
WERITE(S71001) (IV(K) yJV(E) s RK=1sKY)
READ (521002) (MWK sK=1yKY)
'NFL1E( 551002) (UU(N)!N=IVKU)

1 NCﬂLLﬂNCﬂLL+1“
' IF(THRS«GT.lf) RETURN

0o 10 K= 1,hu
I=TUiK)
JE U D

10 UCIy)=UU(K)XTHRS
00 20 K=1yKY '
T=IY(K)

N ENDYE S ,

20 V(IsJ)=UY(K)XTHRS

1001 FORMAT(141I5)

1002 FORMAT(BEL0.3)

RETUEN
END



00

SUBROUT INE STRESS(THRS;DT:TSX:TbY)‘ o
THIS ROUTINE SFECIFIES WINDSTRESS CDMFONENTS TSXsTSY (CMX¥2/SECKKD)

DATA NCALL/O/
IF(NCALL.GT.O0) GO TO 1

READ (351001) TSXX,>TSYY
WRITE(S51001) TSXX»TSYY

1 NCALL=NCALL+1
TSY=DTXTSXX
TSY=UTHTSYY

1001 FORNAT(8F10,2)
- RETURN
EMD
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SUBEOUTINE FREDIC(IZ,»JZ rDTrDSvTSX TSYrHyZvaU)

* FREDICTION OF SURFACE ELEUQTION AND~INTEGRATEU NATER ‘TRANSFORT

C SINGLE LATTICE

DIMENSIDN H(4813u)71(48734)7U(4813u)vU(4Sr3u)‘“

DIMENSION GUHU(léBO)rGUHU(léBO)!BKHU(léBO) BhHU(ibBO)

DATA NCALL/O/ '
IF (NCALL.GT.0) GO TO 490

CORIOLIS FARAMETER, G = GRAVITY

REATI(S,1001) FsG
WRITE(4+1001) FsG

S DTNS=NT NG

FOT=FXDLT/4,
GLE~GXDT/ILS

C }FRLC == BDTTUM FRICTION CUEFFICIENT
C HERE LINEAR FRICTION IS USED

CCC

cce

N=0

G FOR NUNlINFﬁR BUTTOH FRICTION USE CARDS STARTING UITH ccc

EFRIC=,05%0T
BFRICﬁ.OO”‘*DT

"ECONOMY OF CALCULﬁTfQN-USE DUMMY ARRAYS 

[ O

no 20 I=3517

W0 20 J4=2,47

H=N+1

GIHU(N) =0, ‘

IF(H(I-150).LE. 0000R H(]yJ) LE 0.) GO TO 20
HU=(H(I-17,0)4+H(I, 0)) /2, : :
GDHU(N)=GDEXHU

ENHU(N)Y=EFRIC/HU"

CBERHU(N) = BFRIC/(HU#HU)'

[ONTINUE

N=0 -

00 30 I=2512

0o 30 J=3y42

N=N+1

GOHVIN) =0, '
IF(H(IyJ=1).LE.Q..ORH(TI ). LE 0.) GO TO 30
HY=(H(IyJ=1)04H(TI,J))/2

GIHV (N)=GDS%XHY

EKHV(N)=BFRIC/HV

EKHY (N) = BFPIC/(HU*HU)

30 CONTINUE



) NCALL=NCALL+1

C SURFACE PRERICTION

0o S0 1=2,12

Do So J=2,0z

IF(H(IsJ).LE.O.) GO TO 50 . o
Z(IyJ)=Z(1yJ)+DTHS*(U(IyJ)—U(I+1yJ)+U(IyJ>fv(IyJ+1?)

50 CONTINUE S

C FREDICTION OF U-COMFONENT

(M

N=0 . _

N0 60 I=3,17

L0 40 J=2,42

NN+ 1 o '

LF(GDHU(NY WLE.0.) GO TO 40 o . :
uBAR=V(I—1,J)+v<I—1.J+1>+u<1,J)+u<1,J+1)
DMB=1,-BERKHU(NY - , ,
DHB=1.—BKHU(N)*SGRT(U(IvJ)**2+VBﬁR¥*2/16.)
U(I;J):OMB*U(IyJ)+FDT#VBAR+GDHU(N)I(Z(Iv1;J)—Z(I:J))+T8X

50 CONTINUE

C F‘F:EIIICTIUN OF"U-C(JMF.'DN‘ENT

M=0

L0 70 1=2,12 ‘

0o 70 u=zv4z = . .. : y ”
N=M4 1 - '

IFCGDHV(N) WLE.0.) GO TO 70

CURAR=UCT s J=-1)4U( T s JJIHUCTIHL pd=1 )4y I+1 v

OME=1.,=BIKHV (N) : .
0HE=1w~BKHU(N)*SQRT(UBAR**Q/I&.+U(IvJ)**B) o
U(I7J)mDﬁB#U(IsJ)—FDT*UBAR+GﬁHU(N)*(Z(I;J-l)-Z(IyJ))+TSY
CONTINUE - . B a

