




















UNSTEADY SOLUTE-TRANSPORT SIMULATION
IN STREAMFLOW USING A
FINITE-DIFFERENCE MODEL

By Larry F. Land

ABSTRACT

A computer program for simulating one-dimensional, unsteady solute
transport in gradually varied streamflow has been developed and documented.
Before using the solute-transport model, a flow model must be used to
calculate and store the necessary flow data at each cross section and
each time step. Such a flow model is available and documented. Given the
flow and solute-inflow data, the digital model will calculate a time-series
of concentration values for any point in the stream.

The conservative form of the mass-transport equation has been selected
as the basis of the model. The solution of the equation is obtained with
an implicit finite-difference method. The grid arrangement uses six nodal
points and calculates the spatial and temporal derivatives at a slightly
off-centered point. The off-centering is a compromise between numerical
dispersion and accuracy. A tridiagonal matrix is created and solved at each
time step by the Thomas algorithm.

The solute-transport model allows the solute to enter the stream at an
unsteady rate from the upstream boundary and tributaries. A steady inflow
of solute can enter the stream with lateral seepage. An unsteady solute
flux, uniform over the reach, from a source or sink can be taken into account.
The solute concentration can decay by using a constant decay coefficient.

INTRODUCTION

A number of investigators have simulated mass transport in unsteady
streamflow using numerical methods. Many of the studies were made in
estuaries. However, a very limited amount of mass-transport modeling is
done outside the academic and research communities. Possibly, the lack of
outside use is due to the lack of model documentation in a user's format.
The purpose of this report is to document a rather simple, general purpose,
one-dimensional, one-parameter, mass-transport model for field use. The
model assumes a well-mixed conservative solute that may be coming from an
unsteady source and is moving in unsteady streamflow. The quantity of
solute being transported is in the units of concentration. Results are
reported as such.



The use of a solute transport model requires that the flow characteris-
tics be defined at each cross section at each time step. In effect, this
requires a streamflow model to calculate and temporarily store the needed
values for use in the transport model. The Deterministic Models Project, U.g,
Geological Survey (Land, 1978), has recently documented a streamflow model
that is designed to supply the needed data.

An implicit finite-difference technique is used to solve the mass
transport equation. It consists of creating a tridiagonal matrix and using
the Thomas algorithm to solve the matrix for the unknown concentrations at
the new time step. The computer program (J880) presented in this report is
designed to compute the concentration of a water-quality constituent at any
point and at any preselected time in a one-dimensional stream. The model
is driven by the inflowing concentration of solute at the upstream boundary
and is influenced by the solute entering the stream from tributaries and
lateral ground-water inflow and from a source or sink.
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BASIS FOR MODEL DEVELOPMENT

The basic equation describing one-dimensional mass transport of a con-
servative water-quality constituent has the form
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where
A = cross-section area (square feet)
U = cross-section average velocity (feet per second)
C = concentration (pounds per cubic foot)
D = dispersion coefficient (square feet per second)
t = time (seconds)
x = 1longitudinal distance (feet)

Substituting the continuity equation of water, assuming incompressibility,
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and simplifying, the remaining terms form the equation, after dividing by A
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Equation 4 1is called the advection form without any assumptions. Equation 1
is generally known as the conservation form of the transport equation and
was selected for the basic equation in this model. For a better description
of field-boundary conditions, equation 1 was modified to include the solute
fluxes from source or sink, lateral ground-water and tributary flow. The
equation becomes:
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where
K = decay coefficient (one per second)
gss = flux of solute to source or sink per unit length of stream
(pounds per foot per second)
] = flux of solute from ground-water seepage per unit length of
qg stream (pounds per foot per second)
QT = flux of solute from tributary (pounds per foot per second)

Since the equations are linear in the transport variable, the solution with
numerical methods is rather straight forward. Most of the modeling efforts
in the past have dealt with ways to minimize numerical dispersion along
steep concentration fronts. The selected numerical method is very similar
to the implicit finite-difference scheme originally presented by Stone and
Brian (1963). It uses a centered six-point grid that considers all six
points in the time derivative. However, the finite-difference scheme was
slightly modified by moving the point somewhat off-centered with weighting
coefficients in which to evaluate the space and time derivatives. The
computation stencil for the selected scheme is shown in figure 1. The

point at which the derivatives was computed was moved slightly forward in
time and slightly upstream in space to reduce oscillations when sudden con-
centration changes occur. Even with this compromise, some oscillations may
result. It is particularly noticed in the form of occasional small negative
concentration values. The scheme has unconditional stability; thereby allow-
ing a time step of reasonable length for computational efficieng¥. However,
it is desirable for purposes of accuracy to keep the value of UEﬁ" often
called the Courant number, equal to or less than 2.

Solving the equations for the concentrations at the new time step is
accomplished by creating a tridiagonal matrix of coefficients for the unknown
concentration and a vector of known values and applying the Thomas algorithm
(von Rosenberg, 1969). For n grid points, n-2 linear equations are available
which have the form
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where j is the finite-difference indexing in the time direction and i in the
space direction. ¢.,i=1, 2, 3 are coefficients that are dependent on U, A,

p, bx, At, and the weighting coefficients 6 and £. Upstream and downstream
bénﬂary conditions produce two additional equations so that as many equations
as unknowns are available. The upstream concentration is known while the
downstream concentration is assumed to be equal to the concentration of the
adjacent grid at the previous time step.

Use of the model requires consideration of the dispersion coefficient.
As background, it is generally considered that neither equations 1 and 2
accurately represents dispersion of a slug injection until considerable
mixing occurs. Fischer (1973) suggests some criteria for the length of time
it takes for mixing to occur. However, it is also generally considered that
dispersion is almost insignificant for steady injection rates (Sayer and
Chang, 1968). As a result, use of dispersion coefficients requires some
discretion.

The dispersion coefficient used with equation 1 is computed by an

equation suggested by Fischer (1973). It is
Dx
= 250 (7)
RU,
where

longitudinal dispersion coefficient (square feet per second)
U = shear velocity (feet per second)
hydraulic radius (feet)
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Roache (1972) indicates that the effective numerical dispersion coefficient
of a differencing scheme similar to the one used in this report 1is

D = 200 Al = 16 w) (8)
n o
where
Dn = numerical dispersion coefficient
At
C. = -—
o 4 Ax

In many cases the numerical dispersion is expected to equal or exceed the
longitudinal dispersion. It is suggested that Dx be set to zero if Dn is
greater than or approximately equal to Dx'

GENERAL MODEL DESIGN AND OPERATION

A schematic presentation of the model's design and operation is pre-
sented in the form of a generalized program flow chart in attachment A.
A program listing is given in attachment B.
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Use of the mass transport model must be preceded by the use of a flow
model that computes the hydraulic variables for all cross sections and time
steps. These results are stored on a direct-access storage device at the
central computer. The transport model retrieves these data as needed during
the computation process.

