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ABSTRACT

Tidal flushing characteristics of Marina del Rey have been in-
vestigated by computer simulation. Because of the special geometry
of Marina del Rey which can be approximated by one-dimensional
segments; the model developed by Fischer (1970) is used for the si-
mulation process.

Individual elements of fluid are followed as they move along one-
dimensional channels in response to flows generated by tidal fluc-
tuations. A mass-conservation equation is used with tidal data to
compute tidal flows. Dispersion of pollutants between fluid elements
is calculated using a modified Elder's equation for dispersion in wide
open-channel flow. (Dispersion coefficients obtained range from 2.3
sq. ft. /sec. to 44 sq. ft, /sec.) Time proceeds in a series of finite
steps, each of which has a convective part and a dispersive part,
Data for the program is provided from tide recordings made at
various pointe in the marina,

The results show comparitive flushing characteristics for pollu-
tants discharged at various locations in Marina del Rey. The most
striking characteristic of the marina is its sensitivity to variations
in locations and time of pollutant injections,

Two main conclusions were reached. The main channel has a

great deal more flushing activity than the basinsg, The timing of pol-

iii



lutant injections relative to tidal phases is very important in deter-
mining what percentage of material will be flushed out in a given
time. Pollutants injected during a high tide experience much more

flushing than when injected at low tide.
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I. INTRODUCTION

.1 Background

The natural harbors formed by bays and estuaries generally
give rise to adjacent centers of population and industry. The in-
dustrial and public works facilities in such areas place a heavy ef-
fluent load on these water bodies.

Water movement in a semi-enclosed basin, such as an estuary,
is constrained by the physical boundaries of the basin. Pollutant
concentration buildup can occur more rapidly in an estuary than is
the case along a straight, featureless coastline, or in the open sea,
We may conclude that bays and estuaries are the salt water bodies
most easily degraded by the activities of man,

Recent concern with preserving or improving the quality of
the water resources has precipitated a need for their intelligent
management and regulation, The management function is difficult
since any water body is subject to conflicting uses {i. e. use for one
purpose may limit or exclude use for another), each of which has
socio-economic benefit. Regulatory agencies must decide which use
or combination of uses will devolve the greatest benefits to the most
people.

Processes affecting water quality {physical, chemical and bio-

logical) are extremely complex and not fully understood, even for



simple geometry. These are the processes upon which management
decisions must be hased, It is evident that water-quality authori-
ties must have tools available to assist them in making sound man-
agement decisions. The primary tool is the water quality model.

The application of water quality models has been shown to be
a powerful technique in water resources management (Orlob, et. al.,
1969). Models can incorporate the complexities of the processes
affecting a water body in a form simplified sufficiently to permit
tractability for management use. Models provide a diagnostic and
quasi-predictive capability. This capability (which is quasi-
predictive since, in most cases, dispersion coefficienta and water
depths due to tides and seiches must be measured in the prototype)
may be used to evaluate proposed changes in the geometry of the
water body, its inputs or its uses.

There are two basic aspects to the aimulation of estuarine
processes. The first is hydrodynamic modeling, which uses en-
trance tide data to compute currents and water levels in the estuary.
The second is water gquality modeling which simulates the temporatl
and spatial changes in pollutant concentrations due to convection,
dispersion and sources and sinks, A predictive water guality madel
uses the results of a hydrodynamic model and calculated dispersion
coefficients as input data. Calculated dispersion coefficients have

historically been one or more orders of magnitude too small



(Fischer, 1966), A quasipredictive water quality model uses the re-
sults from a hydrodynamic model or from tide-seiche measurements,
and measured disapersion coefficients as inputs,

Two classes of problems face an engineer concerned with the
tidal flushing of estuaries:

1l.) The development of an equation, computer program or
other model to predict the distribution and concentration
resulting from the discharge of a pollutant into an existing
estuary;, or. . .

2.) Prediction of what will happen to such things as salinity
intrusion and pollutant concentrations if the estuarine
geometry or fresh water discharge are changed perma-
nently,

The work reported herein is concerned with the first of the
above mentioned ‘wo cases: Formulation of a quasi-predictive water
quality model to predict the distribution and concentration resulting
from the discharge of pollutants or storm drainage into Marina del
Rey, California. This work is a part of an environmental study done
at the reqaest of the Los Anpeles County Flood Control District and
the Marina de! Rey Small Craft Harbor Commission. These organi-
zations needed information on the effects of the discharge of storm
water drainage into the marine environment, in particular in

marinas and harbors in Southern California tegion,



The design for Marina del Rey was completed in November,
1956, This was one of the first attempts to establish a large harbor
for the protection of small, recreational craft with an entrance ex-
posed to a severe wave climate. The U.S5, Corps of Engineers
project consists of two parallel rubble-mound jetty structures with
an outlying rubble-mound breakwater, and a main chaunel approxi-
mately 10, 000 feet long, 1000 feet wide, and 10 to 18 feet deep at
mean lower low water (M, L, L, W, ) extending to the inner basin com-
plex. The harbor was constructed in a Los Angeles County owned
marsh, The moles and perimeter lands are spoil material from
the harbor excavation. The basin area ias 10-15 feet deep at mean
lower low water, The perimeter of the marina consists of vertical
faced bulkheads constructed of concrete sheet piles. The Ballona
Creek Flood Control Channel is located immediately southeast of the
marina entrance, Figure 1 illustrates the layout of the marina.

1.2 _Objective and Scope of Present Work

The objective of this study is to investigate the pollutant trans-
port characteristics of Marina del Rey by computer simulation.
Because of the special feature of the geometry of Marina del Rey
which can be approximated by one-dimensional segments; the model
developed by Fischer (1970) was used with certain minor modifi-
cations,

In Chapter II, previous work ou estuary flushing models is

Surveyed. A general description and discussion of Fischer's one-

[——
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dimensional model is presented in Chapter III, Work done at
Marina del Rey in recording tides for use in the computer model
is discussed in Chapter IV, Chapter V details the modeling of
Marina del Rey. Results of computer simulation are Presented

in Chapter VI. Conclusions are stated in Chapter VII,



11, LITERATURE SURVEY

Il1.1 Introduction

According to the most widely used definition, an estuary is a
semi-closed coastal body of water which has a free connection with
the open sea {Pritchard, 1969). .The water within the estuary is a
non-homogeneous mixture of seawater and fresh runoff water. The
fresh water overlies the saline water and the estuary is stratified,
Estuaries undergo flushing due to the net seaward flow of fresh
water, and due to the oscillatory currents assoctiated with the tidal
rise and fall of the water surface. Tidal currents are generally the
dominant horizontal motions in estuaries, providing the turbulent
energy for mixing. Bowden (1967) considers the primary parameters
of circulation and diffusion in estuaries to be: physical dimensions,
freshwater flow and tidal conditions.

It should be noted that Marina del Rey is not strictly an es-
tuary as defined above. There is no measurable fresh water influx
to the marina except for brief periods (a few days at most) during
the winter and spring storms. Therefore the water in Marina del
Rey may be considered to be vertically and horizontally homo-
geneous. This should be kept in mind during the following dis-

cussion,

Probably the earliest model of tidal {lushing was the tidal



8
prism used by Phelps and Velz {1933) to study pollution of New York

Harbor, Since their assumption of complete mixing on each tide
is incerrect, an improvement was suggested by Ketchum (1951) in
which the estuary i s divided into segments, each of which is assu-
med to be completely mixed. Ketchum's relatively crude method
has been used to calculate flushing times as recently as 1970
{Ahrnsbak, 1971).

Since 1951 analysis of estuary pollution has developed pri-
marily in the framework of diffusion and mass transfer theory.
The major stepping stone for this development was the publication
in 1953 of G.I. Taylor's work on the dispersion of matter in laminar
flow through pipes. Taylor showed that dispersion was produced by
diffusion across the pipe combined with a diametral variation in the
velocity along it, caused by wall friction. He extended the theory
(Taylor, 1954) to turbulent pipe flow showing that transverse mixing

in this case is due to eddy diffusion in that direction.

Il. 2 Diffusion and Dispersion

The meaning of the terms convection, diffusion and dispersion
in estuaries will now be discussed, Convection is the transport of
a dissolved substance in a flow at the same velocity as the fluid at
the point where the substance is located {i. e. following the flow

streamlines). Transport associated with molecular action and with

T
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turbulence is termed diffusion, while transport associated with the
variation of velocity across the flow section is termed dispersion,
Prior to 1969, the literature had never clearly defined the difference
between these terms as they are used in fluid transport problems,
The terms diffusion and dispersion have been used inter -changeably,
and it is sometimes unclear which mechanism an author has in mind
from the terminoclogy he uses, Holley (196_9] has proposed the fol-
lowing definitions, Diffusion is transport in a given direction at a
point in the flow due to the difference between true convection in
that direction and the time average of convection in that direction.
Dispersion is transport in a given direction due to the difference
between true convection in that direction and the spatial average of
the convection in that direction. For a channel this average is over
the channel cross-section.

Molecular diffusion is used only as a basis for analyzing tur-
bulent diffusion by analogy. Its physical magnitude is small enough

in comparison with turbulent diffusion that it may be neglected,

1I, 3 Continuum Models

Beginning with the basic ideas of Ketchum and of Taylor,
Arons and Stommel (1951) developed a mixing length theory of tidal
flushing. They proposed the use of the one-dimensional mass

transfer equation in which each term is averaged over the tidal



10
period, A brief discussion of the derivation of the one-dimensional

mass transfer equation follows.
The three dimensional turbulent mass transfer equation for a
conservative substance (also referred to as the advection-diffusion

equation), neglecting molecular diffusion, is: -

at 17X 3y 3z

S ¢ ) 9¢< A 2%y 4 rs 1
ax Cx e Payly e ) ()

where u, v and w are the time averaged (over a period short in com-
parison with the tidal period) velocity components associated with
the turbulent flow; ¢ is the local concentration; s ey, ez are the
turbulent diffusion coefficients; and T' S is the sumn of sources and
sinks. To obtain the one-dimensional simplification of equation (1),
the transverse and vertical velocities, v and w respectively, are
assumed to be zero, The longitudinal velocity, u, is averaged over
the channel cross-section to get the average velocity U, The local
concentration ¢ is averaged over the channel cross-section to get

the average concentration C. After simplification, the one-dimen-

sional equation is written:

Iy acy+ L3 1 2 ag2a% _1la,,= acC
A ot Aax( uc) - Aax( ;;x)-Aax(Aex;.x)+ES

(2)

The reader interested in a rigorous derivation is referred to Okubo

(1964) or to Holley and Harleman (1965). The negative term on the



1
left side of equation (2) is the longitudinal dispersion term, and E

is the dispersion coefficient, The quantity éx is the spatial average
of the turbulent diffusion coefficient. Taylor (1954) has shown that
E is more than two orders of magnitude larger than ‘;'x' It is con-
venient to add the two coefficients and refer to the sum as the long -

itudinal dispersion coefficient, E;:

Equation {(2) then becomes:

L2 ac)+1l2a (auc)-
A ax

oY b (AEL _LC.)+ s (3)

This is the most general form of the one-dimensional mass transfer
equation for a channel of variable cross-section.
The continuity equation for a variable area estuary with no tribu-

tary flow and no stagnant flow regions is written.

M 2 _
A Z s o (4)

After expanding the left side of (3) and using (4) to simplify,

ax A ax
is obtained, This is the form of the one-dimensional mass transfer

c IR | AE_ aC ) 4 5

equation that is usuvally treated in the literature. It must be noted
that Okubo's derivation assumed a channel of constant cross-section,
Theoretically, equation (4) is strictly limited to the case of a one-
dimensional channel deep enough to minimize tidal effects on the

cross-sectional area.
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All simplified models such as equation (4} involve some averag-
ing process which yields two terms describing Pollutant transport.
The second term on the left is the net convective term, and the first
term on the right is the longitudinal dispersion term, which lumps
together the remaining effects of averaging, Fischer (1970) has re-
ferred to this term as containing the '"garbage coefficient, " (EL)
meaning that it includes all effects not otherwise accounted for.
Those models (i. e. two and three-dimensional models} that specify
more details of convection require smaller "garbage coefficients"
because less averaging of convection is included in the coefficient,

Arons and Stommel (195]1) used a form of equation (5) where each

term is averaged over a tidal period. The time-averaged mass

transfer equation is:

C .la @agp 2%, r5

X A ax L ax

o

C , v
‘;-;~+ f . (6)

o/

where C is the concentration averaged over one tidal period, Uf is
the non-tidal advective velocity duc to freshwater inflow, and EL is
the time averaged longitudinal dispersion coefficient. A is the time
averaged cross-sectional area, and the source and sink terms are
also time averaged. Stommel (1953) used a steady state form of
equation (6} in finite difference form to determine EL as a function
of x from measurements of salinity in the Severn Estuary. He then

calculated longitudinal concentration distributions for a pollutant in-

troduced at an arbitrary section of the estuary.
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A mathematical model based on a different non-tidal advective
concept has been developed by O'Connor (1965). His model applies
to instantaneous concentration distributions at slack tide conditions
rather than to concentrations averaged over a tidal period. The
model, which has the same form as equation (5), is called the slack
tide approximation. O'Connor obtained analytic solutions for in-
stantaneous or continuous injection of a pollutant for both constant
and variable area estuaries.

Although the two non-tidal advection concepts have governing
equations that appear to be identical, the longitudinal dispersion co-
efficients for the two models have different magnitudes, The serious
disadvantage of the non-tidal models is that the dispersion coeffi-
cients for the particular reach under consideration must be deter-
mined experimentally, This is an expensive and tirne consuming
procedure involving dye injection and observation in the field,

The ease of analysis of models based on non-tidal advective con-
cepts led to their development before large, powerful computers be-
came widely available. The analytic simplifications gained by
ignoring tidal motion are more than offset by the difficulties of de-
termining an appropriate dispersion coefficient. For this reason,
recent emphasis has been on the development of real time one -
dimensional models, where the governing equation is averaged over

the channel ¢ross-section, but not over time.



14

1I.4 Computer Models

The advent of the large, high-speed digital computer has allowed

the use of real time models in complex geometries., These generally

use finite-difference techniques to solve the one-dimensional equation
(5). The firat real-time formulation that the writer is aware of is

that of Thomann (1963). He used network theory to compute dissolved

oxygen distributions in an estuary. Although possible on a digital
computer, his solutions were intended to be carried out on an analog
machine,

Bella and Dobbins (1968) have performed finite difference cal-
culations for biochemical-oxygen-demand and dissolved-oxygen pro-
files in the uniform density region of a hypothetical constant-area
estuary having a sinusoidal tide. Their results were compared with
solutions obtained from the steady-state, non-tidal advective mass
transfer equations, Dornheim and Woolhiser (1968} developed a
finite-difference scheme for a hypothetical estuary with a cross-
sectional area which varies as a linear function of x and which is
subject to a sinusoidal tide. In both of the above investigations the
numerical values of the real-time dispersion coefficients were ar-
bitrarily assigned, In other words, the relation between the mag -
nitude of the dispersion coefficient and the tidal motion was not con-
sidered. Shubinskij et al (1965) and Orlob et al (1969) have con-

sidered water quality problems in the San Fransisco Bay and the
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Sacremento-San Joaquin Delta area, The computational scheme con-

sists of a link-node network of uniform flow channels. The real-
time finite difference model considers tidal advection and dispersion
in the uniform channel links between nodes. All non-advective and
dispersion aspects of the mass balance, such as decay and absorp-
tion are assumed to be concentrated at the nodal junctions, The
dispersion coefficients and the rate constants of the various source
and sink terms must be adjusted to match field data,

The real-time mass transfer mathematical model has been
studied by C, H. Lee {1970), Finite-difference forms of the con-
tinuity, momentum and mass transfer equations were developed for
variable-area estuaries of arbitrary geometry. This permits in-
clusion of non-linear tidal advection, multiple pollutant sources and
time-dependent freshwater flow. The real time longitudinal dis-
persion coefficients are related to the tidal motion through salinity
observations in the salinity intrusion region and through the modified
Taylor diepersion equation (to be discussed below) in the constant
density tidal region, Water quality parameter observations in
several estuaries are used for comparigson with the analytic results,

Preliminary results have been published by Harleman et. al, (1968).

II.5 Determination of Longitudinal Dispersion Coefficients

There are two methods used in determining longitudinal disper-

sion coefficients for a real time model, The first of these is an
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analytic one which considers the fluid mechanics of dispersion in an

oscillating flow. The second is an empirical one whgre the disper-
sion coefficient is determined by comparing solutions of the mass
transfer equation {5} with measured concentration distributions of a
substance in the estuary in question. Coefficients determined by the
latter method may be used to predict the dispersion of some other
substance. A practical requirement of this method is that all the
source and sink terms for the substance used must be known fairly
accurately. As a consequence, the empirical method is restricted
to naturally conservative substances or to tracers with well known
decay characteristics.

A physical understanding of longitudinal dispersion may be gained
by consideration of steady, uniform density, turbulent pipe flow,
Assume 1n instantaneous injection of a finite amount of tracer ma-
terial uniformly across the entire flow cross-section. The velocity
distribution causes the tracer near the center of the pipe to move
downstream much faster than the tracer near the pipe wall, Lateral
turbulent mixing maintains uniform concentrations at various cross-
sections. There is a large measure of longitudinal spreading due to
the shear stress along the pipe wall, The advective term in the one-
dimensional mass transfer equation relates to the average longitud-
inal velocity at the section, but it cannot account for the longitudinal

spreading caused by shear stress. The mass transfer due to the
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velocity distribution is combined with that due to turbulent diffusion,

and the total effect is represented by the longitudinal dispersion co-
efficient. The larger the non-uniformity of the -velocity distribution,
the larger is the dispersion coefficient.

