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FOREWORD

Effective regulatory and enforcement actions by the Environmental Protec-
tion Agency would be virtually impossible without sound scientific data on
pollutants and their impacts on environmental stability and human health.
Responsibility for building this data base has been assigned to the EPA's
Office of Research and Development and its 15 major installations, one of
which is the Corvallis Environmental Research Laboratory (CERL).

The primary mission of the Corvallis Laboratory is research on the ef-
fects of environmental pollutants on terrestrial, freshwater and marine eco-
systems; the behavior, effects and control of pollutants in lake and stream

systems; and development of predicted models on the movement of pollutants in
the biosphere.

This report describes the procedure for using a computer model that
predicts the fate of instantaneously dumped dredged material into a water
column and presents a series of workbook tables to be used for quick approxi-
mate answers to dredged material disposal problems. The work was partially
done by JBF Scientific under EPA Grant No. R-804994.

Thomas A. Murphy
Director, CERL



ABSTRACT

This manual describes the operation and use of a computer model developed
by Koh and Chang, modified in 1976 for the Corps of Engineers and further
updated by JBF Scientific Corp., that predicts the physical fate of dredged
material instantaneously released into a water column. The model predicts the
spatial distribution of various components of the dumped material as a function
of time. Outputs include material concentration and position while in the water
column, and material mound height and concentration after bottom impact.

Included in this report are a description of the model's structure, a
complete explanation of its input/output formats, and in addition, the model has
been run for a matrix of input conditions. Both the input and output of these
runs are presented as tables in dimensionless form. These working tables can be
used to approximate the fate of dredged material for a wide variety of input
conditions without requiring the user to actually run the model. Several
examples showing how these tables can be used are also given.

The first phase of this work was done by JBF Scientific under sponsorship
of the U.S. Environmental Protection Agency through Grant R-804994. The
workbook portion of this report was done in-house at the EPA Corvallis Envi-
ronmental Research Laboratory. The report covers the period from August 1976 to
July 1979.
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SECTION 1
INTRODUCTION

Guidelines for evaluating applications for permits to dispose of dredged
material in a specific aquatic environment require the prediction of the
effects of the proposed discharge program. Because rigid rules cannot be
applied generally, it is most desirable to provide local and regional regula-
tory authorities with a definite set of analytic procedures. One element of
such a set of procedures is the standard elutriate test. Another desirable
element is a mathematical model which predicts the fate of the discharged
material under specific conditions.

Currently, there exist a number of mathematical models to describe the
fate of dredged material after discharge. The model described in this manual
was originally developed by Koh and Chang in 1973 (1).

The original model has been modified considerably since its inception.
Most of these modifications were made for the U.S. Army Engineer Waterways
Experiment Station (WES) by Tetra Tech, Inc. (2). Consequently, the model JBF
has modified and is presenting in this manual is significantly different from
the original 1973 model. For example, the original model attempted to de-
scribe three possible methods of dredged materials discharge: Instantaneous
dumped release into the water column, hydraulic pipeline or hopper dredge
discharge as a jet, and continuous release into the wake of a barge. The WES
version is composed of two models: instantaneous dump and jet discharges.
This manual describes only the instantaneous dump version. Similarly, the
original model used a method of moments to solve the long term diffusion
equations. The simplifications implicit in this method were: flat bottom,
current invariant over a horizontal plane, and no bounds to the dump area.
The current moael was updated for estuarine use, and allows bottom bathymetry
and estuary bounds as well as spatially time varying current as inputs.

The model predicts the course of dynamic behavior of the discharged
material in terms of three different phases: convective descent, collapse,
and long-term diffusion. The convective descent phase describes the history
of the dumped material from injection into the water column until either
neutral buoyancy or bottom impact is reached. During this phase, the material
is driven by its initial momentum and negative buoyancy. The next phase
commences when either neutral buovancy is reached or the bottom impact is
achieved and the material precceeds to collapse vertically. During collapse
the vertical descent of the matorial is reduced and the predominant velocity
of the material is in a horizonta™ (or parallel to the bottom) plane. Long-
term diffusion commences when the cloud spreading velocity due to collapse
becomes less than that due to turbulent diffusion, so that material loses its
own dynamic character and is driven by ambient fluid dynamics.

