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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 �970! is used for the si-

mulation proc e s s.

Individual elements of fluid are followed as they move along one-

dirnensional 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 points 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 Gushing activity than the basins. The timing of pol



lutant injections relative to tidal phases is very important in deter-

rnining what percentage of material will be flushed out in a given

time. >ollutants injected during a high tide experience much more

flushing than when injected at low tide.



TABLE QF CONTENTS

Page

ACKNOWLEDGE MENT S ~ ~ .. ~ .. ~ ~ ~ . ~ ~ ~ .. ~ ~ ~ ~ .. ~ . ~ ~ ~ ~ ~ ii

BSTRACT........ ~ ~ ~ ~ ~..................... ~......... iiiA

LIS T OF FIGURES...................................... vi i i

LIST OF TA B LES. ~ - ~ ~ ~ ~ ~ - ~ ~..... ~ ~.... ~.............. ~ . x

Chapter

I» INTRODUCTION» ~ ~ ~ » ~ ~ ~ ~ ~ ~ ~ ~ » ~ ~ ~ ~ ~ ~ ~ ~ ~ » ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

I.l Background...........,................

I. 2 Objective and Scope of Present Work.......... 4

II. LITERATURE SURVE Y...... ~.............. ~ . ~ 7

II. 1 Intr oduction .. ~ » ~ ~ ~ ~ ~ ~ ~ ~ ~ » ~ ~ ~ ~ ~ » ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7

II. 2 Diffusion and Dispersion............., ...,, 8

II. 3 Continuum Models.......................... ~ 9

II. 4 Computer Models........... ~........ ~...... 14

II. 5 Determination of Longitudinal Dispersion......

Coefficients ................................ 15

20II. 6 Box Models...... ~ ~ ~ ~.....

II. 7 A LaGrangian Model ~.......,.......,....... 21

III. GENERAL DESCRIPTION AND DISCUSSION OF A ONE-

DIMENSIONA I MODE L ~ ~...,...,,,

III. 1 Overview,...... ~ ~ ~.....,...,.............. 22



TAI3LE OF CONTENTS  cont. j

PageChapter

III. 2 Main Program ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~............ 24

III. 3 Subroutine RIVER ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~............., ., 26

III. 4 Secondary Subroutines ~ ~ ~................... 31

III. 4. 1 Subroutine MAP.............., ~ . ~ ~ ~ ~ 31

III. 4. 2 Subroutine BRANCH,.....,.... ~, ~ ~ ~ ~ ~ 34

III. 4. 3 Subroutine DIFUSE ~ ~ ~ ~ ~.............. 38

III, 4. 4 Subroutine XPRNT ~ ~ ~................ 39

III. 5 Program Expansion Capability............,... 40

IV. 1 Introduction ........... ~...,,,,..........., . 42

IV. 2 Instrumentation......,...,.................. 43

IV. 2.1 Level Sensing Tide Gauge.... ~... ~ ~ ~ ~ ~ 43

IV. 2. 2 Pressure Sensing Tide Gauge. ~ ~ ~ ~ ~ ~ ~ ~ ~ 44

IV. 2. 3 Data Recorders.......... ~ - ~ ~ ~ ~ ~ ~ ~ - ~ ~ 46

IV. 3 Tidal Data Collection and Reduction.... ~ ~ ~ ~ ~ ~ 46

IV. 4 Tide Function Synthesis ....... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

V. SIMULATION OI" MARINA DEL REY.... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

VI, RESULTS ..~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~

VI. I Tidal Variations in Marina del Rey ~ - ~ ~...., .. 60

VI. 2 Computer Modeling Results .. ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

V1

IV. FIEI D WORK AND DATA REDUCTION.....,........ 42



VII CONCLUSIONS ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ e a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

LIST OF RE FERE NCES ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~

APPENDIX I: DKRIVATION OF DIMENSIONLKSS MASS

TRANSFER COEFFICIENT................ 86

APPENDIX 2: LIST OF FORTRAN SYMBOLS USED IN

PROG RA Mr ~ ~ ~ ~ i ~ i ~ ~ ~ o ~ ~ ~ ~ ~ a ~ o ~ ~ ~ ~ ~ ~ s ~ ~ ~ 8 8

APPENDIX 3: LISTING OF FORTRAN PROGRAM...,,... 93

Chapter

TABLE OF CONTENTS  Cont. !

Page



LIST OF FIGURES

De sc riptionFigure Page

sites are shown . ~.... ~..................,...,... 5

Schematic representation of an estuary...... ~..... 222.

Block diagram of water quality program for es-
tuaries which may be approximated by a one-dimen-
sional geometry... ~................... ~ ~.........

3.

24

Typical segment connection...... ~............. ~ ~ 324.

Sequence of operations by subroutine BRANCH in
moving volume elements to make up upstream flows
computed by subroutine MAP........ ~ ~ ~ 36

6. Operations of subroutine BRANCH in moving volume
elements to make up downstream flows computed by
subroutine MAP.......,.........., .. ~ ~ .. ~....... 37

Level sensing tide gauge assembly............... ~ . 457 ~

8. Smoothed tide differences between site No. 13 and
site No. 1, plotted against smoothed tide at site
No e ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~o 1 51

Marina del Rey as divided into segments........... 539.

10. Recorded tide used as baseline data in the simulation
of Ma rina ea del Rey...,,,...,...,...,,,........,... 55

Comparative time history of concentrations at land-
ward end of basin K illustrating effect of increasing
originally derived dispersion coefficient by factor
of 10......~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ e ~ ~

Typical tidal data as recorded at site No. 1, showing
harmonic corn o enmponentt ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6o

12.

Typical synoptic tidal data.....,...,...,...,,,.... 63

vrrr

1. Plan view of Marina del Rey, numbered data gathering



LIST OF FIGURES  cont. !

Figure Page

Case "A" concentration distributions in main channel

and basin E during first tidal cycle following injection. 66

Concentration distribution curves during second tidal
cycle following injection of case "A".................. 67

16. Concentration distribution curves during seventh
tidal cycle following injection of case "A"....,....... 69

Case "B" concentration distribution curves in main

channel and basin E during first tidal cycle following
injection+ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ 4 ~ ~

18. Concentration distribution curves during the second
tidal cycle following injection of case "B"............. 71

Case "C" concentration distribution curves in main

channel and basin E during first tidal cycle......... ~ .. 73
19.

20. Concentration distribution curves during second
tidal cycle following injection of case "C"............. 74

21. Concentration distribution curves during seventh
tidal cycle following injection of case "C"............ 75



LIST OF TA 8 LES

~Pa eNumbe r

1. Summary of test cases used in simulation of
Marina del Rey 76



I. INTRODUCTION

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 based. It is evident that water-quality authori-

ties must have fools 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

atfecting 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 coefficients and water

depths due to tides and seiches must be ineasured 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 simulation of estuarine

processes. The first is hydrodynamic modeling, which uses en-

trance tide data to "ompute currents and water levels in the estuary.

The second is water quality modeling which simulates the temporal

and spatial changes in pollutant concentrations due to convection,

dispersion and sources and sinks. A predictive water quality model

uses the results of a hydrodynamic model and calculated d spersion

coefficients as input data. Calculated d.spersion coefficients have

historically been one or more orders of magnitude too small



 Fischer, 19ee! ~ A quasipredlctive water quality model uses the re-

sults from a hydrodynamic model or from tide-seiche measurements,

and measured dispersion coefficients as inputs.

Two classes of problems face an engineer concerned with the

tidal flushing of estuaries:

l. ! 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 request of the Los Angeles County Flood Control District and

the Marina del 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 hatbors in Southern California region.



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. S. Corps oi' Engineers

proj ect consists of two parallel rubble-mound jetty structures with

an outlying rubble-mound breakwater, and a main channel 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 is 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 illustra.tes the layout of the marina.

i. Z ~Oft'ective and S~co e of Present Work

The objective of this study is to investigate the pollutant trans-

po.t characteristics of Marina del Rey by computer simulation.

Because o! the special feature of the geometry of Marina del Rey

which can be approximated by one-dimensional segments; the model

developed by Fischer �970! was used with certain minor modifi-

cations

In Chapter II, previous work on 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 o'

Marina del Rey. Results of computer simulation are presented

in Chapter Vl. Conclusions are stated in Chapter VII.



II. LITERATURE SURVEY

II. I 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, l969!. 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 associated with the tidal

rise and fall of the water surface. Tidal currents are generally the

donunant horizontal motions in estuaries, providing the turbulent

energy for mixing. Bowden  l967! 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 horno-

geneous. This should be kept in rnind during the following dis-

cus sion.

Probab1.y the earliest model of tidal flushing was the tidal



prism used by Phelps and Velz �933! to study pollution of New York

Harbor. Since their assumption of complete mixing on each tide

is incorrect, an improvement was suggested by Ketchum �951! in

which the estuary i s divided into segments, each of which is assu-

rned to be completely mixed. Ketchum' s relatively crude method

has been used to calculate flushing time s 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 acros s 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 transver se mixing

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

II. 2 Diffusion and Dis ersion

The meaning of the terms convection, diffusion and dispersion

in estuaries will now be discussed. Convection is the transport of

a dis solved substance in a flow a.t 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



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 fiuid 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 terminology he uses. Holley �969! 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 eros s - 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.

II, 3 C ontinuum Model s

Beginning with the basic ideas of Ketchum and of Taylor,

Arons and Stommel �951! 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
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period. A brief discussion of the derivation of the one-dimensional

mass transfer equation follows.

The three dimensional turbulent mass transfer equation for a

conservattve substance  also referred to as the advection-diffusion

equation!, neglecting molecular diffusion, is:

u + v � + w ~
pt yX py gz

 e ~!+ >  e ~! + �  e � ! + ZS �!
a»» e» ay y

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; c is the local concentration; e, e, e are the
x y z

turbulent diffusion coefficients; and Z S is the sum of sources and

sinks. To obtain the one-dimensional simplification of equation �!,

the transverse and vertical velocities, v and w respectively, are

assumed to be zero. The longitudinal velocity, u, is averaged over

the chs.nnel cross-section to get the average velocity U. The local

concentration c is averaged over the channel cross-section to get

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

sional equation is written;

 A !+  AUC! 0  AE ! P A-~ !+A >' A px A px px Appc xpx

The reader interested in a rigorous derivation is referred to Okubo

�964! or to Holley and Harleman �965!. The negative term on the



ll

left side of equation �! is the longitudinal dispersion term, and E

is the dispersion coefficient. The quantity e is the spatial average
X

of the turbulent diffusion coefficient. Taylor �954! has shown that

E is more than two orders of magnitude larger than e . It is can-
x

venient to add the two coefficients and refer to the sum as the long-

itudinal dispersion coefficient, E<..

E =E+e .
X

Equation �! then becomes:

� ~  AC! t 3  AUC! = ~  AE 2 !+ ES
A 9t A px A px I p,x

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.

�  A U! = 0
pt Px �!

After expanding the left side of �! and using �! to simplify,

C ~ 0 6~ 1 ~  AE bC ~ + Q$  ~!
Apx I px

is obtained. This is the form of the one-dimensional mass transfer

Theoretics.lly, equation �! is strictly limited to the case of a one-

dimensional channel deep enough to minimize tidal effects on the

cross -sectional area.

equation that is usually treated in the literature. It must be noted

that Okubo's derivation assumed a channel of constant cross-section.
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All simplified models such as equation �! involve some averag-

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

transfer equation is:

Uf P G 1 P  AE ~Cht ax A bx L~x' '
where C is the concentration a,veraged over one tidal period U is

f

 e}

the non-tidal advective velocity due to freshwater inflow and E is
t L

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 �953! used a steady state form of

equation �} in finite difference form to determine R as a. function
L

of x from measurements of salinity in the Severn Estuary. He th«
calculated ion itudg' dinal concentration distributions for a pollutant in-

troduced at an arbitrary section of the estuary.

i rocess which yields two terms describing pollutant transport.ng process w ic

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 �970! has re-

ferred to this term as containing the "garbage coefficient,"  K !

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 �951! used a form of equation �! where each
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A mathematical model based on a different non-tidal advective

concept has been developed by O' Connor �965!. 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 �!, 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-

rnined experimentally. This is an expensive and time consuming

procedure involving dye injection and observation in the field.