Use of the solute transport model begins by having all the control
parameters and solute data input via computer cards. The program is initial-
ized at time = 0 from the necessary data. The model then moves in the time
dimension in one step intervals. For each time step flow data are retrieved
from the direct access data set, and the concentrations are calculated for
each interior cross section. At the upstream cross section, the solute
concentration is given as boundary input and at the downstream the concentra-
tion is set equal to the concentration of the adjacent cross section for the
previous time step. At preselected time steps the results are printed. At
the conclusion of the run, line printer plots of computed concentration versus
time may be obtained.

The reach design and the numbering system for the solute transport model
is identical to the flow model. However, use of the transport model should
influence the grid design at the lower end of the reach. For purposes of
accuracy, the distance between the last two cross sections should be approx-
imately equal to the water's velocity times the length of time step for the
subreach between the last two cross sections. This is desirable because the
constituent is assumed to move from the next-to-last cross section to the
last one in one time step. Another consideration for purposes of accuracy
is that the time step (At) and the distance between cross sections (Ax) should
cause the Courant number, U—, to be less than or equal to 2. An example of
a reach design and the numbering system is given in figure 2.

The computer program allows the solute to come into the reach at an
unsteady rate from (1) the upstream inflow boundary, (2) tributaries, and
(3) a source or sink. A steady inflow may enter the reach along the lateral
boundary. The source or sink is a flux that adds or removes a specified
amount of solute each second from each foot of stream.

The transport equation includes a decay coefficient that allows the
solute to decay exponentially. The dimension of the coefficient is unit
per second. The solute disappears in the units of mass per second per foot
of channel length and is equal to KAC.

The computer program allows the solute entering the stream from the
upstream boundary and tributaries to be a concentration of the inflowing
water or a flux. Because the model transports the solute as a concentration,
the flux is converted to concentration by dividing the flux by the discharge.
The model units are: time in seconds, length in feet, and mass in any
desired unit. Therefore, the concentration units are in mass per cubic
foot and flux in mass per second.






The computer program has a line printer plot routine that produces a
time-series plot of concentration at five or less cross sections. The
routine can also be used in a separate run to plot observed values. By
laying one plot over the other, a quick and easy comparison of computed and
observed values can be made during the calibration process which may be
necessary to determine the concentrations of lateral inflow, and a decay
coefficient.

PROGRAM RUN PREPARATION
Data

The first step in using the solute transport model is developing a data
base of flow parameters at each cross section and time step. These parameters
include (1) top width, (2) velocity, (3) cross-section area, (4) net tributary
flow, (5) lateral inflow, and (6) depth. The suggested procedure is to use
the linear implicit finite difference streamflow model, documented by Land
(1978) , to develop this data base. If this suggestion is followed the grid
design used in the streamflow model must be used in the transport model. The
other data preparation is essentially limited to preparing solute informa-
tion. A time-series solute inflow data set must be prepared for the upstream
boundary, all tributaries, and the source or sink. Single-value solute data
are needed for each lateral inflow and a constant decay coefficient is speci-
fied for the solute decay.

The time interval must be the same as the flow model. All data, except
flow parameters, are input by card format. The flow data are read from a
direct access storage device.

A schematic diagram showing the arrangement of the cards for a model run
is given in attachment C. A listing of an example data set is given in
attachment D.

Use of the computer program's option to plot observed concentrations
bypasses the simulation computations. However, to ease data card handling,
the only card deck changes are the substitution of the time-series data and
the coding of a control parameter.

Computer Program
The computer program has been written in FORTRAN IV programming lan-

guage and was developed and tested on IBM 360/91 equipmentl . Some
changes may be required when using other equipment.

1/

— The use of brand names in this report is for identification purposes
only and does not imply endorsement by the U.S. Geological Survey.



The program is dimensioned for 50 cross sections and 999 time steps.
For simulations requiring more cross sections or time steps, these values
must be increased. The program, as dimensioned, requires 240 bytes of
storage on IBM 360 or 370 equipment. Compiling the program takes 5 to 8
seconds. Execution time for production runs requires 25 to 30 seconds for
a reach with 50 cross sections and 999 time steps. These estimates are for
the IBM H-level Fortran compiler using Opt = 2. For larger production runs,
this compiler usually reduces computation time about 40 percent in comparison
to the IBM G-level Fortran compiler.

DATA INPUT SPECIFICATIONS

Data are input into the computer program in two forms. Time-series flow
data generated by the flow model must be made available in the form of direct-
access data sets stored at the central computer. BAll other data are input via
computer cards. Information on the control cards is input with the NAMELIST
command. All variables are real or integer according to standard notation,
that is A-H, 0-Z for real and I-N for integer. All integers and real numbers
without decimals must be right justified. The variables in the NAMELIST name
block have the form

&name VALUEl = 1.0, VALUE2 = 2.0, VALUE3 = 3.0, &END
The first ampersand must be in column 2.

To ease the data preparation, the cross-section data cards used in the
flow model can be reused in this model after filling in two previously unused

fields. The other data formats are also similar.

A description of the data input, sequence and arrangement follows.

SET NO. I PARAMETERS

Card No. Variable Description Columns
1 INFO(20) Information card. Generally with basin 1-80
name, period of record, date of run,
and etc.
2 CODE Block name for selected codes 3-6
ICIN Code identifying the method of entering

the solute to the stream's water.
1 = concentration -
2 = flux

IDISP Compute dispersion for transport equation? -
0 = No
1l = Yes



Variable

Card No.

ISS

IDEBUG

NZPLOT

3 SIZE
NX
NTS
NTRIB

DT
4 INIT
DIFAC

DKCOEF

5 CTRL
NPRNT

IPNT
NPLOT

IPLT

[ DATE
IYR
IMON
IDY
IHR

Description Columns
Inputing an unsteady source or sink -
0 = No
1 = Yes
Print selected arrays for errcr tracing
purposes? Py
0 = No
1 = Yes
Run to plot observed data only? -
0 = No
1l = Yes
Block name defining size of run. 3-6
Number of cross sections. -~
Number of time steps. -
Number of tributaries with unsteady
flow -
Maximum of 3. -
Length of time step, seconds -
Block name defining initial boundary
values. 3-6

"actor adjusting self-setting dispersion
from unity. Use 1.0 for no adjustment.
Decay coefficient

Block name for program controls.
Number of cross sections with results
to be printed.
0 = all
Nt N=Le 20 83 0 ns mariNX =
selected cross sections
Number of time steps between printouts
Number of cross sections with results
plotted on printer, Maximum of 5.
Number of time steps between adjacent
points on plot.

number of

Block name of starting date.
Starting date - year
- month
- day
- hour (military)

10



SET NO. II CROSS-SECTION OUTPUT

card No. Variable Description Columns
L s NP (I) Cross-section number with results 1-8,9-16
printed
Number of values equals NPRNT. Omit v istuhely
when NPRNT = 0. 73-80
1l NPP (I) Cross-section numbers with results 1-8,9-16
plotted on line printer. Number of & ]
values equals NPLOT. Maximum of 5. 33-40

Omit when NPLOT = O.