FORMAT(BE10, 2)
RETURN .
END



SUEROUTINE MAFOUT (ECy JCy THRS1Hs ZsUyy)
. “ MAFS OF SURFACE ELEVYATION AND VELOCITY COMPONENTS

 DIMENSION H(48+35),2¢48,35),U(48,35),v(48,35)
DIMENSION [(48,35),C(48,35)

01 I=1,1C
0o 1 J=1,4c¢ A
DCIs =0Ty J)/100,
. COIs DY=UCI /100,
1 CONTIMUE

WRITE(4,1011) THRS

00 2 JJd=1,4C '

JudC-gd+1 _
CWRITE(Sy1003) (Z(Isd)sI=1,24)
"WRITE(451011) THRS

o 2 Jd=1.4c
o J=dC-Jdd+1 ‘ B
2 WRITE(S51003) (ZCIsJ)9I=25,1IC)

rd

WRITE(651012) THRS
DO 4 JJ=1yJC
NENLENNESE -

4 URITE(S:1003) ¢D(IyJd)yI=1524)
WRITE(451012) THRS

D0 S Jds1sgC . ' ' -
_ J=JC-JU+1 ‘ o .
y 0 WRITE(6,1003) (D(I5d)y1=25,1C) -

WRITE(451012) THRS

D0 & Jd=1,4C

JEIC=d0+1 _ '
WRITEC(651003) (C(Iyd)yI=1r24)
WRITE(6s1013) THRS - -

007 Ju=1,00

J=JC-J041 o -
WRITE(651003) (C(I5J),1=25,1cC)

(&)

O~

~J

1003 FURMAT C1HOy24FS,0)

- 1041 FORMAT(1H1,® TIME IN HOURS'Fé.2y"-nT SURFACE ELEVATION (CM)* )
" 1012 FORMAT(1H1,* TIME *Fé.25" HRS. "U-TRANSFORT (100 CHYy2/8)) '
1013 FORMATC(1H1,* TIME "F6.25" HRS V-TRANSFORT (100 CH¥x2/8))

' RETURM : : : ’ - o o

©END
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VeT%BNIPLST (100 nM=>22/75) - -

TIME 2,00 ucs .
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FOLLUTANT TRANSFORT MODEL

FROGRAM FOLTRACINFUT»OUTFUTYy TAFESy TAFES=0UTFUT)

/

REFERENCE: DOCUMENTATION OF A TWO-DIMENSIONAL X-Y MODEL FACKAGE - -
: FOR COMFUTING LAKE CIRCULATIONS AND POLLUTANT TRANSFORTS
BY T. J. SIMONS = AND D, C. L. LAM  (1982)

c - UARIABLE CONCENTRATION AVERAGED OVER GRID SQUARE (GRAMS/CMXX3)

usv VERTICALLY INTEGRATED WATER TRANSFORT IN X»Y UIRECTION (CM*$°/SEC)

H = WATER DEFTH AVERAGED OVER A GRID SQUARE (CM)

STAGGERED GRID WITH H AND C AT LENThR,DF GRIDSQUAREy U AT LEFT HﬁND SIDE.
AND & AT LOWER SIDE HAVING THE SAME INDICES I.J ‘ '

ALL TWO-DIMENSIONAL ARRAYS HAVE DIMENSIONS (IUsJV)

ol

12542 = NUMBER OF GRIDSQUARES IN X»Y DIRECTION. o '
CTUsJdV = NUMBER OF SIDES OF GRIDSOQUARES IN XsY DIRECTION ( IZ+1:JZ+1).
T3 = GRIDSFACING (CM)s DT = TIMESTEF (SEC)s NSTEF. = NUMBER.OF STEFS
HC - = MUMRER OF “AFIOELIU, CO = INITIAL “ALUES(URAM’CM**B)

MMAF = MO0. OF TIME STEFE IN EETWEEN FRINTOUTS

DIFF- = HORIZOMTAL EDDY DIFFUSIVITY (LM*%”/&EL‘

NUMTHD = 1 IF UFSTREAM DIFFERENCING SCHEME IS USED
' (NUMERTCAL DIFFUSION IS ABRQUT UXDS/Hj
TEMFORALLY STABLE IF UXDT/DS¥H IS LESS THAN 1
' AND DIFF¥DT/DS¥%2 IS LESS THAN 0.9)
HUMTHIN = 2 IF CENTRAL DIFFERENCING SCHEME IS USED
{SFATIALLY STAELE IF UXDS/HXDIFF IS LESS THAN 23
TEMFORAL STARILITY COMDITION IS SAME AS NUMTHDfl)

-COMMONM CTLOADCE) » TOEAINCI) o TLOSS (3 y TWSET(3)
COMMON STEMFPZ TT(A8»335) > NUMTHDLIFF ‘
DIMEMSION H(48y35),U(48935),0(48,25)
h[HkoIDN P(1uyuqs3)vCO(B)yCC(48r35735

REAUYLN-MUDEL FARAMETERS? NSTEPvNMﬁPvDTvDIFFyNCyCO

READ (551004) NSTEF,NMAFsDT ) NUMTHISDIFF
READ (551005) NC,(CO(I),I=1,NC)
WRITE(&21000) S -
WEITE(&91004) NSTEFsNMAF DT NUMTHDYDIFF
WRITE(451005) NCsy(CO(IY5I=1sNC)