The ease of analysis of models based on non-tidal advective con-

cepts Ied 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-

terrnining 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 cross-section, but not over time.
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II.4 Com uter Models

The advent o t e arge,d t f th la ge high-speed digital computer has allowed

the use of real time models in complex geometries ~ These general]y

use finite-difference techniques to solve the one-dimensional equation

�!. The first real-time formulation that the writer is aware of is

that of Thomann �963!. 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 �968! 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 �968! 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»-

bitrarily assigned. In other words, the relation between the rnag-
nitude of the dispersion coefficient and the tidal motion was not con-

sidered. Shubinski et al �965! and Qrlob et al �969! have con-
sidered water quality problems in the San I ransisco Bay and the



l5Sacremento-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 �970!. 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 dispersion equation  to be discussed below! in the constant

density tidal region. Water quality parameter observations in

several estuaries are used for comparison with the analytic results.

Preliminary results have been published by Ha.rleman et. al. �968!.

II. 5 Determination of Lon itudinal Dis ersion Coefficients

There are two methods used in determining longitudinal disper-

sion coefficients for a real time model. The first of these is an



l6

anal,ytic one which considers the fluid mechanics of dispersion in an

oscillating flow. The second is an empirical one where the disper-

sion coefficient is determined by comparing solutions of the mass

transfer equation �! 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 ~n instantaneous injection of a finite amount of tracer ma-

terial uniformly across the entire flow crass-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



17velocity 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 �954! first determined a quantitative expression for the
longitudinal dispersion coefficient, E . His resuLt is written

L

EL = 10.1
�!r uy r0

where r is the pipe radius and u+ = IT / is the shear velocity
0 mop

by:

E = 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-
tallyl y.

Equations �! and  8! can be written in terms of the channel flow

and friction parameters. In the literature, this is usually done with

  q is the shear stress at the pipe wall!.0

Elder �959! applied Taylor's methods t a steady, uniform, wide
open-channel flow having a 1ogarithmic velocity profile in the ver-

tical direction. Elder's coefficient of longitudinal dispersion is given
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Taylor's equation �! to yield the modified Taylor equation:

5/6
E = 77 n U R  sq. ft. /sec!,

L
 9!

wheze n is Manning's friction coefficient, U is the flow velocity

averaged over the cross-section of flow, and R is the hydraulic

radius, investigators have used this relation in open-channel flow

although Taylor strictly l"ited his result to turbulent pipe flow. ln

the cs.se of a channel 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 ranges 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:

'T

uy = � =~gRh S

where g = 32. 2 ft, /sec, Rh is the hydraulic radius, and S is the2

slope of the energy gradient. Substitution into  8! yields:

E~ = 5. 9 d ~gR S
h e

Using the Chezy formula,

S =V/C R

where C is the Chezy coefficient we have:
c

= 5.9 VaL
C

c

The Chezy coefficient is related to the Manning coefficient, n, by'-
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Substitution yields:

E =224
L R 1/6

h

In a wide channel, the hydraulic radius may be approximated by the

water depth, and the required expre s sion is:

5/6
EL= 22.4n d U. �0!

5/6 2
E = 45 n d IU[  ft. /sec,!

L

where n is the Manning coefficient, d is the water depth, and U is

the magnitude of the water particle velocity at the point of interest

averaged over the channel cross-section,

There is a question of what velocity to use in applying equation

�0! to an oscillating rather than a unidirectional flow. The absolute

value of the tidal velocity  Holley and Harlernan, 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

stra.ight channel. On this basis it is suggested  TRACOR, 1971, p. 56!

that the modified Elder equation �0! 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:
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II. 6 Box Models

Another approach to the modeling of estuaries is the so called

"box" model as described by Keeling and Bolin �967!. Briefly,

water body is divided up by a seties of control volumes  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-

cesses 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 �969! exchange rate constants in the box model

have "... no clearly defined physical basis, but, to be honest abou't
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it, neither do eddy diffusivities."

II. 7 A LaGran ian 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  l970! 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  l970! contained a

major logical error and an assortment of minor ones, the method

appeared to be a practica.l a.nd 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-

sentedd in the following chapte r.



III. 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 �970!. 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.

Schematic Representation of an Estuary

22
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The segments are nuzrbered starting at the landward segment and

proceeding seaward. Each segment has a charactexistic width and

depth. Each 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 calculated and takes place during each time step, In this manner,

the concentration distribution stored in the two-dimensional array is

xnodified duxing 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

sh o wi n g pollutant c o nc e nt r a ti on s,

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 presented in Appendix 3. The computer used for

the present work is an IBM model 370/I55.



IQ. 2 Main Pro ram

shown in Figure 3.

PRIMARY SECONOARY
SUBROUTINE SU 8ROUTI NESTIOE

STATE

MAIN

PROGRAM

Figure 3. Block diagram of water quality program
for estuaries which may be approximated
by a one -dimensional geometry.

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. Program divisions are
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so that several subroutines may refer to the same variables.

Whee program execution begins, MAIN reads the following data:
1. Prototype identification,

2. The number of tidal cycles to be run,

3. Concentration in the ocean of the pollutants

being modeled  constant since the ocean is

considered an infinite sink!,

4. Tidal cycle numbers for which output is to be printed and/or

plotted at the end of each pha.se,

5. The number of hours in each tidal phase of the 25 hour tidal

cycle  for example, 6, 6, 6, 7!,

6. The number of water quality parameters being modeled
 from 1 up to 3!,

7. An alphameric description of each parameter

�2 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 l. 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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program now enters a DO loop which iterates once for each

of t} e 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 preIiminary 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,

If requested previously, plot data on the distributions of each water

quality parameter at the end of each pha.se, 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 f'rst is

executed only once; the first time RIVER is called, data is read a

preliminary operations to prepare the simulation are performed.
On subses bsequent calls during a simulation, the first section is s 'pp



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 same is true for similar steps
in the secondary subroutines 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 tizne 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
ste p! and the concentrations  PPM! of the di s solved material
contained therein,

4, A series of cards containing pollutant injection information
is read. Thete 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
lasting through the entire simulatio~,

5. Read data describing the geometry of the 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 volume elements varies

during the simulation!, the segment length, the numbers

identifying upstream connecting segments  there may be 0 up

up to 3 s egments connect ed upstream!, downst ream segment

number  there may be only one!.

Read the widths and depths of the-one-dimensional segments

for each hour of the 25 hour cycle. Interpolate between

hourly data on the segment widths and depths to provide data

at each 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 oi' 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 simu!ation. This sec-

ti«performs the detailed operations of the simulation during which

the secondary subroutines MAP, BRANCH, and DII USE are

c»led. Another secondary subroutine, XPRNT is called when
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below:

7. 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.

8. 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. !

9. For each segment, call subroutine BRANCH. This routine

moves volume 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 "bookkeeping" to make the change.

The number of volume elements in the segment may increase

or decrease here.  See page 36 for a description of subrou-

tine BRANCH. !

10. 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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small elements, and determines element locations within

each segment. The latter information is used in locati,ng

elements into which pollutant injections are made, and in

presenting numerical or graphical results.

ll, 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.

12. 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 geometries

connected to one-dimensional geometries.

13- The percentage of parameter number I  NQ = I! flushed out

as of the current time step is computed here.

14. 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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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,

III. 4 Sec onda r Subroutine s

III. 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 fourth are the segment num-

hers 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 flows 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

exter na.l inflow.

In the general case, the fiow 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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nt "M", with three upstream segments,ment junction of a segment, "M", wi"Ml ""MZ " and "M3," M C NODE!
EA

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 QO = Ql + Q2 + Q3,
and Ql = QO + 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 comput~ d by averaging the concentrations of the elements needed
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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  Cl, 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 upstream, 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 characterize 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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III. 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

~ egment is composed of from I to 29 fluid elements numbered start-

ing with l 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 element which will have a lower number than originally.

The individual elements which a.re moved out are lost, The only
inforniation retained 'd is the flow volume and concentration computed

by s ub r outine MA P.

Subroutine BRAN CEI then considers the flow direction at the

downstream end of the sesegment. If the flow here is upstream, then

a single element e uivalent t o 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 node of the down-

stream connecting segment, stored in the array CNODE by sub-

routine MAP. Figure 5 illustrates the movement of voluxnes in a

typical segment when the flow direction is upstream.

If the flow direction is downstream at the upstreaxn end of the

segment, then the entire flow voluxne for that time step is created

in the upstream end and called elexnent number l. Its concentration,

which is coxnputed 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 I becoming nuxnber 2, the

former number 2 becoxning number 3, and so on. The number of

elements in the segment increases by one.

If the flow is downstreaxn at the downstream end, then one or

more elements are moved out to xnake up the flow voluxne. The re-

maining fractional part of the last elexnent used in the flow keeps the

same elexnent number and becoxnes the new end element is the seg-

ment. Typical volume element movements for a downstreaxn fiow

a re illu s tr at ed in Fi gur e 6.

Each segment is treated in this manner once during each time

step. This routine provides the convective transport for the xnodel.
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UPSTREAM FLO'W

F G H EC D E

STARTING CONDITION OF SEGMENT

DE F G H I

4 5 ~ N-3N-2 N � I N

REQUIRED NUMBER OF ELEMENTS REMOVE D
T ME

a e C D

REMAINING ELEME NTS MOVE D UP TOWARDS
LANDWARD END OF SEGMENT AND RENUMBERED

NEW ELEMENT MOVED IN
FROM DOWNSTREAM SEGMENT

ENDING CONDITION � ONE VOLUME E LE MENT
O«D IN TO MAKE UP REQUIRED FLOW AT

DOWNSTREAM END

Figure 5. Sequence of operations by subroutine H~>~H
in moving volume elements to make up upstream
flows computed hy subroutine MAP. Letters are
identifiers supp]ied for illustrative purposes'
The total number of elements in the segment
shows a net decrease of 2 for this ti~e step.
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DOWNSTRE AM FLOW

J K L M P 0 R S

N-3 N-2 N-I NI 2 3 4

IN ITI AL CONDIT ION

J K L M P 0 R S

I 2 3 4 ~ ~ ~ N-3 N 2 N-I N

NEW
ELEMENT

NEW EL. EMENT MOVE D INTO
UPSTREAM END

J K L M P - 0 R S

J K L M 0 R SP

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 segment
shows a net decrease of 1 for this time step.

ELEMENTS RE NUMBERED

ENDING CONDIT ION- VQ LUME EL E ME NTS
REMOVED MAKE UP DOWNSTREAM FLOW
VOLUME FOR THIS TIME STEP,

THIS GROUP OF

EI EMENTS MAKES

UP DOWNSTREAM
FLOW VOLUME.
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ill. 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 injection occurs at a certain location in a

segment, the lengths and midpoint locations are used to determine

which element the injection falls in. lf 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 coefficient. This coefficient determines the amount of dissolved

material exchanged between elements by dispersion and diffusion.

The dimensionless mass transfer coefficient is computed by the

following formula  see Appendix 1!:

E s
Time increment < Chan~el cross-section areaD. h4. T. C.

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, hA. 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 I

and 2, and ending with elements N-I 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 Inidpoint 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

present 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 of
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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 lees 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

~ pecified 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 Re . The 1y. p otting routine is located in the main progra,m,
MAIN.

III. 5 Pro ram Ex ansion Ca abilit

To permit a lication to app wider range of prototype situations,
the program is set u inp 'n a manner that easily allows it to be coupled
to a program treating a two dimensional case. is would allowTh'

treatment of the engeneral case of a narrow tidal river flowing into a
bay or wide estuary connected with the ocean

The two-dimensional routine wouldu ine wou be embodied in another pti-
mary subroutine  comparable to RIVER . TR!. The management program,
hfAIN, would then call heac primar subry outine in a sequenc e which
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depends upon the state of the tide. Each primary subroutine vnuld

be called once during each tidal phase, The results would be con-

tained in printouts showing a complete concentration map of the pro-

tot ype.



IV. FIELD WORK AND DATA REDUCTION

IV. I 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 tha.t 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 three tide gauges in each basin, several more in the

main channel, a.nd 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 remedy 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-
duree i s de s c rib e d 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 marina to be linear phe

nornena. This means that for a cert'ain 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 point in the marina. If each 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 inte rior points could be determined a,s 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

The tide gauges used for most of the data collection utilized a

float containin a ma netg g which individually activates a series of

magnetic reed switches and r esistors in a voltage divider network.
This network contains 77 reeeed switches on 4 centimeter centers, and



77 one-hundred ohm resistors. It is 44
is enc osed in a sealed 1/4 inch

Schedule 80 poly-vinyl chloride pi 12 f 1i e pipe, eet long, with an

electrical connector at one end. This p' i fis pipe s fastened to a 1 1/2 inch

Schedule 40 PVC pipe 14 feet long Th 1ong. e arget pipe is open at

both ends and contains a float with a mag tmagne . n use, the assembly

ls attached to a piling so as to cover the tidale i a 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 used 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

rn»ina, the level sensing gauge cannot be installed. The gauge con-

sists of a 50 PSIG strain gauge pressure transducer  Statham

NI0-50G-350! and a strain gauge signal conditioner enclosed in a PVC

pressure 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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46is 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 weighte

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

IV. 2. 3 Data Recorders

All data was recorded on two strip chart zecorders,

quired data reduction by hand, which was a long and tedious proce-

dure. The first recorder was an Esterline-Angus Recording D, C.