The JBF modification to the WES model (3) consisted of tuning input
coefficients to a comprehensive set of laboratory tank test data. Empirical
equaticns giving certain cecefficients as a functicn of material cohesiveness
(beyond 1imit) were built into the model. In addition input and output for-
mats were simplified for easier use and clarity.
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The primary function of this manual is to describe the operation of the
JBF 1instantaneous dump version of the model. It is not the purpose of th.s
document to describe the mathematical foundation of the computer program.
Consequently the manual will describe in great detail the input/output formats
of the model, give an insight as to their meaning, explain the procedures
necessary to develop the input data and present a series of workbook tables
with explanations of use. Formal descriptions of the evolution of the model
and its foundation are presented in references 1, 2, and 3.



SECTION 2
MODEL DESCRIPTION

JBF has developed two versions of the instantaneous dump program. Both
are similar in mathematical structure and are based on the criginal WES pro-
gram (2). The differences are in input/outpuv format and program flexibility.
The first version has options for handling up to thirteen material components,
and modeling the dump location with a Tlarge grid network. Comprehensive
tabular and graphical output of relevant parameters as functions of time is
available. Since its input/output formats are long and tedious and because
the program requires a large amount of computer storage, a second or
"modified" version was developed which has slightly less flexibility but
simpler 1input/ output formats and requires significantly Tless computer stor-
age. The first program version has an option to s1mp11fy input/output formats
but does not have an option for reducing its core size requirements.

The instantaneous dump model requires three categories of information as
input data: ambient conditions (including bottom topography), material pro-
perties and a description of the material location and dynamics at discharge.
Location and dynamics refer to the centroid of the dredged material, as the
material is assumed to be a hemispherical cloud of uniform concentration.
Ambient fluid properties consist of density and velocity profiles. Bottom
topography requires input of bathymetry, digitized to conform to the long-term
diffusion grid network. Material properties include aggregate density, voids
ratio, liquid 1imit and radius of the bulk cloud; and density, concentration,
fall velocity and voids ratio of the component solids. The material location
and dynamics required as input are cloud centroid position in the long term
grid, and centroid velocity at release. Also required as input are the ini-
tial time of drop, the duration of the simulation, and the long-term inte-
gration time step size.

Program outputs dinclude individual component solid concentrations and
position, velocity and concentration of the aggregate material cloud as a
function of time after the drop. During the stages where solid components
begin to settle out of the cloud, program outputs include the quantity and
mound height of the material that has settled to the bottom during passive
diffusion.

The program requires defining the geometry of the estuary into which the
material is to be dumped. This is done by specifying the bathymetry of the
estuary. The program is designed to model an area by specifying physical
parameters at discrete grid points. That 1is, the area to be examined is
divided into rows and columns. The intersection of a row with a column is a
grid point at which depth and positicn are specified. Figure 1 represents a
typical grid for an irregular boundary By specifying DX and DZ, the position
of each grid point from the origin is fixed. The values of DX and DZ selected
will dictate the number of grid po1nts necessary to define a given boundary.
For example, if the value of DX is halved, twice the number of grid points
will be necessary to define the same special d15+ance
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Figure 1. Typical Long Term Diffusion Grid Network



The program defines the geometry of the estuary by specifying the verti-
cal position of the grid points relative to the water surface: for example,
zero depth for a grid point represents a land boundary. In addition to defin-
ing the estuary's geometry, the grid also serves to define the points at which
long-term diffusion calculations are performed.

Having defined the estuary with the grid network, the drop position
within the grid must be specified. It is not necessary to position the mater-
jal drop at a grid point. Rather the material should be positioned close to,
if not at, the center of the grid if an open water drop in zero ambient velo-
city is being simulated, since, for computational reasons, it is desirable to
avoid having the dropped material reach the grid boundaries. Similarly,
simulation of a drop into an ambient current will require some prior insight
into potential dynamics, as the initial placement should allow the cloud to
convert into the center of the grid to maximize utility in the long-term
diffusion phase. The ambient fluid density and velocity profiles must also be
defined. The density profile is defined (independently of the grid network)
in depth only and, consequently, must be defined for the deepest point in the
estuary. The program is capable of handling the specification of ambient
density at up to ten individual depths.

There are four options for specifying the ambient velocity field. The
simplest assumes a constant depth environment and that the two orthogonal
velocity profiles vary only with depth: ambient velocity does not vary in
either a horizontal plane or time (Figure 2). The inputs for this velocity
option are specified on a single input card. The second option is not re-
stricted to a constant depth and allows for the velocity field to be varied
both in the horizontal plane and time (Figure 3). It does, however, require
that the velocity profile be averaged in the vertical direction and that the
velocity field satisfy the following constraint (continuity equation):

9 9 SN
3x(hUp) 47 (MW ) =0
where:

h

i

water depth (ft)

1

Uh average velocity in X direction at h (ft/sec)
wh = average velocity in Z direction at h (ft/sec)

Inputs from this option are specified on a mass storage device such as a
magnetic tape for each long-term time step. Reference 3 presents a computer
program used to define an example of this option.