SET NO. III CROSS-SECTION DATAE/
o g NI X(I) Channel length in downstream direction 1-8
from reference to cross section (I).
Z(I) Elevation of low-point in cross section(I)9-16
CINIT(I) Beginning concentration at cross
section(I). 57-64
CLAT(I) Concentration of lateral inflow between
cross sections(I) and (I-1). 65-72
LTRIB(I) Tributary number entering subreach
above cross section (I). Only one

tributary per subreach. Maximum of
3 for entire reach. Numbered con-
secutively in downstream direction. 77-80

2
SET NO. IV INFLOW CONCENTRATIONS—/

L5253 % 2o ¢+ @INVET) Magnitude of solute inflow at upstream
boundary. When ICIN=1, values are con-
centration; ICIN=2 values are flux. The

first value corresponds to time DT 17-24,25-32,
which is at the end of the first St
time step. NTS values are required. 73-80

Footnote:
e/ 3
~/ Cross-section cards from flow model can be reused.

2/

=/ Use for normal simulation run. Omit when NZPLOT=1.

11
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SET NO. V TRIBUTARY INFLOW CONCENTRATIONS—
Card No. Variable Description Columns
DA eBA Pr s, TRIBC(L,J) Magnitude of solute inflow at tributary (L)
152,804 ;5% One set for each tributary, (number of
sets = NTRIB). First value corresponds 17-24,25-3
to time DT which is at the end of the o e s
first time step. NTS values are 73-80
required for each tributary
2/
SET NO. VI INFLOW FROM SOURCE—
1,238 CSS (J) Amount of solute entering stream from
source or sink. Source (+), sink (-). 17-24,25-3
The first value corresponds to time R
DT which is at the end of the first 73-80

time step. NTS values are required.
Omit when ISS = O.

3
SET NO. VII PLOT DATA—/
B 2840 Csav (1,J) Observed concentration data. Number of 17-24,25-3
Ly 2,30 sets equals NPLOT. Maximum of 5 sets. A
Number of values per set equals NTS. 73-80

Summary of card requirements:
Set No. I. Required.

d LT Print card required when NOUT > O.
Plot card required when NPLZT > O.

06 B B One card for each cross section.
TV Required when NZPLOT = O.
Ve Required when NZPLOT = 0 and NTRIB > 0. Number of sets

equals NTRIB.

VI. Required when NZPLOT = 0 and ISS = 1.
VIT. Required when NZPLOT = 1. Number of sets equals NPLOT.
Footnote:
2/

— Use for normal simulation run. Omit when NZPLOT=1.
— Use for plot of observed data. Omit when NZPLOT=0.

1.2
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VEFINE FILE 20(1000+12006L«1D1)

JIMENSION CIN(1U00)s CSS(10U00)s TRIBC(341000)s CSAV(Ss1000)
JLIMENSTION CTRENW(S50) s CTIMNX(50) e CSSNWI(S0)e CSSNYX(50) s CLNN(D0) s C
1VA(50) s WNW(S0)s QNX(50) 9 YNW(30)s YNX{20)

JIMENSION DATANW(6950) e JATANX(H69oU)

JIMENSION X (96)s Z(Y6)e CINITIi(DU)s CLAT(50)s LTRIS(50)e VE_X(5U)
14LAT(50) s NP(50)

JLIMENSION A(3950)9 D(20)s 20(50)e DIPLI(20)y AI(D0) s ALPL(Du)s SETA
1(20)s GAMA(50)

JLIMENSTUON MONTH(12)s INFD(CU)e IMAGE(2420)y NSCAL=Z(5)e IRNO(Lle) s N
12K (5)

LUGICAL®]1 LETTEX(S)

JATA THETAsZ1eFLJUXUPICLRAT/UebBS50Ueb329060379]1.00/

JATA LETTER/VAV IR0y tDt gyt 1Yy

JHTA MUONTA/3]1 4289310300 31430931931 030031e3093!17/

JATA TRNG/Z1929291041545U¢]100ec50 5005100025000 100007
JATA NZPLOTeIKREL/0417/

UATA NSCALE/l1+Us340s1l7/

JATA NPP/1s2e¢39445/

GvbpaLopeereneeedDEF INITION UF [NPJT PARAMITERSR0Q0Q00LvwdwadRtdonaan

INFO ¢ INFORMATION CAK)D

NAMEL [ 5T PARAMETERS

CUDE ==--
ICIN : COD- LuUusNTIFYINS THE METHJL OF ENTERING THE SOLUTE
1O THE ST=REAM'S waltr,.
1=CUNCENTRATIUJUN (MAS>S PZr CUSIC FOOT OF INFLOw)
P=FLUX OF CONSTITUENT (MASS Pe»® UNIT T1ME)
luISP @ DISPE=<>I0N COBFFTCLLIENT? N=7ER0 1=SELF=5ScTTING
1sS ¢ ALLIOw AN UNSTEADY SOURCE/>SINK? 0=NO» 1=YES
lueBUG: PRINT ScLECTED COEFFICIENTS aN)
PARAMETERS FUR ZRRUR TRACING. N=NUs 1=YcS
NZPLOT: RUN Tu PLOT UBSZIRVEYD DATA UNLY?  0=NU» 1=YES
SIIE =w===
NA PONUMHAER JF CROSS=S5-LTILUNS
NS ¢ NUMAE< OF TIME ST-r>
NIRIY ¢ NUMser OF TRIsUTA~LZS
vl ¢ LENoTHA JOF TIME STer 18 SECONDS
INIT e~==-

JIFAC ¢ MULTIPLYINL FACTOR AUJISTING SELF-SETTING DISPERSION COEF
URCUEF: DECAY LOEFFICIENTs K vALJ: IN XAC TERM
Vel = NU DZCAY ¢ = SOME DECAY
ClR ===-
NFRNT ¢ NUM3ER OF X=SECTIunS 2<INTED CODE:R 0O=AaLL
IeNT PONUMSER JF TLIME STEPS S0 TwZEN PRINTOUTS
NELOUT 8 NUMSER JOF X=SECTIONS wWiTH CONCENTRATION 2LOT>
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IPLT ¢ NUMBER OF TIME STEPS 3ETWEEN POINTS ON 2L0T
VATE ====-
IYR : STARTING DATE - YEAR