Milliammeter, which had chart drive speeds of 3/4" per hour, 1 1/2"

per hour, and up. A day's continuous data could be recorded on 3

feet of 4 1/2 inch wide chart paper. The recorder was enclosed in

a herznetically sealed container which contained a desiccant. This

was intended as protection frozn corrosive salt air.

The other recorder was a Honeywell-Brown "Electronik" servo-

recorder. An electric tizner-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 wer«ully

interchangable,

IV. 3 Tidal Data Collection and Reduction

The best site to record baseline tidal data is at



47
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

funds were available to purchase the several thousand feet of cable

necessary to carry power and signal to and from a sensor at the en-

trance to the nearest source of power. There is nowhere a point at

the entrance where a level sensing tide gauge  the only kind available

for most of 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

xnarina 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 1 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 notednoe a t epen

position on the recording chart. This must be done quick]y since

water level is generally changing in response to tidal harmonics

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 leve1.

Data wa.s digitalized by hand from analog data recorded on paper

charts  .' !. 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 computer smoothing and plotting, One run consisted of 29

hours of synoptic data for both the baseline da.ta gauge and the other

gauge at an interior point. Each run was processed by computer in-

di vi dually.

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 Z hours worth of data before and after

the Z5 hour tidal period of interest. The routine is described in the

following. The data for every 1.5 minutes of the tidal period is read
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into a s ubsc ripted ar ray, each subs c ript inc r ement c o r r e sponds to

a 15 minute time inc rement. A linear interpolation is performed be-

tween every other data point  i. e. data point pairs subscripted 1 and

3, 3 and 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. !. The s e 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 sub scripted 3, 5, 7,

etc. ! Carry on in this manner for four iterations. The re suit is a

curve faired smoothly through all the data points. It should be noted

that the first and last data points of each iteration *re lost at the end

of that ite ration. 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. I!. This information was used to synthe-

size a general tidal di spla cement function in the ma rina.



IV. 4 Tide Function S nthe s is

Figure 8 illustrates typical data describing the relation pf 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

differences plot for every site shows similar characteristics, Oh

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 tidal 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 +5. 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. 1 to any other site, Since the bottom pf 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

differences in this region will be small and therefore 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

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

tides with the provision that the elevation at the beginning and

end are at the same level  so there are no discontinuities when

l. Specify a tide for site No. 1. This applies to segments lying

between site No. 1 and the entrance. Use one of the recorded



the tide repeats in following cycles!,

U sing the difference s at the known sites, calculate tides at

these site relative to the site No. 1 tidal elevations.

3. +or 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

between the basin and the main channel, or at points in the main

channel where the bottom depth changes.

De tbs

Segrnen
1

2 3
4 5

6 7 8
9

lo
11

12
13

12. 5
10
15
10
15

18

Figure 9, Marina del Rey as divided into segments.
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54Each segment is specified to the simulation program byy i s segrnen

number, its width  assumed constant!, its length, the initial number

of voluzne 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 js

assumed to lie on a horizontal plane.

The data requirements for the one-diznensional pxogram have

been mentioned previously, however they will be summarized here:

l. 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 nuznber of hours in each tidal phase.

7. The number of water quality parazneters modeled.

8. Parameter names and rate constants for first order decay

 to base e!.

9. Number of time steps per hour.

l0. Printing control indicators

I.isting of voluzne and concentrations of external flows  if any!

into upstream end of each segment.

12. Specification of continuous inputs  if any!, i. e

ber, distance downstream, rate of pollutant d'sc"a g '
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conc ent rations.

13. Specification of a single instantaneous injection  if any!.

14. Specification of continuous inputs 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

sets of 13 cards. Each card carries a depth and a width for one

segment. Thirteen cards bearing depths and widths for each of

TiDAL PHASES

~ I ~2 ~ 3

z 0

~ 4

W~
O

02

C Figure l0. Recorded tide used as baseline data in simulation of
Marina del Rey  recorded at site No. l!.



thirteen segments comprise one hours data. The tidal cycle is

specified as lasting exactly 25 hours and repeating itself ex><tiy each

tidal day. Neither of these conditions holds in the prototype  the

tidal period is approximately 24. 8 hours, and the mixed tide cha.nges

diurnally with the motions of the sun and moon!. The hourly data is

linearly interpolated by the computer to yield data over shorter time

inc rements.

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. sirnflar 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" modal ~ This

means that in order to determine conditions during a tida.l 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 ~odel as

it can be in the solution of a differential equation for a certain time.

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

stricted by the following criterion: the flow volume out of any seg
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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. Should this criterion

not be met, negative water volumes are created which lead to pro-

gram instability and eventual malfunction. The solution is to sirnp1y

make sure that each time step is short enough to satisfy the cri-

terion. In Marina del Bey, the short segments in the main channel

are the most subject to instability. Time steps of 6 minutes �0 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 �959!.

Operational experience with the model showed that the dispersion

of injected material in the marina wa.s 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 �958!. Figure 11 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



58the concentration from the upper to the lower curve over identical

time periods.

0
0 I 2

T I ME  TIDAl CYCLES!

F'igure 11.

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 cubi f '«f

R'

g 2

cK
lK

R'
4J I
C3

O
C3

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.

a soluble and conservative substance during the»st

time step of the first hour of the first tidal cycle of

the simulation.  This is at low tide. !



59
5900 feet up the main channel from the entrance.

Case "B" Identical to case "A" except that the injection occurs

in the last time step of hour 6 of the first tidal cycle

 at the first high tide of the cycle!.

To 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 �5

hours!. The volume per hour is 8000 cubic feet of a

solution containing 5000 PPM of a soluble and conser-

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.



VI, PRESENTATION AND DISCUSSION OF R ESULTS

VI.1 Tidal Vaziations in Marina, del Re

The measured tidal history in Ms,rina del Rey revealed two in

'teres'ting features. The first and most striking-is the pzesence most

of the time, of a tidal harznonic with a period of approximately $5

minutes, and an aznplitude ranging, at a single site> from a few jn.

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 frozn the entrance. Although this

harmonic component was not anticipated initially, a short, first order

analysis indicates the ha,rmonic period should be expected from the

ONE HOUR

Figure 12. Typical tidal data as recorded a«i«N
showing harmonic component.
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geoxnetry of the xnarina.

Consider a rectangulax' harbor 12, 000 feet long  corresponding

to the main channel and basin K of Marina del Rey!, The character-

istic length a is taken as 12, 000 feet. The wavelength of a water wave

in shallow water is:

L = C + T = ~gh < T,

where g is the acceleration of gravity, h is the water depth and T

is the wave period. Assuxne 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 xninutes  it ranges from 40 to 50

xninutes!. Then the wavelength of the harmonic component is approx-

ixnately given as:

2700  ft/sec. sec!

55, 200  feet!.

The wave number  k = 2TT/L! times the characteristic length is:

ka 2p > a = �xx! �2 000 ft ! 1 36
L 55, 200 ft.

This is very close to the k a value for the first xnode of oscillation of

a long rectangular harbor as predicted by J. J. Lee �969!. The

period of the first mode of oscillation in Marina del Rey may then be

logically expected to fall in the 40-50 minute range. The xnode of

oscillation at this 45 minute period is a pumping xnode, causing the

water surface to move upward and downward with fairly uniform am-

plitude everywhere within Marina del Rey except the entrance region.



62The effect of the harmonic component is to supply additional

energy for turbulent mixing to the marina Mathematically,

fluence of the harmonic would be felt mos'tly 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 be

included by increasing the dispersion coefficient by some small mul

tiple. Therefore, the raw tidal data was smoothed as described in

Chapter IV.

Examinatio~ 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 between 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

1 I/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 water depth is m«h
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greater than that at high tjde, thus, the non-linear tidal response of

r' a is more significant at low tide than at high tide Thisthe marina is more signi '

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

terior points of the marina, and thus contribute to the observed dj f

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

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

segment volume changes caused by the tides are reduced.

B
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Figure l3. Typical synoptic tidal data. for site No.
5900 feet from the entrance. - - - for site No- 4.
10, 500 feet from the entrance.



Vl. 2 Com uter Modelin Results

The most interesting characteristic of the marina to be revealed

by the computer model is its striking sensitivity to variations in the

location and ti~ing 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 coxnparison is between cases "A" and "3"  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 ma,terial injected has been flushed out to sea. The case

"B" injection takes place instantaneously during the ' gh first hi h tide of

th«irst tidal cycle. After 7 tidal days, 57. 9 percercent of the material

injected has been flushed out to sea. A small �al 6 hoar! difference in

he time of injection gives rise to a major dior difference in the percen-

ge of material flushed out of the znarina.

model in a qualitative wa.y,To demonstrate the behavior of the mo ' q

various cases were plotted by«oncentration distributions for the various



Figures 14 and 15 illustrate concen-a digital incremental plotter.

tration distribution curves or curves for case "A" for tidal cycles 1 and 2 fo]

t t eous injection in the first hour of the first tidallowing an instantaneous injec i

cycle. The distance axis runs from zero at the entrance, up the main

channel to the landward end of basin E �2, 650 feet from the entrance!.

1t should be emphasized that Figure 14 and the following graphs

show concentrations in the main channel and basin K only, Concen-

trations present in the adjoining basins are not represented, and

discontinuities may be produced in the main cha.nnel concentration

curves when such adjoining concentrations suddenly enter the main

channel.

ln Figure 14, the point of injection, 5900 feet from the entrance,

is denoted by the arrow. At the end of the first flood phase � 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

dispetses only slightly. After the 6 hour flood of the third phase,

significant amount of material appears to have pushed into the 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»ng

8 hour ebb tide of the fourth phase. Significant concentrations are



area under the phase 4 curve over that of th h 3e p ase 3 curve in-

dicates that some of the dissolved material has retu d t thas returned to the main

channel after being forced into the adjoining basins d i h 3.asins ur ng phase 3 ~

At the end of the fourth phase �4 hours after injection! th' jec ion, t e maximum

concentration is only half that at the end of the first phase S'irs p ase, ince 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 l4. Case "A" concentration distributions in main
channel. and basin E during first tidal cycle.
IP denotes point of injection.

now present over a 4000 foot length of the main 66
e main c annel. The increase
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Figure l5 illustrates concentration distribution curves during

the second tidal day following 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 as 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.

0

Figure l5. Concentration curves during second tidal cycle
following injection of case "A". Note different
vertical scale from that of Figure l4.
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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

during 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 beha.vior of the pollutant cloud

resulting from the injection of case "8". The injection occurs during

the last time step of the phase 1 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 expected 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 been 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,

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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Concentration curves during the s e venth 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.
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Figure 17. Case "8" concentration distributions in main
channel and basin E during first tidal cycle.
I P denote s point of inj ection.

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

c as e "A" di s c us s ed previous ly.

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 th«lood a
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Concentration curves during second tidal cycle
following injection of case "B". Note different
vertical scale from that of Figure 18.

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»-

jections are identical in all respects save one, their locations in t e

marina, The injections are continuous through the first tidal cycle ~



In case "C", where injection takes place at th 1 e andward end of basin

E  perhaps the quietest point in the marina! 1 0 05' na, on y ~ pe r c ent of the

material injected ha.s been flushed out to sea ft 7 'd 1u o sea a ter 7 tidal days. In

the injected material slowly spread out th h throug the marina,

but did not reach the entrance in concentrations suff' ' t t llns su icient 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 case, 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

f«t from the entrance. The extent of basin E on the horizontal axis

's shown in the figures.
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o 50 Figure l9. Case "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 convec'tion and dispersion.

rnurn concentration during this tidal day is 183 PPM.

Figure 20 shows 'the concentration dis'tributions at the end of

each phase of the second tidal ds.y. The pollutant injectio�

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.

150

X 0 zIOO
O I-
tK

~ 50

O 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

marina has occurred as yet.

G.
0

~4
O

K

z
hl 2
D X

O O Figure Zl. Concentration curves during seventh tidal cycle
following injection of case "C". Note different
vertical scale from that of Figures 19 and ZO.