A prediction is needed of the longitudinal dispersion coefficient
in an oscillating flow of uniform density as found in Marina del Rey,
Dispersion in steady flows of uniform density will be considered as
a preliminary step,

Taylor (1954) first determined a quantitative expression for the
longitudinal dispersion coefficient, EL. His result is written

E; = 10.1 T, U, (7)
where r, is the pipe radius and u, =m is the shear velocity
{ T, 18 the shear stress at the Pipe wall),

Elder (1959) applied Taylor's methods t a steady, uniform, wide
open-channel flow having a logarithmic velocity profile in the ver-
tical direction. Elder's coefficient of longitudinal dispersiqn is given
by:

EL = 5,9 u, d, (8}
where d is the depth of flow, The longitudinal dispersion coefficients
predicted by the above equations have been confirmed experimen-
tally.

Equations (7) and (8) can be written in terms of the channel flow

and friction parameters, In the literature, this is usually done with
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Taylor's equation (7) to yield the modi_fied Taylor equation:

EL =77nU Rh5,6 (sq. ft./sec), {9}
where n is Manning's frictioﬁ coefficient, U is the flow velocity
averaged over the cross-section of flow, and R.h is the hydraulic
radius, Investigators have used this relation in open-channel flow
although Taylor strictly limited his result to turbulent i:)ipe flow., In
the case of a channe! with width and depth of similar dimensions the
use of equation {9} is acceptable,

Since a typical channel cross-section in Marina del Rey has a
width to depth ratio which raﬂges from 30:1 to 60:1, it is appropriate
to use Elder's equation (8) for the present work, This equation may
be modified to the form of equation (9) as follows., The shear velo-

city is given by:

where g = 32,2 ft. /secz, Rh is the hydraulic radius, and Se is the
slope of the eneréy gradient. Substitution into (8) yields:

E, =594d \/th—Se.
Using the Chezy formula,

22
s_=U"/CR, ,

where Cc. is the Chezy coefficient, we have:

E; =59 Vg ‘::U }
<

The Chezy coefficient is related to the Manning coefficient, n, by:



Substitution yields:

E =22,4——

In a wide channel, the hydraulic radius may be approximated by the
water depth, and the required expression is:

5/6
E; =22.4nd U (10)

There is a question of what velocity to use in applying equation
(10) to an oscillating rather than a unidirectional flow, The absolute
value of the tidal velocity {Holley and Harleman, 1965) may be used.
In an estuary it is expected that bends and intersections will cause
an increase in the logitudinal dispersion in comparison with a
straight channel. On this basis it is suggested (TRACOR, 1971, p. 56)
that the modified Elder equation (10) be increased by a factor of 2,
The proposed equation to predict longitudinal dispersion at various
points along wide, shallow tidal channels containing water of uniform
density is:

E =45n d5/6|U| (tt.2/sec. ) (1)
where n is the Manning coefficient, d is the water depth, and U 1is
the magnitude of the water particle velocity at the point of interest

averaged over the channel cross-section,
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1I.4 Box Models

Another approach to the modeling of estuaries is the so called
"box'' model as described by Keeling and Bolin (1967), Briefly, a
water body is divided up by a series of control vqlumes {(boxes)
fixed in space, The fluid within each box is assumed completely
mixed and containing a certain concentration of dissolved substance.
Exchange is allowed between each box and to external sources and
sinks. A conservation of mass equation is written for each box re-
lating the amount of dissolved material within the box to the mass
transfer rates through its boundaries and to internal decay. Each
equation is solved to obtain a time history of concentrations within
each box. The analytic simplicity of the box model is counter-
balanced by the large amount of field work required to determine the
rate constants,

Objections may be raised to the loss of rigor when using the box
model method (Leendertse in TRACOR, 1971, p. 307), i.e. re-
placing a differential equation with intuitive ideas on exchange pro-
ceéses and rates, One difference between numerical models and
box models is that the former has governing equations which contain
diffusion coefficients (eddy diffusivities), while the latter represents
diffusion processes as empirically determined rates. According to
Okubo and Pritchard {1969) exchange rate constants in the box model

have '.,. no clearly defined physical basis, but, to be honest about
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it, neither do eddy diffusivities."

II.7 A LaGrangian Model

It should be noted that all of the modeling methods discussed
thus far are in Eulerian form; concentrations are predicted for all
points in the modeling space. Fischer (1970) has reported a model
which is unique (to the writer's knowledge} in that a LaGrangian view-
point is used. This model, which is executed on a digital computer,
follows individual elements of fluid as they move along one-dimen-
sional channels in response to flows. It is assumed that the water
is homogeneous vertically and horizontally,

Fischer has given up mathematical rigor and complexity in favor
of an intuitive model capable of modeling complex geometries, at
the cost of a significant increase in computer time required. Only
the slightest changes in programming are required to apply the pro-
gram to a new geometry, The program can be set up (with no change
in programming} to model any combination of pollutant inputs, decay
and chemical interactions in a widely differing geometries.

Although the program as listed in Fischer (1970) contained a
major logical error and an assortment of minor ones, the method
appeéred_to be a practical and powerful tool for the modeling of
estuaries, Therefore it was decided to use this method to simulate
Marina del Rey. A description and discussion of the model is pre-

sented in the following chapter.



I1l, GENERAL. DESCRIPTION AND DISCUSSION OF

ONE - DIMENSIONAL LAGRANGIAN MODEL

III.1 Overview

The computer model used in the present work is a modification
of the LaGrangian model reported by Fischer {1970). The estuarine
geometry is represented by a series of one-dimensional segments
connected end to end. A hypothetical estuary and its schematic re-

presentation are shown in Figure 2.

(1)
(2)

(3) (4
(5)

1)

Figure 2. Schematic Representation of an Estuary
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The segments are nunbered starting at the landward segment and
proceeding seaward. Each segment has a characteristic width and
depth. FEach segment is divided into several water volume elements,
numbered sequentially. Pollutant concentrations in the elements are
stored in a two-dimensional array, and are identified by the segment
number and element number, Time proceeds in a series of finite
steps. During each time step these volume elements are moved
within a segment and between connecting segments in accordance
with flows calculated using a conservation of mass routine and tidal
elevation data. Dispersion of pollutants between volume elements
is caleculated and takes place during each time step. In this manner,
the concentration distribution stored in the two-dimensional array is
modified during each time step according to the calculated convection
and dispersion, The concentration array and other storage arrays a
are initialized to zero before program execution begins,

The program user may select the format in which results are to
be presented, whether in numerical printouts or graphical plots
showing pollutant concentrations,

A description of the basic functions of the program follows., The
program is written with the Fortran IV language, A listing of the
program along with input data and typical numerical results for
Marina del Rey is prescnted in Appendix 3. The computer used for

the present work is an IBM model 370/155.
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1II.2 Main Program

The primary program, referred to as MAIN, is a management
program. This program examines the tidal conditions, performs
preliminary operations accordingly, and calls subroutine River
which actually performs the simulation, Prog;am divisions are

shown in Figure 3.

PRIMARY SECONDARY
SUBROUTINE B
MAIN TIDE SUBROUTINES
PROGRAM STATE
EBB = e
PRELIMINARY L
MAIN FLOOD " | OPERATIONS [*™] ROUTINE
PLOT SUB. MAP
ROUTINE E , ]
%
+ SUB. BRANCH
- |
R
{suB. DIFUSE ]
INCREMENT -— ]
TIDAL PHASE %
SUB. XPR NT
O A—
PLOT
INFO
STORAGE
g
Figure 3. Block diagram of water quality program

for estuaries which may be approximated
by a one-dimensional geometry.
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Numerical quantitities are stored in COMMON block storage areas,

so0 that several subroutines may refer to the same variables.

When program execution begins, MAIN reads the following data:

L

2.

3-

Prototype identification,

The number of tidal cycles to be run,

Concentration in the ocean of the pollutants

being modeled (constant since the ocean is

considered an infinite sink),

Tidal cycle numbers for which output is to be printed and/or
plotted at the end of each phase,

The number of hours in each tidal phase of the 25 hour tidal
cycle (for example, 6, 6, 6, 7),

The number of water qﬁality parameters being rmodeled
(from 1 up to 3),

An alphameric description of each parameter

(12 characters) and its decay constant,

MAIN prints the site identification and lists each parameter name

with its decay constant, If a plot is requested, a plot identifier is

set up along with preliminary specifications.

Simulation now begins with tidal cycle number 1, A labeled

CONTINUE statement ("'A") is placed here to act as a reentry point

for ensuing cycles. If a printout or a plot is requested for this

cycle, logical indicators are set accordingly.
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The program now enters a DO loop which iterates once for each
of the four tidal phases. The number of hours in the phase being
executed is set, If the tide is flooding, parameter concentrations
at the estuary entrance are specified (from the concentrations in the
ocean}), and subroutine RIVER is called., If the tide is ebbing, sub-
routine RIVER is called without any preliminary steps. In either
case, the tide indicator is reversed in preparation for the following
phase. This is the end of the DO loop,

At this point all four phases of the cycle have been completed,
1f requested previously, plot data on the distributions of each water
quality parameter at the end of each phase, stored by subroutine
RIVER, is plotted now. This provides four concentration curves in
one plot frame, and one plot frame for each water quality parameter,
If this is the last tidal cycle to be simulated, the program stops. If
not, the cycle indicator is incremented and control is returned to

CONTINUE statement "A" to begin another iteration.

III. 3 Subroutine RIVER

This section describes, in order, the functions of subroutine
RIVER, There are two sections in this subroutine. The first is
executed only once; the first time RIVER is called, data is read and
Preliminary Operations to prepare the simulation are performed.

On subsequent calls during a simulation, the first section is skipped.
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The second section performs the actual steps of the simulation,

The behavior of up to three water quality parameters may be
modeled simultaneously. To do this, any program step in RIVER
that directly effects water quality parameters is executed once for
each parameter being modeled. The game is true for similar steps
in the secondary sugroutines called by RIVER,

The functions of the first section of subroutine RIVER are listed
in order: _

1. Set logical indicator to skip the first section of RIVER on

subsequent calls,

2. Read the number of time steps per hour and the printing con-
trol parameters for the description of flow volumes and seg-
ment geometry,

3. Read external water inflows for each segment (volume/time
step) and the concentrations (PPM} of the dissolved material
contained therein,

4. A series of cards containing pollutant injection information
is read. There may be any combination of a single instan-
taneous injection, one or more continuous injections lasting
one day or more, or one or more continuous injections
laéting through the entire simulation,

5. Read data describing the geometry of tﬁe prototype. Read

the following information for each segment in sequence:
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the number of volume elements in the segment (this is the

initial value since the number of volumehelements varies
during the simulation), the segment length, the numbers
identifying upstream connecting segments (there may be 0 up
up to 3 segments connected upstream), downstream segment
number (there may be only one).

6. Read the widths and depths of the-one-dimensional segments
for each ho;lr of the 25 hour cycle. Interpolate between
hourly data on the segment widths and depths to provide data
at ealch time step, (This section will be revised in the future
to allow direct reading of raw data for each time step). If
requested, a description of the flow system will be printed.
Compute the volume of each segment, and divide it into start-
ing elements,

This completes the operations of the first section of subroutine
RIVER. These operations are executed only once, the first time
subroutine RIVER is called. The information generated is stored for
use during subsequent iterations.

The following steps make up the second section, the iterative
Procedure executed for each time step of the simulation. This sec-
tion performs the detajled operations of the simulation during which
the Secondary subroutines MAP, BRANCH, and DIFUSE are

called. Another secondary subroutine, XPRNT is called when
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numerical results are to be printed. The major operations are listed

below:

?.

10,

Begin time step iteration, {This point is the CONTINUE
statement labeled 200 in the subroutine RIVER listing in Ap-
pendix 3 .} Program control skips to here on the second and
subsequent calls to RIVER, A DO loop which iterates once
for each time step of the current phase begins here,
Beginning with the upstream segments and treating each seg-
ment down to the one furthest downstream, call subroutine
MAP, Return with flow and concentration information for
flow into and out of each segment. (See page 33 for a des-
cription of subroutine MAP. )

For each segment, call subroutine BRANCH. This routine
moves volurne. elements to account for the flows determined
in subroutine MAP, MAP determines the changes required
in the segment to correspond to changing conditions, and
BRANCH performs the ”béokkeeping” to make the change,
The number of volume elements in the segment may increase
or decrease here, (See page 36 for a descrip;:ion of subrou-
tine BRANCH, }

For each segment, call subroutine DIFUSE, This routine
adjusts element concentrations to accomplish the dispersive

action, This routine includes provisions for combining very
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12.

13,

14,

15,
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small elements, and determines element locations within

each segment. The latter information is used in locating
elements into which pollutant injections are made, and in
presenting numerical or graphical results,

At this point the injection {if any at this time) of pollutants is
performed by the simulated addition of material to the volume
elements located at injection locations, Decay coefficients
for the dissolved materials used in the simulation are applied
to the concentration distribution{s}). Reactions between water
quality parameters, or chemical absorption form the atmos-
phere, or adsorption on silt particles may be accounted for
by inserting appropriate statements here,

Concentrations of flow out of the seaward end of the seaward
segment are stored here, primarily for future use when the
program is expanded to treat two-dimensional peometries
connected to one-dimensional geometries.

The percentage of parameter number 1 (NQ = 1) flushed out
as of the current time step is computed here.

This is the end of the time step DO loop. If this is not the
last time step of the current phase, return to step 7 for
another iteration, If this is the last time step of a phase,
continue,

If a printout is requested for this phase, subroutine XPRNT
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is called, and a stylized diagram of the estuary is printed,

showing concentration distributions along each segment.

16. If a plot is requested for this phase, store volume element
concentrations and locations in separate arrays for later
use by the plotting routine in MAIN.

17. Return program control to MAIN,

Il1.4 Secondary Subroutines

II1. 4.1 Subroutine MAP

This routine is called, using four arguments, by subroutine
RIVER to compute flows and their concentrations due to tidal ele-
vation changes and external inputs, The first argument is the seg-
ment number. The second, third, and t'o*;lrth are the segment num-
bers of upstream connecting segments. There may be 0 to 3 upstream
segments, Segments numbered 0 are treated as.non-existent.

A conservation of mass equation is used to calculate Aows in each
segment. The segments furthest upstream are treated first. The
flow through the landward end of these segments is zero, The flow
through the seaward end is equal to the product of the segment length
and the difference of water levels in successive time steps, plus any
external inflow.

In the general case, the flow through the landward of a segment
is computed as the sum of the flow through the seaward ends of the

upstream connecting segments. Figure 4 illustrates a typical seg-
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i tream segments,
ment junction of a segment, "M", with three ups

M1, P M2, " and '""M3, "

|
r
M2 i
-, Ml
- Q3
c3
(CNODE)
ooJ
co
M
al TO SEA

Figure 4. Typical segment connection. Q's represent flow
volume, C's represent concentrations,

The flow through the seaward end of each segment is computed
as the segment volume change due to the tide between successive time
steps, plus the flow through the landward end, plus the effect of any
external flows. For example, in the above case Q0 =Ql + Q2 + Q3,
and QI = Q0 + Volume change of segment M + External flows.
Computations of concentrations depend upon the direction of flow
through a segment, The concentrations of outflows from a segment

are computed by averaging the concentrations of the elements nceded
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to make up the flow. The concentrations of inflows to the segment

are not computed here. They are computed as outflows from the
connecting segments,

If there are no upstream connecting segments, subroutine MAP
returns program control to subroutine RIVER. If there are upstream
connecting segments, the concentrations at the upstream end of the
segment being considered are calculated. If the tide is ebbing, the
concentrations of flow from the upstream segments (C1, C2, C3) are
weighted by volume of flow and averaged together to yield the concen-
tration of the material‘ﬂowing into segment M, which is temporarily
stored in the array named CNODE. If the flow is upstreamn, the con-
centrations in the volume elements of segment M used in the flow are
weighted by volume and stored in CNODE. These concentrations will
be used to characferize the flow into the upstream segments.

To summarize: the results provided by subroutine MAP for each
segment for each time step are the flow volumes through the up-
stream and downstream ends of the segments and the concentration
at the upstream node,

At this time, no fluid elements have moved, and the concen-
tration distribution stored in memory has not changed. It is the
function of the next subroutine to move fiuid elements and thus modify

the concentration distributions,
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111,4,2 Subroutine BRANCH

This subroutine performs the bookkeeping task of moving fluid
elements to satisfy the flow requirements computed by subroutine
MAP. The calling arguments are the number of the segment to be
treated, and the number of the next segment downstream, Each
segment is comp;ased of from | to 29 fluid elements numbered start-
ing with 1 at the upstream end increasing consecutively downstream,
The number of elements varies during the simulation,

The direction of flow at the upstream end of a segment is exam-
ined first. If the flow is upstream, then one or more fluid elements
are moved out of the upstream end to make up the required flow
volume computed for that time step by subroutine MAP. Generally,
only part of the last element used is required to meet the flow re-
quirements. The remaining fraction of this element is renumbered,
and it becomes the first element in the segment, The rest of the
remaining elements in the segment are renumbered in sequence down
to the end clement which will have a lower number than originally.
The individual elements which are moved out are lost, The only
information retained is the flow volume and concentration cornputed
by subroutine MAP,

Subroutine BRANCH then considers the flow direction at the
downstream end of the segment. 1f the flow here is upstream, then

a single element equivalent to the flow volume for that time step is
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created in the downstream end, and its number is one higher than

that of the former last element. The concentrations in this element
are equal to the concentrations of the upstream t.aode of the down-
stream connecting segment, stored in the é.rray CNODE by sub-
routine MAP, Figure 5 illustrates the movement of volumes in a
typical segment when the flow direction is upstream.