IMON H MUNTH

luy H DAY

InR H HOUR (MILITARY)
SELECTING OUTPUT

NP (K) : X=SEC NOS. WITH RESULTS PRINTED

NPP (K) H X=SEC NOSe. WITH CONCENTRATION PLOTTED
CRUSS-SECTION PARAMETERS

x(1) ; : CHANNEL LENGTH FROM BEGINNING TU X=SEC(I)

(D) : ELEVATION OF LOW=POINT IN X=SEC(I)

NUTE == X AND Z ARRAYS ARE A_S0 USED FOR PLUTTING
PUIPUSES. DIMENSION TO A MINIMUN OF 36k,
CINIT(D) t OSEGINNING CONCENTRATION AT Xx-SEC(I)
CLAT(I) : CONCENTRATION OF LATERAL INF_DOwW BETWEEN
X=SEC(I-1) AND X=SEC(I)
TRIB(I) ¢ TRIB NO. AT X=SEC(I)% NOe. CONSEC. IN DeSe DIRECTION

TIME SE~IES DATA

- - ———— -

CIN(Y) ! QUALITY OF INFLOWING WATER
CONCENTRATION (MASS/CJUeFT.) WHEN ICIN=1
FLUX OF SOLJTE (MASS/SEC) wWHEN ICIN=¢

TRIBC(LsJ): QUALITY OF TRIB(L) WATER

CONCENTRATION (MASS/CJFTs) WHEN ICIN=1

FLUX OF SOLJTE (MASS/SEC) wWAEN ICIN=?
C5S(J) i SOLUTE FLUX TO SOURCE/SINK (MASS/SEC/FT)
CSAV(=9J) : CONCENTRATIONS TO BE PLOTTEODY UP TO 5 X=S5ECTIONS.

MISC. PARAMETER OEFINITION

UATAN® (1=bs]): SELECTED RFESULTS AT X-SEC(I)

1=TOP wWIDTH

¢=VELOCITY

J=AREA

4=NET TRIBUTARY FLOW

S=LATERAL INFLOW

6=DEPTH
W N®(]) ¢ DISCHARGE AT X=SEC(I)
YN® (1) ¢ DEPTH AT x=SEC(I])
CN® (1) ¢ CONCENTRATION AT x=-SEC(I)
CTRBN®(I) ¢t CONCENTRATION OF TRIBUTARY WATER AT Xx=SEC(I)
CSSNe (1) ¢ FLUX OF CONSTITUENT AT x=SEC(I)

NOTE: ==N#(]) -=Nw(I) NOwW OR OLD TIMcZ LEVEL
-=NX(1) NEXT OR NEw TIME LEVEL

THETA ¢ VELOCITY TERM CENTERING COEFFICIENT. (MOVES POINT OF
TIME DERIVATIVE)
SUGGEST 0.50-04659 POSSIBLE 0e51-1.0
LU# VALUE CAUSES ABRJPT CONCENTRATION CHANGES ANU
MINOR OSCILLATIUNS. HIGH VA_UE CAJSES SMOOTHING.

I3t ! UPWIND/DOWNWIND COEFFICIENT. (MOVES POINT OF SPACE
DERIVATIVE)
SUGGEST 0.50~0465s PISSIBLE 0+51=1.04
SAME EFFECTS AS THETA VALUE.
FLUXUP ! FLUX BALANCING COEFFICIENT (STABILIZES CONCe VALUES)
ICyCL ¢ CYCLIC CODZ FOR TIME TERM IN NUMERICAL TECHNIQUE
Al 1) i TRIDIAGONAL COEF MATRIX OF UNKNOWNS
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(1) ¢ VECTOR OF <NOWN VALUES

Il t OISPERSION COEFFICIENT UPSTREAM OF x=SEC(I)
VIP1 (D) : DISPERSION COEFFICIENT DOWNSTREAM OF X=SEC(I)
AL (D) : AVERAGE AREA UPSTREAM OF X=SEC(I)
ALPY (1) : AVERAGE ARZA DOWNSTREAM OF X=-SEC(I)
MODE. UNITS
LENGTH FEET
TIME SECONDS
FLOW RATE CU3IC FEET PER SECOND
CUNCENTRATION MASS PER CJBIC FOOT
FLUX MASS PER SECOUND

NAMELIST /CODE/ ICINsIDISPsISSyIDEBUGINZPLIT
NAMELIST /SIZE/ NXsNTSsNTRIBsDT

NAMELIST /INIT/ DIFAC+DKCOEF

NAMELIST /CTRL/ NPRNTsIPNTeNPLOTSIPLT
NAMELIST /DATE/ IYRsIMON+IDYsInR

REA) DATA CAwDS

- - -

READ (5+830) INFD
READ (5,CUDE)
~EAD (5,S12E)
READ (S50INIT)
READ (54+CTRL)
“tAD (5+DATE)
LF (NPRNToLTe0s0RNPRNT«OTeNX) NPKRNT=0
IF (IPNT.LE.O0) IPNT=1
It (IPLT.LEGLO) IPLT=1
IF (NPRNT«GT«0) READ (59320) (NP(L)sI=1sNPIINT)
IF (NPLOT«GT.0) READ (5+¢820) (NPP(I)yI=145)
Ir (MOD(IYRs4)«EQ.0) MONTH(2)=29
NTSP1=NTS+1
CROSS-SECTION
D0 10 I=1eNX
READ (59720) X(1)9Z(I)sCINIT(I)eCLAT(I)sLTRIB(I)
IF (NZPLOT.GT.0) GO TO 60
UPSTREAM TIME-SERIIES DATA
READ (59800) (CIN(I)eI=29NTSP1)
CIN(1)=CIN(2)
IF (NTRIB.EQ.0) GO 710 30
TRIBUTARY TIME-SZIRIES DATA
DO 20 I=1sNTRIB
READ (Se800) (TRIBC(IsJ)eJ=29NTSP1)
TRIBC(Is1)=TRIBC(I,2)
IF (ISS.LE.0) GU TO 40
SUURCE/SINK TIME-SERIES DATA
READ (S59800) (CSS(I)sl=2eNTSP1)
CSS(1)=CSs(2)
ou TO 80
DO 50 I=1sNTSPI
CS5S(1)=0.0
Gu TO 80
OBSERVED DATA FOR PLOTTING
VU 70 L=1sNPLOT
READ (59800) (CSAV(LeJ)sJ=29NTSP1)
Gu TO 170
CONTINUE
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o0