The third velocity input option also requires the input to be vertically
averaged velocities at each grid point as a function of long-term time step.
The program then assumes a logarithmic profile for the velocity which, when
integrated, will have the same vertical average velocity (Figure 4). Inputs
for this option are also specified on a storage device at each grid point as a
function of long-term time step.
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The last velocity option available is representative of the velocity fieid
to be expected in a stratified estuary and is again supplied from a storage
device. At each grid point, ambient velocity is specified at two depths in a
similar manner as was done in the first velocity option (see Figure 5). The
velocity field at each grid point must satisfy the following continuity
equation:

where:
X, Z = horizontal axes
U, W= X and Z velocities

As a consequence, the input data for this velocity option requires a great
deal of effort to prepare.

For velocity input options two, three, and four, each input tape (or
equivalent storage device) should contain sufficient data for one 25-hour
tidal cycle. The cycle is assumed to repeat itself and, consequently, the
simulation can be arbitrarily started at any point in the tidal cycle and
continued for any duration desired.

Material geometry and disposition at discharge must be specified. This
is performed by defining the size (radius), and centroidal position and velo-
city of the material at discharge. Since the program assumes that the dis-
charged material is initially in the shape of a hemisphere, the hemisphere's
radius must be estimated at the time of discharge by equating the volume of
the dredged material in the barge to 2/3anr® and solving for the radius, r.
Centroidal velocity for the hemisphere is the velocity of the material rela-
tive to the barge at time of release. Lastly, the position of the hemis-
phere's centroid at discharge can be estimated by setting it equal to the
center of the dredge material in the barge relative to the surface of the
water.

The program also requires a description of both the bulk properties of
the aggregate material and the praoperties of the individual particles that
compose the dredged material. These properties include density, voids ratio,
liquid 1imit, concentration and fall velocity. It was determined (4) that
three representative grain sizes, defining three solid component fall velo-
cities, are sufficient to categorize a typical dredged material.

Figure 6 is a gradation curve for a typical dredged sediment. The curve
can be divided into three segments with the breakpoints at 33.3 percent and
66.7 percent by weight. The median grain size in each of these segments is
then used to describe that segment's grain size distribution.

The program required as input the individual solid component fall velo-
cities which can be determined from the material grain size distribution. For
example, Figure 7 is a typical graph of particle diameter versus settling
velocity (from reference 5). The curves due to Janke, Rubey, Stokes and
Newton are proposed equations. The curve due to Gibbs is based on gathered

8



BY WEIGHT

FINER

PERCENT

OO T T T T T 1 TTTT T 1 T T T T L I I D B
1~ =
® Actual Grain Size Distributdion ;
B 3-Component Model Representation
g0 -
= -
601~ -
b= -
40 -t
i i
20} -
}_ -
P IV T T |Illlll! ! IHII!I! ! I I B [ OO T B
100 10 1 01 0.01 0.000
GRAIN SIZE MILLIMETERS
GRAVEL SAND SILT OR CLAY
COARSE | FINE OARSE | MEDIUM 1 FINE
Figure 6. Typical dredged material grain size distribution and model representation.



Sphere Diameter in Millimeters

0.01 0.1 1 10

10

Newton

-t

Settling Velocity in cm/sec

0.1 I
' |

I

l

|

0.01 |

/ Ssilt Sand L Gravel
10 100 1000 10,000

Sphere Diameter in Microns

Figure 7. Estimations of settling velocity versus sphere diameter

according to Rubey, Jenke, Stokes, Newton, and Gibbs.
(Source Ref. 5)

10



from observations of spheres settling in a column of water. Using an average
grain size as determined from Figure 6, Figure 7 can be used to determine a
component's fall velocity. For a complete explanation of fall velocity as it
relates to various solid components, see references 5 and 6.

The 1liquid limit of a material is the moisture content (expressed as
percent of dried material) at which the material just begins to flow when
lightly jarred (see reference 5 for a complete description of how to calculate
a material's liquid 1imit). Liquid limit will vary with the grain size, or-
ganic content, and minerology of the sediment particles. Typical volumes
range from 40-120%.