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 po1lutant 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.



VII. CONCLUSIONS

The following major conclusions can be drawn fro rom this study;

The computer simulation model used for this stud
y appears

to work quite well as a comparative tool. Thus, the model

can be used to compare the flushing characteristics of dif

ferent injection time with relation to tidal phase for pol'lutants

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.

2. Flushing in Mari~a del 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 solid

boundaries at such locations severely restrict convective and

dispersive transport of pollutants. In o~ker 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 ha.ve a long duration. The

model results indicate that the two locations where storm drain

now discharging into the landward ends of Basin E and»sin 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.

Matina 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 so dependent on the lo-

cation and time of pollutant injections.
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APPENDIX I,

DERIVATION OF DIMENSIONLESS MASS TRANSFER COEFR COEFFICIENT

id o!ume elements N and Nfl, and the dispe rspersrve maes

f b tween them. Initially, concentrations are: C  N! d N! and

C  N+1!, and C  N! ~ C  N+I!. At the end of a time ste
1

ime s ep, suppose we

C  N! = C  N! +
2 I V  N!

G  N41! = C  N+1!-
2 1 V N+I!

The amount of material moved is the product of the mass transfer

rate and the time increment over which it occurs, M = M «5t.

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 *re h x apart, the concentration gradient is approximated by

C  N+1! - Cl  N!

and we have:
C  Nil! � C  N!

M= E «A«
I I

L 5x

The amount of material transferred during a time step is

two new concentrations: C  N! and C  N+1!. Suppos
2

uppose an amount

of material M was moved between these two elements bs y ispersion.

The concentration changes would be as follows:
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E <ht~A

 C  N+l! � C  N!!
X I

The change in concentration is found by dividing both sides of

 l! by the voluzne of the element being considered:
EL~at>A

C N! =  C  N+I! - C  N!!.
V N! 6 x<'V  N! I

th
The dimensionless mass transfer coefficient for the N element is

contained in the above expression. It is

EL+bt ~A
EF N! =

Qx<V N!

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.



by comment cards in the program.

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

CHECK

Array containing average concentration of all Qows
into nodes at the upstream end ot segments,

CNODE

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

CO

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

CONC

Temporary storage for concentrations to be plotted.CONPLT

Temporary storage a.rray for concentrations during
dispersive step  subroutine DIFUSE!.

CP

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

C PASS

One-dimensional array for temporary storage of
'PARAM', alphameric description of parameter.

DES

Array containing concentration decay factors for
each parameter, equivalent to first order decay
coefficient k in the quation C = C e, w e hre t

0
i.s in days.

DECAY

Rate of concentration decay of a parameter during
pne time step,

DIEOFF

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

DIFHI
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APPENDIX Z.

List of Fortran Symbols

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

EF

K NT DIS

FARPLT

FIRST

Dummy time step index.

IPRINT

IPTST

IR

IR ~ NIT

IF LOW

ITMl

MINPUT

IDUM

IPLOT

IRNIT

ITREP

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

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.

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 ITRKP.

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 di s char g e.
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MPLT

NC YCLE

NIT

NPASSl

NPASS2

NSTEPS

NT

MMAXl

MMAX Pl

MNEXT

NITMl

NMAX

PERC NT

PLOTIT

The number of one-dimensional segments,

MMAXl t 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.

Inde» 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.

I.ogical variable indicating whether plot is desired.

I ogical variable indicating whether printout is de-
sired.

Volume of flow through seaward end of a segment
dur i ng one time step.



QO

STORE

SUMQ

SUMQC

SUMSEG

TOTSLG

TR

TRANS

Volume of fluid elements

VEL

VOL

XE

XL

XPLOT

YMOST

YSCAI E

91

Volume of flow through landward end of a segment
dur i ng one time s t e p.

Logical variable in main prograxn indicating whether
ox not plot data is to be stored.

Total voluxne of flow out of entrance during one ebb
tide.

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

Suxnmation of lengths of segments used in plot
routine.

Total amount of pollutant injected.

Array containing distances travelled by the xnidpoint
of an elexnent during one time step.

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

Average longitudinal flow velocity along a segment.

Initial segment volume, coxnputed in first section
of subroutine RIVER.

Distance in longitudinal direction.

Length of an element

Length of a 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 i o tnstruct the

University Computing Co., Inc. digital incremental p otter at USC~s
computing facility. The names of these are listed b Is e e ow for clarity;

PINIT Writes user identifier on plot.

AXIS

CHAR

NUMPLT

PLTLN

SCALF

VECTOR

RESET

KNPLT

Writes alphameric character strings ~

Writes numeric characters,

Draws, annotates and labels axes.

Plots straight lines between two specifiedeci ie points.

Sets scale factors.

Plots series of points contained in two one-dimen-
sional arrays, linking with straight line segments.

Resets offsets and scale factors to zero.

Ends plot.
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P4RAMFTFRS SPF CI FIFO IN IBLOCK DATA' e ~ ~ ~ ~ a ~ ~ ~

IN IT I4L I ZE F OLLOW I NG ARRAYS 10 ZERO I C ~ 0 I ~ QDsCI ~ COo ViD! FH I ~ DIFLO ~
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INIT I ~L   ZF. LOGICAL VARIABLES 'PLOT! T ~ AND ~ STORE ' TO ~ FALSE ~
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IFLQW � START ING T I DF. STATE IUSUALLV = I s INDI CAT ING FLOOD TIDE!

D I MENS I' !N I T PFP{ 4 ! ~ I OFLOW  20 ! ~ IPRI NT   20! ~ CGI VEN  4 !
< I TRE> ~ I S THE NUMBER OF HDUF'S ! N E 4CH OF THE FOUR T IDAt PHASES PETI . CYCLE
~ IDFLOW' IS ALPHAME>IC IDENTIFICATION CF SITE

I PR TNT ~ UP TQ g 0 T I DAL CYCLE VALUE  HOURS 1 AT W HI CH PRINTOUT IS DES IREDI
COMM  "t/4 LL/'a<l xI T R ~ <4 Jr!R, I C YCLE ~ PPT CPASS   9 ~ 4 ! ~ IFLOw ~ F IHST
~ >MAXI ~ - THF NIJ4l'!ER <+ CNE-E I MANSIONAL S=. G<ENTS

TR TH NUMB+M lF HOl!PS IN T I04L PHASE Cl!PRFNTLV PE ING RUN
~ 44JOr: r � Tkf- IND=X FCP THE TIO4L PHbSF CU<R=NTLV RFING PUN

I CYCLf ' - T'Hi NUM9 > 3 THF T ICAL CYCLE BE I I". RUN
' PHT ' -LOCI C4L VARI ABLr ~ VALUE ~ TRUE o ENABLES PR TNT I NG OF OUTPUT
~ CPAS.-. ~ -CONCENTPATION OF FLOW ACRhSS RIVER OCEAN INTERFACE

DIMFNS IONFO MAX ~ HOURS IN ONE PHASE ~ PAQAMETERl

COMMON/CONST I /N !M ~ PARAM� ~ 3! r>=C4Y� !
NQM ~ -THE NUMBER OF QUAL ITY PARAMETERS TO BE RUN   MAXI MU!rf N3 ~ -- 3 !

~ PAHAM ~ - I 0 LETTEP, ALPHAMERIC PARAMETER NAME
*DECAY ~ -CONCEXTRAT ION DECAY FACTOR ~ TO BASE E

CO4IMON/PL TC/XPLOT   20 ~ 30! FARPLT   270 ~ 4 ! ~ CONPLT  27 0 ~ 4, 3! ~
I MPLT  Ep ! e IPTST  4 ! I ENTDT S�70! i CONC�70! I SUMXL i IPLOT�0! ~
2 PLOT  T, STOPE DES� 1 ~ VSCAL E�!

C!!MM 3N/ > I VI/ F � 0 ~ 2% 0 l H�0 ~ 2SO ! ~ HH  20 ~ 250 ! t NMAX   20 1 ~ XL  26! ~
I C "0 3r!o4! ~ QI   22! ~ QC�2! ~ CII 22 4! iNO ZO l ~ NI�01 s ITe ITMI
2  OUM ~ I>NI T ~ CO�0 t4 ! ~ CNODE�0 ~ 4! ~ QML' AS�0 ! ~ CMEAS �0 ~ 4! ~ VFL�0! y

V  2C ~ 30!

Tk . DATA . TATE M=NT APPEARING !N THE. BLOCK D4TA SUE!PROGRAM MUST BE WR I TTEN
TO SUIT THF SPFCI FIC GEOMETRY

IT ~ STORf
=Ie20!

1 ~ CGIVEN�1 CGIVEN  31 e CGI VEN� !

T!v NDPHT=IIZO!

~ INDWELT = Ie 20!

P�! v IT> P�1 ~ ETRFP�!
27

4I

[ = I ~ 3 ! ~ P =. C 4 Y   NQ ! i N Q = I ~ N E! < !

7 c
I

' ~ I SX ' UF CAY RATE CONSTANT /!

,1=1,3!, r FCAV krl!vp
r

~ TFUFiSTORF
8

,0 ~ 5 ~ ~ M4 TNA DF L RFY ~ e I4!

L: GT CAL F I PS T ~ PHT PLOT
R. Au  9 2!  It FLOW I!, I
~OHN4T  ? Qt 4 1
PE AD  a '! NCYCE Et CGIVEll I
F GRMAT  I 3r 4F I C eP I
f'F 4!  G ~ ?5!   TPr'INT  INDPEr
~ht-'<AT  =PI 4 !
Ff 4['I . 27 l  ! l"t OT  INPPLT!
FCRMAT  "PI 4 !
~r: WO  ', Ag! I ~~ r=>  I ! ~ I TRE
FOP< AT + I . !
rr A~ at ' ~! rHJ"'
F31.'LI4T  [ $!

 9 ~ r S!  P6RAM  fr!i I!i
FC rl'S» I 3  '44 ~ < ~ 0 !
WP IT=  w, 2" !  I ~LOW I ! ~ T =
F PRl', AT   '} HI ~ ~ PROGRAM TO
WHICH 5r � APP'- »X'I 4IATEh 9
~ L'3  4 I !N Li~ THIS HUN I
WP ITF  6 + 9~~ !
F r PM 4 T   /// ~ x ~ PAr'AMF T=. H
nr- <0
g F I > r   i!,:I < !   r 4 R 4 M   N r! ~ I !
F RMA+  X 4 4 IOXyF I 0 ~ 3!
Or ah I NDPLT = I ~ 20
IF   I PLOT   I NOPE T ! ~ NE. ~ 0 1
I ~ { ~ NOT ~ 9'T ONE ! GO Th

AE I. ~I < I 'r
't L at!A'r '> ~ pt!,.'3tl S7OE

I s 20!
COMPUTF POLLUTANT TRANSPORT IN ESTUARIES
Y VNF-3IMFNS TONAL SEGMENTS ~ ~ ~ /// ~
S ~ ~ 2CA41



C C C
C C

C C r.
30

3 I

40

e 0

DQ 31 No = I ~ NQM
DQ 31 I = I ~ IF
CPASS  I ~ >!0! = CGI VER  N0!
CALL P IV=.R
IFLPW = ?
GQ TO SO
CALL R IVER
IFLrw = 1
CONT I!reLIE

Cf

10

I5

Zo

catL rACrr "  ~ r 0!
xorrIr. = Z 0
YFRI G = I ~ 0
INFPRT = I
I Nerf LT = I
CONT IN !E
PRT = ~ F ALSI ~

PRINT  IN DI RT! I
PRT = ~ TRUE ~
INDPRT = INDPR T + I
CONT INUE
PLOT I T - ~ F ALE Ef
IF ICycLE .NE ~ tPLQTI INDPLT! ! GQ Tn 20
PLOT IT = ~ TRUF ~
INDPLT = I NPPL T + I
COAT t NUE
DO 50 MAJQF = 114
Ife = I TRFP  MA JQR !
Gn TQ   0 ~ 40 I, IFLQw

IFLD W I NO I C ATE S THF STATE QF THE T I PE ~ ~ I ' = FLOOD~ ef ~
IF T ID  Is FLDQD  NG ~ PARAMETER CQNCENTR A Y I ONS 4 T R tyf
GIVFN  OCEAN CONCENTRATION ASSUMMED CONSTANT! e AND A&f Akf
'IS C ALLED ~ ~ AND THE Rt yf R

IF THE TIDE IS RBING ~ THE RI VER S !SRQUTI NE 15 CALLED W I YNOUT NPREL I raINARY STEPS ~ WITHOUT ANy

C C
PLOT RI:SI!L T. F PR THI 5 CYCLF IF R~GUFSTE f!