270

280

290
300
310

READ DATA FROM DISX

XcLAD (20'IREC) ULATANX

COMPyTE DISCHARGE AND CONCENTRATION ARRAYS

CNX(1)=CIN(JP)

Uu 270 I=1sNX

WNX(I)=DATANX(2+I)®OATANX(3s1])
YNX(I)=DATANX(bs1)

1F (LTRIB(I)eNE«O) CTRBNX(L)=TRISC(LTRIZ(I) +JP)
CSSNX (I)=CSS(JPr)

it (ICIN.EQs1l) GO TO 310

COMPUTE CONCENTRATIONS FROM MASS VALUES

IF (CNX(1) eEQde040) GO TO 2580
IF (ONX(1)eLEe0es0) GO TO 440
CNX(1)=CNX(1)/QNX(])
CLUNTINUE
IF (NTRIB.EQ.0) GO TO 310
JU 300 I=1yNX
IF (CTRBNX(I)eEQe040) GO TU 300
I (LTRIB(I)WEWe0) GO TO 300
IF (DATANX(491)e3T,0s0) 50 TO 290
wrITE (6+91020) IMONsIDYsIYReIHR
CIRBNX(I)=0,0
oV TO 300
CTRBNX(I)=CTRBNX(I)/DATANX (441)
CUNTINUE
CUNTINUE
COMPYUTE DISPERSION COZFFICIZINTS
IF (IDISP.EQ.0) G50 TO 330
AL(1)=0.
AlP1(1)=0.
DI(1)=0,
DIP1(1)=0.
AN1=DATANX(3,1)
ANZ=DATANW(391)
ALL1=DATANKX(3+2)
AC2=DATANW (3+2)
ON1=DIFAC®#250,2YNX(1)®(32,28YNX(]1)PSZERV)®#20,.5
VDN2=DIFACH#250.#YNwW (1) ®(32,22YNW(]1)®SZERD)®80,5
UCLI=DIFAC#250.%YNX(2)®(32.¢#YNX(2)RSZERD)®#0,5
UC2=DIFACH#250.#YNW(2) 2 (32,C%YNW(2)®SZERD)®*8(0,>

COMPUTE VALUCES FOR INTERIOR X-SECTIONS

DU 320 K=Z2yNXM]

Ar]=DATANX(3sK+])

AF2=DATANW (39K+1)

DPI=DIFACR250#YNX(K+1)® (322¢YNX(K+])®SZE0)#*#%#0,>
UP2=DIFAC#*250.#YNW(K¢1)® (32:,2#YNWI(X+])®SZER0)#20,5
Al (K)=(AN1+AC1+AC2+ANCZ) /G,
AIPL(K)=(AC2+AC1+AP2+AP]) /4,
VI(K)=(DN1+DN2+DC1+DC2) /4,
VIPL(K)=(DC1+DC2+DP1+DP2) /4,

AN1=ACI

AnN2=AC2

ALl=AP]

AC2=AP2

binl=DC1

UN2=DCe2

uC1=DP1

DC2=Dre

320 CUNTINUE
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leoNel

330

340

CREATE TRI-DIAGONAL MATRIX

A(lsyl)=0.0
‘\(Z'l)=l.0
“(391)30-0
A(lsNX)=0.0
A(29NX)=1.0
A(39NX)=0e0
V1) =CNX (1)
BEGIN X-SEC LJOP
VO 340 K=29yNxXM]
DIST=DELX(K)+DELX(K+1)
EPS=DELX(K)/DIST
DELM=1./(DIST#DELX (K))
DELP=14/(DISTH#DELX(K¢]1))
OMIN=DELM®AT (K)®DI (K)
UPLS=DELP®AIRP]1 (K)#DIPI] (K)
UCEN=DMIN+IPLS
SELECT..CY.CLIC K COEFE

IF (ICYCL«EQel) RHN=0.4125070T
IF (ICYCL+EQe2) RHO=0.4145/0T
It (ICYCL.EQe3) RHO=0.4605/VT
UMR=(1e/0T)=RHO

COMPUTE SUM UF _ATs TRIBS + SUURCE/SINK
FIF=DATANX (44K)®CTREBNX (K) +WLAT(K)#CLAT(K)+ZSSNX(X)#DEL_X(K)
FIPLF=DATANX (49K+])®CTRBNX(K+])+QLAT(X*1)®CLAT(K+]1)+CSSNX(<+]1)®DEL
1x(K+1)
FIB=DATANW(4+K) “CTRENW (K) ¢+JLAT(K)#CLAT(K) ¢+ZSSNW(X)#DE_X(K)
FIPIB=UATANW(49K+])@CTRBNW(R*1) *+QLAT (K¢1)®ZLAT(K+1)+CSSNW(<+1)*DEL
1A (Ke])

CREATE INTEKNAL MATRIX COEFFICIENTS
A MATRIX
A(l9K)=RHU® (1 o=tPS)#DATANX(39K=1)=(ZI®THETA/DELX(K))®INX(K=]1)=DM]IN
1+UKCOEF/2.#Z1#THETA®DATANX (39K=1)
A(2yK)=OMREDATANX (34K) +THETA®((ZI/JELX(K))=((1e=21)/DELX(R*]1)))2uN
1X(K) +DCEN+DKCOEF /2,2 (ZI®THeTA+(le=2])*THETA)®#DATANX(39K)
A(39K)=RHOREPS®UATANX(3eK+1) ¢ ((1e=21)RTHETA/DELX(K+1)) ®ANX(K+]1)=-DP
1LS5+0KCOEF/2¢®(1le=21)#THETA®DATANX(39K+1])
L VECTOR
DIK=(RHO® (1 .=EPS)#DATANW(3sK=1)+(ZI#(1a=THZTA)/DECLX(K))®UNA(X=]1)+D
IMIN) #CNW(K=1)~DKCOEF/2e#Z1%(1e=THETA)#DATANW(3eK=])®CNW(K=1)
UEK=(OMRODATANN(39K) + (la=THETA)®((1le=21)/DZLX(K*]1)=(ZL/DELX(K))) 20
INW(K)=DCEN) #CNw (K) =DKCOEF/ce®(ZI®(1e=THETA)+(le=-21)%(1e=-THETA)) DA
CTANW(39K)®CNW(K)
JIK=(RHOPEPSADATANW(3sh+]1)=((1le=Z])®(1le=THITA)/DELX(K*]1))#INW(XK+])
1+UPLS) #CNW(K+1) =DKCOEF/2e#(1a=21)8(lo=THETA)®DATANW(39XK+])2CNW(Ke]
2)
D(K)=D1K+DL2K+D3K
ADD FLUXES OF LAT AND TRIB w'S
UC1==(ZI®THETA/DELX(K))®FIF
UC2==(Z1®(l.=THETA)/DELX(K))®FIB
UC3==((le=ZI)®THETA/DELX(X*1))#FIRI]F
JLe==((1le=21)%(le~THETA) /OELX(K+]1))®FIPIB
V(K)=D(K)=DCl=DC2-DC3=~DCs
FLUX BALANCIN3 CORRECTION FACTOR
D(K) =D (K) =FLJXJP®AZS (UNX(K) =QNW(K) ) #CNW(K) /DELX (X)
CUNTINUE
O(NX)=CNW(NXM])®*CRAT=UKCOEF#*DATANW (39NX41)2CNw (NXM])
END OF TRI-DIAGONAL MATRIX CKREATION
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360