The volume concentration, sv, of a dredged material can be expressed:

1

SV =

1y s
1T+ Y D yH,0

where: sv = material concentration, volume ratio (FT3/FT3)

sw = material concentration, weight ratio (percent solids)

ys = density of solid (1b/FT3)

yH20 = density of fluid (1b/FT3)

Similarly the voids ratio of a material can be expressed:

n=1- ¥s
3B go1ids * YH20
where: n = voids ratio
ys = dry density of solids (1b/FT3)
yH,0 = density of entrained water (1b/FT3)

(For further information on calculating n see reference 5)
A typical value of voids ratio is 0.78.

The output of the program describes the location, velocity, and concentration
of the material as it descends and spreads in the water. This information is
divided into three phases: convective descent, collapse, and Tong-term diffu-
sion. The long version of the computer output allows as an option a detailed
printout of information concerning dynamics simulated in the program. The
program will always terminate when the final time specified is reached.
However, when all the effluent has dropped out of the water column, the height
and accumuiated solid volume of the material on the bottom remains constant.
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The long and simplified program versions are presented in full in appen-
dices to this manual. Explanations for each input and output value are given
as well as a complete computer listing of the program source deck and a repre-
sentative example. Input formats are presented in a pictorial representation
of the required computer cards.
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SECTION 3
PROGRAM FORMAT

The computer simulation has two format options. The long version allows
for complete flexibility in setting up the problem to be simulated, the output
format and the coefficients to be used in the options. It requires a thorough
understanding not only of the process being modeled but of many of the equa-
tions used in the program and the underlying assumptions used in their devel-
opment. The short version option eliminates some of the program's flexibility
but significantly reduces the amount of input data required of the user and
consequently is much simpler and cheaper to use. This chapter will explain
the use of both versions.

A.  Complete Input/Output Format (long version)

The input sequence is initiated by specifying the type of format desired.
Since for this case a complete set of output data is desired, the value of
KAYMAX on the first card should be set to 1 (Figure 8). This in turn dictates
to the program that a complete set of input/output data will be forthcoming.

Figures 8 to 30 represent the input cards and parameters required to
execute a run of the long version of the program, and complete definitions of
the variables specified on the input cards.

The program's output is in two stages. The first stage prints out a
summary of the input parameters and the key parameters set internally by the
program. This allows for a verification that the input data was correctly
submitted. The second stage is the presentation of computational results and
is divided into three phases: convective descent, collapse and long-term
diffusion. Each phase has important parameters concerning the dynamic be-
havior of the dredged material listed as a function of time from the start of
the run.

Figures 28 through 30 represent cards that are specified only when the
user desires to over-ride various coefficients set internally in the program.
Because it is not anticipated that the typical user will desire to do S0, an
in depth discussion of the ramifications of modifying these numbers will not
be presented in this users manual. For a complete discussion as to the sig-
nificance of these numbers the user is referred to references 2, 3, and 4.

Table 1 is a reproduction of a typical first stage print-out summary of
input data. A1l these parameters have been previously defined in Figures 8 to
30.

The first output of the second stage is a coded array which indicates the
geometry of the estuary to be modeled. This array is inserted in the first
stage output immediately after the depth grid, and is shown in Table 2. A
value of 1 in a grid point indicates that it represents a part of the water
column being modeled. A value of 2 represents a zero depth for the water
column at that grid point and is representative of a physical boundary point
(i.e. land). A value of 3 represents the boundary of the grid matrix being

13



/I:EYMAX NOT USED _Il \

IIII!!lIIlII!l‘lil!lilllllllllﬂlﬂﬂlllﬁll!llﬂlllﬂlﬁ!Rl00llklilllllﬂﬂlllnﬂR!Gﬂllll
11243818 INMNRONNBUSHRB BN ANUANRNADNL RLEBNUNQHUBEIUANI NSRS BTUDUSRAUBEUBARTIRURRTANN
IRRRRRR R R AR R R R R AR R R R R R RN R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R AR ERERRRERARRR
22222222222222222227222222222222222222222222222222222222°230222212222222222212112
$333333333333333333333332333333333333333333233333333332335333333333333333333313333
CORAAAA AR E At aat b ettt tiadtaataiaatiiiitaqaeaiatetacesciaeadesteatascnit
555555555555 555555555555595555855555559555555555555555558555539535535333533539335338%
SEE5SEEEE SO 06 EEEEEE0E6CGE0GE6ECECRECCE06CECESCE6CSEE8360500856565C65585665488¢6
11711111111111111111111131111111111111111171111111111lllliil111]11111]11?11?111i

ssessessstesEtR IR QTR RS R RRRERRRRERRRORIROABRBCIBRECRBRGRBRNRBRSOBROLIRIRBRISALLLL

$93899939999359939599598599935939999999959999599383589593999899939999959393599935¢43
123688 18I NNUNNBRKUUNNZEDRD) INARNIEK RN ANMACCHORHGIRNREN DU BRAN RN UGRH AR TARAT TR AR )
nscinn-seat :