IF  ,NOT ~ I LI T Ir! Gf! rO Igp
PO ICP Np = le NQM
F aLL RE,F T

ATION FCP THIS CV<LFe
!

FINCcNT R
� el eN0

1 e4
ItrlA J QI1!
ST QP
JJR ~ NO>

f IND Max l»U f 0
Yf ! 'ST = r  KPLT
PO 100 MAJ'!P
ISTI!F' = !IerST 
lrl 100 f = I ~ I
IF  CBNPI r   I ~ Mh
C ~ I'I T I N I I'
Yh'  ' T h=SOrei I'
DIV = l ep
EIV Av � l.r
Y'll '" T .� v» r
Tr~' GT = Y" r -T
I«!Y» 1T .- De
OI V = l !.0
DI vs av =- Dl vsh
GO T'I 101
Ir HA - = Tery STa
Yhxf 5 = ICHAP
C�'"PUT I S C aL r
YECAL~ 80!
CC Per I NU 

C a LL OP I Ge I e1    x r
r ALL CHAIT I 2 ~ C e
or~ I lp I
DE ~  I ! = PAPAM
CALL C HP!.   ~ 4 ~
CA.LL CFf AP   P. C,

~ G T ~ YernsT! YM  ST = CONPLT   I ~ MAJD R ~ Np!
f er 0 ~ I

L'I V

0 ! 01'' rn 102

V410 ~ 0

I
V/I C ~ 0

10 ~ 0 +
DI VSA

iACTOR
0 ~ 0/YAK Is

FIGeYPPIG ~ -I!
I 1 ep ~ pfo ~ 0 ~ 2e ~ CCNCF NTRATI ON DF

 Noe
11 F 0

1'
4T
10 ~

[!
eD ~
0 ~
THF
Fe

0 eo
0 ~ C
e
F 0

a 2 ~
0 ~

ES !
~ 0 ~

eIFNFI !i >ASI! I
chLL rHAP   Z ~ C e

l U elf 0 I R ~ 4 0 !
Xfrr I = fr.Y<E
 . h L L '<o '« I T   I r.
 reL HA'   IG ~

I I-' L �H 4 ' - I' if b- !;
Crll !xi .   ! ~"

0 ~ r 'eX
~ e ~ 2

~ '11
 

,1c e
r,,0 ~

Ger
D.e

C

1 0 ~
0

!
HCI

N!!> ~ r ~ C Dr' r IePV

 '-lee! ~ , I .10 F 0NTFA r lC

IPP

101

I pc

I

105

I I G

e I?! TD
f I f Ng I N   HANNEL FR QM E NT RANCE

~ r!,D rF  ACH PHASE OF TIFAL C N
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«-0 ~ I ~ YN
~ YT'I C !
ST ANCE F

o.-O.I » NuM.0!
RAblE- IS SET UPS
ASKS


4
c C

LQT TING.

OR!
«NO!

STCP ~ I ~ 4« I !
122

OR!
«NO!
~ IST P«l ~ «« ~ «z ~ !

124

OR!
~ HO!
~ I STOP ~ I «4 ~ «3 ~ !

126

OR!
.NO!
« ISTCP « I «4 ~ '4' l

128

190
Q TQ 60

60

END QF PUN ~ '!195

200
210

DQ 115 H = I ICHAR
YT IC = H 4 10 ~ 0/I CHAR
YNUM = Nx«D I VS A V/ I 0 «0
CALL NVMPLT { 0«4«YTIC ~ 0 ~ 0
CALL PLTLN� ~ 0«YTIC«-0 ~ 1
CALL A!t!S  0 F 0 ' 0 F 0 ' 'DI

tet ~ 0 ~ 0!
-DO 
~ w 2«14«2

XTIC M, 4404{ H-2!
XHUM ~ $ 400 ~ 04 N-2!
CALL HIJM�LT{ XT IC ~ 0 ~ 2 «0 ~
*T TH14'~OINT THE PLOT F
PLOT k' CURVE FOR EACH PH
YSC = /SCALE NO!
CALL SCALP   0 ~ 002 ~ YSC ~ I !
TRANSFER FOR I MMED I ATE P
MAJOR = I
I STOP ~ IPT ST< MA JOR!
DO l22 ! ~ I« ISTQP
ENTO t St ! ! = FA RPLT I I ~ MAJ
CONC t! ~ CQNPLT t ~ MAJOP
CALL VECTOR  FHTD I S ~ CONC
MAJOR = 2
I STOP = IPTST{ MA JQR!
DO 124 I = I« ISTQP
ENTD IS{ ! ! � FARPLT{ I ~ MAJ
CONC   I ! = CQNFLT  I MA JQ>
CALL VFCrQP  e NTDt >«C !NC
MAJOR = 3
ISTC P = IPTST  MAJOR!

126 'I = I « ISTQP
ENTC IS  I ! = FARPLT  I «MAJ
CGNC   I ! = CQNPLT  I ~ MAJOR
CALL Vf CT OR   E NT0 I S«CONC
MAJOR = 4
'fSTOP = IPTST{MAJQR!
OQ 128 I = Ie {STOP
ENTD IS{ I ! = FARPLT I «MAJ
CONC   I l = CQN>LT  f «MAJOR
CALL VKCTOR  F NTDI S ~ CO'NC
CALL RESET
XQRI G = XORIG + 20 ~ 0
Cr NT I NuE
IF { I CYCLE ~ FO NCYCLE ! G
ICYCLE = ICYCLE + I
GC. Ta IO
IF   ~ NOT ~ STOPE ! GO TO 20
XEND = XORIG + 10 ~ 0
CALL ENPl T t XENO ~ 0 ~ 0 !
WF'ITE� ' 195!
FORMAT  ~ PLC'T GENERATED'
STOI
WR I TE   6 e 2! 0 !
FQ RM AT   ~ END C.F PVH ~ «!
STOP
fND

 IM ~ I !

PCM   N1PANC {FT ~ ! ' � 8 ~ 26 ~ 0 -27

NOW SKT SCALE FACTORS AND

I Li!CK f!A TA
<RRHQN/ALL/Mhf Xl ~ II< MAJ c ~ ICYCI,I-I'~,rP '~=. 9,4
Li GICAL FIPS. «>< T«>L "I IT ~

Vi«AXI« IC YCL;. ~ I<L'W/I <« I« I/« I>' T/ ~: H. ~ /
1'«I«I "'4/ Rt V I / '«< 2 0 «250 ! «H  ? 0 «?5C !, «H  ? ~, >, ! «NM

I C  0 ' 30«4! ~ O'I�2! ~ OJ�2!«CI�2«4!«'>~ ,' 0!«NI
2 I  UM !RNIT ~ CE   20 ~ 4! ~ CNf!DF �G«4! OM AS�C! ~ C«IE

V  20 ~ 30!
DATA C ~ OI/240040 ~ 0« ..240 ~ 0/
DATA. cr. CO /ee40.0,"so40.0/,v/60cen.or
COMMON/D/DIFHI   20 ! ~  ! I FLQ �0 !
DATA D I FHI ~ 0 IF I >/2040 ~ 0«20+0 ~ 0/
COMMON/RI V 3/ NCS LUG ~ I HP SL 0 ~ !«SLUG NS LI!C X SI. UG
DATA sUMDUT/0 ~ 0/ ~ PERC h T/0 ~ 0/
COMM'l!N/PLTC/XPLDT �0 30! ~ FAPPLT  70 ~ 4! CC'NPL

4lPLT  20! IPTST   4! «EHTDI. �70 ! CCNC  270 !
2 >LC'TIT S~T 'FF ~ D S�! «YSCAL~  !

DATA x PLOT/60040 ~ !/«F LPPLT/ I 0<GAG ~ 0/ ~ CQNPLT/
I, HIPLT/2040/ ~ I PTST/440/ ~ FNTl I ..«CON /27GrO ~ 0
2 PLQ T I T STF'IPE / F AL SF ~ ~ FAI. SE /

END

! ~ I "LI +«F IPST

AX  i" I,XL�~!,
�0 ! « Ir « ITM1 «
A S ? G «4 ! «V<L< 20! «

NI T«5UME' IT ~ PFRCN T

T ?7A ~ 4 «
cu~«XL « IPLCT ?0! ~

3?4 0 40 ~ 0/ ~
«?7�' 0/«



97

I I f I'I
HH II
~ Fi H ~
~ N MA
AXLE
ay ~
~ CD
~0 I ~
'uO ~
~ r I s
~ TTe
~ C h~P

~ pv'

~ C Mf

C C C

C C C C
C C
C

~ Nli D' -T
O

~ MINPIIT ~
L

-D
T

~ AOF ~ -V
S

~ XADnr

C

C C

C C r r

C
I L GICAI i=I- ~T ~ ~>I T ~ Pl OTIT STOP!.
Ir=   . NriT, .' I R~T ! Go To 200
F !PS T = i<ALSF ~
TOYSLG = 0 ' 0
PF AO { 5 ~ I 00 ! hit T s NPAS5 I e NPASE2

100 FOFMAT  3[5!
C NIT ~ NL!hBER D~ T I ME STEPS PER HOUR ~ MINIMUM I S 2 ~ DII FHSION
C ALLOw 4 hrAX I �UM CF I 0 ~
C ' NI ASSI ' ~ ' NPASS2' -PR INTI NG 0  NTRPL NUMBERS ~ ZERO VALI!F- CA" E
C

RE 4D  5 ~ 101 !   QMEAS  hl! e M=I ~ hlMAXI !
101 FORMAT  10FR ~ 0!

WRI TE� ~ 102 !
102 FOPMAT  // ~ ~ GI YEN D I SCHAFfGE INTO IJPSTREAM END QF SEGllK!LITS

I 'T I ME S T F. P ~ / !
wR I T E   6 ~ I 01 !   QMEA 5   M! ~ hi=I ~ MBA XI !
OO I 03 NII~ I e hlQM

103 READ   5 ~ ID I !   CMEAS   Me NO! ~ II=I ~ MMAXI I
DO 104 I=1

104 READ�.105! MIN> UT I !,XADD  I !. ADO I�! ~  CIDO I,NO!. NO=I~~
105 FORMAT  I5 ~ 2F� ~ 0 ~ 3FI I ~ 2 l

WRITF   6e 106!
F:rrrAT ///, ~ r ONT INUOI!S CLNCLNTRATTr N TNPLIT TC THE FOLL

!S e//e . l Gwf NT LOCa T tort PISCHARGE VOLL!ME/TIME S
C7h CENTRF TICh<S hIQ! � � � ~ ~ /!

I~  W INPL!T  I ! EP ~ 0 ~ ANID MINPUT{ 2 ! ~ FQ ~ 0 ! GQ TD
w A

C C C C C C C r C C C C C
..UlihLj IT I «r TyFF
ijt Mr N, I I, MA   0! ~ MR�0!, I4c   20! ~ HD ~ 0 l ~ DIFOF F�7 ~ SUMOC�!
CI Mr<UN/ALL/> v/ x! IR MA JO Ry I CYCLE, r F T ~ CPI 5 5   O, 4 ! ~ IFLOw ~ FIRST
 L Nwcr!/RI VI / i �0 ~ '50 ! e H �0 ' 25'! ! sF I~  20 o2- ~ C ! vNMAX   20! ~ XL � f!,

] c , 0,34,4! r!t � ! r!o�2! CI� 4! ~ Nc�0! NI�0!e IT ITM] ~
2  BLIMP !RNI I yCP �0 ~ 4 ! ~ CHOO    20 ~ 4 ! iOMFAS r 0! yCMLAS�0 ~ 4 ! ~ VEL�0!

V  20m 40!

wTDTH c'F !,� D SF MENT AT w TF. s> Ac ~ o o FD  MI ~ 4$TEPS!
AN P~r'TH oF I 0 SF GMI NT ~ C I M   MI e NSTEPS!

<ALLlf=S C F H4H OIM MI e hl. TFPS! l
X ~ -Nuhl'Pf P Of <LE MENTS II" SE 5+F NT ~ D It   MI !