If the flow direction is downstream at the upstream end of the
segment, then the entire flow volume for that time step is created
in the upstream end and called element number 1, Its concentration,
which is computed by subroutine MAP and stored in the array CNODE,
is now stored in the concentration array. The other elements are
renumbered in order, the former number t becoming number 2, the
former number 2 becoming number 3, and so on. The number of
elements in the segment increases by one.

If the flow is downstream at the downstream end, then one or
more elements are moved out to make up the flow volume. The re-
maining fractional part of the last element used in the flow keeps the
same element number and becomes the new end element is the seg-
ment. Typical volume element movements for a downstream flow
are illustrated in Figure 6,

Each segment is treated in this manner once during each time

step. This routine provides the convective transport for the model.
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Figure 5. Sequence of operations by subroutine BRANCH
in moving volume elements to make up upstream
flows computed by subroutine MAP, Letters are
identifiers supplied for illustrative purposes.
The total number of elements in the segment
shows a net decrease of 2 for this time step.
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Figure 6, Operations of subroutine BRANCH in ' moving
volume elements to make up downstream flows
computed by subroutine MAP. Letters are
tracers supplied for illustrative purposes.
The total number of elements in the sepment
shows a net decrease of 1 for this time step.
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I11. 4.3 Subroutine DIFUSE

This subroutine provides for dispersion of dissolved material
between fluid elements. The calling argument is the number of the
segment to be treated. The lengths of each element and the locations
of their midpoints are calculated for later use when various pollutant
injections occur. When an injec‘tion occurs at a certain location in a
segment, the lengths and midpoint locations are used to determine
which element the injection falls in, If any element is shorter than
one-third of the segment width, or if there are 29 or more elements,
a routine is executed to combine shorter elements,

The major step of this subroutine is to compute -the mass trans-
fer coefficlent, This coefficient determines the amount of dissolved
material exchanged between elements by dispersion and diffusion.
The dimensionléss mass transfer coefficient is computed by the
following formula (see Appendix 1):

E o . . :
'I‘ * - i area
. .T.C. |I iIme 1ncrement Channel Cross-section e

Distance between elements + Element volume
where E, is the dispersion coefficient (units of sq. ft. /sec.). This
coefficient is computed for the boundary between each element pair
in the segment (ie, between elements 1 and 2, elements 2 and 3, etc.).
The D. M. T.C. is used to compute the dispersive concentration

changes between element pairs during one time step, assuming they

are of equal size. This result is adjusted according to the relative
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sizes of the adjacent elements, The direction of mass transport

depends upon the sign of the concentration difference between ad-
jacent elements, Subroutine DIFUSE modifies the concentrations of
each element pair in turn in a segment, beginning with elements 1
and 2, and ending with elements N-1 and N, This is the end of the
basic function of this subroutine,

There are four more parts to subroutine DIFUSE, The first
three use the element lengths and midpoint locations to identify the
elements that are to receive pollutant injections from continuous
sources, continuous sources of short duration, or single instan-
taneous injections. The last section combines elements when cri-
teria at the start of this routine indicate .the elements are too small
because of element splitting by subroutine BRANCH.

DIFUSE is the last of the subroutines used in the simulation
procedure. There is one more subroutine which performs a data

handling function only.

III. 4.4 Subroutine XPRNT

This routine performs the printing out of concentration data
after being instructed by subroutine RIVER. Its only function is to
preseﬁt data in an organized {form. The blocks of data (one for each
segment) are presented schematically in a form which corresponds
to the geometry of the prototype. Each data block consists of a head-

ing and four columns of data, The first column lists the distance qf
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the midpoint of each element from the landward end of its segment,

The following three columns give concentrations of three different
pollutants or other parameters such as dissolved oxygen., In the
event less than three parameters are treated in the simulation, the
unused columns are printed as zeros to simplify the formatting
problem. In the present model, concentration distributions are
printed out after each tidal phase, although printouts may be easily
specified at any time desired,

At the main computing facility of the University of Southern
California, a high speed digital incremental plotter is available for
plotting of program output. This plotter was used to supply graphs
of concentration distributions in the main channel and basin E of

Marina del Rey. The plotting routine is located in the rmain program,

MAIN,

IIl.5_ Program Expansion Capability

To permit application to a wider range of prototype situations,
the program is set up in a manner that easily allows it to be coupled
to a program treating a two dimensional case, This would allow
treatment of the general case of a narrow tidal river flowing into a
bay or wide estuary connected with the ocean.

The two-dimensional routine would be embodied in another pri-

mary gubroutine (comparable to RIVER}. The management program,

MAIN, would then call each pPrimary subroutine in a sequence which

L T RTTRAIT LT, e ittt
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depends upon the state of the tide., Each primary subroutine would

be called once during each tidal phase. The results would be con-
tained in printouts showing a complete concentration map of the pro-

totype.



IV, FIELD WORK AND DATA REDUCTION

IV.]l Introduction

| Tidal data for the modeling program was accumulated empiri-
cally. Time histories over a 25 hour cycle are needed for every seg-
ment of the model, The tacit assumption is that the tidal elevation
is not a uniform level above a datum plane, which is the mean lower
low water level (M, L, L., W.). The general procedure is to examine
the tidal elevation at various Points in the marina, and in some way
relate tidal elevations in the interior to tidal elevations at the en-
trance. Then, given some tidal function at the entrance, the tidal
elevations in the interior may be computed,

The easiest way to generate a set of tidal data would have been
to install two or Ithree tide gauges in each basin, several more in the
main channel, and one at the entrance to the marina, Data from all
the gauges, recorded synoptically every few minutes on magnetic
tape, could be processed by computer and be ready for use by the
modeling program, Due to monetary limitations, a procedure re-
quiring only a small amount of equipment was used. Such a proce-
dure is described below.

The tidal function at the entrance is a type denoted as mixed
(mixed diurnal and semi-diurnal). The tidal function varies from

day to day. At first glance, this would seem quite a difficulty, How-
42 )
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ever, since the tide may be viewed as a small amplitude wave of long

period, we may consider the tides in the marin.a. to be linear phe-
nomena. This means that for a certain tide function at the entrance,
there should be a certain response at a given interior point, A re-
peated identical input should cause a repeated identical response.
This should hold‘ for any peint in thé marina, If éach tide recording
made at an interior point of such a linear system were referred to a
baseline recording made at one point in the system (even though
tides recorded at the baseline location varied daily), the tide re-
sponse at individual interior points could be determined as a func-
tion of the tide at the baseline point, A series of such functional re-
lations for various points in the marina should allow computation of
tides at these points as a function of an arbitrary tide at the base-
line point. For purposes of the simulation, a tide recorded for one
day at the baseline point is picked, and tides in the rest of the marina

are computed from it. This empirical tide is used as data for the

computer model.

IV.2 Instrumentation

IV.2.1 Level Sensing Tide Gauges

Th.e tide gauges used for most of the data collection utilized a
float containing a magnet which individually activates a series of
magnetic reed switches and resistors in a voltage divider network,

This network contains 77 reed switches on 4 centimeter centers, and
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77 one-hundred ohm resistors. It g enclosed in a sealed 1/4 inch

1. D. Schedule 80 poly-vinyl chloride Pipe, 12 feet long, with an
electrical connector at one end. This Pipe is fantened to a 11/2 inch
I, D. Schedule 40 PVC pipe 14 feet long, The larger pipe is open at
both ends and contains a float with a magnet. In use, the assembly
is attached to a piling so as to cover the tidal range of interest, The
float moves vertically in response to tides and harbor surges and
the magnet in the float activates the reed switches. The output sig-
nal is proportional to the water level, Figure 7 shows the gauge a
assembly and its enclosed circuitry. The associated circuitry con-
sists of a power supply and an operational amplifier follower umed to

drive the recorder pen.

IV.2.2 Pressure Sensing Tide Gauge

In the late stages of the field work another type of tide gauge,
having been constructed, became available for field use. This
pressure sensing gauge was built because at many locations in the
mmarina, the level sensing gauge cannot be installed, The gauge con-
sists of a 50 PSIG strain gauge pressure transducer (Statham
#10-50G-350) and a strain gauge signal conditioner enclosedin a PVC
pPressure case. A neoprene clad sea cable carries power and trans-
mits the pressure signal to shore electronics consisting of a power
supply and an operational amplifier follower with "SPAN'' and

"ZERO" controls which drives the recorder pen. The analog output
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is directly proportional to the distance from the gauge up to the water

surface. The output is adjusted using the "ZERO" control to relate
it to the M. L. L. W. datum, In use, the pressure case is weighted

and placed on the bottom below the tidal range at the point of interest,

IV.2.3 Data Recorders

All data was recorded on two strip chart recorders, This re-
quired data reduction by hand, which was a long angd tedious proce -
dure. The first recorder was an Esterline-Angus Recording D, C,
Milliammeter, which had chart drive speeds of 3/4" per hour, 11/2"
per hour, and up. A days continuous data could be recorded on 3
feet of 4 1/2 inch wide chart paper. The recorder was enclosed in
a hermetically sealed container which contained a desiccant. This
was intended as protection from corrosive salt air.

The other recorder was a Honeywell-Brown "Electronik'' servo-
recorder. An electric timer-switch was installed in the recorder,
This timer was "ON'" for 10 seconds every 15 minutes, and caused
the recorder pen to go to zero, providing timing marks on the paper
chart.

The two types of tide gauges and the two recorders were fully

interchangable,

IV.3 Tidal Data Collection and Reduction

The best site to record baseline tidal data is at the entrance to
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the marina. This site was not used for practical reasons, No A.C,

power is available at the marina entrance on a continuing basis, No
funde were available to purchase the several tho-usand feet of cable
necessary to carry power and signal to and {rom a sensor at the en-
trance to the nearest source of power, Thére is nowhere a point at
the entrance where a level sensing tide gauge (the only kind available
for most ;)f the field work} could be installed.

A level sensing tide gauge was installed at the nearest practi-
cable location to the entrance, the marina's Harbor Patrol Dock,
5900 feet from the entrance. This gauge supplied data which was
used as baseline data. The tidal data gathered at other points in the
marina is all related to the baseline data, as is data gathered later
at the marina entrance. The pressure sensing tide gauge installed
at the entrance supplied qualitative, but not quantitative data.

Figure ] shows the site locations used in gathering data,

The data gathering results in two synoptic tidal charts for each
pair of stations, one station being always at the Harbor Patrol Dock.
The readings of both gauges were referred to the mean lower low
water (M. L, L. W.) datum by the following procedure. The working
reference level for all data gathering was the top of the seawall,
which is 12. 0 feet above M. L. L. W, at the Harbor Patrol dock and
10. 0 feet above M, L., L, W, everywhere else, Once a gauge is in-

stalled so as to cover the tidal range, the distance from the top of
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the seawall to the water surface is measured and noted at the pen

position on the recording chart, This must be done quickly since the
water level is generally changing in response to -tidal harmonics and
surges. Many of these distance readings are taken for each data
station and are averaged together to yield a correction factor used
to correct the gauge level to the actual water level.

Data was digitalized by hand from analog data recorded on paper
charts (I ). Readings were taken from both records (baseline site and
interior site} at 15 minute intervals, Each reading was corrected by
a factor appropriate to the individual gauge as installed. This opera-
tion was tedious and time consuming; but in the absence of funds for
computer compatible magnetic tape data recorders, there were no
alternatives, The digitalized data was punched onto computer cards
for later colmputer smoothing and plotting, One run consisted of 29
hours of synoptic data for both the baseline data gauge and the other
gauge at an interior point. Each run was processed by computer in- .
dividually.

Because of the presence of a harmonic component with a 45
minute period in the data {to be discussed later), an iterative grap-
hical curve smoothing routine was programmed for the computer.
This routine required an extra 2 hours worth of data before and after
the 25 hour tidal period of interest, The routine is described in the

following. The data for every 15 minutes of the tidal period is read
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into a subscripted array, each subscript increment corresponds to

2 15 minute time increment, A linear interpolation is performed be-
tween every other data point (i. e. data point pairs subscripted 1 and
3, 3and 5, 5 and 7, etc.) to find the midpoints of lines drawn be-
tween these points, The midpoints fall on 15 minute time increments
(subscripted 2, 4, 6, 8, etc.). These midpoints (call them points
"A'") are connected with a series of straight line segments. Now
again interpolate to find the midpoints of the lines drawn between
points "A', Label the new set of midpoints "B, and connect them
with straight line segments. (These points are subscripted 3, 5, 7,
etc,) Carry on in this manner for four iterations. The result is a
curve faired emoothly through all the data points. It should be noted
that the first and last data points of each iteration are lost at the end
of that iteration. This routine is aimed only at smoothing the approx-
imately 45 minute period component of the tide in Marina del Rey.
After smoothing, the data was plotted on the digital incremental
plotter available at the main computing facility of the University of
Southern California, First the digitalized raw data was plotted, then
smoothed data and then the difference between the smoothed data
curves. These differences were plotted for various stations against
the tidal displacement relative to the mean lower low water level at
the baseline site (site No. 1), This information was used to synthe -

size a general tidal displacement function in the marina.
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IV.4 Tide Function Synthesis

Figure 8 illustrates typical data describing the relation of tidal
differences between the baseline site (site 1) and the site examined,
to the tide (relative to M. L. L, W. ) at the baseline site. The differ-
ence in tidal levels is greater as the tide goes lower, The tidal
differences plot for every site shows similar characteristics., Ob-
viously the data is quite scattered, but it will serve to roughly ap-
proximate tidal characteristics in certain regions of the marina,
The tides in regions in which there are no data gathering sites are
estimated from the tides recorded at the nearest data gathering sites.
The major point to be approximated is the entrance. The smoothed
tide at the entrance is taken to be the same as that at site No, 1
(relative to M, L. L, W, ), Examination of the plots of f;idal differ-
ences shows why, All the sites except site No. 1 are in water -10
feet deep relative to the M, L, L. W, datum. If the tide height is
greater than 45, 0 feet above the M. L. L. W, datum (total depth 15.0
feet}, there is less than a 0, 2 foot difference in tide levels from site
No. 1to any other site, Since the bottom of the main channel between
site No. 1 and the entrance is at -18 feet relative to M, L, L. W., the
depth is always 15 feet or greater in this area. Therefore, any tidal
differeﬁces in this region will be small and thereforc neglected.

The tidal elevations used in simulating tidal flushing in Marina

del Rey were calculated or estimated as follows:
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Figure 8. Smoothed tide differences between site No. 13 and

1.

site No. 1, plotted against smoothed tide at site No. 1.

Specify a tide for site No., 1. This applies to segments lying
between site No. 1 and the entrance. Use one of the recorded
tides with the provision that the elevation at the beginning and

end are at the same level (so there are no discontinuities when
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the tide repeats in following cycles).

2. Using the differences at the known sites, calculate tides at
these site relative to the site No. 1 tidal elevations,
3. For those segments where no tide data is available, interpo-

late or estimate using tidal elevations recorded in adjacent

locations as a guide.



V. SIMULATION OF MARINA DEL REY
An examination of Figure 9 will show the division of Marina del
Rey into obvious segments. The divisions occur at junction points
h between the basin and the main channel, or at points in the main

channel where the bottom depth changes.
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Figure 9, Marina del Rey as divided into segments,
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Each segment is specified to the simulation pProgram by its segment

number, its width (assumed constant), its length, the initial numbe r
of volume elements into which it is divided, the segment numbers of
the upstream connecting segments and the segment number of the
downstream connecting segment. The bottom of each segment is
assumed to lie on a horizontal plane,
The data requirements for the one-dimensional program have
been mentioned previously, however they will be summarized here:
1. Alphameric prototype identification.
2. Number of tidal cycles to be simulated,
3. Concentrations in the ocean of parameters modeled,
4. Tidal cycles for which printed results are desired.
5. Tidal cycles for which plotted results are desired.
6. The number of hours in each tidal phase.
7. The number of water quality parameters modeled,
8. Parameter names and rate constants for first order decay
{to base e),
9. Number of time steps per hour.
10. Printing control indicators
1. Listing of velume and concentrations of external flows (if any)
into upstream end of each segment.
12. Specification of continuous inputs (if any), i.e. segment num-

ber, distance downstream, rate of pollutant discharge, and
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concentrations,

13. Specification of a single instantaneous injection (if any).
14. Specification of continuous inputa of short duration (if any),

The remaining data cards contain tidal data which may be either

theoretical or empirical data. For the present work, tidal data
measured at Marina del Rey was used for the simulation. The tidal
data used was organized into hourly groups, The data appears on 25
seta of 13 cards., Each card carries a depth and a width for one

segment, Thirteen cards bearing depths and widths for each of
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Figure 10. Recorded tide used as baseline data in simulation of
Marina del Rey (recorded at site No, 1),
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thirteen segments comprise one hours data. The tidal cycle is
specified as lasting exactly 25 hours and repeating itself exactly each
tidal day., Neither of these conditions holds in the prototype (the
tidal period is approximately 24. 8§ hours, and the mixed tide changes
diurnally with the motions of the sun and moon). The hourly data is
linearly interpolated by the computer to yield data over shorter time
increments,

The variables and the specific numerical values used in setting
up the model of Marina del Rey are listed in the appendices.