Format ( I5 )

VARIABLE DEFINITION

Keymax Flag which specifies desired input/output
format. KEYMAX = 1 specifies complete
format option and is used when using the
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Figure 8. Input Card Number One
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VARTABLE DEFINITION

NMAX Array size in Z direction (NMAX<31)

MMAX Array size in X direction (MMAX<31)

NS Number of dredged material solid components
(NS<12) :

NVL Number of velocity array levels (O<NVL<2

NSC Maximum number of transitional levels allowed
between short and long term models. For the
typical user a value of 20 is recommended.

Figure 9. Input Card Number Two
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VARIABLE DEFINITION

KEY1 The option exists to redefine various equa-
tion coefficients in the model. This option
is only of value to those familiar with the
program and the ramifications of varying these
coefficients., For a complete examination of
these coefficients and their application see
reference 2. If KEYl equals 1 no action is
taken. If KEYl equals 2 the user is required
to supply these coefficients.

KEY2 The program will cease execution at the end
of the convective descent, dynamic collapse
or long-term diffusion if KEY2 equals 1, 2
or 3 respectively.

KEY3 If long-~term diffusion for the fluid com-
ponent is desired set KEY3 equal to 1.
Otherwise set KEY3 equal to zero.

KEY4 If repeated runs are to be made and user
desires to speciiy de.cent and collapse
time steps (DT) KEY4 should be set to 1.
Otherwise KEY4 should be set to zero.

Figure 10. TInput Card Number Three
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Format (16I5)

VARTABLE DEFINITION

IGCN A value of zero will eliminate graphs of
convective descent while a value of 1 will
result in one extra graph and a value of 2
in two extra graphs.

IGCL A value of zero will eliminate all graphs of
the dynamic collapse phase while a 1 will
result in one graph.

IPCN A zero will eliminate tabular output from the
convective descent phase while a 1 will
result in the tabular data being printed.

TIPCL The same as IPCN except for the collapse
phase.
IPLT A value- of zero will result in the long term

results being printed at 1/4, 1/2, 3/4 and
4/4 of the simultaneous stop time. Other-
wise the long-term diffusion results will be
printed IPLT times for IPLT less than 13.

IDEP If IDEP equals 1 an NMAX x MMAX constant
depth array is assumed with a depth H. If
IDEP equals zero array depth parameters are
required.

Figure 11. Input Card Number Four

17




A o |
| - ! |
eseRosOREERROOODRONOROOERROORONDROSROCNOBORAENRO200NOONRROROOODB0000BOOBANER0REY
1234 S$3 1B AMUEBRBUNENNDNEINDNBIRARNANDABEYNRUAQAUUESUABAS NVUBASRIBUPTUNROUBARNINUBRITADEN
IEEARERERR R RN R R R R AR R R R R R R R R R R R AR R R R R R R R R N R R R R R R R R R R R R R R R R R R R R AR R RN R AR R R R ]
22722222222222222222222222222222232222222 022222222202 20222220222222222222222212
3131333333333333333333333333333333333333.333333333333333353333333333133333313133233
“"“‘.“‘““‘l“““‘4“““.“““““““‘l““““‘4‘1““‘.“““““““
5535555555 5555555555555555555555555555555555555555555555835555655555555953555555+58
EEESSESE G ES65 5N EoEE0ESE 6080656 CNEPCECOCECLESESESEE500S8S5CCERS06565568
R AR R R R R R A R A R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R AR R R R RRR R R ]

SBOSRBORORUBRIOBRIBRRORRRBRIRRITYBIRSSNBARRNIROIRRONRRRORERRINRRRERNEIBRSIRIND

39899959 93999999995989985989395939559899999839899998999899999899995935938388933838
T34 31 RINNRRUBLEERIANDNA? UNDRNUNDNDEHIBAHUGCUGKULANNRNNBRANBRRNANCUBEIOCRINNENANBRT RN
: __msC/nsony .

Format (8A10)

VARIABLE DEFINITION

ID Alphanumeric run identifier. All 80 columns
can be used to describe the run being made.
Symbols can be either numeric or alphabetical.