370

380

390

400

420

THOMAS ALGURITHM
BETA(l)=A(241)
CAMA(1)=D(1)/A(24+1)
UV 350 I=2¢NX
SETA(I)=A(24I)=(A(LlsI)#A(39]=-1)/BETA(I=1))
GAMA(I)=(D(I)=A(1ls1)®GAMA(I=1))/BETA(I)
IF (GAMA(I).5Tele0E=75) 30 TO 350
OAMA (1)=0.0
CUNTINUE
CNX(NX)=GAMA (NX)
KK=NX
D0 360 I=1ysNXM]
KK=KK=1
CNX (KK)=GAMA (KK) = (A(3sKK)2CNX(KK*]1)/BETA(K<))
CUNTINUE

IF (MOD(JsIPNT)«NE.O0) GO TO 390

PRINT MODJEL RESULTS AT SELECTED TIME STEPS
WHRITE (69730) IMONZIDYsIYRsIHAR
wi=]
Me=13
Lr (M24GT«NPRNT) M2=NPRNT
wRITE (69740) (N2(I)el=M1,M2)
WHITE (65750) (DATANX(2+NP(I))sI=M1yM2)
WRITE (69760) (YNX(NP(I)),yI=M1sM2)
WHRITE (69770) (QUNX(NP(I)) el=M]14M2)
WRK[TE (69780) (CNX(NP(I))ysl=M1442)
IF (IDEBULLLELO) GO TO 380
SET OF WRITE STATEMENTS FOR TROUB_E=SHOOTING PURPISCS
WRITE (69620) (A(14NP(I))s1=M]1yM2)
WHRITE (69630) (A(24NP(I))41=M]1yM2)
WRITE (64660) (A(3,NP(1)),I=M]1sM2)
W TE (6+650) (DINP(I))sI=M1lyM2)
wRITE (6+660) (BETA(NP(I))sI=M19M2)
WHITE (6+670) (GAMA(NRP(I))sI=M1lyeM2)
WRITE (65680) (DI(NP(I))s]1=M1,M2)
WRITE (69690) (ULIPLI(NP(I))esI=M]lM2)
WRITE (69700) (AL(NP(LI))sI=M]1,M2)
wrITE (6e710) (AIPLI(NP(I))sI=M1leM2)
WHITE (6+4790)
[F (M2,EQ«NPRNT) GO TO 390
Mi=M2+]
McZ=M2+13
buv TO 370
CUNTINUE
ExCHANGE TIME LEVELS
VO 410 I=1yNX
JU 400 L=1+6
UATANW (Le1)=DATANX (L)
LUNTINUE
YNW(I)=YNXK(])
UNW(T)=QNX(])
CNw (I)=CNX(I)
CITRBNW(I)=CTRIBNX(I)
C>SNwW (I)=CSSNX(I)
CLUNTINUE
IF (NPLOT.EQe0) G0 TO 430
VDU 420 L=1sNPLOT
K=NPP (L)
CSAV (L9 JP)=CNX(K)

28

>PP>P>»PP>PP>PP>P>D>PP>PPPPPPPPPPPPRPPPRPPPRPPPPRPPRPPPPRPPRPPPPIPRPRPPEPPPPRPPPRPPR2>PEPPPPPPDDDPP

438
439
440
44)
442
443
bbb
445
446
447
448
649
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
4T4
475
476
4717
478
479
480
4b1
482
483
4846
4B5
486
487
488
489
490
491
492
493
496
495
496
497
498
499
500


http:me=M2.13




OO0 0N OO

IF (M2.GE.K1) GU TO 600
CALL OMIT (5)

CALL PLOT4 (17! TIME [N DAYSY)
Ml=M2+1]
MZ=M2+96
YUEL=YMAX=YMIN
YMIN=YMAX
YMAX=YMAX+YDEL
ou TO 500
600 CALL OMIT (=3)
CALL PLOT4 (17! TIMZ IN DAYSY)

wHITE (69990)
WRITE (691000) (LETTER(I) WNPP(I)sI=14NPLOT)
610 >10P

% * ® * # <@ o * L4 ® *

FORMAT STATEMENTS

620 FURMAT (!
630 FURMAT (¢

"y 10Xe'A(ly )'y13FB.4)

Y910Xe"A(2y )'913FB,.4)

640 FORMAT (' 14310XKs"A(3s )'y]13FB.4)

650 FURMAT (' *315Xs'D*y13F8,4)

660 FURMAT (' ', 12Xs'BETA'«13Fb,.s)

670 FURMAT (' ', 12Xs'GAMA'y13FB.4)

6580 FURMAT (' *314Xe'DI'913F3,1)

690 FURMAT (' ',12Xs'DIPL1's13F8,1)

700 FURMAT (' '414Xs'AI'y13F8,1)

710 FURMAT (' '412Xs'AIP1'e13FB.1)

720 FORMAT (2FB8.09¢40UXe2FBe0s4Xxs14)

730 FURMAT (' 1,129/ 0,129/ %4 [4s3Xe]bs2Xel3(5(1H=)s3Xx))

T40 FORMAT (' "4 12X9"XSEC'913(3Xx9[2+3X))

750 FURMAT (1H +8BXs'VELOCITY',13F8.2)

760 FURMAT (1H +11Xs'DEPTH'y13F8,2)

770 FORMAT (1H +7Xs'DISCHARGE'913FB.0)

Te0 FURMAT (1lH +3Xs'CONCENTRATIUN's1Xs13FB,.3)

790 FURMAT (1H )

B00 FORMAT (16Xs8FB.2)

B10 FURMAT ('0'3//10X420A4+//1X)

820 FORMAT (10IB)

B30 FOURMAT (20A4)

B40 FOURMAT ('0°'43130(1H®)s//925Xx9'UBB0==MASS TRANSPORT SIMJULATION USINo
1 AN IMPLICIT FINITE OIFFEZRENCE MOUEZLo'9//91Xs130(1H®))