READ DEFTHS OF GRID SQUAKES IN CM -
DEF(H OUTSIDE LAKE MUST BE ZERO EVEN IF GRID CELL LIES WITHIN A RIVER
FIRST ROW AND FIRST COLUMN OF DEFTH ARRAY ARE ASSUMED TO BE ZERO

LABT ROW AND LAET COLUMN ARE ALUWAYS ZERO SINCE DIMENSIDNS ARE TU»JV»

WHILE NUMEER OF GRIDSQUARES ARE I1Z=1U-1ys JZ=JV-1
CALL DEFTH(IUsJVyIZsJZy0SsH)
CALL FLOWS(IZyJZyIUsJVsDSyHrUY)

S T0 10 N=1,MC
o 10 I1=1,12
60 10 J=1,42
B(TydoMY=0,
IF(H(IyJ).EQ.0.) GO TD 10
CCLeyJrNI=CO(N)
19 CONTINUE
_TIME*O.
FMAF=0



1o S0 ISTEF= 1y NSTEF
TIME=TIME+DT

00 30 N=1yNC

00 15 I=1,12
00 15 J=1,5JZ

5 TT(IsJd)=0.

CALL SOURCE(Ny NC:IZ;JZ:UT:HS&H;U:U;C(1v1vN))

CaLl. ADVECT(IZyJZ»IUsyJVsDTyDSyHy U!V!C(l!lvN))
CALL BIﬂCHN(NrIZ!JZyUTvaC)

0 20 I=1,1Z

DD 20 J=1eJ2

30

35

CCCI+Jet)=TT(IsJ)

CONTINUE

un 3%

no- 35 I=1»12Z

Do 35 J=1sJ07
P(I!Jv“‘“ﬁ(lvJ!N)+CC(17J!N)
COCIsdrMI=C{LsdsNIXKLLED

L PRINT'§0MPUTEU CONCENTRATIONS AND VOLUME INTEGRALS.OF FOLLUTANTS

KMAF=KMAF+1 -
IF(KMAF.LT.NMAF) GO TO 30

CKMAF=0

11

A2

50
1000
1001
1002
1003
1004
1005

THRS=TIME/2400/
Do 42 N=1sNC
CelUM=0,

00 40 I=1,12

DO 40 J=1s07
CSUM=CSUMHH(Ty JIKCCIy JyN)

CEUM=CSUMANSXIE '
WRITE(S51002) THRS:C%UM;TLOAH(N) TGAIN(N),TLOSS(N)yTUShT(N)

D0 41 JJ=1,35

J=36-JJ" | .
WRITE(651003) (CCCIsJyN)sI=1s24)
WRITE(651000) S :
no 4"’ JJ=19¢35

o d=36-Jd

NRITEf671003) (CC(I5JsN) 5 1=25748)

CONTINUE

FORMAT(1H1)

FORMAT(24F3.0)

FORMAT(1H1yF10.3y5SE20. 6/)

FORMAT(1HO»24F5.1) ' . . : '
FORMAT(2I105E10. 37110yE10 3) ' - Co T
FDHHGT(IIOquIO 3) : ' ' ' '
END
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jSUBRDUTINE QEFTH(ICYJCyIZyJZsDGsH)

READ DIMENSIONS OF ARRAYS (ICyJC)Y AND GRIDMESH DS IN CHM

READ DEFTHS OF GRIDSQUARES IN CM AND STORE IN ARRAY H(IyJd)
DEFTHS MUST BE ZERO FOR I=1, FOR I=IC, FOR J=1» AND FOR J=JC
DEFTH OUTSIDE RASIN MUST BE ZERO EVEN IF GRID CELL LIES WITHIN A

DIMENSION H(48,35)

READ (5+1001) IC,J.CsDS
WRITE(&y1001) ICyJCsDS
17=1C-1 '
JZ=JC-1

no 1 I=1,1C
00 1 J=1s4C
1 H(T, D=0,
P02 Isls1Z .
READ (551002 (H(Isd)sd=1sJD)

v

WRITE(&5100Q0)
™ 4 JJd=1,4C
J=l0=JJ41 , -

4 URITE(&)lOOB).(H(I’J)vI=1y24)
BRITE(SE21000) . ) )
o % Jud=1,JC
J=JC-J0+1 o .

SOWRITE(&y1003) (H(I» e I=25+10)

1000 FORMAT(1IHL)

1001 FORMAT(2ISyF10.0)

1002 FURMAT(24F3.0)

1003 FORMAT(1HO24F5.0)

KRETURN
END

FIVER.