As a consequence of the repetitive tides, it is expected that the
centroid of a pollutant concentration curve will be moved to and fro
in a similar repetitive action, Substantial flushing will not occur
until the injected pollutant is dispersed enough to reach the entrance
in significant concentrations at low tides. Then the centroid of the
concentration distribution will show a net movement toward the en-
trance with each tidal cycle.

The model used in the present work is a ''series” model. This
means that in order to determine conditions during a tidal cycle N,
the model must first carry out tidal cycles 1, 2, 3, and so on in
series up to tidal cycle N. Time cannot be skipped in this model as
it can be in the solution of a differential equation for a cerl";ain time.

The specification of the number of time steps per hour ig re-

stricted by the following criterion: the flow volume out of any geg-
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ment during one time step may not exceed the water volume present

in that segment at the start of that time step. SI.'lould this criterion
not be met, negative water volumes are created which lead to pro-
gram instability and eventual malfunction. The solution is to simply
make sure that each time step is short enough to satisfy the cri-
terion. In Marina del Rey, the short segments in the main channel
are the most subject to instability., Time steps of 6 minutes (10 time
steps per hour) have precluded any instability,

The dispersion coefficient calculations {(discussed in Chapter 2)
were made using a Manning roughness factor, n, of 0,031. This

value was determined by criteria in Chow (1959).

Operational experience with the model showed that the dispersion

of injected material in the marina was unrealistically slow. For
this reason, the calculated dispersion coefficients were multiplied
by a factor of 10 before use in the model. The resulting numerical
values of the dispersion coefficient range from 44 sq. ft, /sec. to
2.3 sq. ft. /sec. These values seem realistic when compared to the
higher values obtained in natural streams by various investigators
as listed by Fischer {1958), Figure 1l shows the effect of this multi-
plication of the dispersion coefficient on the concentration history

at a point in the landward end of basin E, following a single instan-
taneous injection at that point. The factor of 10 increase in the dis-

persion coefficient leads to an approximate factor of 2 decrease in

T
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the concentration from the upper to the lower curve over identical

time periods,
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Figure 11, Comparative time history of concentrations at the

landward end of basin E following a single instan-
taneous injection at that point, The comparison is
of the effect of increasing originally derived dis-
persion coefficient by a factor of 10,

To investigate the flushing characteristics of Marina del Rey, a

number of pollutant injections were hypothesized in separate simu-

lations. To examine the effect of the timing of an injection relative

to the tidal cycle, two cases were analyzed:

Case "A"

A single instantaneous injection of 1000 cubic feet of
a soluble and conservative substance during the last
time step of the first hour of the first tidal cycle of

the simulation. (This is at low tide.) The location is
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5900 feet up the main channel from the entrance,

Case '""B'" ldentical to case "A" except that the injection occurs
afse L p ]

in the last time step of hour 6 of the first tidal cycle
{at the first high tide of the cycle).
Te investigate the effects of the location of the injection upon
flushing characteristics, three cases were analyzed:

Case "C'" A continuous injection lasting for one tidal cycle (25

hours). The volume per hour is 8000 cubic feet of a
solution containing 5000 PPM of a soluble and caonser-
vative material, The location of the injection is the
landward end of basin E,

Case ''D" Identical to case "C' except the location of the injec-
tion is at the landward end of basin H.

Case "E'' Identical to case "C" except the location of the injec-
tion is in the main channel, 5900 feet from the marina
entrance {same as cases "A" and ""B"),

The next chapter presents the results of these investigations,

The costs of computer runs simulating Marina del Rey vary

according to the amount of processing time required, core memory :
allotted, and the amount of printing and plotting. For a run which

simulates 7 tidal cycles, the cost ranges from $35. 00 to $80., 00,




VL. PRESENTATION AND DISCUSSION OF RESULTS

VI,1 Tidal Variations in Marina del Rey

The measured tidal history in Marina del Rey revealed two in-
teresting features, The first and most striking is the presence, most
of the time, of a tidal harmonic with a period of approximately 45
minutes, and an amplitude ranging, at a single site, from a few in-
ches up to one foot. A gauge placed at the entrance detected no ap-
parent harmonic component with this period, although it was strongly
present at site No, 1, 5900 feet from the entrance, Although this
harmonic component was not anticipated initially, a short, first order

analysis indicates the harmonic period should be expected from the

] l i 1 | 1 I ]

|<— ONE HOUR ——l

Figure 12. Typical tidal data as recorded at site No, 1,
showing harmonic component,

60
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geometry of the marina.

Consider a rectangular harbor 12, 000 feet long (corresponding

to the main channel and basin E of Marina del Rey). The character-
istic lengtﬁl is taken as 12, 000 feet, The wavelength of a water wave
in shallow water is:

L=C#*T= V\gh=*T,
where g is the acceleration of gravity, h is the water depthand T
is the wave period., Assume a water depth of 13 feet which is close
to that at most points in the marina. The measured period of the '
tidal harmonic is approximately 45 minutes (it ranges from 40 to 50
minutes). Then the wavelength of the harmonic component is approx-
imately given as:

L=V32.2% 13 * 2700 (ft/sec. sec)

= 55,200 {feet).

The wave number (k = 27/L) times the characteristic length is:

ka= 20 % 5= (2 (12,000 ft.) = 1. 36.
T 55,200 ft,

This is very close to the ka value for the first mode of oscillation of
a long rectangular harbor as predicted by J. J. Lee (1969). The
period of the first mode of oscillation in Marina del Rey may then he
logically expected to fall in the 40-50 minute range. The mode of
oscillation at this 45 minute period is a pumping mode, causing the
water surface to move upward and downward with fairly uniform am-

plitude everywhere within Marina del Rey except the entrance region.
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The effect of the harmonic component is to supply additional

energy for turbulent mixing to the marina. Mathematically, the in-
fluence of the harmonic would be felt mostly in the dispersion coef-
ficient, The increase in accuracy which could be obtained by following
these short period tidal oscillations were felt not to be worth the
necessary additional programming complexity, Their effect may he
included by increasing the dispersion coefficient by some small mul-
tiple, .Therefore, the raw tidal data was smoothed as described in
Chapter IV,

Examination of either raw or smoothed tidal data showed another
feature of the tides in Marina del Rey. There are generally pro-
nounced tidal elevation differences betweén tides at site No. 1 and
tides recorded synoptically at interior points of the marina. These
differences occur constantly and they are the greatest at low tide,
The lower the tide, the greater the differences are. Figure 13 shows
synoptic smoothed tidal curves as recorded in Marina del Rey, For
the case illustrated, the elevation difference at low tide is almost
11/2 feet, however, at high tide the difference is reduced to about 0.2
feet,

It is difficult to draw firm correlations because of the diurnal
tidal variations and equipment limitations which allowed examination
of only two sites at a time. However, a possible explanation may be

made, At low tide, the ratio of tidal rise to watcr depth is much
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greater than that at high tide, thus, the non-linear tidal response of

the marina is more significant at low tide than at high tide. This

non-linear effect may have a varying degree of influence at the in-

terior points of the marina, and thus contribuate to the observed dif-

ferences in tidal elevation at low tide. The effect of these tidal ele-

vation differences is to reduce the tidal flushing. This is because

segment volume changes caused by the tides are reduced.

ABOVE M.L.L.W.

WATER SURFACE ELEVATION

0 I BT B T P
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Figure 13. Typical synoptic tidal data, —- for site No. 1,
5900 feet from the entrance. - - - for site No. 4,
10,500 feet from the entrance.




vL.2 Computer Modeling Results 64

e

The most interesting characteristic of the marina to be revealed
by the computer model is its striking sensitivity to variations in the
location and timing of pollutant injections. At the present time, the
best use of the model is in making such comparisons of flushing
characteristics as they vary in space and time in a particular est-
uary. This is because no dye studies have yet been conducted in the
prototype to determine the efficacy of the model in predicting abso-
lutely the amount of flushing action. The results presented below are
from comparative studies,

The first comparison is between cases ""A" and ""B"' (presented
in Chapter V.), identical injections made at the same point in the
main channel, but at different times in the tidal cycle, For the case
"A' injection takes place instantaneously during the first low tide of
the first tidal cycle of the simulation. After 7 tidal days, 25.9 per-
cent of the material injected has been flushed out to sea. The case
"B" injection takes place instantaneously during the first high tide of
the first tidal cycle. After 7 tidal days, 57.9 percent of the material
injected has been flushed out to sea. A small (6 hour) difference in
the time of injection gives rise to a major difference in thé percen-

tage of material flushed out of the marina.

To demonstrate the behavior of the model in a qualitative way,

. b
the concentration distributions for the various cases were plotted by
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a digital incremental plotter. Figures 14 and 15 illustrate concen-

tration distribution curves for case 1A' for tidal cycles 1 and 2 fol-

lowing an instantaneous injection in the first hour of the first tidal

cycle, The distance axis runs [rom zero at the entrance, up the main
channel to the landward end of basin E (12, 6.50 feet from the entrance),

It should be emphasized that Figure 14 and the following graphs
show concentrations in the main channel and basin E only., Concen-
trations present in the adjoining basins are not represented, and
discontinuities may be produced in the main channel concentration
curves when such adjoining concentrations suddenly enter the main
channel,

In Figure 14, the point of injection, 5900 feet from the entrance,
is denoted by the arrow. At the end of the first flood phase {5 hours
after injection), the centroid of the cloud of injected material has
moved upstream approximately 1900 feet, and is spread over a 1500
foot length of the channel, The cloud moves downstream approxi-
mately 700 feet during the 5 hour ebb of the second phase, The cloud
disperses only slightly, After the 6 hour flood of the third phase, a
significant amount of material appears to have pushed into thel ad-
joining basins, thus not appearing in the concentration curve. This
is deduced because of the greatly decreased area under the concen-
tration curve. Strong dispersive action is in evidence during the long

8 hour ebb tide of the fourth phase, Significant concentrations are
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now present over a 4000 foot length of the main channel, The incr
. ease

in the area under the phase 4.curve over that of the phase 3 curve in
dicates that some of the dissolved material has returned to the main
channel after being forced into the adjoining basins during phase 3

At the end of the fourth phase (24 hours after injection), the maximum
concentration is only half that at the end of the first phase, Since no
significant concentrations have yet reached the entrance, only traces

of the injected material have been flushed out to sea
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Figure 14, Case "A" concentration distributions in main
channel and basin E during first tidal cycle.

1P denotes point of injection.
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Figure 15 illustrates concentration distribution curves during

the second tidal day Iollowing the injection of case '"A'', The general
behavior is the same as that of the first day. The maximum concen-
tration during the second tidal day is only one third that during the
first tidal day, The maxima do not decrease a; rapidly from one
phase to the next because the pollutant cloud has spread out and thus

reduced concentration gradients. Significant flushing has not yet

occurred; only 0. 29 percent of the injected material has been flushed

out to sea.
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Figure 15, Concentration curves during second tidal cycle
following injection of case "A", Note different
vertical scale from that of Figure 14,
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Figure 16 illustrates the concentration curves during the seventh

tidal day following the case ""A'" injection. The dye cloud is well dis-
persed. The maximum concentration is 14 percent of what it was
dufing the first tidal cycle. Significant flushing is occurring. After
7 tidal days, 25.9 percent of the injected material has been flushed
out to sea. The remaining material is distributed over most of the
main channel and basin areas.

Figures 17 and 18 illustrate the behavior of the pollutant cloud
resulting from the injection of case ""B''. The injection occurs during
the last time step of the phase ] flood tide, thus the direction of in-
itial movement of the pollutant cloud will be toward the entrance in
response to the ebbing tide. It is expecfed that this will allow a
greater amount of flushing than occurred in case A",

The concentration distribution curves for the first tidal day are
shown in Figure 17. The phase 1 curve shows the concentration dis-
tribution of the pollutant cloud before it has had a chance to disperse.
The cloud has moved only a few feet upstream from the point of in- -
jection, The distribution curve is a sharp spike, with maximum
value 343 PPM. After the 5 hour ebb of the second phase, the
pollutant cloud has moved approximately 1100 feet toward the
entrance, and its maximum concentration has heen drastically re-
duced to 59 PPM by dispersive spreading. The 6 hour flood of the

third phase moves the pollutant cloud back up the main channel,
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Figure 16, Concentration curves during the seventh tidal

cycle following the injection of case A",

Note greatly increased vertical scale compared
to Figure 15. The sharp concentration dropoffs
on the right are due to finite difference character

of the model and to limited dispersive action in
basin E,

along which it extends approximately 2000 feet. After the 8 hour
ebb of the fourth phase, the pollutant cloud is moved toward the

entrance, and is spread along 4000 feet of the channel, and its
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Figure 17. Case "B' concentration distributions in main
channel and basin E during first tidal cycle.
IP denotes point of injection,
maximum concentration is only 15, 6 PPM. At the end of the first
tidal day, 7.8 percent of the injected material has been flushed
out of the marina; a significantly larger percentage than that of
case "A'" discussed previously,
Figure 18 illustrates concentration curves for each phase of the

second tidal day, Here, the pollutant cloud, now fairly well spread

out, moves up and down the main channel in response to the {lood and
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Figure 18. Concentration curves during second tidal cycle
following injection of case "B". Note different
vertical scale from that of Figure 18.

ebb of the tide. The maximum concentration at the end of the fourth
phase is 9.1 PPM, At this time, 23, 4 percent of the injected mate-
rial has been flushed out. After 7 tidal days, 57.9 percent of the
material injected has been flushed out of the marina.

Cases '"C", "D", and "E" were intended to compare the flushing
of continuous injections of one day's duration {simulating one day's
storm drainage to the marina) made at different points. The in-
jections are identical in all respects save one, their locations in the

marina. The injections are continuous through the first tidal cycle.
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In case "C", where injection takes place at the landward end of basin

E (perhaps the quietest point in the marina), only 0,05 percent of the

material injected has been flushed out to sea after 7 tidal days, In

this case, the injected material slowly spread out through the marina,
but did not reach the entrance in concentrations sufficient to allow
significant flushing.

The injection of case "D" takes place at the landward end of
basin H (much closer to the marina entrance). In this cage, 0,38
percent of the injected material was flushed out after 7 days, After
14 days, 5.4 percent of the injected material was flushed out to sea,
So there is more flushing activity in basin H than in basin E, how-
ever it is still very little,

The injection of case "E' takes place in the main channel, 5900
feet from the marina entrance, This is the same location as the in-
jections of cases ""A' and "B", After 7 days, 43,6 percent of the
injected material has been flushed out to sea. Obviously there is a
great deal more flushing capability in the main channel than there is
in the basins.,

Figures 19, 20, and 21 illustrate the response of the marina to
case "C": a continuous injection of a pollutant lasting for one tidal
day. This injection occurs at the landward end of basin E, 12, 650

feet from the entrance. The extent of basin E on the horizontal axis

is shown in the figures.
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Figure 13, Casge "C'" concentration distributions in main
channel and basin E during first tidal cycle,
IP denotes the point of injection.

Figure 19 shows concentration distributions during the first tidal
day {while the injection is occurring). The area under the concen-
tration distribution curve increases during each phase, Any hori-
zontal movement of the pollutant cloud is due mainly to the con-
tinuing injection. The presence of the solid boundaries of the sides

and the end of the channel severely restricts fluid velocities and thus
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shear velocities, and hence convection and dispersion, ‘The maxi-
mum concentration during this tidal day is 183 PpM,

Figure 20 shows the concentration distributions at the end of
each phase of the second tidal day. The pollutant injection has
ceased, and the concentration distributions are affected only by the
flushing action of the marina., The limited flushing in the landward
portion of basin E is illustrated by the close proximity of the con-
centration distribution curves of the first three phases. The fourth
phase is quite long (8 hours) and so its distribution curve shows that
the pollutant cloud has spread out somewhat, The maximum con-

centration is 104 PPM,
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Figure 20. Concentration curves during second tidal cycle
following injection of case "C".
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Figure 21 shows the concentration distributions on the seventh

tidal day following the injection. The pollutant cloud has dispersed

downstream somewhat. There is still not much movement of the
cloud from phase to phase. The maximum concentration during this

tidal day is 56,9 PPM. No real flushing of material out of the

matrina has occurred as yet.

o
o
]

TIDAL PHASE

e ———— - —

H
Q
T
w

CONCENTRATION (PPM)
o
1 |

o e

o) F' 2 6. 8 I 10 12

DISTANCE FROM ENTRANCE (I000'S OF FEET)
fe— BASIN E—>

Figure 21. Concentration curves during seventh tidal cycle
following injection of case ""C''. Note different
vertical scale from that of Figures 19 and 20,

Table 1 on the following page summarizes the results for the

various cases just discussed. The instantaneous injections of cases

"A'" and '""B" demonstrated that the timing of pollutant discharges
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relative to the tidal phase may greatly influence the amount of flush-

ing activity available, The continuous discharges of cases ""C'", "D",
and "E' have shown that the amount of flushing activity decreases

with distance from the entrance of the marina.