B50 FORMAT ('0'910xs"CONSTITUENT INFLOw CODE3 (1) CONCENTRATIUN (2) F
1LUXY 96 (1H=) 3 IT7/11Xy *SOURCE/SINK COJE3$ (0) NO (1) YES'"$25(lH=)e17/
211Xs*'DISPERSIUN CODES} (0) ZERO (1) SELF=SETTING'slé4(lrd=),sIT)

860 FURMAT (' 9'310Xs'STARTING UATE " 940 (1H=) s 14y '/ V912" /'s14)

B70 FURMAT (' '410Xs*NUMBER OF CRUSS=SECTIONS' 434 (1H=)sI17/11Xs"NUMBER
10F TIME STEPS's38B(1H=)sI7/11Xe'LENSTH OF TIME STEP (MINUTES) 'y29(]
2r=) 9F941/11Xe "NUMBER OF TRIBUTARIES' 337 (lH=)eI7)

BBO FURMAT (' 310X "MULTIPLIEXR FOR SE_F=-SETTING DIS2eRrRSION COEFFICIEN
11'9B(1H=)sF10.2)

890 FURMAT (' '510Xs*DECAY COFFFICIENT' 941 (lH=)sFlb.5)

900 FURMAT (*'1'440Xs*VALUES JF INFLOWING CONSTITUENT'/1Xs120(14=)/1Xs1
12F 10,2/ (1X512F1042))

910 FURMAT (*"1'3640Xy"VALUES OF SOURCE (+) OR SINK (=) FLUX'/1Xe1l20(lH=-
1)/71Xe12F10.2/7/(1X912F10.2))

920 FURMAT (*1'340Xs*VALUES OF INFLOWING CONSTITUENT FROM TRIBJTARY NO
1e'912/71X0120(1A=)/1X912F10e2/(1X912F1042))
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SUBROUTINE PRPLOT

PRPLOT- SUBPROGRAM OF ENTRIES TU CONSTRUCT A CONTINUOUJS
PRINTER PLOT UF TIME SERIES DATA,

IMPLICIT LOGICAL®]1 (w)sLOSICAL*¥](K)

UIMENSION NSCALE(S)y ABNIOS(26)s X(1)s Y (1)

LUGICAL®] NOS(lU) /00090104020, 030,040,050,060,070,180,1G1/
LUGICAL®] IMAGE (1) «CHyLASEL (1) yERRIVERRIVERRS

LUGICAL®]1 VCyHCoFORL(19)sFOR2C(15)+FOR3(19) ¢NCoBLeRFsHFI]
REAL®#8 FOX1(3)sFOX2(2)+FOXx3(3)

INTEGER®#2 VCR

cWJIVALENCE (FOR1(1)eFOX1 (L)) (FOR2(1)sFOX2(1))s (FOR3(1)sFOUX3(1)
1)s (VCsVCR)

INTEGER FILE

JATA HC/'=2/yNC/V+0/4BL/Y "/ oHF/'F Y/ yHF 1/ Y/

UATA FOXL1/' (1XALsFQryt.2y 121%'+%41) Ve
JATA FOX2/'(1XAly Qrytxl2]1AL) '/
UATA FOX3/¢ (1HOF .v9 o F Ye's ) Ve

JATA VCR/L4FOUL/
JATA KPLOT1/eFALSE./sKPLITC/«FALSE ./
UATA KABSCsKORDsXBOTGL/3® ,FALSE ./

ENTRY PLOTL(NSCALE sNHLNSBH9NVLINS3V)
tRR1=.FALSE.,

ctRKR3=,FALSE.

ERS=,FALSE.

APLOT1=eTRUE.

KPLOTZ=.FALSE,

NH=TABS (NHL)

NoSHA=TABS (NSBH)

Nv=TABS (NVL)

NSV=TABS (NSBV)
N>CL=NSCALE (1)

IF (NH®NSHENVRNSV ,NELO0) 30 TO 10
XPLOT=,FALSE.

trr1=,TRUL .

Re TURN

KPLOT=.TRUE.

I (NVeLES2S5) GO TO 20
KPLOT=,.FALSE.

“rR3=,TRUE,

RETURN

CUNTINUE

NVM=NY-1

NVP=NV+]

NUH=NH®#NSH

NUHP=NDH+1

NUVENVENSY

NUVP=NDvV+1

NIMG= (NDHP#NOVP)

LF (NDV.LE.120) 30 TO 30
KFLOT=.FALSE.

trRS=.TRUE »

<c TURN

CUNTINUE

IF (NSCL.EQ@.0) GO TO 40
FoY=10.22NSCALE (2)
FoX=]10.#%NSCALE (4)
[Y=MINO(IABS(NSCALE(3))+7)+1
LA=MINO (IABS(NSCALE(5))99)+1
ou TO S0
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130
140

150
160

170
180

190
200
210

220
230

240

260

270

280

DU 130 u=I1,12
IMAGE (J) =HC
COUNTINUE

VU 160 J=I1sI2enNSV
1F (KNHOR) GO TO 150
IMAGE (J) =NC

U TO 160
IMAGE (J) =VC
CUNTINUE
XMINI=XMIN=DV/2.
YMINI=YMIN=-DH/C®
Rc TURN

ENTRY PLOT3(CHyX9YsN3)
LF (KPLOTZ) GO TO 180
wrITE (IFLs330)
CUNTINUE

IF («NOT.KPLOT) RETUKRN
LF (N3.6GT.0) 60 TO 19U
APLOT=.FALSE.

W 1TE (IFLe340)

<e TURN

VU 260 I=14N3

LF (DV) 21042004210
JuMl=0

ou TO 220

CUNTINUE
DUMLI=(X(I)=XMINL)/DV
1F (DH) 240+230+240
DuUM2=0

ou TO 250

CUNTINUE
DuM2=(Y(I)=YMINL) /DH
CUNTINUE

I (DUM]1eLT.0ee0ReDUMC.LT,04) GU TI 260
IF (DUM1.GE.NDVP.0RsDUM2eGE«NDAP) 30 TO 2K0
NX=1+INT (DUM])
NY=1+INT (VUM2)
J=(NDHP=NY) ®#NDVP+NX
IMAGE (J) =CH

CUNTINUE

R TURN

ENTRY PLOT4 (NLsLABEL)

cNTRY FPLUT4 (NLyLAGEL)