SUEROUTINE FLOWS(IZ»JZs>IUsJVsDSsHyUsV)
| © READ VERTICALLY INTEGRATED TRANSFORT COMFONENTS IN CM¥¥2/SEC
| ‘  DIMENSION H(48,35),U(48535),V(48,35) '

00 1 I=tsyIU
THD 1 J=1sJV
U(IsJd)=0. "
1 V(Ies D=0,
no 2 I=t.1u. ‘
READ (551002) (U(Tsd)yJd=lsdV)
) 3 I=1,1IU ' ‘
3 READ (551002) (V(Isd)sd=1sJdV)

i3

UNIT=100.
0o 4 IsisIu
0o 4 J=1,Jv
UCTs ) =UCTy J) /UNIT
A VeI ) =VLIs ) JUNTT
 IMRITE=O
5 IWRITE=IWRITE+1

WKITE(451000)
o 6 JJ=1535
J=3s-0g
4 WRITE(451003) (U(IsJ)sI=1524)
WRITE(&91G00) - :

‘ DO 7 JJ=1s35 . o
o J=3s=0) : |
WRITEC(Ss1002) Sie

(UCTIsdysI=25,28)
WRITE(451000)

0o 8 Ju=1,35

J=34-04 :
WRITE(S51003) (VU(Isd)yI=1y24)
WRITE(451000) : ’
D0 9 JJ=1+35

J=34=-J _ ' _

9 WRITE(451003) (V(IsJ)pI=25,48)"
- IFC(IWRITE.GT.1) GO TO 10

~Jd

w

CALL STREAM(IZyJZsyIU»JVsISsHrUsV)
G0 TO0 5 ' o
10 CONTINUE -
Do 11 I=1s3U
DO 11 J=isav
oUW TI s D EULT s DY RUNLT
11 V(T J)=U(TsJYHUNIT
1000 FORMAT(1H1)
1002 FORMAT(12F&.0)
1003 FORMAT(1HOy24F5.,0)

RETURN



o

SUBROUTINE STREAM(IZ»JZyIUsJUsDISyHsUyY)

THIS ROUTINE FINDS THE NONDIVERGENT FART OF THE UERTICALLY.INTEGRQTED
WATER TRANSPORT BY DETERMINING THE STREAMFUNCTION S AND VORTICITY F.

DIMENSION H(4a,34),U(4a,3 )1V (48y35),5(48,35) yF(48,35)
B0 10 I=1,1U |
0. 10 J=1sJV
S(Is4)=0..
10 F(IsJ)=0,

FVEQ.0 ON LAND AND ON ANY ROUNDARY CONTDUR

FIMD STREAMFOINTS INSIDE THE LANE AND-SET F TEMFORﬁhILY UFEATFF THAN'ZER

Do °0'I~4;17
N0 20 J=2yJ2 : ' S
- 'IF(H‘I:J) EQ.0.)- GO TO 20
CIF(H(I=-15J).EQ.0.) 50 TO 20
IF(H(IvyJ=1),.EQ.0,) GO TO 20
IF(H(I=-1,J-1)2,EQ.0.) GO TO 20
F(Iydd=1.
20 COMTINUE

SFECIFY STREAMFUNCTION ON ALL BOUNDARY CONTQURS
caLL SHORE(Ingz,IquUfns,Hsupuys;F?
COMFUTE VORTICITY OF WATER TRANSFORT

o 20 I1=251Z
00 30 J=2,J2
IF(F(I+J).EQ.0.) GO TO 30 o
FCIpdr=(U(Isd=1)-UlIsd)-U(I= 1:J)+U(I:J))*DS
IF(F(I»J),.EQ.0Q.) STOF -

70 CONTINUE .

FIMD STREAMFUNCTION INSIDE THE_LANE'

CALL FOTISONCIUrJdVsSysF)

DETERMINE NONDIVERGENT TRANSFORTS

SO 50 [=2,12
S0 S50 J=2yJ2 ' L _
IF(H(I=1y ) EQeQ. . ANDVH(IS» ) LEQ.0.) GO TO 40
CUCIy ) =(S(Iy)=S (I J41)) /1S o
40 IF(H(I»J-1).EQ.0+.AND.,H(I+J).EQ.O, ) GO TO S0
VI =(5(I+1y0)-S(1IsJ)) /D8
w0 CONTINUE

RETURN : | o S
END N



SO OO0O00 O‘OOOT}‘O'GC&,

SUPROUTINE SOURCE(N:NC:IZvJZ:DTvDSvHrU:UvT)

THIS RUUTINE SFECIFIES INFUT OF FULLUTANTS FROM ALL SOURCES INCLUDING_

INFLOWING RIVERS AND.
"FOR COMFUTING
FLOWS ARE KNOWN
KLOAD :

ILOAL JLOAD
CLOAD(K s N)
KRIVER
IRIVERY JRIVER
CRIVER(KyH)

KLOSS )
lLUonJLUSS 
WRET(N)

COMMON
COMMON
DIMENSION H
OIMENSION
OIMENSTON
DINENSTON
DNTHENSION
DATA

ALL  LOSSES DUE TO.OUTFLOWING RIVERS OR SETTLING.
RIVER CONTRIEUTIONS “IT IS ASSUMED THAT THE RIVER
FROM THE CIRCULATION MOLEL. '

= NUMRER OF GRIDFOINTS WITH LOADNING OTHER THAN RIUEFS’
INDICES OF THESE GRIDFOINTS IN TWO- DIMENSIONAL GRID
LOANING OF VARIARLE N IN FOINT K (IN GRAMS/SEC)
NUMBRER OF GRIDNFOINTS ADJACENT TO INFLOWING RIVERS

THE

= INDICES OF THESE GRIDFOINTS IN TWO- DIMENSIONAL GRID

RIVER CONCENTRATION OF VARIARLE N ﬁDJACENT TO FDINT K
(IN GRAMS/CM¥xkI)