VIii. CONCLUSIONS

The following major conclusions can be drawn from this study:
The computer simulation model used [or thig study appears

to work quite well as a comparative tool, Thus, the model
can be used to compare the flushing characteristica of dif-
ferent injection time with relation to tidal phase for pollutants
injected at the same point, The model can also be used for
comparing the flushing characteristics of pollutants injected
at different locations within the marina, thereby allowing the
harbor designer to choose the best location for storm drainage
outlet,

Flushing in Marina dei Rey has been found to be very strongly
influenced by the location of pollutant injection (such as the
location of storm drainage outlet) regardless of the type of in-
jection. It appears necessary to avoid placing pollutant in-
jection points at constricted ends of the marina, The eolid
boundaries at such locations severely restrict convective and
dispersive transport of pollutants. In other words, because
of very limited flushing for pollutants injected at these loca-
tions a build up of pollutants to undesirable level could occur
at such locations if the injections have a long duration. The
moadel results indicate that the two locations where storm drain
now discharging into the landward ends of Basin E and Basin F

of Marina del Rey are among the poorest locations as far as

78
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the capability for flushing is concerned.

Flushing may be markedly increased by moving pollutants in-
jection points downstream (closer to the entrance). This is
because in ebb tide phase the pollutant mass will be convected
toward the entrance which after several phases of flushing
action the injected mass will be flushed out of the marina.
Marina del Rey lacks continuous external inflows at its land-
ward extremities to add ‘he flushing. If sufficient discharge
momentum from such external inflow exist the flushing may
be significantly increased and not be s¢ dependent on the lo-

cation and time of pollutant injections,
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APPENDIX 1,

DERIVATION OF DIMENSIONLESS MASS TRANSFER COEFFICIENT

_ Consider volume elements N and N+l, and the dispersive mass
transfer between them. Initially, concentratioPs are: C1 {N) and
CI(NH)’ and cl(N) - Cl(N +1). At the end of a time step, suppose we
have two new concentrations: CZ(N) and Cz(N +1}. Suppose an armount
of material M was moved between these two elements by dispersion.
The concenﬁration changes would be as follows:

) M 3 M
C,(N) = C(N) + & C,(NH) = C(N#) - s,

The amount of material moved is the product of the mass transfer
rate and the time increment over which it occurs, M =M * At,
Diffusion theory tells us that the rate of mass transfer is the pro-
duct of the diffusion coefficient, the cross-sectional area of the flow,
and the concentration gradient. Between two volume elements whose

centers are A x apart, the concentration gradient is approximated by

C‘ (N+1) - Cl (IN)
Ax

and we have:
C_ (Nil) - CI(N)

M = E, A%
L Ax

The amount of material transferred during a time step is
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E xAt*A
L
= C (N+1} - C {N 1
M= —Ep—— (C (N1} - C (N)) (1)
The change in concentration is found by dividing both sides of

(1) by the volume of the element being considered:

E. ¥At*A
M L
e __{C {N+1) - C_ (N)). 2
C{N) = V(N) 1 o N) { 1( ) 1( )) (2)

th
The dimensionless mass transfer coefficient for the N element is

contained in the above expression. It is

Eﬂfﬂt *A

EF(N) = AXFV(N) y

In practice, this coefficient is computed for each element boundary
for each time step. Then the dispersive mass transfer is computed

using both the upstream and downstream values of EF,



APPENDIX 2.
List of Fortran Symbols

The following is a list of Fortran symbols that are not defined

by comment cards in the program.

CHECK Variable which stores summation of pollutant ma-
terial remaining in marina.

CNODE Array containing average concentration of all fiows
into nodes at the upstream end of segments,

CO Array containing average concentration of elements
in outflow from landward end of a segment,

CONC One-dimensional array which stores concentrations
to be plotted as ordinates,

CONPLT Temporary storage for concentrations to be plotted.

CP Temporary storage array for concentrations during
dispersive step {(subroutine DIFUSE).

CPASS Array containing concentrations in flow between last
one -dimensional segment and the open sea.

DES One -di mensional array for temporary storage of
'PARAM', alphameric description of parameter,

DECAY Array containing concentration decay factors for
each parameter, equivalent to first order decay

coefficient k in the quation C = Coe‘kt, where t
is in days.

DIEOFF Rate of concentration decay of a parameter during
pne time step.

DIFHI Highest value of dimensionless mass transfer co-
efficient computed in one segment during one time

step.
88



DIFLO

EF

ENTDIS

FARPLT

FIRST

IDUM

IPLOT

IPRINT

IPTST

IR

IRNIT

ITREP

IFLOW
IT
ITMI1

MINPUT
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Lowest value of dimensionless mass transfer co-
efficient computed in one segment during one time
step.

Array containing values of dimensionless mass
transfer coefficient for each element in a segment.

One -dimensional array which stores distances to be
plotted as abscissas,

Temporary storage array for distances from marina
entrance (used for plotting concentration distribu-

tions),

Logical variable indicating whether first section of
subroutine RIVER is to be skipped. The first section
is skipped during all except the first call to RIVER,

Dummy time step index,

Array containing tidal cycle numbers for which con-
centration distribution plots are to be generated,

Array containing tidal cycle numbers for which con-
centration information is to be printed out.

Array containing number of points to be plotted for
each tidal phase of a plot frame.

Number of hours in tidal phase being run, equivalent
to a single value of ITREP,

IR * NIT

Array containing the number of hours in each of the
four tidal phases.

Indicator of the state of the tide,
Time step index
IT -1

Segment number into which there is a continuous
pollutant discharge.



MMAX]

MMAXP1

MNEXT

MPLT

NCYCLE

NEL

NIT
NITMI1

NMAX

NM

NPASS!
NPASS2

NQ

NQM

NSTEPS

NT

PERCNT
PLOTIT

PRT

Q1
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The number of one-dimensional segments,
MMAXI] +1

Temporary storage of the number of the next main
channel to be printed out in output,

Array containing sequence of segments within which
concentration distributions are to be plotted.

Total number of tidal cycles to be run,

Dummy variable equated to values of NMAX in sub-
routine RIVER,

Number of time steps per hour,
NIT -1

Array containing the number of elements in each
segment,

Temporary storage for single values of NMAX,

Printing control numbers, Zero value causes
printout,

Index of pollutant or pollution parameter.

Number of pollutants or parameters, Dimensions
allow maximum of three.

Number of time steps in one tidal cycle

Temporary storage of number of elements in seg-
ment,

Percentage of injected material (NQ = 1) flushed out.
Logical variable indicating whether plot is desired.

Logical variable indicating whether printout is de-
sired.

Volume of flow through scaward end of a segment
during one time step,



Qo

STORE

SUMQ

SUMQC

SUMSEG

TOTSLG

TR

TRANS

VEL

VOL

XE

XL

XPLOT

YMOST

YSCALE
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Volume of flow through landward end of a segment
during one time step.

Logical variable in main program indicating whether
or not plot data is to be stored.

Total volume of flow out of entrance during one ebb
tide,

Total amount of pollutant carried out through en-
trance during one ebb tide.

Summation of lengths of segments used in plot
routine.

Total amount of pollutant injected.

Array containing distances travelled by the midpoint
of an element during one time step.

Mass exchange between fluid elements during one
time step. Computed by subroutine DIFUSE for
each element boundary.

Volume of fluid elements

Average longitudinal flow velocity along a segment,

Initial segment volume, computed in first section
of subroutine RIVER,

Distance in longitudinal direction.
Length of an element
Length of 2 segment

Distance coordinate of fluid element from upstream
end of its segment,

Maximum concentration {(ordinate) of a given plot,

Vertical scale for plot
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A number of library subprograms are used to instruct the
University Computing Co., Inc, digital incremental plotter at USC's

computing facility. The names of these are listeqd below for clarity:

PINIT Writes user identifier on plot,

CHAR Writes alphameric character ;trings.

NUMPLT Writes numeric characters,

AXIS Draws, annotates and labels axes,

PLTLN Plots straight lines between two specified points,
SCALF Sets scale factors,

VECTOR Plots series of points contained in two one-dimen-

sional arrays, linking with straight line segments,
RESET Resets offsets and scale factors to zero,

ENPLT Ends plot.
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2* LNCcaTIN

THS DATA STATEMENT APPEARING IN THE ALOCK DATA SUBPROGRAM MUST BE WRITTEN
TO SUTT THE SPECIFIC GROMETRY

LOGICAL FIRST, PRT, PLAOTIT. STORE _
HTAD [(S.2) (ICFLAOW(TI), 1=1.,20}

FORMAT{ 20/ 4)

PEAD{S S IRCYCLEyCAIVEM{L Y4 CGIVENI2 I W CGIVENI 3 ,CGIVEN{A)
FLEMAT(I3,4FIC+0)

FEAX[Ge”S)Y {(THPINT{INDPRTY, INDPRT=1 (20}

FoRaAT{T0IA)

FEEADL Sy 2THILTML DTUINDPLT) o INDFLT = 1, 20)

FCRMAT{"D1a)

BEAD [ 445) TR 1Y ITREP{2)ILITRTPI3A},ITREP(4)

FIFVMAT{ 4 T5)

Fr A2 (54 7% MOw -
FOIUMaT{T 3]

FEA. [Set SHOIPARAMING, THaT=143)y DICAYINOILNG=L 4MOM)
FORAaT{ 4{ 284 ,F 5401}

WRITICA, 751 ITELLOWIT)I=1,20)

FORMAT (1 H] ., ¢ FPROGRAY T0O COMPUTE PrLLUTANT TRANSPORT IN ESTUARIES .
1wWHICH Ars APETAXTMATED RY DOMNE=DIMEFNSIOMNAL SEGMENTS .y // /.

N F THIS SUNM IS 1 ,20A84)
WRITE{A,R%}
i

FLRMATZ// 45X, 'PACAMETIRY 41 SX,"DFCAY RATE CONSTANTY /)
Drooop NG 1,00
WETITE[A,99) [PARAMI{NGI)aI=143), PECAY{ND}
FIRMAT[3Xe7A4,10%,F10,43)
DL ©6 INDPLT = {,20
IFCIPLOTLINDPLT) WNEs OJISTORF = JTRUF.

{ +NOTe STMHEY] GO TO 98 ) .

SATRTT

= L
;.'i‘l_}.. "'-Hﬁn\'(_-"!o':)ilp.f.‘tiIS‘I’O&OO_.S._'?"‘?IN!’- i')F_l_ FEYYy14)
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CALL FACTUR(4F 0) 95
XPEIN = 2.0

YCRIG = 140

INCRPRT ]

INEOLT
CONT INYFE

PRT = 4FALSE .

IF{ICYCLE oNEs IPRINTC(INDPRT}) GO TO &
PRT = oTHUL .

INDPRY = INDPRT + 1

CCNT INUE

PLOTIT = +FALSE, . }
IFLICYCLE #NEs IPLOTLINDPLTY) GO TN 20 e T
PLOTIT = JTRUE .

INDPLT = INOPLT + 1

CORY INUE .

DO S0 MAJOF = 1.4 -

1k = ITREP(MAJOR)

G TO (70,403, IFLOW

o

———————— e

IFLDW INDICATES THE STATE OF THE TIOE. *1v = FLono.!:Er':';;;"** S
IF TIDE IS FLOODING, PAPAMETER CONCENTRATIONS AT RIVER

: ENTRANCE ARE
GIVEN (OCEAN CONCENTRATION ASSUMMED CONSTANT), AN
1S CALLED., * AND THE RIVER_SusROUY[Ng

IF YHE TIDE IS5 ERBING, THE RIVER SUBROUTINE 15 CALLED wWITHOUT

PREL IMINARY STEPS, ANY

UD

. =

PLOT RESULTS FOR THIS CYCLF 1F REQUESTED

T T Y e —— Y Al i A

IF (#NOTW PLPTIT) GN TO 190
0N 180 M3 = 1, NQM
CALL RESFT

FIND MAXIMUY CONMCENTRATION FCR THIS Cvy(LF,

YMDST = CONPLT{L 41 .MO)

D2 100 MAUSD2 = 1,4

Isthe = IPTQT(MAJDFI

€N 100 ¥ = t1.,I8TNP

IF{CONPLTIT +MA 23R eNOY JGT. YNCST) YMOST = CONPLT[I,MAJORsNG)

fPNTINW

YMOST ASSUMIT 43Te 0.1
DIv = 1-0

Llvoay - 1,0

YT = vl TN T Y

Tyy 3T = yaper

IFLIYM ST Wi0. 20 G TO 10
DIV = 10.0

DIVEAY = DIVSAVELN.O

GC T ol

ICHAE = YMOST210.0 +
YAXTS = ICHAR = DIVEAV/ICa0
COMPUTE SCALF FACTNR
YICALTING) = 10.0/YAX]IS
CONT INUF

CALL nNREAE
CALL CHeRg
O 119 1 =
DES{IY = »
CALL CHrR{
CALL CHAB({R
1FND F RAg
CALL CHAFE( 2
luMarr v, 4
RIOCYCL = I z

CALL Wby Ty,
CELL THAT L o .
1AL DHEsS PaJAT ae
TILL aXIstYen,n,

-1
0+2¢ "COMNCFHTRATIOGN OF ' 17)

DEs,12)
2y : Tt MATN CHANNEL FROM ENTRJ\NCE T

GeZs SIND [F LALH PHASE [F TICAL CYCLE N.

X!CV l'-li - ]
2y te NOPTne an cuPYES pESER TYTED

MELNTFATION (OFM)e, 10,100, C o011a5TCEL



g et

DD t15 N = 1. ICHAR
¥YTIC = N * 10.0/1CHAR
TNUM = N¥DIVSAV/10.0
CALL NUMPLTI{C»4:YTIC 040 s=0els¥YNLIMs1)
115 CALL PLYLN{D0,YTIC,=0sl,4vTIC}
CALL AXIS( Oels 0e0s 'DISTANCE FRCM FNTRANCE (FTa}t, —2Bs 2640,-27
'00'020in = 2,14,2
. . = » I
XTIC = Jq0*(N-2}
ANUM = §Q00.0%{N-2)

120 CALL WL T {XTIC:=042¢0s0s=0als XNUM,0}
.~ AY THISRDINT THE PLOT FRAME. IS SEY UP. NOW SET SCALE FACTQORS AND
PLOT A -CURVE FOR EACH PHASE,
"Y¥YSC = YSCALE(NG)
CALL SCALF(04002,YSC,1)
YRANSFEE FOR IMMEDIATE PLOTTING.
MAJOR =
15TOP = lPTST(HﬂJORl
DO 122 1 = 1, ISTOP
ENTO1ST{I) = FARPLTII .MAJOR)
122 CONC{T} = CONPLT{I, MAIOR NQ)}
CALL VECTOR (ENTOU1S+CONCLISTOCPa1s4.01%)
MAJOR = 2
ISTOP = IPTSTIMAJOR)
DO 124 1 = 1, ISTOP

ENTDIS{1} = FARPLT{I ,MAJOR}
& CFNC I = OMELTY MAJ 2N

12 ¢ %CT E chTélJ.CUEC.IS%(le.hl'z‘}
MlJOR =z 3
ISTCR = IFTSTIMAJOR)
rn 1264 t = 1, ISTOPRP
ENTCIS(I) = FARPLTI(I +MAJOR)

126 CONC{1) = CONPLTIIsMAJORNQ}
CALL VECTOR {(ENTDIS,CONCHISTOP+1+444+73")
MAJOR = &
ISTOP = [PTSTI(MAJOR)
oD 128 1t = &, ISTOP

ENTDISIEI) = F#RPLY(lqMAJORi
128 CONCII) = CONPLT{I +MAJOR NQ)
CALL VECTOR (FNTDIS.CONCISTCPs1,24,741)
CALL RESET
XORIG = XORIG + 2040
190 CONT INUE
IFTICYCLE «F Qs NCYCLE) GD TO &0
ICYCLE = TCYCLE + 1
GC TO 10
60 IF(.NOT. STDPE) GO TO 200
XEND = XORIG + 10.0
Catt EMNPLTIXEND+0O+0)
WPITE{H,195)
195 FORMAT({Y PLCT GENERATED. END F RUNLT)
sSTOR
200 WRITE(6,210)
210 FOQMAT(Y END CF PUNW1'}

sSTOP

EMD

[FLOCK NAT . o o
(ﬁﬂNJN/rLL/Mh»xl.IH MAJTO, TCYOL T FPT g P AST{ S8 IF L0 a,FIREST
LCGICAL FIERST, PET, RPLNTIT. STOTF

CATA MMAX] L TOYCLL e TFL WAL 353141747 1T/ T o f

CIMMONAS TV E S “{26.25“)gH[?L.l5f,-‘H(9’q"Pl.NMA!(’"!.XL(Eﬁ}.
1 Cl20+30:8) 60 (221022 CT0E 40, 0 (EC)eNIC2G) o IT,1TML,
rd IEUM.InNIT.Cﬁ(ZO.QD.CNDnthe'ai.oht SEPCYsCMEASI20 44} s VELL20) »
2 V{20,30)

CATA C,saI1/72400%040,22%040/

DATA Cls CO /BB%0.0.80%0,0/,Y/600%0.07
COMMON/D/DTIFHI(20),01FLI{20)