IF (oNOTXPLOT) RETURN

IF («NOT KPLOUTZ) GO Tu 170

JU 280 I=1sNOAP

I1F (I +EQeNDHP AND.KBOTGL) LU TO 250

wL=8BL

IF (IesLEWNL) wL=LABEL(I)

le=1#NDVP

I1i=12-NDV

IF (MOD(I=19yNSH) «EQ.0.AND,«NOT.KOKD) GO TO 270
wRITE (IFLsFORZ2) WL (IMAGE(J)sJ=11s12)

ou TO 280

CUNTINUE

URDNO=(YMX=FLOAT(I=1)#%0DH)#FrSY

I (I+EWeNDHP) O=<DNO=YMIN

wRITE (IFLyFOR1) WL9sORDND, (IMAGE(J) s Ju=11s12)
CUNTINUE

1F (KABSC) GO TO 290

ARITE (IFLyFOR3) (ABNUS(J)esJ=19NVP)
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Solute Concentrations NPLOT
Solute Concentrations 2
Solute Concentrations 1

SET VII PLOT DATA

Eg Solute from Source or Sink

SET NO. VI INFLOW FROM SOURCE

Solute at Tributary No. NTRIB

Solute at Tributary NO. 2

Solute at Tributary No. 1

SET NO. V. TRIBUTARY INFLOW CONCENTRATIONS
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EXAMPLE!

§CODE
8SIZE
SINIT
&CTRL
AVATE
1
28
1
1584,
2217.
3000,
4000,
5121,
6967,
9873,
1230¢2.
13675,
14361,
15153.
17793.
18585,
19536,
22334
25291.
27350,
30888,
32419,
33686.
35481.
370606,
39758,
43349,
45038,
46517,
45101l
49680,
51533.
52747,
BUF UKD
BUF UKD
BUF UKD
BUFURD
BUFORD
BUFUKD
BUFurD
3dUFUKD
BUF VXD
BUFORD
sUF urD
BUF UxD
BUF UKD
BUF ORD
BUF UKD
BUF UKD
BUFO<D
BUF UKD
BUF urD
BUF UKD
BUF urD
BUFURD
BUF UKD
BUFURD

I0ISP=1, 1S5=1, IDESUG=0,
NX=309 NTS=288» NTRIB=1y 0T=300.
DIFAC=]1,0» OXCOEF=0.00001
NPRNT=13s [PNT=24» NPLUT=3y IPLT=3
IYR=1976s IMON=4, IDY=1, IAR=0
4 4 7 10 13
29 30
15 30

910.54 0.050 0.0 0.0 0e0
909453 0.086 0.0 0,0 0.0
908,10 0eUb8 0.0 0.0 0.0
906.13 0.056 Ve0 0.0 0.V
903,76 0.051 060 040 0.0
901.15 0.038 0.0 V.0 00
898,04 0.026 0.0 0.0 0.0
896.906 0.025 0.0 0.0 Va0
895.97 0.035 “U.OO] OOU U.O
895,87 0.048 =~-0.001 0.0 0.0
894,16 0,037 =0.,001 0.0 0.0
897.65 0.021 0e0 0e0 040
897.55 0.021 Ue0 0.0 0.0
897,45 0.01lB 0.0 0.0 0.0
897.03 0O.U18 Ue0 0.0 Va0
900.52 0.030 Ue0 0.0 0.0
899,61 0.030 0.0 0e0 00
898,90 0.030 -0.002 0e0 0.0
897,49 0Deub5 =-0.005 0.0 040
895,5v 0.0¥9 =0.005 0.0 0,005785
BY4 .48 0elV7 =-0.00¢ Oev 0.0
893,27 0.110 Ue0 Oev 0.015773
891,46 leUBB V.0 (UPV) 0.0
890.85 0.058 0.0 0.0 0.0
887,84 0.U26 0.0 (] 0.0
888.206 O.016 0e0 0eV 0,0
890.3Y 0.019 0.0 0.0 0.0
890,21 0.023 0.0 0e0 0.0
889 .44 UeU23 0.0 0.0 0.0
889,36 0.026 Us0 Ue 0 0.0
DAM le 1. le le
DAM 1. l. 1. 1.
DAM l. l. l. 1o
DAM 1o 1 le le
DAM l. 1. l. )
DaM 1. l. 1. 1 s
DaM . 9, Y. 9.
DAM 5% Yo 9. 9's
DAM I Yo Y. Y.
DAM 9, 9 Ye 9e
DAM . Fe 9. Ye
DAM 9. 9. e 9.
DAM 9. e Y. 9
DAM 9e Ve 9, 9
DAM 9. . 9. 9.
DAM Ve 9. Je 9.
DAM Yo Ve Yo 9.
DAM 9% b 9, iy
DAM 5. 5a S5e Se
DAM Se Se De S's
DAM Se e Se Se
DAM 5o 3 Se Se
DAM e Ste S5 Se
VDAM Se Se S5e Se
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JB8BO MASS TRANSPURT MOUEL SIMULATION
ICIN=1,

NZPLOT=0

1.000
1.000
1.000
1.000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1,000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

le
l.
J
1.
le
Je
.
.
Je
)5
Je
Je
Je
.
e
Je
.
Se

De

v Ui
o o

U
.
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1.0
l.v

1.0

ee

LR Sl i ol o L ety Y o BV o B oBY oY Al o BV OB oY oY o B o BV N G SRV o Y o BV o BEV IRV o JRV o JEN o BV o SV o

SEND
SEND
&END
S8END
SEND

(3]

1o
le
l.
1o
1.
1l
e
9.
9.
9.
9.
Fe
e
9.
9.
.
9.
9.
:".
5e
S5e
Se
Se
50

BUF UKD
BUF URD
BUFURD
BUF UKD
BUF UKD
BUF UKD
BUF UKD
BUFuxD
BUF UKD
BUFURD
BUF UKD
BUF uxD

DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM
DAM

TrIBe NOo 1

TrIBe NO.
TRIBs NO.
TRIBe NO.
TRIBe NO.
TRIB« NO.
TRIBe NO.
TrIBe NO
TRIB. NO.
TRIB. NO.
TRIBe NO.
TRIBe NO.
TrIBe NO.
TrwiBe NOo
TrIBe NO.
TwIse NO.
TRIBe NO.
TRIBe NO.
TrIBe NO.
TRIBe NO.
TRIB« NO.
Txide NO.
TRIB« NO.
TRIBe NO.
TRIBe NO.
TRIB. NO.
TRiIde NO.
ThiBe NO.
THIBe NO.
TeiBe NO.
TRIBe NO.
TRIB« NO.
TRIBs NO.
TRIBe NO.
TRIBs NOo
TRIB« NO.

SOURCE
SOURCt
SOURCC
SOURCE
SOURCE
SOURLE
SOURCt
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCL
SOURCE

e bt e
.—-..-.-p-—...»-.—-.—.—.—...-—«p-..a._.._.._...-._...._....,_..—._-....-,.-

—

SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
SINK
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