= MNUMEER OF GRIDIFOINTS ﬁDJhCENT T0 OUTFLOUING RIVERS

= INDICES OF THESE GRIDFOINTS IN TWO-DIMENSIONAL GRID
= QETTLINB VELOCITY OF VARIAEBLE N (CM/SEC)

TLDh”(o);TbAIN(B);TLUSb(3)yTUbET(3)

"TFMF/TT(QS-

»a3q)yU’48935)!U(49!3 )VT(A873J)
TLUﬁD(lO)vJLUﬁﬂ(lO)9CLUAD(1J7u)'
IF[“EF‘lO);JRI“En(lO) CRI”ER(1073)
ILOES{10)yJLOSS(10)

WEET(ZY

HCALLZO/

[F(NCALL.GBT.S) GO TO .

[

FEAD
READ
READL
READ
READ
READ
READ
WRITE(S r1001)
UhITE(usl”Ul)
WEITE(6y1002)
WRITE(4,1001)
URITE(&Ly1003)
WRITE(S, 1001
wEITE( 11C04)
00 1 M=1yNC

(551001)
(551001)
(551002)
(55,1001)
(551003
(551001)

TLOAD(M) =0,

TOATIMIMY =0,

TLOSS(MI=0, -

TWEET(M) =0,
NCALL

(551004)

SNCALL+L

hLOﬁU:bFI”ER:hLDSS
fILUﬁD(h)yJLUﬂD(h)yh -1y KLOAD)
((CLOAD’hyM),h‘ithDﬁD)yM 1sNC)
(IRI”EF(R):JFI“ER(“):b"lylFIUEF)
(CCRIVER(Ky M) s K=1 s KRIYVER) s M=1yNC)
(ILOSS(h)7JlUb‘(h)yh"lrrLO S)
KWSET(M) sM=1sNC) ’
KLOADSKRIVER»KLOSS
(ILOADCK) » JLOADCKE) s K=1 7, KLOQAD)
((CLOAD(K M) »K=1yKLOAD) sM=1,NC)
(IRIVER(K) y JRIVER(K) yK=1sKRIVER)
((CRIVERCKsMY s K=1 s KRIVER) »#= =19 NC)
(ILOSS (h)vJLch(h);h“ivlLDES)
(U“ET(M);M 1sNC)



(9]

IF(bLDhD EQR.0) GO TO 14

-0 19 K=1yKLOAD

10
13

o

- 10
43

1001

1002
1003
1004

I=TLOAD(K)

J=JLOAD(K)

YOLUM=DS *Db*H(I;J)

TT(Isd)= TT(IvJ)+DT*CLUAD(th)/UOLUM
TLOAD(N) = TLOﬂD’N)+DT*LLDAD(h7N)
CONTINUE '

IF (KRIVER,EQ.0) GO TO 25

0 20 K=1,KRIVER

I=IRIVER(K)

J=JRIVER (K)

CGAIN=0, -

IF(H(I-15J) . EQ.0.) CGALN= CanN+D°*U(IyJ)*LRIUER(h:N)
IF(H(I+1,J).EQ.0.) COAIN=CGAIN-DSHUCI+1yJ)XCRIVERCE »N)
IFCH(I»J-1)EQ.0+) COAIN=CGAIN+DSHUCTy J)KCRTVER (K 9N

IF(H(I;J+1).EQ.0.) CGAIN= LGhIN DSY”(I;J*I)*CRI“ER(P!N)
MOLUM=DEXDERH T J)

vTT(Tv1)‘TT’]yJi+DTYCUﬁIN/UDLUﬁ

TOHIN’N)“TGGIN’N/*DT#FGnIN
CONTINUE

'[F(PLUBJ LQ 0)Y GO TO 35
g %0 K= ]'vl‘ll):.\:

I=TLRES(K)

= JLOGEK)
CLOSE=0, -
IF(H(T+1y ), EQ.0,) CLOSS=CLOSS+DEXUCTI+15 ) KT (I, )
IFC(H(I-1yJ),EQ.0.) CLOSS=CLOSS-DEXU(TI,J)XT(IsJ)
IF(H(I;J+1).EQ.O.) CLOSS=CLOSSHISKY (15 J+1)%T(LyJy
IF(H(Is0-1),EQ.0.) CLOES =CLOSS- UQ*U(I’J)*T(IyJ)
VOLUM=DEXDERH( Ty J)

TTCLs D)=TTY (I D) - DT#LLOSS/“OLUM

TLOSS(N)=TLOS 5(N)+DT*CLD o s '
CONTINUE

IF(MSEF(N);EQ.O.)'GD TO 45

00 40 I[=1517

L0 40 Jd=1y47

IF(H(IsJ).EQ.0.) GO TO 40
EWSET=WSET(N)KT(Iyd)

TTCIy ) =TT(IsJ)=DTRCUSET/H(Ts)
THSFT\N)«TMCET(N)+DTKDCWDH*CUCE1J
CONTINUE : '
CONTIHUE

FORMAT(1615)
FORMAT (8E10,3)
FORMAT(8E10.3)
FORMAT(8F10,5)
KETURN

END



. SURKROUTINE ADUECT(IZ!JZ;IU!JUrUTrDSvaUvaT)