-Lfh.GTH OF 4 SEGMFNT
-vOLLlpf:   PNTAI NE O [N Ah f LF MI'hlT

STRAY I CIN I hl FLt'>~NTS ~ DIM  MI ~ 30 ~ NQhl!
� vOIl.lth'  DF I NFLOW I NTr' SF. AwARO f:.ND OF SE GMF NT
-VPl Uh'E O~ OU TFL VW f=FI M L ANDWAF D E Nh OF SEGMF NT
-C L7hICL rlTP 4TT UN OF CUTFLO'w F ROM SEAwARD ENO CIF 4 SFGMENT

Tr-P INDEX
' F ~ -Av L r- 4 c 6 CPNCFNT RAT I 'hl DF > LL INFI.C w 5 INTO THE I ODE

UL STD FAN f= hID OF A 4r: GMENT
4, ~ -Ltr I I» E nF  f PSSIEIL. ! ExTFr. NAL FLCIw INTO UPSTREAM END OF

GMF NT  PF f. TI ME ST FP !
AS~ -C !IICI NTR4TION GF THIS EXTFf 'NAL FLOW ~

colM'!N/- Iv '/ Iia TD <!, MI NPIJT r~! ~ xALD�! ADU�! ~ cALL� 3!
THIS FIL.PCV CI'NTA I NS THF INFL'F M4T I f I'I F 1R CPNT IhlUPfUS DI SCHARGF OF'
EPL UT I o»S r Y LIP TU c IVE PIFF <fi<hO LI'cAT Ir'NS

Hr- rUMitrl> cF THE I L= MCrIT PRf-SFrITI v LOCATFD AT THE P !II T
C OrlT I NU 'US DI S CHAR G< ~

Tl «E GM=NT I N wHIcH SI Tf I7f CONT INL!EIUS DISCHARCE Ie
PCA TED ~
I STAhlCE DOWNSTREAM FRPt< THF LANDelARC FhID OF lL EGMFhfT
0 THE POI hlT DF CONT INL!OLi5 D ISCHAFGE ~
c'LUhiF oF scLUTIrIN f E4 T!MF STEP ADO  D aS CONTIhUOUS
OUf CI.. ~

~ CA�r ~ -cohiCFNTI/AT II N OF Sl LOT IOhl Ihl PPII

C .49i7N/RI V 3/ NCSLUi I HR SLG ~ M LUG q hISL UG ~ XSLUG NI Ty SUhlOUT qPERChlT
THIS I4LOCK C Oh. T 4 INS >LUG INPL! T INFOP IAATI Oht
VARI ABLF S D-.F I hlf O IN ' MA IN'r

CCMMON/< IV4/JS TART   3 ! ~ JF ND� ! e JM  3! o Jhl� I ~ XINT�! ~ JNO�! i VIhlT�! i
! C INT   3!

THIS HLOC I< COh'TA INS SHORT COMIT IhlUOUS INPUT I NFORMAT ION

I. o M M O N / C O N 5 T I / N r! hl ~ P A R A htf   4 ~ 3 I ~ D T 0 A Y   4 !
   i MM 0 N/P / D I I- H I   2 0 ! e 0 I F L.O   2 0 !
CC!AMON/ /H*   20,25! ~ ITDN�0 25 !
~ HA' MEAN DFPTH I N A SE GME. NT ~ AT Hc'URLY I NTERYAt s   COMPUTED BY

HYDRO DYNAM I C PRoGRAM ! ~
ED "I - MEAN WIDTH OF A SEG4f~NT   CO4IPIJTED BY HYDRO ~ PROGRAM! ~

ALICN/r>L TC /Xf L L T   2'7 30 ! < A I-'Pl r   270 4 ! ~ C CN>LT   2 20 ~ 4 ~ ! ~
I M ~L T  -0 !, I PT 'ST   + !, FhlT 0 I 5  '>7h ! ~ CPNC   270I ~ SUMX  tPLOT�C! ~

FL-TIT..Ti C~, »I 5�1, YSCAL' ~I
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Ov 1 0> I =1 e5
IOT WRITE < e!FF! MI'CPUT  I I,XA'!O  I! AI O  I !  CA !l3  I,I'01, NO=!, !
I OF +OI. MAT   I 5 ~ 2F I". ~ 0 ~ l+
 ~ 51

G ' T J 145
142 WP <Tv  6 ~ 143!
143 FORMAT  /I ~ NONE !
145 READ� ~ 110! NCSLUG IHPSLG MSLUG X L UG NOSLUG ~ VSLUG C  NSLG
110 FORMAT�15 ~ F10 ~ 0 ~ 13i2F15 ~ 5!

WRITE� ~ 112!
112 FORMAT //e' SLU ' CONCENTPAT ION INPUT ~ !

IF NCSLUG ~ FO ~ 0! WRITE�i113!
113 FORMAT //, ~ »ONE~!

IF  hlCSLUG ~ NF ~ 0 ! WR I TE < 6 ~ I I 4 ! VS L UG ~ < F 4 RA M   NOSL UG ~ I ! ~ I = I ~ 3 ! ~
1 NCSLUG ~ IHRSLG e X SLUG ~ MSLUG

114 FORMAT  // ~ ~ THERE IS A S INGI E SLU<' INJf CTI   N GF ',< I 5 ~ 5 ~ CUP IC F T
QF ~ 3A4 ~ IN TIDAL C YCLF i I 3 ~ DUR [NG THF LAST ~ / e TIFF ST P OF

2 HOUR ' IB '   F THE 25 HOUR CYCLF ~ THE LQCATI CN !F THE IN JFCT ION
315 ~ ~ F1 0 ~ 0y ' FT ~ DOWNSTREAM gF TH~ ~,/ ' LANL'WARD I VD CF 5EGME NT ~ ~
4 1' ' ~ ' !

C Rf:AO SHORT COhlTINUOUS INPUT INFORMAT ION HERE
DO 118 I = I ~ 3

LL ! READ�eIL9! JSTART<I!iJEND<I I JM<I! ~ xINT  I! JNQ  I ! yv NT I ! let»T  I!
119 FOI.MAT< 315 eFLC ~ 0 ~ {3t2FLP ~ 0!

WRITE   6 ~ 120 !
120 FORMAT ///,~ CONTINUOUS CO»CENTRA ITON INPUTS SUSTAINED FOR ON QR

1 MCRE TIDAL CYCL:$ ~ e ~ ~ ~ !
D. 125 I = I
IF< J START< I ! EO ~ 0! G� TO 12
N >=.!NO   I !
WRITE�,122!  TAHAR NO,J! J=1,3! XII T< I !, JM  I !,JSTAiT<11,JEND  I !,

I VLNT{ I ! s  . INT� !
122 FORMAT < // ' TH&PE IS 4 CONT I MUCUS INPUT 'F ~, 44, ~, ', ~ 10 ~ 0 ~ ~ vT ~

1 DOWNSTREAM QF THE LANDWARD EN - OF SE G"If »T ~ I 3t i i / ~ FE G INN ING IN
2 TIDAL CYCLE t 15 e ENO ING IN CYCLE ~ I5 ~ ~ THF. V !LUMF PEP HOUR I 5
3 ~ F10sO ~ CU ~ Fr+ I ~ / ~ ~ OF CONCENTRAT IO»I F15 ~ 5 'PPM ~ I !

12 5 CONTINUE
IF JSTART<11 .EO. 0 ~ AND ~ JSTART<2! ~ .O. 0 ~ AND. JSTAPT�! .EO ~ 0!

1 WRITF� e I 26!
126 FORMAT //e ' NONE ~ !

READ{5 132!  »MAX  M! ~ XL M !o MA M! ~ MB  M! ~ MC   M! MD   M! M=L ~ h MAXI !
132 FORMAT�2iFI 0 ~ 0 ~ 413!

C
C DETERMINATION OF SEGMENT SEOVENCE FOR PLOT ROUTINES

I
DO TI I = I r6
MPLT  I ! = M

MD  M!
71 CONt INUE
72 CONT I HUE

i 150' INTERPOLATE BET WEEhl HOURLY
THIS PROVIDES H M ~ IT! AND 8  M ~ IT!

NSTERS a NI T+25
OQ I 5Q M~1 s MMA XI
I TEMP ~ <!
DO 139 IT ~ NI T ~ »STEPS' N! T
ITEMP = -!TEMP +
H{ M ~ IT! 4 !{A M ~ I TEMP!
8{ Il ~ IT 0-~N< M I TEMP !

139 BH{M ~ IT! = 8{M IT! 4 H M ~ IT!
NITM1 � NIT 1
 !o 140 Ir = 1. NirMI
B M ~ IT! = 8{ M+NSTEPS! + I T4 P {M ~ N'IT !
BH<MiIT! = BH< Mr NSTEPS! + IT4 BH< M ~ NIT!

140 I{{ MWT ! > BH M ~ IT!/BIM ~ I I !
DQ L5 ! I > 1 I 24
IPi ~ 1+NIT +
I END = I4» IT + » I TML
GO 150 IT = IP1 ~ If ND
B N ~ IT!=R  M ~ I4»IT! +  IT-I +NIT! I   8 ~ I+I'
RH M ~ IT !=OH  M, Ie» I T ! +  IT-I eh IT ! 4 I ~H  M ~ I

I 0 H  M IT 1 = EH > ~ I T! /B Mg IT!

B < M ~ NSTEPS ! ! /NI T
BH MekSTEPS!!/N!T

IT+NIT !-8   M ~ I 4»IT ! !/» I I
*»I~t»IT! -'lH M I >»IT! 1/I' I I

DO 133 k !»1 >NOM
133 DIEDFF { k I! + EXP < DECAY k ! !/  NIT 424 ~ 0! !

WRITE { 6 ~ 134 ! {C IEOFF < N ! ! ~ NO='I ~ NOM!
134 FORMAT {//y DECAY COH5TANTS ARE ~ // e 4  I X ~ F 8 ~ 6 ~ 5 X ! y /!

WRIT'E� F135! NIT
135 FORMAT //~ ~ NUMBER OF T I ME STEPS PER HOIJR I 5' e 13 !

C READ THE WIDTHS AND DEPTHS OF THE ONE-DI MF »SIGNAL SEGMENTS PC'R
C EACH HOUR OF THF 25 HR ~ CYCLE ~ THIS ! NFP COM~UTF ! BY HYDRA PROG ~

DQ 1 3t IT< I ~ 25
DD 137 Mmi ~ MMAX I

137 READ�o 138! HA M ~ IT! t BDN M ~ IT!
138 FORMAT{ 2FLO ~  !!

C
C THE SZATKME NTS FROM HERE DOWN TO LABEL
C DATA Qk THE SF GMENT W IDTHS AND DEPTHS ~
C AT EVERY TIME STEr . Ir.
C



«.IU' '' -I - I
w I LI '-'- >   f Tl <' hIOeI ~

IF   N'eD SSI ~
M

IDFITI  f il-~
152 FIF MAT <////

�2e'e '!e

TFI 15 f!~ 0! GO
I eMMAXI
! 4, XL M

~ RR ANCH
~ SEAWARD
!
0<-'FTH AND
! H MEIT!
e F& ~ 2 eF I 0

! ~ f 4 M! e hH D! e Mr IN! i
' e 1 2e ~ e LEelGTH' ~ F I 0 ~ 2 ~ ' ~ L4hC wDRr   F DNCHF ~,
BRANCH ~ 12 e e NA ~ CF FLEM<=Ne'5 - ~ ~ I 2 e /!

WRITE ee 1 5 e
FCIRMDT�Xe ~
WR! Tf. < Ee I c4
FORMAT�  "X
COh'T I hlUF
CENT INuE
WRITE< 6 ~ 1.,9
FQRMAT IHI!

155

I
156
15P

159
C
C
C

wIOTH CIF THI 5 BRAhfcH 4 I EACH H<IUF.
eEI M ~ IT! e IT= NIT ~ NSTEFFehlIT!
~ I ~ 4X! I

DR l. ~ !

STATEDIF hITE I. CIWN TII LAEIEL 170 COMPUTF
0  V IOE I T Ih!yf! START ING FLEM!.fiTS ~
70 M=1 e MMAX I

BH MeNSTEPS! 4 XL M!
I!c VrL/hIMAX<M!
NMAX  M!

65 hIc? e hIT
NlcV >e I !
t NUE

THE
ANCI
DO I
VOL
V M e
hlT
OO I
V Me
CONT

THE vri UMI OF;- 4 CH 5[ rMENT

165
170

C
MMAXPI = MMA Xl + I
QI   MMAXPI ! cC ~ 0
IT = 0
CONTINUE
IRNI 7= IR %NIT

200

C
C
C C

BEGIN TIME STEP ITERATION ~ MATH L:'3P EXTFINE 5 OOwhl TO LD "FL 500 ~

OO 500 IOUM=I ~ IRNI T
ITEMP= IDUM-I!/HIT 4.1
MHAXPI = MMAXI + I
DQ 202 NO= I e hIOM
CNm!E  MMAXPI NQ! c CPASS    TEMP hlO!
IT > IT+I
IF t IT ~ GT ~ NSTEPS! IT=1
ITHI = I T
IF IT .FQ. I! ITM1 = NSTEPS

202.