Figure 12. Input Card Number Five

18



)
/I DX i—f NOT USED ' | I ——i

peosseRDga0o0OOtORACOOROOOO0COR00B0R00CDR0000OOOC00CO0ROC000C0RGO000C00000003A0E
1204388 NNUNUBIVRHNUNNNEATUADRN RN UBRI N AGURGUBBURN I P RUS NIRRT RUBREBORR DRI AN.
RRRRR R RN R R RN E R R R AR AR AR R R R R AR R R R AR R R R R R RN R R R R RN R R RN R R R R AR RN RN
12222212222222212222222222222222222222222222222222222222222222221222222222221222222
$33333333333333333333333333332333333333333333333333533333532333333333333331313333313
SABAEERTRARAREA a4 00d 444084243448 04043 40424440444 48444400220440 000400 000000800
5555555555555559555955595555555355555555555585555555¢555555455555539355555555533535§
G66SSEEEHE5 566560600666 68CEBEba0BCEE B0 E5S6ECECEECESCE0CCEC00bCE0SCERECC85685¢
R AR R AR R R AR AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN
SREC R BRSNS PEEEBBONREN0EE03200NDRBOSERRYNBERERN2000288828020SS

9989999988999999999399999999989955999999999359999999999990999995899999383939938893
12303 5T INNUBUBKEIINANEDNS) NEANYRNUSBIUBAUAUUGHTGARIUBURRUNNBURUNURHOORIIDKAKDANE

(Format SEL0.0)

VARIABLE DEFINITION

DX Grid space size (see Figure 1). The grid
spacing is assumed symmetrical in the X and Z
directions and as a result the value of DZ is
specified by specifying DX. DX is defined in
feet.

Figure 13. Input Card Number Six
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Format (16F5.0)

VARTABLE DEFINITION

DEPTH(N,M) | Depths of grid point N,M. The grid is defined
first by row and then by column. If a grid
greater than 16 by 16 is specified the Z grid
points in the first row (x grid point 1) from
17 to 31 will be defined on a second input card
After all the Z grid points in the first row
have been defined the Z grids points in the
second row will be defined in the next input
card(s). This will continue until the entire
array is filled. Thus for a 31 x 31 array 62
input cards will be necessary (two to describe
each row in the grid). Depth is defined in
feet. If IDEP equals one the program will
assume a constant depth estuary and only H =
DEPTH(1,1) need be specified in columns 1
through 5.

Figure 14. 1Input Card Set Number Seven
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Format (8E10.0)

VARIABLE DEFINITION

XBARGE X-coordinate of barge at time of discharge.
This coordinate is measured from the grid
point 1,1 (see Figure 1) and does not have
to be at a grid point itself. XBARGE is
defined in feet.

ZBARGE Z—coordinate is measured from the grid point
1,1 (see Figure 1), and does not have to be
at a grid point itself. ZBARGE is defined
in feet.

Figure 15. Input Card Number Eight
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Format (16I5)

VARIABLE DEFINITION

NROA Number of depths at which ambient density is
specified (NROA<10).

Figure 16. Input Card Number Nine
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Format (8E10.0)

VARIABLE DEFINITION

Y (1) Depths at which density is defined and the
quantity of Y(I) must be equal to NROA. The
greatest depth in the drop zone must be equal
to Y(NROA). Since (I) can vary up to 10 a
second input card will be necessary to define
Y(9) and Y(10). Y(I) is defined in feet.

Figure 17. Input Card Set Number Ten
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Format (8E10.0)

VARTABLE DEFINITION

ROA (1) Density in ambient water at corresponding
depths, Y(I). Since (I) can vary up to 10 a
second input card will be needed to define
ROA(9) and ROA(10). ROA(I) is defined in
grams/cc.

Figure 18. Input Card Set Number Eleven
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T

Format (1615)

VARIABLE

DEFINITION

IFORM

If IFORM equals one, vertically averaged
ambient velocities which are variable in the
horizontal and in time, are read from logical
unit 7

If IFORM equals 2, the program will generate a
logarithmic velocity profile whose average
value is that value of velocity read in at each
time step. The format is the same as for

IFORM = 1, and velocity ‘may vary in the hori-
zontal plane and in time.

If IFORM equals three the ambient velocity will
be two layers and assumed variable in the hori-

zontal and vertical directions as well as in
time

If IFORM equals four the two layer ambient
velocity profile is assumed constant in both
the horizontal plane and time.

Figure 19,

Input Card Number Nine, Simplified Input/Output
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NSC/NH-5031
Format (8E10.0)

VARIABLE DEFINITION

DUl Depth at which upper X velocity is specified
(see Figure 2). DUI is defined in feet.

DU2 Depth at which lower X velocity is specified
(see Figure 2). DU2 is defined in feet.

uul Upper X velocity. UUl is defined in ft/sec.

vu2 Lower X velocity. UU2 is defined in ft/sec.