THIS ROUTINE COMFUTES TWO- ~-DIMENSIONAL TRANSFORT BY ADVECTION AND'DIFFUSI(

USING UFSTREAM DIFFERENCES(NUMTHD=1) OR CENTRAL DRIFFERENCES (NUMTHD=
T = MARIABRLE AVERAGED OVER A GRIDSGUARE

H = WATER DEFTH AVERAGED OVER A GRID SQUARE 3

UsV = VERTICALLY INTEGRATED WATER TRANSFORT IN X»Y DIRECTION

STAGGERED GRIDI WITH H AND T AT CENTER OF. GRIDSQUARE» U AT LEFT HAND SIDE:
ANDN 'V AT LOWER SIDE HAVING THE SAME INDICES :
DEFTH H MUST RE ZERD OUTSIDE THE LAKEs INCLUDING RIUER FOINTS
COMTRIBUTIONS FFOM INFLOWING OR OUTFLOWING RIVERS ARE COMFUTED IN
ROUTINE SOURCE ANDI THUS ARE NOT -INCLUDED' HERE.

CoOO0o0000 000

DIMENSION H(A8,s3 J>QU(49,3d)yu<48y355}T(48;35)
- COMMON ~ /TEWHF/ TT(49;7")yNUhTHD DIFF

€ DIFF = DIFFUSTON COEFFICIENT IN CMXK2/SEC

DX=0%
Ly=D0s

CA=DIFF/(OXKDK)
B=TTFF/ (DYXDY)

C TRANSFORTS ACROSS EAST-WEST SIDES OF GRID SQUARES

0o 20 I=2,17
g 20 J=2»J37 , ’ _ -
IF(H{TI»J=1) . EQ.0..OR.H(Iy).EQ.C.) GO TO 20
IF(NMUMTHD.ERQ.2) GO TO 10 '
IF(W(TIy ) .GE, 0.) UT=VU(TIs J2%T(IsJ=-1)/DY
IFOMI» ) LTe0) UT=VCTIs D RT(I ) /DY

- BO YO 15

10’“T—U(IvJsX(T(IvJ)+T(17J 17)%0.5/70Y

15 CONTINUE : »
HU=(H(T» J- 1y +H(T» 3 /2.
VT =YTHRXHVK(T(IsJ~-1)~ TCIsd))
TT(IsJd) =TTC(Ly» D+UTEVT/H(I D)
TTIsd=1)=TT(I»J=1)=DTHVYT/H(IyJI-1)

20 COMTINUE

C TRﬁHCFORTS ACROSS NORTH- SO0UTH SIDES OF GRID bQUéRES

0o’ 40 122,12
00 40 J=2542 ‘ , :
IF(H(I-1+J).EQ., 0..OR.H(17J).EG 0 )y GO TD 40
IF(NUMTHD.EQ.2) GO TO 30 , o
IF(UCTIs D) GGEO.) UT=UCIs JIXT(I-15J)/DX
IF(U(I»d).LT.0) UT UCIs DIXT(Ly ) /DX
. GO TO 35 : .
30 UT=UCTI» D) X(T(I~ 17J)+T(IyJ))*0.u/DX ' ' '
35 CONTINUE '
HU=(H(I=1sJ3+H(Is 0)) /2, S
UT=UTH+AXEUX(T(I-1,4)-T(IsJ)).
TT(Isd) . =TT(Is D+DTXRUT/H(Iyd)
S TT(I=1s D) =TT(I=1yJ)~ DT*UT/H(I 12)
"40 CONTINUE

RETURN
‘EN I
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SUBROUTINE EIOCHM(NsIZy ZsOTsH,C)

REAL K1 o ‘
DIMENSION H(48,35)5C(48535,3) .
COMMON /1EMF’TT(48;3J);NUMTHU7DIFF

TATA NCALL/0/

AN EXAMPLE OF TWO-COMFARTMENT FHOSFHORUS MODELS

S DC1/DT = —FHIXC1/(C1+CSATIXC24K1%1 ., 07XXTEMEXC2
DC2/0T = +FHIXC1/(C1+CSATIXC2-K1%1,07%XTEMFXC2
- WHERE C1 = SOLUBLE REACTIVE FHOSFHORUS (GM/CMXX3)
‘ C2 = FARTICULATE FHDSFHORUS (GM/CM%%3)
RHO = LIGHT FACTOR ¢ O TO 1)
TEMF = TEMFERATURE (UEGREE C)
FHI = LIGHT AND TEMFERATURE FACTOR
K1 = RESFIRATION RATE (FER SEC) _
L AT = HALF-SATURATED CONSTANT (GM/CM%X3)

NOTE THAT WHILE THESE MODEL FARAWETERS ARE TREATED AS
CONSTANTS HERE» THEY MAY BE FUNCTIONS OF TIME AND SFACE
(SEEy E.G.» SIMONS AND LAM 1980,WAT.RESOUR.KES.s167105-114)