C C C FQR EACH SEGME hlT ~ CALL SUBROUTINF MAP ~ RETUFN WITH FLOW AND CONC =NTRATI 0
IHFORMAT I ON C NCOE e 40 ~ ANO Ql FOP SEGMEN'I M ~
DQ 205 M=l e MMAXI
CALL MAP < Me MD  M ! ~ MR  M! ~ MC  M! !2<! 5

I'I T = N MD X   M M D X 1 !
OC 211 >cl ~ MMAXI

2II VEL M! =.. W<OC M!+at M!!/BH M.ly !
C
C IF T IOF I 5 FFF! IHG ~ AHO FLOW IS QUT r!F SFAwARG END OF LD I Sf Gf Eh< T ~ 'FH
C CDHCEHTRATION AT EDITPAHCE HQQE EQUATED TQ ce!NCEIiTRATtrlhI oF LDsT FLF MENT
C OF LAST SF GMENT ~ F OR EACH PAR AMETF P ~

-IF< IFLQW ~ NF ~ 2 ~AHDD OZ {HMAXI I ~ GTa 0e0! GQ TO 209
207 OO 2 08 N4= l ~ HQ H
208 CXIODEI HMAX PI e h-'4! C  MMAX I ~ HT ~ HO!

C
C - � -IF-Tk41S IS THE -FIRST TJOAL CYCLE ~ -AND IF -NP4852=0
C VALUE I S AH HOUR MOLT IPLEe FL 0'0 I HFOR MAT I OH W I LI BE PR I NT EO ~

209 %F1 ICYCLE Ea.l ~ AHD.HPASS2.EODODANO.IT/NIT4HIT EQ.t T! Gn TO 210
GO TO 218

-2 I 0 - C OHT-I HUE
WRITE te.212!IT

212 FORMAT ///// ~ 2<5H ~ e8RAHCH I HFLOW OUTFLOW TRAVE L ~ e 7
IX! ~ IT c ~ 14 ~ /!

QRITEQi2I-41- < He Ol Ij4!+40tH! i VKI <4 l eJ4-1 eJ<HAXI I-
214 FORMAT  2 <5X ~ I4 ~ jX ~ F15ope ll eFll ~ 0 ~ IX ~ F I I ~ 2 ~ 7Xl !

g R I f E t << ~ 2 I 5 ! < EI I F H I I M I ~ I! I FL 0   It ! ~ Iic I e H M 4 x I !
2I5 FPRQAT</D ' HIGH AHO LQW VALVES OF THE AD JLDSTEO OIHFNSI QN< ESS DIFFUIFIQH CQEFF ICIEHT FOR EiCH SEGMENT ~ IN tfAIRS ~ ~ ~ ~ /

2 4�<G12 ~ 5e e ~ GI2 e5 ~ 'I ~ 5X!e/11
CO 216 Mc I ~ MMA Xl
OI FLQ  M! = 0 ~ 0

216 OIFHI< MI = 0.0
218 CONT IHUE

C
C FOP EACH EEGHFHT, CALL SUBROUTINE BP AhCH ~ THIS SCUT INE ~"3 VF5 VOL UMF
C ELEMEe<TS TO AC OUfiT FOR THE FLOWS C FTFRMI HFF! Ihl . UF<F OUT INC M4P ~
C NUMP ER CF VOLUME ELF MEHTS IN THI= SEGMENT M   NMDX < M! ! v 4 Y I'4CF FD SE



100

ru I 1! 4! Ar< h! P  ~

I! - 4 !.=.I, f <!t XI
f v!',NCH «<MD M! !

C ONT I Hl!F270

C C C C C
250

C C C
Or 255
MTEMP = MI
IF  «TF Mf< ~
h I T F h' P = NA D
DO 753 hip=
C   f! T .« P < H T
  V NTI ~ IP ~h.'
V  MT!- Mf!< NT
TC rFLG
C !NT I NU~

e 5
NPUT  I !
FO ~ 0! GQ TO 255
I'  I !

~ h!O M
hf' NO! = C MT «P hTEMP NQ! + ADD ! !

rf.«f'! + A !D  I ! IFMP! = V «rf «t ~ HT «P ! + PAD  I !
!TSL  t AO>�!+CA'!C  I,MO!/IPPPCDD

+C ADD   I ~ NQ! /

C C C C
261

I

2>0

C C
C
C C
C
C

SHC'P T CONT INUC'US I NPUTS AOOEC< HERF

290
C
C

300

358

C C C
C

360

C C C

405
410

415

425
C

F CR EACH SEGMFNT CALL SUE ROUT IhIF. DI FUSE ~ THIS ROUT ' NE AD JUSTS ELEMFNT
CDN  E.NTPAT I   N+ To A . CD MPL I sH DI FFU5 I YE 5TF P ~ RF TUR hlS w I TH THE A! JUsT ED
ELFMFhlT    N .FNTf ATICN5 ~ INCLUDES PRQVISIQN FQR CO«PINING VERY SMALL
c L MF«T5
DO 250 «= I ~ h'MA XI
CALL f.I USF «!
C ONT I NUF

IDD IN~ IT OF O'ATER Ol!AL I TY PARAMETF RS AT   UP TQ 5! DES I Gh ATEO PO INTS

DL!O SLI!G   I'I Jf   T ! ON IF SPECI F I EO &Y hlC SLUG hlQ T EQUAL TU ZMPO ~
SI NGL!= SI�UG ' N J=CT IONS USIED TO DET  PMIhlF. THE FLUSH'ING TIME CONSTANT ~

[F  I' CSLIIG oh'F e I CYCLE ! GO TO 270
IF   I T/NI T +NE y I HR SLG ~ OR ~ I T/HIT!heal IT ~ NF ~ I T! GQ TO 2 70
C  «SL U ' NSLUG e HOSLUG ! =  C  MSLUG HSLUG ~ HQSLUG ! 4V   «SLUGS NSLUG ! +

CONSLG< 4 VSL  � ! /   V   MSLUG ~ NSLUG ! + V SLUG !
TOTSL G � TOT SL G y Cf!HSLG4VSLUG/I 000000 ~
t ONT INUF.
FhlD 0 %LUG I hl JECT ION STEP

D I 290 1=1 ~ 3
IF   J START  I l ~ FQ ~ 0 ~ Q h ~ ICYCLF. ~ LT ~ JSTART   I ! OR ~ I CYCLE ~ GT ~

I JEI':0  I ! ! GQ TO 290
IvI = JM  I !
N=Jh!  I !
HO=JNO  I !
C  M ~ N ~ NQ! =   C  Mt N ~ NO! OV MeN! + VIHT  I �CIHT  I ! !/ V  MsH! +VINT  I! !
V M ~ Nl = V Meh! 0 VINT I !
TOTSLG< = TDTSLG + V I'NT   I }4C INT  I ! / I 000000 ~
COhlT IHL!F
F NO OF CQ h'T I hlUQU S I NPU 1 STEP

DO 360 M=1 y f«MAXI
NT =NMAX M!
DO 36P,N=I.NT
DQ 35f! hip=1 ~ NOM
C  M ~ N ~ NP! = OIEOFF  NQ! 4C MtN ~ NO!

AT THIS POINTe SPEC IAL INSTRUCT tONS MAY BF IHSFRTED TO REPRESENT CHEMICAL
 < 4 4 4  < ~ 4 ~ ' < e 4 4 e 4 4 4< 4 4 4 4< 4 4 4 4 4 4 4 4 4

REACT IQNS BETWEEN PARAMETERS ~ IE ~ ~ C M ~ H ~ 4}=C Mo N ~ 4 !+  I -QI EOFF�l ! 4C  M ~ H ~ 2 !

CONTINUE

IF THE T IDE IS FLOOOi SKIP OOWH TO LABEL 500 ~ I F THF. TIDE I S EBB
FIND THE CONCENTRATION OF FL OW FROM THE RIVER TO THE OCEAN ~
IF   I FLOW ~ HE e 2! GO TO 500
IF     IOUM/HI T! !I<NIT+I ~ HE IOUM3 GO. TO 410
SUMO =0 ~ 0
DQ 405 HO= I ~ NOM
SUMOC   NQ! = 0 ~
SUMO = SUMO + QI  MMAXL!
DO 415 HO=I+HOM
SUMOC hip! = SUMOC HO! + QI  MMAXi! 4 CI MMAX1,HOl
I F     I O I 3 « / h.   T ! 4 N I T ~ N F ~ I OU M ! G C > O 6 0 0
Or! 425 Nn=l ~ rOM
CP ASS  ITEh!P ih!O ! = SUMOC  NO! /SUMO
CALC UL A .. TOTA L AM QUNT OF I H JFCTFO MAT ER I AL R MA I NING IN THE SYSTEM ~
CHECK = 0 ~ P
0 ' 5'I « = 1 s Mh'AX I
NEL = N«AX  M!
D~ 51 N = 1 ~ NFL
CHIFCK = CHECK +  V M N !!I<C M<N ~ 1 ! ! /10 �000 ~ p



10!

P=RCNT = �0 ~ C - I 00 ~ 04CHECK/TOTSt G
C ONT I NUIo U 0

PR t NT Ahlr>/QR F LOT OUTPUT IF SO IF OU STEO OT HF F' w t SC I f TUI. Ne

PLOT DATA STORAGE OCCURS HERE ~
SUMSEG = 0 ' 0
I = 0
DO 740 K = I A @
K INV = 7 � K

MPLT YINV!
NM = NMAX M>
DO 730 J = I ~ NM

I+!
IPTST  e� J 'P ! = I
JINV = NMAX{M! + ! � J
FA RPLT   I MA JO>e ! = SUMSEG + XL   +! XPLOT  M J INV !
DO 730 I'!O=> ~ hlQM
CONPLT� eMA JCF ~ NQ! C Me JtkveNQ!
sU>eISf G = SUMsEG o xLt M>
DATA STr.'RAGE   OMPLETE ! FOP THIS PHASE
RE TURN
f: N  !

73  >
'740

'1 > e '12 e '~ 3 !
~ r 0! ~ H�0
2."!.OO�2!
e4 ! ~ CHOP~  

U e> I- I 9 T   "I !' rl I-   '1,
1-  =0

: : . >r,o >,or  
11  I!' ll I!> T e r  - ? 0

v =0, -n>
C I!r! re rk/ ALI /!1MA x > ~
C:Me C!e/r.".I' r YI /8<1
> T = seeAX M!
 I  'A> ~ '!1 el' ~ I I- ~

IO 0>  etI! = � H Me >Y>
orr '1 > = 3 ~ 0

l!- 'I'I ! =! e 'll"
r~I!'!Ie  e1 !IO! =    !'

,2fr,!,; 1 ?I, >0!,>~Ax  0! e>I  
  t ? ~ r I ~ I':1 >!;! ~ 4j "0> e 1Y ~ 11'~! e

.0 ~ 4!eoe'!'' ['c> ~ <0 4" "Je>!ev I  r0!e

Ill, MA J '.I ~ I  Y 'Ll.=, 1 I. T ~ < I-',e..  ;, 4!  I- Lee e! E I'ST
'1 ~ P 4 R A 4'  4 e -' ! e - ' . 0 4 Y   '

? eNI ~ 0 ~ 9? ~ ee7 ~ !"I' ~ g ! r.. I >'3
PI-I  Re t T!et I ! oxl,   e'! � i! <I 4;; Io!

~ > e ~r!!

IF t ~ NOTe PRT >GO TO 700
WRttE�e502! MAJOR,ICYCLE

502 FORMAT   I Ht ~ ' C CNCENTRATt ONS I N THF RIVER ~ AT THE FNI. OF PHASE e ~
+t2 ~ OF CYCLE e ~ t3 ~ e tN PARTS PFR MILLIONe e/1

Mt =I
505 �2-0

>43 a 0
MNEXT = MD  Mt !
t<tMNEXT ~ FQ ~ 0! GO TO 509
M2 MC MNEXT!
M3 e MB MNFXT!