DATA DIFHI JCIFLN/20%0,0,20%¥04.0/

COMMONARIV3Z NCSLUGs ITHRSLG.MSLUGINSLUGX3LUG, NT T, SUMEUT ,PERCNT
DATA SUMIUT/0e0/+ PERCNT 0.0/

COMMNDNZBLTC/XPLOT (20 430) ¢« FABPLT{Z7046), CONPLT{Z7N0a4, 3},

t MPLT{20), IPTST{a}, ENTRIS(270), CCMC(270)}, SUMXL, [PLOT(201,
2 PLCTIT, STCFF, DES(4)s YSCALT(Z)

DATA XPLOT/600%0.37s FARPLTZINAOEC.O/, CONPLT/3240%0.07,

1 MPLT/20%0rs TPTST/8%0/4 FENTLIS, CONC/27C#040.27 3504040

2 PLOTIT,STORE/FALSF sy sFALSE S/

EHD
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120

10t
102

103

104
106

Ire

SUBRUUTINF FIVEED
DIMFNSTHN MA(Z0) W MBIZO)MOL20) M0 WDIFOFF (4} SUMGC(4)
COMMUNZALL ZMMEXT  TH o MAJOR, ICYCLE WDFTHLPASS(9,8)  IFLOW,FIRSY
COMMPN/RIVEY B{P02250) s H{20 1 25Y) oFHEZ2C 4250 ) 4 NMAX(20) XL (24,
1 C(??.30.4)-ﬂ1(2?)'00(221tCI(EPgQI.NC{EGI-NIIQOInIT.l‘Hn.
c IDUMyIRNIT,CR(20:4)CNODE{ 2044 1,QMEAS(20) 4CMEAST2048),VEL (20,
I OVI20,10)
WEW — wWINDTH OF 1-D SFGMENT AT WATFEP SURFACT . DIMENSIONED {M1 . NSTEPS
WH" - MEAN DFPTH NF 1-D SFEGMENT. ©IM (M] ,NSTEPRS) !
tRHt= VALUFS [F A%H DIMI(MI,MNETOPS) )
SNMAXY  —=NUMBEFP OF FLEMENTS M SLESMENTWDIM(ME)
expt ~“LFMGTH NF & SEGMENT
tye =VOLUNME CONTAINED [N AN FLEMENT
sCce =CINCEFNTRATINAN IN FLEMENTS,, DIMIML , 30,NGM)
"0l —VOLUME MF TNFLOW INTO SEFAWARD END QOF SEGMENT
LX7Tvll ~VIMLUME OF CUTFLOW FECM LANDWAFD END OF SEGMENT
L ~COMCENMTRATIUN QF CUTFLOW FROM SEAWARD END OF A SEGMENT
R -TIM[ STR® INDEX

SENODEY wEVERAGE CONCENTRATIUN OF ALL INFLOWS INTO THE NODE AT THE
UOSTFEAM END JF A SEGMENT

YOMLASY =VNLUME OF (BNSSIBLE) EXTEFENAL FLOW INTO UFPSTREAM END. OF A
CErGMENT « {PFR TIME STFQ)

YOME ASY U MICENTRATION GF THIS EXTFENAL FLOW.

CNAMINZ S IVEs MADDIS) . BMINPLUT (5), XALLR{S)s ADLD(SY,y CADC{S,3)
THIS BLMCK CPONTAINS THE INFUFMATIFN FOR CONTINUNUS DISCHARGE OF
SOLUT T ONS AT UP TU FIVE DIFFFEFEY LOCATICNS

INATDY STHE FUMHFR OF THE ELSMOMNT PRESFMTLY LOCATED AT THE POINT
OF CONTINUCUS DISCHARGF.

THINPUTY — THF SECGMINT IN wHICH SITE DOF CONTINUOUS DISCHARGE [f
LOCATED

*xADNTY “BISTANCE DOWNSTREAM FROM THE LANCWARLD FND OF A CEGNENT
TN THE POINT DOF CONTINUOUS DISCHAFGE.

$ADE Y —VELUME OF SCLUTINN PF& TIMF STEP ADDED AS CONTlhuous
SHURCC.

rCapDe —COMCENTRATION OF SCLUTION IN PPM

COMMON/RIV I/ NCSLUGe THRESLGMEL UG, NSLUGs XSLUG NI T SUMOUT +PERCNT
THIS BLOCK COMTAINS SLUG INPUT THFOPMATION
VARTABLFS DIFINED IN "MAIN®

COAADN/FIVEZJETART (I ) s JENDUI o JMII) o JNII P XINT{3) s JNQI3 )« VINT(3),
1 CINTI(I)
THISZ BLOCK COFTATINS SHORT CONTINUOUS INPUT INFORMATION

COUMIN/CONSTI /ZNOM, PARAM{G,3Y, DICAY{4])
COMMON/D/NTIFHTI(20).0TIFLGE20)
COMMON/ ZYHA(20 425) +ADN{20,25)

THAT - MEAR DEPTH IN A SEGMENT, AT HOURLY INTERVALS (COMPUTED AY
HYDRLOYNAMIC PROGRAM) . . -

SELM*  ~ MTAN WIDTH OF A SEGMENT (COMPUTED BY HYDRD. PRGGRAM).
COArNSDLTCZXELDT(2D,2 FAFPLT{270,.,4 T{Z Gy Tl y
R ECA IR C- IR LI D SR RRA NI S 14 DC T EORF-F P TS 74 (§ MXL. TPLOT(2C).
LTI Te STCRI y NES{4 ), YSCALT.(T)

LLGICAL FIZ24T, UBET, PLOTIT, STORE

[FENTT. EIRETY GG TO 200

FIFST = JFALSE a

TOTELG = 0.0

PEAN{S,100) NIT,NPASS) NPASS?

FOFMAT({3IS) . .
TNIT?® :Etgsp o= T}ME STEPS PER HOUR. MINIMUM IS 2. DINFNSTONS

W A MAXIMUM CF 10w

THPASS1Y, "NPASS2Y -PRINTING CCNTRCL NUMBERS. ZERO vaLuF cnusss PRINTOU'__
REACI{Ss101 ) (OMEAS (M) , M=] JMMAX] )

FORMAT{10F&,0)

WRITE(6K.102) )
FOPMAT(//+* GIVEN DISCHMARGE INTO UPSTREAM END OF SEGMENTSs CUsFT.7
1TIME STEPY,/)

uRITE(ﬁ-lOl](GME&S(M). M=1 ¢ MMAXY }

b0 103 NGx1,NQ

READI(S.I01)(CM EAS(M.NQ].M=I-MMAK1) i
DO 104 1=1,S

READ (5,105) MINPUT(I),XADD(I}, ADC(TI}s [CADD(I+NG), NG=1+3) -
FORMAT(IS,2F10.0.3F11.2)

WRITE{6,106) NT
FOPMATU///4 ¢ CONTINUOUS CONCERNTHATINN INPUT TC THE FOLLOWING POI
1SV 7/, L GVMENT LOCATINH M sCHARGE VOLUME/TlME STE
2 CINCENTRETICHSINGY = = =% ,/})

IFIMEINPUT(L) o€Q 0 «AND. MINPUT({Z) .FOG. 0 ) GO TO 142 ARy

®
L]

97



(alal

annnNa

98

RN L1a7 I=1.%
107 NEITE(FAWIO0R) MINPUTCI) XA Ty ATD(T) (C23( T 000}y NOZ1 4 2)
10f FORMAT(IS.2F1%.0, 1F15457)
G TO 145
142 WRPITE( 64143}
143 FORMAT(/7+* NONE' )
145 READ(S5.110 NESLUGy THREL Gy MSLUG XEL UG W NOQSLUG«VSL UG CONSLG
110 FORMAT{3IS ﬁlcoo.l3‘2F15.51
{611
112 FORMATI(// SLUG CONCENTRATION TAPUTY)
IF{NCSLUG +F0s 0) WRITE(S,113}
L13 FCRMAT{//.," MONE"} .
IFINCESLUG «NEs D) WRITE(6.114) VELUG»{FARAM(NQSLUG L) I=143)
1 MCSLUG, [HRSLG ¢ XSLUG MSLUG
114 FORMAT({//+" THERF IS A SINGLE SLUG INJECTIUON OF Y . FlS.%5+' CUPIC FTe
1 OF* y3A4,% IN TIDAL CYCLE *4J12,* DURING THF LAST*,/,*' TIMF STEP OF
2 HDUR '"wI2,!' [F THE 2% HOUR CYCLF. THE LOCATICN F THE INJECTION
ZISV"4Fl0e0s" FTa DOWNSTREAM NF THF? /" LAMUWARD END CF SEGMENTY,
4 IT3.% %)
READ SHORT CONMTINUDOUS INPUT INFORMATIOMN HERE

DO 11B 1 = 1,3
118 READ(Sy119) JSTARTITIV+JENDII badMIT) o XINTII)INCQUTY 4VINTOI) CINTLI)
119 FORMAT{3IS,Fl0a0413+2F10.0)
WRITE{(G6.120])
120 FORMAT(/7/7" CONTINUCUS COMNCENTRATTON IMPUTS SUSTAINID FOR ONE OR
IMDRE TIDAL CYCLIS o » o » ')}
L 125 [ = 113_
IF{JSTARTI] L0 D) GO T O12%
Na=JINQI(L)
#PITEIﬁ-l?BllPﬁRAM(NO.J'oJ L3 o XINTLT Y JMOE ) JETASTEIY o JENMDUIT 3y
1 VINT(TI), CINTLID
122 FORMAT{ /774" THPPE IS # CONTINICUS INPUT OF 8,284, t, 1,510a04% FT,

LDOWNSTREAM OF THE LANDWARD ENC OF SEGUFRT I 3e%s '/t EEGINNING M
2 TIDAL CYCLE®*,IS." ENDING IN CYCLE'yIS5,* , THE VNLUME PEFf HOUR [€
3 43F1 0400t CUFTe's /4" OF CONCENTRATION'+F15.3, "PPYM.1}

125 CONTINUE

IFIJSTARTI(1) +ENe O «ANDua JSTART(2) 4S0a 0 JAND. JSTART{3)} .Ff0. 0}

1 WRITE(6,126)
126 FORMATL(//," NDNF'I

RE&D(S-llal(NMAXIM).XL(N'.M&IM].ME(MD-MC(M).MD(MI.M—I-MVAXII
132 FOPMAT(I2,F10.0.413)

DETE?NIN&TION OF SEGMENT SEQUENMNCE FOR PLLGCT RDUTINS .

M = ’

PO 71 I = 1.6

MPLT{I) = ™

M = MDIM])

71 CONT INUE
72 CONTINUE

DO 133 NG=1:NOM
133 DIEQDFFI(NQ) s EXPI-DECAYI(NGI/{ NIT*24,0})
WRITE{S, 134 (T IEQFF{NQ) s NO=1 ,NOM)
134 FORMAT(/7s" DECAY CONSTANTS ARE®*,//+y G(1 Xy FR,6.+5X),7)
WRITE{64138) NIT
135 FORMAT({//7+" NUMBER OF TIME STEPS PER HOUR I5',13)
;EED :gSR'IDT¢S AND DEPTHS OF THE ONE-=DIMFNSIONAL SZGMENTS FCR
ol OF THE 2S5 HRs CYCLEe. THIS INFPD 2UT i
DO 137 1T048.58 COM2UTED BY HYDRM. PROG.
DO L37 M=i,MMAX]
137 READ{(S+138) HAIM,1IT), BDNIM,IT)
138 FORMAT{2F10.0}

THE STATEMENTS FROM HERE DOWN TO LABEL *150' INTERPOLATE BETWEEN HOURLY
DATA OM THE SEGMENT WIDTHS AND DEPTHS, THIS PROVIDES HIM
AT EVERY TIME STEP. 112 I S [(MeIT)E AND B{M,IT]

NSTERS = NIT#2S

DO 150 #W=] , MMA X1 :

ITEMP = O -
DO 139 IT = NIT, NSTEPS, NIT

ITEMP =-ITEMP + 1 . . )
HI{M IT) 2 HA(My ITEMP) .
BUM, [T} -w—BDN(M, ITEMP)
139 antu.lfl = BIMsIT) & H{M,IT}
NITHML = NIT =~ 1
g? l?g)lT ={lo NTTML
My = B{M.,NSTEPS) + [T#{PIMNIT) = E{M, NSTEPS) ) /NIT
BH(M,IT) = BHIM,NSTEPS) + LT2(BHIMsNIT) — BHIM
180 MI{M¢EY) = BH(MITI/BIMsIT} ’ (MeNSTERS)I/NTT
DO 1%0 1 = 31, 24
IPL = T*NIT + %
END = [ENIT & NITM
Le 150’11 LR TR ST
MpITI=AIMTANITE #(IToIANTIT)H(FUM, 60 TT4NET)op (M, 4
BH{MeTT I=OH(S, [ASTT) 4 (1 T=] N IT ) *1H UMy TENIT) D /MIT
150 HUMGITY = EncmatThratmatry o T INIT NI T S TN T T ey



o IF FRQUSSTE (RPASSL =0y 8 D SCRIDTION LF Y42 (W eyeTow [Py NUA R =g )
C WILL "= PL{ITEE NQOwWw,
C
IF(NDBASST JNy . OF GO TN f5g
B 1YAE M = ] yMMAX]
WEITE{F 17720 Wy XLAM), MA(ME, MACM], MOCMY, MOE0)  AMAX{NM)
152 FOEMAT(///7/7 0% ARANCH $,712,%, LENGTP!,F10.¢24%, LANCWARE [RANCHEE *,
*¥3{124+%y ")," SFAWARD BRANCH *4124+4, Nite CF FLEMFRTS = ¢, 12 ,/)
WRITE(H,152)
157 FORMAT(SX, 'QEPTH AND WIDTH 0F THIS BRAMCH &T EACH HOUF ARET)
WRITE(E, 1S4 {HIMITY)BIMIT) e IT= NITHKSTERPS NIT)
154 FORMAT({E{ZEX s FEL24F10e144X)Y
156 COMT INUE
1SR CONT INUE
WRITE{B:159)
159 FDRMAT(!HI)

o
¢ THE STATEMFNTES DOWN TO LAREL 170 COMPUTE THE VOLUME 0OF 2 3CH Sf GMENT
c . AND OIVIDE IT INTO STARTING FLEMENTS.
DN 170 M=1, MMAXI] .
VOL = BH{M,NSTEPS) * XL(M)
ViMe1)= VOL/AMMAX(M)
NT = NNAX{M}
DO L6ES N=2, NT
165 VIMsNI=VINV, 1}
170 CONTINUE

[alnlal

C
MMAXP1 = MMAX] + 1
GITMMAXPLY} =C.0
IT = 0©
200 CONTINUF
IRNIT= IR#«NIT
E- ———————— AR et - ———— ———— ———— ——— - N L e N L e o o o o .t ke il o M R o AL
E AEGIN TIME STEP ITERATION:. MAIN LI2P EXTEMI S DOWM TO LANEL SOC.
Comr oo o e — .  — ———— . e e i — A —— 1 o
D0 S00 IDUM=L.TIRNIT
ITEMP=(IDUM=F ¥ /NIT #1
MMAXPLE = MMAXL + 1
0O 202 NQ=1.NGM
202 CNODE{MMAXP] +NQls CPASS{ITEMP,NG]
IT = IT+1
IF(IT +GTe NSTEPS) IT=1
I{T™M] = T - }.
IF(IT JEQe 1) 1TM1 = NSTEPS
FOR EACH SEGMENT, CALL SUBROUTINF MAP. RETURN WETH FLOW AND CONCENTRATID
INFORMATYION, CHNCDE, QDs AND QU FOR SEGMENT M,
DO 205 M=], MMAXY X
¢ NS CALL MAP (M ,MA{M), MA(M), MC{M})
MT = NMEX{MMAX]L)
b0 211 M=l gMMAX]
211 VEL{M) ==k (QLIM}I+0L{M)I/BRH{M,IT }
Cc
C IF TIOF 15 EFBING, AND FLOW IS5 OUT NF SEAWARD END OF LAST SEGMENT. THEN
C CONCENTRATION AT ENTRANCE NODE EQUATED TO CONCENTRATIOM 0OF LASYT ELFMENT
c DOF LASYT SEFGMENTs FDOR EACH PARAMETFR.
- - JFUIFLOW oNFas 2 «ANDs QI{MMAX]) .GT. 0.0) GO TO 209
207 DO 208 NQ=1,NOM
¢ 208 CNODE(MMAXPL MNQ) = CIMMAXL,.NT,NQ)
£ - AF-THIS. .15 THE FIRSYT TJDAL CYCLE. -AND IF NPASS2=0, AND IF THE TIME
C VALUE IS AN HOUR MULTIPLE, FLOW INFORMATION WILL PE PRINTED.
209 IF({ICYCLEAEQa]l aAND o NPASE2.EQe0 o ANDLIT/NITENITLEQ.IT) G600 TD 210
: GD TO 218
210 - CONTINUE . L A .o .-
HRITE (6, 212!!T L ' )
212 FDRMAY(/7/77742(9Xs VEARANCH INFLOW OUTFLOW TRAVELY»?
lll.'lf = Yy l&,r) . :
- ; #-64214) (M QY (M) 400LM) 1 M) =], ,MMANM]) .
214 ORHA 2USX s I8y IReFLIB0+ 1N FIA O IXFItaZe?X)D
RIYE G'ZIS)IDIFHI(H'iblFLU(hl.ﬂ:l.ﬂﬂAxl)
215 :AT(/.' HIGH AND LOW VALUES OF THE ADJUSTED DIMENSIONLESS DIFFU
. 18I0ON _LOEFFICIENT FOR EACH SEGMENT . IN PAIRS o o «'sr/4
2 4(4(61?.5.'.'.Glz.s.-:'.sxl 1)
0 216 M=l ,MMAXE
DIFLO{M) = D.0
216 DIFHTIMY = Q.0
c 218 CONTINUE
C FOP EACH TEGMENT, CALL SUBRDUTINE BPANCH, THIS FCUTINE MAVES vOLuw!
E ELEMENTS TN ACDUNTY FOR THE FLOWS CETERMINED IN SURRDUTIND MAP. THE

NUMPER CF VOLUME ELEMENTS IN THE SEGMENT M {NMaXx(M) } M&Y INCEER ST

'Y



alalatatnl

[aFals]

laTalale’

100

Lo fECErASY HWTRE,

RPN LS R TLYF Y 3]
CELL HPANCH{M MD{MI)
220 CCOMTIMNUF

'R CACH SEGMENT . CALL SUBROUTINFE [LIFUSEe. THIS RCUTINE ADJUSTS ELEMENT
ESN(E:T?AT%lNS TO ALCCMPLISH DIFFUSIVE STEP., RETURNS WITH THE AD JUSTED
ELFMENT CONCENTRATICNS. THCLUDES PROVISIDN FOR COMRINING VERY SMALL
FLEMFMTS
DO 250 M=1.+MMAX]

CALL DIFUSE(M}
250 CONTINUE

£DD INDUT OF WATER GUALITY PARAMETERS AT (UP TO S5) DESIGNATED POINTS

or 285 1=14+%

MTEMP = MINFUTI(1)

[FIMTEMP sEQ. 0) GO TD 255
MTEMRP =MADDLT)

DN 282 NO=1 s NOM

293 COMTOMP,NTORE,HNY = M‘“"”.NTEMP.NQI + ADDC(I) ECADDLT.NQ) /
1IVEHMTERMPGRTEMPY + ALGLIN]
VIMTE MR NTFMP) = VIMTEMP,MTENEY + ADD(])

TOTRLG = TATSLG + ADC{IIsCancil v} /10000C0s
2595 COUNTINUF

ALD SLUG IMJECTION IF SPECIFIED BY NCSLUG NOT EQUAL TO ZEFC
SINGLF SLUG TMJSCTIONS USED TO DETERMINE THE FLUSHING TIME CGNSTANT.