IF(NCALL.GT.0) GO TO 10
READ (5,10600) RHOsTEMFsK1yCSAT

CWRITEC(SE21000) RHO;TEMFyKl;CSAT

NCALL=NCALL+1
TEX=1,074KTENMP

FHI=S.E~&6kRHOXTEX

TEX=K1XTEX

KINETICS OF Ci

IF(N.EQ.2) GO TO 30

Do 20 I1=1512

10 20 J=150Z

IF(H{I+ D LVEQ.OL) GO TO 20

- C1=C(IsJds 1)

Ca=C(irdr2) ' o
TTCIy D=TTCIr ) +HITH (- FHI*CI/(C1+FSAT)+TEX)*C°
CONTINUE

'RETURN

KINETICS OF. C2

1o 40 I=1,12 . , o . - :
D0 40 J=1sJZ ' L R
IF(H(I+J)Y.EQ.0,) GO TO 40 - -
C1=C(IsyJsl)

C2=C(Irds2)

TT(Iyd)= TT’IvJ)+DT*(PHI*Cl/(Cl+CSAT) -TEX)XC2

CONTINUE

FORMAT(2F10.1y2E10,3)

RETURN
FuT



SURROUTINE SHORE(IZsJZsIUs Jv,nSyH}u,v;SrF)

C THIS ROUTINE SETS THE vaLUES OF THE STREAMFUNCTION DN BOUNUARY CONTOURS
C INCL UDING I”LANDS AND OFEN BOUNDARIES.

HIMEMNSION H(48935)rU(48v35)yV(48v35)iS(48135);F(48135)

C ARRAY F IS USED TEMFORARILY TO DIFFERENTIATE BETWEEN STREAMFOINTS IN THE
€ LAKE (F.GT.0)s ON LAND' (F.EQ.0) AND ON ANY CONTOUR (F.LT.0)

DD 10 I=2+1U
0o 10 J=2sJv B :
IF(F(I+J).6GT.,0.,) GO T0 10
IF(R(I-1»3-1).6T7.0.) F(IyJd)=-1, :
IF(HC(TI=-1500.6T.00) F(IsyJy=-1, .
IF(HCLp J=L1) BT .04 ) F(Isd)=-1.
TF(H(I2d).6T.04) F(IsJd)=-1."

10 CONTIMUE

C FINID' THE FIRST FCQINT OF EACH CONTOUR

ME=0
20 NE=NE+1
S ng 30 I=1sIU -
N0 30 J=150V
IF(F(I»J).LT.0.) GO TO 40
20 CONTINUE .
GD T 20

ﬂET STREAMFUNCTION TO ZERD IF THIS IS THh OUTER CONTOUR (NE.EQ.1)
HF]ERMINE STREAMFUNLFIDN IF THIS IS AN ISLAND CONTOUR NB GT.1)

oo

40 55“0, .
CIF(NE.EQ.1) . GO TO 40
50 I=I-1 '
CIF(F(I»J).6T.0¢) GO TO S0
88=8(Isd) -
EE5=ES+NEXV(I D)
I=I+1
CIF(F(IsyJd).GT.0.) GO TO SB5
L0 S(IyJ)=88 _
- F(Isd=0. , _ s

wn
wn

C.FIND STREAMFUNCTION IN REMAINING FOINTS OF THIS CONTOUR
£ SET F=0 IN FOINTS WHERE STREAWFUNCTION HAS REEN DETERMINED
70 CONTINUE

WRITE(651000) IsJsS(Iyd)
1000 FORMAT(2IS,E12,5)

II=I+1 ‘ o '
IF(IT.6T.IU) ' GO TO0 7%
IF(F{II»J)Y.GE.O.) - : : GO TO 75

IF(H(I»J-1).EQ.0. . AND.H(I»J).EQR.0.) GO TO 75
IF(H(IsJ-1).,6T.0. . ANDH(I+J).GT.0+,) GO TO 75
S(IIsyJ)=S(IrJ)+DSKVCIND) » ’

F(II»J)=0. N - A :
1-11 _ | - | o B L
GO TO 70 ‘ ‘ ' '



[ e

75

;_IF(H(Irle)oEQ.O.}ﬁND H(IyJ) EQ.0.) GO TO 80
IF(H(I=15J).06T+0. AND.H(I»J).GT.0,) GO TO 80
S(IyJN=S(IyD-NEXU(IsD)

s}

?0

(4

F(IsJdd=0.
J=JJ
G0 TO 70

II=I-1 T .

[F(IT.EQ.Q) ' o GO
IF(FCITs ) LBE.O.) GO
IF(HCTII» J=1) cEQ.O¢ ANDLJH(ILIY 1) .EQ.0.) GO

TF(H(II>J-1).6T7.0Q..4ND, H(IIvJ).PT 0 ) GO

‘S(I]yJ)"c(IvJ) [l SRV (ITy )
FCIIsdr=0,

I=11 "
GO T 70

NNENES o :
IF(JJ.ER.O) o 60
TIF(F(IsdJ) GELOL) . 60

IF(H(I=1,00)EQ.0. ¢ANDLH(IyJU) L EQ.0.) GO

IF(HCI=-19JdJ) BT 0. ANDLH(T D) o BT.0.) GO
b(Iydd)'HtIyJ)*Nb*U(IvJJ}7 .
F(IsJJ)=0, ‘

NN N

0 TG 70 .

CONTIMUE

RETURN
END

10

TO
TO

o

T0
T0
T0
T0

JI‘J+1 .
IF(JJ.GT. IV GO TO 80
IF(F(IyJJ).GELO.) GO TO 80

20
20 .
20
20



aoaooon

SOLUTION OF FOISON EQUATION BY RELAXATIONs S = UNKNOWNs F =
F MUST BE EQUAL TO ZERO OUTSIDE LAKEYS
BUT F CANMNOT BE ZERO INSIDE THE LAKE
8 MU%T BE FRESRIEED .