DW1 Depth at which upper Z velocity is specified
(see Figure 2). DW1l is defined in feet.

DW2 Depth at which lower Z velocity is specified
(see Figure 2). DW2 is defined in feet.

WWl Upper Z velocity. WW1l is defined in ft/sec.

WW2 Lower Z velocity. WW2 is defined in ft/sec.

Figure 20. Inpﬁt Card Number Thirteen (Omit if IFORM # &)
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Format (8E10.0)

VARIABLE DEFINITION

TDUMP Time of dump relative to the start of tidal
cycle {(to the nearest DTL seconds).

TSTOP Duration of simulation (to the nearest DTL
seconds) .

DTL Long term integration time increment as well
as the time increment between velocity data
points. DTL is expressed in seconds.

Figure 21. Input Card Number Fourteen
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Format (8E10.0)

VARIABLE DEFINITION

DT1U Convective descent phase time step. DTI1U is
defined in seconds.

DT2U Dynamic collapse time step. DT2U is defined
in seconds.

Figure 22. Input Card Number Fifteen (Omit if KEY4 = 0)
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Format (8E10.0)

VARTABLE DEFINITION

TPRT (1) Long-term diffusion print times., There should
be IPLT values of TPRT(I). If IPLT is greater
than eight, specify TPRT on a second card.

Figure 23. Input Card Number Sixteen (Omit if IPLT = 0)
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Format (8E10.0)

3880898991999 9950993998899998598833923899898999393895398995998995938839883998388%

VARIABLE DEFINITION

RB Radius of hemispherical dredge material cloud
at discharge (see page10). RB is defined in
feet.

DREL Depth of cloud centroid at discharge. DREL
is defined in feet.

Cu(l) Initial velocity of cloud centroid at release

Ccv(1) in the x.y, and z directions respectively (see

Cw(1) page 10). CU(1), CV(1l), and CW(1l) are defined
in feet/second.

ROO Bulk density of aggregate dredge material.
ROO is defined in gm/cc.

BVOID Voids ratio of aggregate dredge material.

LLIM Liquid limit of aggregate dredge material.

Figure 24. 1Input Card Number Seventeen
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Format (8E10.0)
VARIABLE DEFINITION
SGAVE Average Specific gravity for the aggregate

dredge material.

Figure 25. TInput Card Number Eighteen
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Format (Al0, 4E10.0, 15)

VARIABLE DEFINITION

PARAM(K) Descriptive identifier for solid component (K)..
PARAM(K) can be any numeric and/or alphabetical
combination. :

ROAS (K) Solid density of solid component (K). ROAS is
defined in gm/cc.

CS(K) Volume concentration of solid component (K) in
bulk cloud.

VFALL (K) Fall velocity of solid component (K). VFALL
is defined in ft/sec.

YOIDS (K) Voids ratio of solid component (K).

ICOHES (K) If ICOHES equals zero the cohesive model in
the long-term diffision phase is bypassed.
If ICOHES equals ome the long term diffusion
phase employs the cohesiveness model.

Figure 26. Input Card Set Number Nineteen (Repeat NS times, one
for each solid component)
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NASC/NH-3081

Format (Al0,2E10.0)

VARIABLE DEFINITION

TRACER Descriptive identifier of tracer in fluid cloud|
Can be any numeric and/or alphabetical combina-
tion.

CINIT Tracer concentration. CINIT is defined in
mg/liter.

CBACK Background concentration of tracer in ambient
fluid. CBACK is defined in mg/liter.

Figure 27. Input Card Number Twenty
(Substitute blank card if KEY3 = 0)

33



DINCRI | DINCR2 ALPHAC BETA CcM™m

CcD |~——— NOT USED‘-—"'{
|

SBO NSO TN RO s RN RRONROBOTONDNCE OO NN ONNIRGOCRRTINBONBRECNCBR000NGRUN
V2343 NN UM R A AT NN E N I N UL R Y B AR USRS RS RN D SN SND LU HBRUBUNN IR BB RN
RN R R R R R RN R R R R R R R R R R R R R R AR R R R R R A R R R R R AR R R R R R R R R AR R R R R A R R AR R R R RN RAR R R RS
22222222222222222 2220212022201 B0 2 2222021020222 2202222222222
31333331133833333333!8331353333!1!3333333333333133333333333333333333333333333333
CRAAQERETEA0IATaaaEdtdtaqiiiattiteaattettadesaqiaestetaqaiesiaaeqaeqaattaaass
I5IISS SIS IS SNSRI RIS R a5 a5 555555955555555555555555555555555
EEBSS SRR s OSSO LECSSCsbSEERS66850650655SE8555685655883
TPIT0RB0300200 0003080000000 0000000000000 00 0000000510831 1131010131911
SUSOBEBBBS IR BN BRRR RTINS R ISR NIRRT RN RRENRERRABERIRANERNNRISLS

k\}!!!!!l!!!l!!!!!!!!!!!!!!!!!!l!!!!!!!!!!!!!!!!!S!!!!!!!!!!!!l!!!!!!!!!!!!!!!!!!!
R XRXRERE Y