IF{MCSLUG «MES ICYCLE)GO YO 270
IF(IT/NIT oNE, THRSLG +OR.s ITZNITHNIT JNE. 1T) GD TO 270
261 CUMSLUGYNSLUGsNASLUG)Y = {(C{MSLUG, NSLUG s NQSLUG) #V {MSLUG,NSLUG) +
1 CONSLGRVSLUG)/{VIMSLUG.NSLUG) + VSLUG)
TAOTELG = TOTELG + CONSLGHVSLUG/LGC000D.
270 CONTINUE
END OF SLUG INJECTIOM STEP

D7 290 T1=1.+3

IF(JSTARTUI) +FQaQ «OFRe ICYCLE «LTs JSTART(I} (R ICYCLE «GTas
1 JENDCI}) GO TO 290

M = JMI{I) )

N=JNt(1}

NO=JNG{1}

CIMANsNO) =(CIM N NOIEVIM NI + VINT(I)‘CINT(!]'/(V(H.N) +VINTIIN Y
VIMeN) = VIMJN) + VINTLI)

TOTSLG = TOTSLG + VINT{I)*CINTII}/Z1000000, h
290 CONTINUFE
END OF CONMTINLOUS INPUT STEP

300 DD 250 M=), MMAK]

NT =NMAX ([ M)

DO 260 . N=] ¢ NT

0D 3258 NO=]1,hOM . ' . L
358 CUMsNWNOQ) = DIECFFINQ) *C{MsNsNQ}

AT THIS POINT: SPECTIAL INSTRUCTIONS MAY BE INSERTED TD REPRESENT CHEMICAL

* % % % & £ ¥ %X ¥ & & & ¥ ¥ £ & X ® & % & & ¥ ¥k * & ¥ * & k¥ ¥k & & %

_ REACTIONS BETWEEN PARAMETERS s TEsaClMaMNea)=CiMeNs8)+{]1=DIEOFF(2)I&CIMsN.2)
360 CONTINUE '

IF THE TIDE IS FLODDs SKIP DOWN TO LABEL S00s IF THE TIDE 15 EBB,.
FIND YHE CONCENTRATION OF FLOW FROM THE RIVER T0O THE OCEAN,
IF{IFLOW NE. 2) GO TO 500
IF {{IDUM/NITIHNIT4+1 «NE« [OUM) GO TO &30 .. = . .. -
SUMG =0a.0 :
PO 405 NO=1.NOM
405 SUMOCINQY = 0. :
410 SUMQ = SUMGQ + QI {MMAX1]} . . . U o -
DO 415 NQ=1, NGM
415 SUMQCINQ) = SUMGCIND) + QI(MMAX]) * CI(MHAxl.NQI
IF(LIDUM/BITIENIT +NF. IDUM) GC TD S0DO v
DI} 423 NO=1:MHOM _
a2 CPASS{ITEMP.NQ) = suUMACING]/SUMQ
CALCULATE TATAL AMDUNT DOF INJECTED MATERIAL REMAINING IN THE SYSTEM,.
CHECK = 0.0
L5t M = 1 ,MNAX]
MEL = NMAX{M)
DM S51 N = 1, NFL
Bt CHECK = CHTCK #{v{M,NI®CIM,N, 11)/1010000.0



"PZRCNT = 10040 ~ 100+0¢CHECK/TOTELG
£UD CONT INUE

e i = ———— ———————————

C

g PRINT AND/OR FLDT QUTPUT IF 50 REQUISTED. OTHERWISU . FFTURN,

[ o e o e
IF(+NOT.PRTIGDE TO 700
WRITE{G6,502) MAJDRLICYCLE
502 FORMAT(1H1," CCNCENTRATIONS IN THE RIVER: AT THE ENI OF PHASE ¢,
‘L?-; OF CYCLE 9,13,% IN PARTS PER MILLIONY,/}
505 M2=0
M3l = O
MHEXT = MD{M1)
IFIMNEXTLEQ.0) GD TO 509
M2 = MCIMNEXT)
M3 = MB{MMNEXT]}
S0G CALL XPPNT{M1 Mz M3}
IFIMNEXT LEG. O} GD YO &00
M1 =MNEXT
IFIM]1 LLT,. MMAXP1) GO TO S0%
600 IF LIFLDW «EQe 2) WRITE(G6:810) [CPASS{I,1)Wl=
S10 FORMAT(///+% AVERAGE CONCENTRATION OF PARAMLL
1 EACH HOUR' 4 //:,8G15.4])
IFIMAJOR +EQ. Q)}WRITE{(6s520)PERCNT . TOTSLG
520 FORMAT(//+' PERCENTAGE OF SLUG INPUT FLUSHED QUT SO FAR 1851,
1 G1248.'s TOTAL INPUT SO FAR IS*.:G12.:4:% CUWFTL4)
TOO IF{«NCTs FPLOTIT) RETURN .

C PLOT DATA STOFAGE GCCURS HERE «
SUMSEG = Q.0
I =0
DO 74D K =
KINY = 7 =
M = MPLT(FK
{

- [
- b - - ——————

1+1IR}
) IN FLDOW INTO NCEAN,

1]
1

NM = NMAX{M

Bo T30 J

I =1 + 1

IPTSTIMAJCP) =

JINV = NMAX({MW]}

1

K
NV)
3

1 +NM
|
+# ] -
FARPLT{I MAJOK) = SUM
DO 730 MNG=1NOM

J
S
730 CONPLT{I M2JOF,NQ) = CI{M,JINV,ND)
740 SUMSEG = SUM:FG + XLIW)

EG + XLIM) = XPLOT{M.JINV)

c DATA STORAGE COMPLETED FOF THIS PHASE
RETURN
<. FNO
gy : ME P ML g M 2 - e
Fgahrgjéfv1;£tE?é.ééo?:H(%o.?trl PRI 0l B0Y fMVAXE S Jhli;v N
1 CIfedC,a)4 0l (22)2Q0L0E21,C00{27 Wl b0 LNIET OFalTyl r!;?”
B IF UM IRMIT e {4} sCNODE (AL a) 0720 (200U EC{P0 & N avT L (7D
3 V{I0,IN) ) . ;
C“M“UR;ALI/HMAXI.!h.MAJPh.IrY(LE-riT.ﬁkﬁSF(y.al.IPLuh.?I‘%T

CoOMMOINAC DR CTT ANAM. PARAM{G, Y. DICAY(L)
T T NMEX(M)

IF {41 & ME &t re M oNF o O #37w N N B TI 30
10 OIEM; = (fHEM';TI : PH(M.ITulll*x Liv) — ant asiv)
g (MYy = Saf
T 18 M=) g 1O
19 CNMODFEMNG) = (LN, L NGY}




40

i
il N
[ ]

&
24t
250

200

e

270
3ag
= oay,

a1

P M

102

IF(IIIM) JLT. (400 GG TO 200
TRy

THY ATSERCT CF UPST28AM SEGMENTS IS DEMNITED RY SEGMENTE NUMBEFED
TIED (QYe EINCE FERD SUBSCFIPTS 43 € NOT ALLNWIDe ZERDC IS5 REPLACED
PY 22 R, AMY SEGMENT MO, 22 I8 TRFATED A5 IF IT WASHF'T THERE,.
AT THI “MI FF THIS 2OUTINE, 22 IS SET RACR TN 250N,

[ )
oo

L]
CeC
1sRMOM

M p R o
cCoum

) = C.0

QIiM1) + a1i{M2) + Q
(FHIMLIT) — AH{M,IT
~ BHIMy TTML1 ) * XL{M)
IF{AC (MY «GF e VOLEL) GO TO 3E0
IFL ~QIiM) .GF. VOLELY GO TO 390
CINT INUF

)
*XL{M} + QC(M) — GMEASI{M)

nmiwz2z

IF{AO0(MY) 2CCy 200, 120
CONTINUE

VIL = 0.0

DO 11C I = §4 NT

OL ¢ V{MJN)
) «LTe ¥OL) GO TC 120

QT ™

0 TC t12¢%

+NTEMP=1)

N o+ QOo(m) -
COEMy NG )M

EARTS - TR

N

TEMP=14+NO)
CiM,yN,y N
We ) WRITE

+Z

VaLyysan{w
1F{CC(™, 0} IT
FZFAAT(" NEC =
COMT INUE

C
CO{MyNOY) = (€
* ]
T M

fala,,'IT = ',14)

CowtyT  COe FTLATION IR AUTRLOIW FRM B ARADND END NS SFLMENT

MTHV
L+ wimMyr)
}o«LTe VOL) GT TR 23C

<z
)
=~
[l
=1
o~
M W
it
1

I« (=01
CrNT e
Y 2R RO = 1M

S = b Y]

I-(nIMY of D 1} 57 T 245

TLORPAL MTERE = D aNINV

CHIM = SHIM 4 CUMaMNT#2=NTIZMP ,NOY & V{MJNT+2~F TEMP}
CHEAMYY = (SUMECTMANGNTY R (VA =01 IMI=VELI I/ (=01 (M))
O NY TN

T7 011 o Tle ) FITURM

CTMT TR .

ni aT ™M)

ar OT{HE)

aIiN7)

:MMHMJ

B L =
o

ooy

-~
-

FCTIML gy NGI=Q2RCT{NE G NGI-N25CT[MIL NG +N4XCT (M N0 )
SINM Y/ (Qa+rMEAS (MY -0 -02~03}
n o=

(-‘m.“,“\" 1

&

M = 0
M3

T~ T e s

"

- e
»
-
-
»
Rerawlle DT D0

’d

IF{uy
IT(H2 .
3T T
Cor T 1IN
CrnTIrAF
Wi TTOLF
ETiR AT

1, TNFLI
S Tr g

Lk Y

My
e

Y My OT{MI L0{M) W IT
TEANSFTS EXCEENS fLIMTAT VOLUME  BRANCH
'9

1,12
Fl3aMets MNUTFLME =9 ,F12,0,0, TIMFE STER ¢

£e B

L}
v 12}
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SURKOUTIFS BREANCH {MyM&)
COAMEN /3 L #AMMEXT 3 1R MAJCh, ICYCLEWPPT 4CPASE( 944 o IFLOWWFIRST
3 COMMCNZTIVEZ F {25280 04120250 ) 4BH{20. zsol.nmax(eO).thae).
5 1 C(EO.‘C.“)uﬂl(22’|00(?(’vCl(Z;cQ]|Nﬂlzol.Nl‘20'clT.ITH].
2 IDUM-ILh;T.fU(EO.al.CNODF(ED.Q).GHFﬁslzol.CMEAS{?O.4I-VEL(20|.
g ) .V(ro.’c
: CoAMONCOLETT /NOM, DARAM(A 43}, DICAYLS)
NT = NMEX (M)
IFCOLI(MY) 1CCe 320,200
c MUNT AN FLEMERT [HTO UPSTREAM END CF SEGMENT M.

10¢C CONT I MLIE —
CO 110 H=21¢NT
NINYV=LT+] =0
VIM, NIMVHLI=VIMyNINVY
' oD 110 NQ=1h0QM
110 CiMyHINVEL,MNE= C{MyNINV NG}
NT = NT + 1
ViM,1) = = aC(M™]
DO 120 MNA=1 . NOM
120 C{M1+NG)=CNCODE{M,NO)
G0 TA 300 .
C MOVE ELFMENTS OUT OF UPSTREAM END S - —
200 CONTINUF
vOL = 0.0
DN 210 I=1eNT
N = 1
YNL = V0L + VM. M)
IFLNGIMY LLT. vOL) GO TDr 220
210 COMT INUF
WRITE{A.215)IF: 1T
215 FORMAT(Y ALL ELEMFNTS USED FNF ari{M) UPSTEEAM, SLB. PRENCH, M = ¥,
1 [2+"TIME STEP = ¢,18)

220 VIM4aNI = v = Qa{m}
DD 230 NTEME = HNNT
VIM,NTEMP-N+1) = VIM,NTEMP}
DO 230 MA=] .« NOM
230 C{MyNMTEMP—N#]1 N1} = CIMyNTEMESNQ)
HNT = NT=N+1
ACO IF(OTI(MY) 400.,H00+500
C MOYE S LEMENTS OUT (OF DOWNSTREAM LMD OF SEGMENT M.
B 400 CONTINLC
i VL= 0.0

N al0 NIKV=1,NT
N= MT+1=NINV

YL o= VL ¢ VIMGN)

IF({=-Q1(M)}] L1 Ts VIIL) GO T 420

410 CONT INUE
WEITI (Gaal1S5IMe 1T

415 FOAMAT(Y ALL fLTMONTS USFD 1h MAKING UP QI (M) DOWNSTRLCAM, SUR. PR A

IMCH. M= #,1Z," TIve STEC = ¥,14)
420 VI{M,N) = V(L + QliM)
ET = N
5% T 8720
MAVE AM CLEMENT INTO THE TOWNSTREAM FHRD OF SEGMEMNT M,

L0 WIMGMT#1I)=0T (M)
MMaxXDL = MMex]l o+ ]
T-fva e L1 Ma =
n e 10 I‘D:].I‘br'
IF{th a™'2a TMe X

]

M A A2

MIP e IFLTW o Fig 1 wfNT, CAGLE(AMAXPT(NOY oNFs

B 1 -
. 1 04d) rR1TE (F,50233 #8J0R, ICYCL

ern TLFWAT (8 MEEr CPLOLUTEATION T AL IS5 ENTRogh TS AT 7ti7 TN FLDC

T TT . BHELE = 0, T3, 0, IVOLD = 4, 1Y)
LI COMaNTHRI Q)OO (MG NGO}

MT=NT+1
£00 CONT INU™

NMEX (MI=NT

[FiNvGg Qe MMEXPL)Y Ma = 3
750 ELTORN

;\Jl’ﬁ




DIF ]

Egaﬁggsl §PR}N¥?53,%0'0XE(30)’TQ

CDMHDN/‘LL/MM!X]llRoﬂlJOpnICYCLE

COMMON/RIVL/ Bl20,250).H(20,250)
1 Cl20+30.,4),Q1(22}),00{22).C1(2
2 IDUMsIRNIT.COlZ204+4)CNODELZ2Ca])
3 viz20,30)

COCMMDN/RIVZ/S NADDISEs MINPUT (5)

COMMON/RIV3/ NCSLUG, THRSLG.MSLU

COMMON/RIVA/JSTART (3} . JENDI3)sJM
1 CINT{(3)

COMMON/CONSTI /NOM, PARAM{4,3),

COMMONZDZDIFHI{201.DIFLO{Z20])
COMMODN/ZPLTIC/XFLOTL20430)