EFS

10

SUEROUTIME FOISONCIUsJVUsS»F) .

DINENSION S(48,35) F(48,35)

EFS=.001

RO=1.5

0 10 I=1s1U

D0 10 J=1,4¥
IF(F{(T-.4).EQ,0.) GO TO 19
SCIy)=F(Is0)

CONTINUE

Do 40 ITER=1,200
SHAX=0

NSMAX=0"

00 30 N=15,2

g 30 I=1s51IU

1o 30 J=1-JV
TF(F(I»J).EQ.0.) 6O TO 30
TJH=I+J4N

IF(MODCIJINS2) D “0;30920

ON ALL BOUNDARY CONTOURS
= ACCURACY, RO = OVERRELAXATION

RES=8(I=1sJ0¥85(I+1vJ)+8(IsJ- 1)+S(IvJ+1)—4 #S(IyJ)—F(IvJ)

DS=RESXR0/4.,

“S(IyJ)"“\IyJ)+DS

40

<
[=JRd)
<

S([yJ)*¥° : ‘
TF(S BT .SMAX) CMAX 88
pSs=08%0ns
IF(DSS.GT. DSMAX) DCMAX N85

_CONTINUE

[S=SORT (DSMAX/SHAX)

IF(DS.LT.EFS)Y GO TO S0
CONTINUE '

WRITE(451000) ITER;DS
FORMAT(ISYE12.5)
RETURN

END

‘RIGHT HAND
INCLUDING EOUNDARY CONTOURS -

8]
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5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.1 5i1 5.1 5.1 ‘9.0 0.0 0.0 0,0 0,0 0,0 0,0 0.0 0,0 0.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5,0 5.0 5,1 5¢1 5.1 5.1 5.0 0,0 0,0 0,0 0,0 0.0 0.0 0.8 0.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5,0 5e1 5.0 5.0 0.0 0.0 0,0 0.0 0.0 0.0 0,0
5.0 5,0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 3.0 5,0 5.0 0.0 0.0 0.0 0.0 0.0 0,0
6.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 500 5.0 5.0 5.0 5.0 5.0 5,0 £.0 5.0 0.0 0,0 0.0 0.0 0.0
5.0 5.0 5S¢0 5,0 5.0 5,0 5,0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5e8 5.0 £40 5.0 5,0 0,0 0,0 0,0 0.0
5.0 5.0 5.0 5.0 5.0 5,0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5,0 5,0 5.0 5.0 0.0
5.0 5.0 5.0 5.0 5.0 5,0 5.0 5.0 5.0 5.0 5.0 5.0 5,0 540 5.0 5.0 Ee0 5,0 5.0 5.0 5.0 5.0 0.0
6.0 5.0 Bel 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 €.0 5.0 £.0 5.0 5.0 5.0 0.0
5.0 5.0 5.0 5.0 5.0 5.0 Se0 5,0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5,0 5.0 5,0 5.0 5.0 5.0 5.0 5.0 0.0
5.0 5.0 5.0 5.1 5.4 5el 500 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 .0 4.9 0.0 0,0 5.0 5.0 0.0
5.0 5.1 5.1 Sel 51 5.1 0,0 0,0 S.0 5.0 5.0 5.0 5.0 .9 4.9 0.0 0.0 0.0 0.0 0,0 0.0 0,0 0,0 0.0 )
6.1 5.1 5.1 5ol 5.1 0,0 0,0 0.0 4.9 49 4.9 4.9 4.9 4,9 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0
5.1 5.2 5.2 5S¢l 0.0 0,0 a7 o7 48 4e9 4e9d 4e9 4.9 0.0 0,0 0.0 0.0 0.0 0,0 0,0 0,0 0,0 0.0 0,0
5.2 542 5.2 040 0,0 U6 beb a7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0,0 0,0 0,0 0.0 G,0 0.0 0.0
5.3 5,3 5,2 0,0 U5 4.5 ‘0,0 0.0 -0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0.0 ©,0 0,0 0,0 0,00 0,0 0,0 0,0
7545 Suk 5.2 o8 Geb 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0,0
6.7 5.5 5.3 0.0 0,0 0,0 0,0 0,0 0.0 0.0 0,0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0.0- 0,0 0.0 0.0 0.0 0,0
5.5 5.6 5.6 0.0 0,0 0,0 0,0 0.0 0,0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0
5.8 5.6 0,0 0,0 0,0 0,0 0,0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0° 0.0 0,0 0.0 0,0 0.0 0,0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0,0 0,0 9,0 0,0 0,0 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 T
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