509 CAk L XPPNT MI eMEeM31
1FIMNEXT of 0 ~ 0! GO TO 600
Mi aMNE X T
IFCMI ~ LT ~ MMAXPI! GO TO 505

600 IF I tFLDW ~ Fo. 2! WRITE{6.5�!  CPASS Ie t!et=I ~ IR!
5l 0 FORMAT /// ~ AYERAGE CONCENTRATION QF PARAMC I ! I 4 FL ew t NTO ref ANe

I EACH HOUR ~ ~ // ~ RGt 5e 4!
tF I MA JQR ~ EQ ~ 4! wR ITE { 6 ~ 520!PERCNT ~ ToY SLG

520 FORMAT // ~ ~ PF RCENTA GE OF SLUG I NPUT FLUSHED OUT 5 0 FAR I S ~ ~
I Gt 2 ~ 4 ~ ' ~ TOTAL INPUT SO FAR IS' ~ Gt 2 ~ 4 ~ ~ CUeFT ~ ' !

700 IF I o NOTe PLOT I T! RETURN



102
IF  lf M! ~ I. 7 ~ <' apl GC' TO 200
I'= TV I: I'i

>Hc A" Sf l<C I F Ufr< T*F AM SF GMf h T S I S Of h'3rf I RY Sf'0 MFNT NEI!«f!FF F D
Il;cZ 7CRCI SuaSChrPT. i..~F har ALLOWZO. ZeRC IS R RLACEO

r Y 'r «' 9f ~ fh!Y SI C«4f-"47 hIP ~ r 2 I< TRFATFP 48 IF IT WArl' T TWFREs
bT Tt! hil < c TII IS r JEITINF 2? I, . I 7 PACK TO Z.=<' ! ~

r

C r

I=  Hc ~ r r! ~ C ! M2
1= M3 .FO. c!
OI�2! = 0 ~ 0
Oc 40 NO=1 ' hiOM
CI �2 ~ NO 1 = C ~ 0
OC; M! = OI h!1! +
OI  Ml =  F'II h'i IT
V 0 L < L � R W   M ~ I T rrrl
IF OC'  fa! cF ~ Va
IF  -0I  Ml
  '3hIT I NUF

=22

40
01 M2! + QI  M3!

! � RH M ~ ITMI ! ! +XL M! + QO M! � 0MEAS M!
!CL  M!

LE'I.! GO TO 3C 0
V.iL~L ! GO TO 390

CCMPUT COh<cf I <TR AT Ir!v OF OUTFLOW F F  'M LAN  WARD c'N0 OF SE MFNT

130C C ~ 200 ~

1 ~ NT

V  M ~ N!
7 ~ VOL ! C<C< TC' 120

1 e N'!h

! CO TO
P = 2 c N

C   M ~ NTEcr
 <UM + C' 

cf T ~ 0 ~,
CXTIV.�: C ' F 14!

wr rJT O' I c l cr 4 T I ''rrc lUTF L'rW r - lcrl S A <r C -~0 .-. Nir <l~ Sf C!wr. NT

Ic  'il lw! ! ICe '0 ie
r 'h!T r Iij<
V 'I. = r ~ 0
O r?zri I I ~ NT
NI NV = I

I'rT t I - h IVV
Vrl I = VC'L + V   ' ~ hI!
If   � 0 I   I< ! ~ L T ~ VL L !

C r Vc I K I}
I',0 = I ~ I" nr!

SUu = 3 ~ 0
Ir  VfhrV .f n.

?4g ''Tc h < = 2 eNIh<
!JM = Stlrrrl + CC M ~ I'irt-'

CI I < r'I!! =   IrM+C ' e
C.< hrT INIJ'
I .   -1 I ~ C! ~ C ! < =TI� hI

h!T 'hl'J-
nf = r! I  '!1 !
<'I, = r!I  c!r !

<r!f'' !
0 > M!

I c �! ~ r,~ ~ r. ~ 0 ! OI =C
I »   <I r' ~ C- T e CI ~ C !
I<<  <!? .< r. < .0!
If <04 aE T ~ C ~ C�4 � Oc
I'i  , I, I' 0 = I hI'<, h

f '! ~ NC!! =  -01 4C<  

C r TP 23C.
0

4C

ca/'
24 c
250

PC'  '

y 0 rc ~ r. S   wr ! e C I r I- 4 S   hl,
Ir <? ~ f Qe 2c !

  rc3 ~ I 0 ~ r i ! M~=0
T! Ir rl

C .'I T I r!U'
I T I r,!!<
ITP   c ~ 410 ! Mr O'I M

'= I ' I- " -' T f / ~ ~ T I t N 3 F '

70

4 ,

4! I!
~, I NFI < r< =<,F13 ~ 0 ~
ST< <~

ci c

100

110
Ii 0

13ci

] I 37
I 40

  00   Irr! ! ! 2
C'3h T I h!U 
VOL = 0 ~ 0
0 ' 110 I

I
Vr L = VC<L
IF  QC  M! ~ L
C<4NT I h!U::r
OE 140 O'0
SEJM = 0 ~ 0
iF v .~n.
P 3 I 30 h'TFh
< I !M = <IUM
CO M h!0!
I c   CO Mrt!0!
F 'F MAT  ' hf
C I h. T I VEIf

Cr- I ~ Nn ! rh V I M ~ NT L- MP- I !
>eweNQ� V '4ehi! + C!� <rr! � VOL! !/OP M!
! WPITF I 0.1 37! Ca M Np l M IT
NC=NTRATI Ok C.l = ~ ~ G15 4 ~ ' M = ' 14 ~ !T

?4S
V
-NTr MPrNO! 4 V M ~ NT+?-I Tc MP!
NgN'!! 4 v  I ~ h.!-01 M!-V<L!!r -nf M!!

hi 0 ! - 0? rh C I   v? N 0 ! - 0 cr c I   M 3 v 0 ! h 0 4 4 <'  '   M ~ v 0 !
h r ! ! ! /   0 4 + P M <= A -.   M ! - Cr I - 0? - 0 3 !
0

l,nr M!,IT
r!CCf:t=.>S t L=-."I'h T VGLUh P e BRANCH ~ ~ I 2

CIE!TCI < W =c ~ <! 3 ~ 0 ~ t Tfh!F. STCP ~ ~ 12!



NV !

Il ~ N I NV ~ hlQ !

NQ!

QF UPSTREAM ~NOD

GQ Tfr ZZO

NT5
' ~ 14
M!
T
 M>N TEMP!

C  Mq NTEMf=q NQ !

500
! IF DOrrfNSTPFAM f ND QF SEGMENT M ~

Q! ! GQ TD 420

NTB USF D I h MAX I NG UP 0] < M! DD} NSTf}LArr ~ Sf!f! ~
I >r~ STEr> = ~ > 14 !
M !

<lr h Xr> ],

~ .'. r! I
}
r ryth

] 3,
  lvl4 ~

SUP! Qfrt>! r t~f Pl CH
Ca CMFN/i Li /M>'f XI ~ ]
COMMCN/r ]V]/ i-  ?~ ~

1 C < Zo. ~f,4!, r!I < 21
IL'rlM Il- h.] t, F <?0,

3 V�0 ~ ~0!
C 4 ~ 'QN/r!.l,~ T I /NQM
NT = VMPX h>!
r~<OQ<M!! !CC ~ ~aO,

C xrrV'. AN FL F rrhh T Ir>
I!'C CfrNT I I'!i!!

Cf ] I 0 r'=I o NT
N I NV=ht+ I -h
V  Ms h'I NV+  ! =V  Me NI
DT] I I 0 NQ=] ~ hQM

110 C<M>hr]NV+] >h'P!= C 
NT = NT + 1
V  Mo 1! = - OQ M!
Df! I ZC' hlQ = 1 s NQM

120 C  frr 1 NQ! =CNOD F M ~
GO EQ 300

C MOVE E'LF MENT 5 QUT
200 CONT I NU>'

VDL = 0 ~ 0
Dr! ?10 1=1 eNT
N = I
VDL = VOL + V< M>N!
I F <r] r   M ! ~ L T ~ VOL !

210 CQhrt INUr'
wd]TF />, Z]5! N ~ IT

?15 cQFMAT   ~ PLL E LEMv
1 ]2 ~ ~ TIMf ETFP

220 V M,N! = VQl - na 
DL> ? 30 hrTFMP = No N
V  M, NTF MP-hl+ I ! = V
DC ? 30 Nn=]. NON

230 r.   M NTFvv hr+ I + NQ!
NT = Nt-Nt I

3CO If- < >1< M! ! 400 ~ />Q r ~
C !'lf V. ! I ~ MI NT 5 l lUT

400 CONT I our
VFL= 0 ~ 0
f}0 410 N'th,V=I >NT

r! T+1-NI h'V
Vr  = VnL + V h> hr!
IF « -QI  M! ! ~   T ~ V

410 CONT INUr
wr>IT ' <r 415! M It

r>]5 h rfNAT ' PLL ! <.
]h'CH ~ M = ~ IZ ~

420 V M,N! = VCL + OI 
T

C~'1 T I 6'] 0
MHVf Pr'! L< I >rf NT Ihl

rrr 0 V  M e ! ft+ I ! = A I   5 !
MMAXr>1 = MMAX I 4 1
I= <'4 ~ ' rl ~ C ! M4
01 ~ ]0 I'P. ] ~ r.'! I"
I r   ''r. ~ 'l ~ r'>'> Xr']

92 0 a 3! r '>IT!  r >'>2!
'> AT   ~ 'i! r': C r i' f.

I I J' ~ f>r-'/ .' r
:. ] c C   '! g rl I 0 ] > I' Q ! r 0 r  ] ! '

rlt =N t 4 I
f 6 0 CONT Ir<U

hrMp X   ~!=NT
I r   >r 4 ~ ' Q ~ r> h' r X r> 1 !

7~.!' f- r T! Ii N
= *4!

  MiM4 !MA JQf I C YCLE ~ PF'T CPA 55  9 4 ! ~ lFLO'W >F 185T
? S 0 ! ~ H   2 r} ~ 2 F 0 ! ~ Fr H   2 0 e 2 50 ! > NM A !    2 0 ! ~ X L   2 <! !
?! >OQ ?2! >CI �2 ~ 4 ! ~ NQ�0! ~ NI �0!» 1T ~ ITIN]
4 ! ~ CNQDF   20 ~ 4 ! ~ QME 15�0 ! ~ C ME AS  20 ~ 4! VEL < 20!,

~ r>A RAM < 4 ~ 3! ~ DECAY� !

200
TQ UPSTREAM END DF SEGMENT M ~

USED F~f QD M! UPSTREAM' SUB' F>f}PNCH ~ M L ~ ~
!

Tf~ THE r:owN~Tr't Ah f rf QF SFGMEI.T

Ir L' rr r' 1 ." N. r IQ«.' Mr'Pxf>] ~ hQ! ~ NF ~
J' f ~ ]CY  L
AT]r>r, r T '>fr I l,>; N~f-! r,Cr I xr ~ yr Fr N F'LDf

'e ~C! ' = ~s T'}
NO !



104

COMMON/ /XPR INT  20 «30! ~ XF < 30 ! «TR < 30 ! ~ F FAU[!ROUT I NE D IF USE   M!

0 OMMOH/ALL /MMAX I ~ I R«MA JOP ~ I C YCL E ~ PF I ~ CP
COMMON/RI V I/ E' < 20 ~ 250! ~ H�0 250 ! PH   20 e

I C�0 ~ 30«4 ! ~ QI < 22 ! «QO�2! ~ CI   22 e4! ~ NQ
2 IDUMi IRNI T ~ CC�0«4 ! ~ CNODE < 20« 4 ! ~ O>F AS  
3 V�0 ~ 30!

COMMON/PIV2/ hADD<5!. MIN[ UT <5!. Xarn<
CDMMDN/RIV3/ NCsLUG ~ I HRSLG ~ MSLUGe h!sLU<i
COMMQN/R I V4/ JSTA R T   3 ! ~ JEND   3 ! s J M < 3 ! ~ J N  

C INT< 3!
CCMMQ<rl/CONST I /NOM« PAPAM� ~ 3! ~ DECAY �
COMMON/0/D I FHI �0 l ~ D IFLO  20 !
COMMQk/PLTC/XF'LQT 120 i 30! s FAPPLT   270 « 4 !

I MPLT�0! s IPTST�l ~ ENTDIS ?70! ~ Cu
2 PLOTIT«STORE ~ DES< 4! t YSC4LE�!

P IMENSIOH X< 30! iFcQP�0!

  30 ! ~ TRANS �0 ~ 4! ~ CP{ 3G !
ASS  9«4l ~ IcL >W yF IRST
250! ~ f MAX�0 ! XL�8!
< 20! «HI�0! t ITe ITMI ~
20l CMEAS[2C,4!+VEL ?0! ~

1 ~ ADD S!I CADDIE 3!
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