1 MPLT(20)y IPTST (4}, ENTOIS{270): CUONCL{270)s SUMXL, IPLOTI(20).
2 PLOTITe STORE. DES(4),s YSCALE(3)
DIMENSION X({20),EFOR{30}
90 CONTINUE
NT = NMAX(M)
IF (NT «EQ. 0) GO TD 500
NTML=NT=1
NT2=NT*2
C_--_-.-—_--.---— ————————————————— A P S s S el - e . e ———— - ————— - e ML S L o SN S S A W W W
[
C COMPUTE LENGTHS OF ELFMENTS (XF) AND PCSITINN DF MIPPOINTS{X)
c -
C--—u--.——- —————— - e e S ey . W — W —— . —— - —— i T W -
DD 100 N=14NT
XE(MISVIMONIZEH{M,IT H
100 IFL{XEIN) +EBs Qo) XE(NI=XLIM)/1I0000,.,C
K{ll=.5%%F (1)
IFENT «EQe 1) GQ TO 115
00 110 N=2NT
110 XANI=«S®IXE(N=1LI+XE(NI) + X{N=1)
IStINT aOT ol O ¢ AND o (XL IMY/ HNT YL T (F({*,1IT 1+, 3331) S3 T FOO
IFCEXLIMYZEXTEE NI~ XT1 D) aGTWNT2Y 6L T2 320
IFC{XLAMIZEXINTI=(NT=1}D)arsTs NTZ) G TT 400
IF(NT .GEe 29) GO T2 700
115 CONTINUE
o o e e e o -——————————
C
E COMPUTE ADJUSTFD MABS TRANSFER CAFFFICIONT, SF (NTEME) .
c-————--——- ————————————————————————————————————————————————————————————————————————
C
C
DO 1A0 M = 1 NTM1
o TR IS DISTANCE TRAVELEN QY MIDPAOINT OF AN FLEWENT DUGING CNF TIME STFS,
C IT IS COMBPUTED AS THT ARGOLUTE VALUT OF o o « o (VELCCITY AT UPSTEFAM
< END NF CEGMENTYIR[NIST. NF FLEMINT FROM THIS END AS FRACTICN CF XL}
£ ¢ (vvLe AT DOWNSTIFAM SND)X(TIST, ©F K| MipNT FROAW [rwmETI04W END AS
n FRACTION CF S GMEMT LENGTH) « o o o ) ’
TE{HI=ARS{ Q{0 ex (M) 4+ OI(MYIe{xXL({V)=%X(rM]))
. 1 ZUCRHIM,IT) + AHIM ITMLII ) RXL (MY
b THE SIMONSIOMLF S5 MBS TOANSEf G o f Ve co erwme .
¢ NI L =R TN AN Ty SRR -Flv;-lﬁﬁgﬂuT:LLGEL&
LA WTos o, SEER=CHANMEL (TLT b adawes P CITTTOS100 ST OSANKSR FLUTS |a
TUECUL INT SHG 315 SLIWE . Jy SLULT “CCdes VILy 9y 1370, D0, 20icard)a
TE T Tt & N ETTe aFDTH 8 SRy AR VLT IT Y
USTMG THE CHEZY FOUATION, THIS ST CCUTT 44,
KL = 4SS0 % N % T&x(S5.0/A,0) % 1)
N = MENNING F-ICTICN FACTIE = .1,
D = WATFFR DePTH
U = TITAL VL ONITY
THF DIMENSINN, ESSG Ma3S TRANGFFR C UFFICIEMNT 1S uneees
TFINY = EL®T IME TACIEMENTRCHARY | CGRSS-GE CTINNAt fRE A/

{LDIETANCD PLTWITHN

R ErraA Tt atala R Thinatala Xate B FaN i Fal o

104

(30).FF(30).TRANS(30.4I.CP{30)
2PET S CPASE (9541 IFLDOWFIRST
JEH(204250) +F MAX[20 ). XLL{281}),
244) g NOL20)sNTLZ20),IT,1TML,
JAMEAS(20) s CMEAS[2C 4 )+ VEL (20}
s XADDIZ )y ADDI{S ), CADD(S .3}
GsNSLUG XSLUGNIT, SUMCUT s PERCNT
(3D INCRY O XINT I 24 ONQI3 I VINT( ),
cECAY (4]

CONPLTLZ27C0s8e 310

FAPPLT(270s4).,

FLEMENTS kT

SR CNT VAL ke }

.

B ok KR R R T kAR R KRR KR R A R AR R R KT R R AR SRR AR AR B R MK kAR KE ER e ok R

COMPUTEL FF{NM} INCREASED Y FACTOD NF 17.0
FR{NMY = 1205 (M [TIRK (S C/GCIRTIA(NIZ LI X{M4+1Y ~ K{M) yExE (M) )
THE FOLLOY TNG IMETRUCTION MDTES THET Tht kg TR 56 [ = pyac
EXCHAMNTT TS TEAY wHIOH FARTR AR JAST T F s . T aT T ouen Ceia -
Talb o woe 175 THvo THTTIAL Crpes b T8V !"f-'l"._)..'h.(—(- - L s amnaea
IFC TR () WRT.y e} TREIMY = '

i TETA OTHOTE (MY
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L
-
T {TOYOLY stica =) 67 TH len
LEST O = D M)
I“{T s 1 sAND S DIFLDIM) o450 Q) DIFLC{MY = FFSTOR
IF{FFETIR oCTe DIFHTIIMY)Y TIFHI(M) = YCSTOR
IFIFFRTCR 4LTs DIFLD(MI) DIFLO[M) = FESTOR
148 N 120 MOz WM
C TREAMS{N N3 15 THF MBASS FLUX Y0 (Tf FRCA) ELFMENT M+
C DURING NNF TINF STEP. BLre !
IF{C{MyN sNQ) aGEFs 1a0OFE+EHD aTFs CiMgt W IrR | GF ]
1 wl iy FF{N Y sGE e 1leQE+3I0) T T 1621 ’ ' ' + 1e0Fse0
14 IFI TiMyN HOY # CINN o N1} b Te LlaOT=¢CIGE TC LEF
TRANS{N,NN) = LFIN) & (C{M MEIZNNT ~ CIMaNyNALD
G TOQ 150
151 WRITE(AsL1S2) ITeMiNyNyFF (N2 COMan MOy CEIMgN&] M0, NO
182 FOKMATYL /7701 Xy "L XCESSIVE CONCENTRFATINN Nt OYVERSIJE CIFFUSICN CRTSFI
1CIENTs IT = #4120y SELMENT MNT, = 0 (T30, ELEMIRT Ny = 8, T3, /7,0
2 EF(O,IFa') = CGI24G 4 CUMiNNIY = ", G128, " TN N+L RO = $,G1Z44,
J3*, SCOLUTIPHNT,I 3)
GO TJ 149
155 TRANSIN JHOE = 0.0
150 CONT INUFE
10 CCNT INUF
Lo ——— e - — - [P [ epp——
C . -
' FOJIST FLIMONT COHOENTRATINNS T 2000 [EH DIFFUIIY, STLR
[ CPRIMY I3 TFw PeFyY STUORAGH +£0 Niuwp ¥y CTRHPOTIN 7k Tt TS L7 TI0ME
<
C ------------------------------------------------------------------------------
- ' QT Zan MUa=s1, NOH

00 190 M=1.NTH1

c . .
IF(XEI(N+1) = ¥F(NY)} 17041PG1R0
o IF ELEMENT N CONTAINS MORE VOLUME THAN LOWNSTREAM FLEMENT, REGLUCE THE
c OUTGOING CONCENTRATINN CHANGF CF ESLEMENT N RY THT RATIO OF THF
c VOLUME S s asnwaw
170 CPRP{N) = CIMyN NG} # TRANSIN,NGIEXLT{N+]}/XE(N)

GO TO 190
C IF FLEMENT N CONTAINS LESS VCLUME THAN DDOWMSTREAM ELFMENT, USE THE
< FULL CHANGE OF CONCENTRATION IN FLEYENT N ssnaeces

180 CPUIN) = Z{MyN+NG} ¢+ TRANS{N,NGQ)
190 CONTINUE
CPINTI=CIMNT, NOD

DO 230 N=2+NT
IF{XE{N=1) = XE(N))210.,220,220

~
C IF ELFMENT N CONTAINS MORE VOLUME THANM UPSTRECAM [LEMENT. REDUCE THE
C INCOMING CONCENTRATION CHANGE RY THE RATI(O OF THE VOLUMES veses

210 CL{MsN NGI=CPR({K}-TRANS [N=} NQ)*XF(N=1V/XF (N}

GD TO 230
C
C IF ELEMENT N CCONTAINS LESS VCLUME THAN THE UOSTREAM FLI MENT,
C THEN USE FULL CHANGE OF CONCENTRATI{IN seensve

220 CUMNGNOIZCPIN)~TRANS (N=1,NG}
230 CONTINUE
CiMy E.NO) = CP(L}
240 CONTINUE
IFUIDUM oNFe IRNITY GD TO 27%2
DO 260 HN=1.NY
XPLOTI(M.N]) = XIN]
260 XPRINT(M N)=XIN)
275 CONTINUE

Do 280 I=1.45
IF(M «NEs MINFUT(I)}) GO TC 280
DD 277 N=14NT
NTEMP = N
IF(XIN) +GE« XADD{I))} GO TO 278
277 CONT INUE
278 NADD(I) = NTYEMP
IF{NTEMP LEG. 1) GO TO EZR8O
JIF(IXADD(I) =X(NTEMP=1)) «LT. (X(NTEMP}=~XADC{1 ) INADD(T)=NTEMP=]

< -

E IOFNTIFY ELEMENTS FOR SHORT CONTINUQUS JNRUTS
C

C
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1 T=1 i

Ifr]*rllfl;) W0 Y a e TCYCHE Y ST e JETALTILI)Y o770 e
P TOYr Y a0 Ta ot {Id) i TE 221
T O Wb e JN{I3) A7 T 2]
¥orad M=l HT
ML =
;:(;:ﬂl T e d®xn UNE sl e XIWNTUETE JANT e XOF) 4 a5%2XT(N) «CTa
COMNIRTOIEY G Yy 24
& MRS 1
Dot JHLTYENMT TR
Pl CUNT TNUF . . e
(o o o e s o i e 7 =& 1~ e = - e ——

IFINCSLUG oNF e JOYOLE «0ORe IT/NIT oNF e THRSLG +GRa
1 IT/NITaNIT JMEs ITY GG TC 299
IF (M ah¥e MSLUGY GO TN 229
DN 2973 b o= 14T
HTSMP = N
FEUXLME = ¥ 28X AN} «L7a XSLUG #ANNL X{N]) + .S*kxXF[{N) +GTa« xXSLUG)
1 0 Tro 23¢
203 COMNTINUT
208 NELUG = NTTMP
208 T TYRY

BLETUSN Ti) MATF ORNGRAM, SURSEQUEMT STFRS ACCOMPLISH FEDUCTIOM
CF NUMBIGR NF [LTMENTS IN SEGMENT WHIMEVFR TwO SMALL FLFMEMTS
ACCUMIHATE AT ¢ [THER END OF SFGMFNT, OR WFEN NUMBEFRF OF ELFMFENTS
IN SEGMENT WITILL FRCEED ALLNWERLE STAORAGT

TIO0 WT=VIML L) & V(M 2)
DM 305 N{O=z1,hOM

2086 CTMel MDY = (C(Me14MOY ® VIM, 1)} & C(M,2,M0) * VIMeZ P AVTY
ViMya1)= VT
P 310 M= ,NT
VIM,N— 1)-V(M.hl
0 317 +a=1 . HOM
310 CUMeN-1+MOQY=C{ My N NO)

GN T 520

400 VWT=V{MPETYHL) 4+ V{MNT)
DN 410 Nuz],MOM

410 COMGMNTME G MO) SUVIMaNT I RCIM NT  NQ)IEVIMNTML JECIM G NTHML NQYIZVT
VIMyNTMY h=yT

500 MMAX{M} = NT=1
TI{MY WlEa 1) GO TO SZ20
G711 T 90

520 WRITE(6,S2Q) M
s 10 FqRM.T(/n FLEMENT REDUCYION STOP, M = *,13)

STO2

FURKOUTINE FCE COMSINING FLEMENTS, CALLFD WHEN AVGae ELEMINT LENGTH
IZ L7355 THAN 1/7% DF SEGUENT WIDT,

00 COMT DN
MWANT = 1
XEMIN=XF{1)
DO P20 M=2 4NT
IFIXEIN) LTs XEMIN) GD TD 7310
GO T 720
710 NWAMT=N
XEMIN=XE(N)
T20 CONT INUE
IE{NWANT 4EQe 1) GO TO 200
JTFIN®ANT LEN,. NTL GO TO 409D
IFEXE{NWANT #1 Y =X E{NCANT=1)}TE0.760. 740
740 LL=NWANT=]
LU=NWANT
GO TO 770
THO LL=NWANT
LUSNWANT +]
770 CNNTINUE
VISVIM,LLY#VIM,LU)
DO TTS nO=14NOM
TTS ClM.LL,NQ)= {V(MQLLI‘C‘MtLL'Nﬂ’QV(MULU'*ClHQLU-NQ"/VT
VIMLLL)=VT
DO 780 N=sLUWNTML
ViMeNI=VMyNGL )
00 780 MO=]1 ,NOM
TEQ CIMaN M MOY = CI(MiN+1,.NG)
GO TC S00
END



M R A XL NT (vl 2 M)
T I NIIuy T}
LOGICAL g3y}
TUARNS T IV F L0 e»S0) gF {204 PF0 abt HEFD G Z C) v ERET0 )0 X [ Y
1 "("0.30.41.01t.";'aﬂ':\[a?l.(.lf”?"l'-‘4|'I=C)|NI(?G'|ITI!1"1l
2 IEU'!.IF'HIT.rC(?O.ﬂ’oCN'r.'Df(2(:14_}.0":_.:-‘5(?0’uC"t‘E(!(c“’|Vr‘ (2n),
3 vi{20e,13)
[C}gﬂ:ﬁl;l/ fxpi;lf‘T(20|30’0*E(10'079130|.EF{'SO'OTRlN5(3(oﬁlncptao'
1! = 1a
S PlI)} = .TRUE,
NT(1)= NMAX{ML)
NT(2) = C
NT(2) = 3]
IF(M2 JNE. 0O) NTI[2) = NMAXIMZ)
IF{MI LNE. O0) NT(3} = NWAX(MT)
o0 TF{MZ.EQ0 +AND. MIALENGE GO TR 111
IF{M3 .EQe 0) GO TD 112
110 WRITE(6,10MM3 ML 4 M2
10 FORMATL /. 3(1TY +*SFGMENT ,T13,17X) o e TX e 2L IST ¥ AN ' CNHNC e {NGY - =
I= = = = -'.!5){l."“lST-‘.aK.'C’JNC'-lNﬂ) - - = = =)
GG TO 14
111 IF(M2,.,F0.0) GC TC €1
112 WRITE(E,11) Ml M2
11 FL"PMAT(/.dw.E(!TK.'SEGMENT'.!L!?XI-/-"-t'-xol('rls?-'.GX.'CC‘NC.(NOI
tm mm 2 IEX ) tDTST e 1,4 X $CTNCAPA) = = = = = =%,7)
GD TJ 14
151 WRITE(AR,1Z)™)
lleﬂF“AT(/ofsBx.'SFGMF{.NT'|!3|/052‘|'E-IST. CONC el NY) + -~ = = = = L
/)
14 N = 0
15 N=N+1
oC 20 1=1.3
20 IF{N +GT. NT{I}} P{I)= +FALSF.
IF (N «GEs 31) STNDP .
IF{«NOTAP{11a2NDa JNOT. P{2) sANTHe s NOT4P(3)) RETUFN
1IF{P{3)) GO Tr 210
1IF{P({1)}) GO TC 220
G T 220
21¢ IF{P{(1)} GO TC 240
IF{P{2)) G2 TOC 250
WRITE(E,211) KPRINTINIZNI q{CIMI Ny NQ) 4 NI=T,13 ]
G2 TO 15
220 IF{P(2Y) GU T 260
WRITE(6.,221) XERPINTIMY JhY e LCINL NaB ) oNA=k 4 3 )
GO TO 15
230 WRITE(G,231) KPORINTIMZ NI {CINZ N NQ I NO=1 423 )
GO TN 15
240 [F{(P(2))} GO TO 270
WRITE(G,.2081) XPRINTIMI N ¢ {ICiN2 NaNDIINN=] 47 Pa XPELINTEMY WM )y
1 (ClMl.N;NOI.Nﬂ'—'loB ) -
GO TN 1%
250 WRITE{&,251) XPRINTI{MIsNI o {C{MI NG NODINO=T.2 JoXPRINTI{NVE JN} s
1 (C{MZ2+NsNQ) s NQ=14+3
GC TO 15
260 WRPITE(HA+2F1) XOEINTIMY M {CIML{NyMNQ)NN=T .2 Ja XPEINT (M2 uN} o
1 (CTMP2 s MNaNO)aNQ=1,3
GO T3 15
27C WRITI{A.2711} ¥R TNTEMI M CCIMT ol NI aNN=1 43 e XDEINT ML oM ),
1 TCIML o MahIY oMW1 3 P 2N NT(ME.N’|(t(5'2|?\|of“0|u|‘ﬁ=la? 1
GO TR 1E
211 FUOEMATIF740.1X43G1244)
271 FOARMAT{A8XeFT7e0elXs30G12.810
231 FORMAT({HAXsF7+0:1X:3G1206) -
241 FDRMAT(F7.0.IX.3612.4.F?-O-ll"SGlE.al
251 FDP"AT(F?-O.ll.3Glz-ﬁ.44!oFT-0|11036120‘,
261 FORMATIAAX yFTuOQe1X3Gl2a%y FTalol M 3IGLZe8)
271 FORMAT(3(FTeCy1X,y3612441))

END
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