UNHBKURAINNDNA? IENRERNNBIRDYBRBUACULGULINUNUUDBRVUNBUTOUDRUDNIRNRURARIINN
BECINN-508)

‘\

Format (8E10.0)

VARTABLE DEFINITION

DINCR1 Allows user to influence program's estimation
of convective descent time step.

DINCR2 Allows user to influence program's estimation
of dynamic collapse time step.

ALPHAO Turbulent thermal entrainment coefficient.
BETA Coefficient which influences material settling
cM Virtual mass coefficient

Cb Drag coefficient

Figure 28. Input Card Number Twenty-One (Omit if KEY1 = 1)
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Format (8E10.0)

VARTABLE DEFINITION

GAMA Dredge material density gradient coefficient.

CDRAG Collapse phase form drag coefficient.

CFRIC Collapse phase skin friction coefficient.

Cb3 Ellipsoidal wedge drag coefficient.

CD4 Plate drag coefficient.

ALPHAC Collapse phase entrainment coefficient.

FRICTN Coefficient of friction between effluent and
estuary bottom.

F1 Collapse phase friction force modifier.

Figure 29. Input Card Number Twenty Two (Omit if KEYI = 1)
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Format (8E10.0)

VARIABLE DEFINITION

ALAMDA Horizontal diffusion coefficient dissipation
factor.

AKYO Vertical diffusion coefficient upper limit.

Figure 30. Input Card Number Twenty Three (Omit if KEY1 =
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used. Note that the grid network shown is a square with no land boundaries
and contains a range of 31 points in both the X and Z directions.

Making computations for the convective descent phase, the program selects
a time step (DT) based upon the cloud dynamics. If either the bottom or
neutral buoyancy has not been reached in 100 time steps, a second time step is
selected and the process repeated. When either the bottom or neutral buoyancy
has been reached between 100 to 200 time steps, the program progresses to the
next phase. However, if neither the bottom or neutral buoyancy has been
reached in 5 of these trials (NTRIAL), the program will terminate.

When the cloud hits the bottom during descent, the variable IPLUNG will
change from 0 to 1 if the event occurred in subroutine DUMP, and from 0 to 2
if the event occurred in subroutine COLAPS (Appendix A). However, if the
program predicts the cloud will rise off the bottom, IPLUNG will be set to 4.
If the material reaches neutral buoyancy before encountering the bottom, the
variable NUTRL will be changed from 0 to 1. However, if diffusive spreading
is greater than dynamic spreading during this phase NUTRL will be set to 3.
Lastly, ISTEP represents the number of time steps needed to either reach
neutral buoyancy or the bottom for the associated NTRIAL.

The value of ISTEP for the last NTRIAL listed should be between 100 and
200, as previously mentioned. Table 2 is a representative program printout
for these parameters.

The program next prints out a summary of those parameters important in
describing the material's dynamics during convective descent, as a function of
time. X and Z are the material's horizontal centroidal coordinates with
respect to the water surface. U, V, and W are the X, Y and Z velocities of
the cloud's centroid. The buoyancy of the cloud is a function of the density
difference between the ambient and the material and thus the program prints
out DEN-DIF. Next the program lists the radius, diameter and vorticity of the
descending cloud. The program assumes that during convective descent, the
shape of the material cloud is that of a hemisphere and thus prints out the
hemisphere's radius and diameter as a function of time. Vorticity is gener-
ated at the cloud's boundaries by sheer forces and is printed out as an indi-
cation of the amount of entrainment taking place. The last three parameters
printed in this format block are fluid concentration, and solid volumes and
concentrations of the individual solid components within the cloud. The fluid
concentration is the volume concentration of fluid internal to the cloud, or
unity, minus the sum of the concentrations of the individual solid components.
The solid-volume 1is the individual concentration of each solid component
multiplied by the volume of the material cloud. Table 3 is a typical repre-
sentation of the digital output for the convective descent phase.

In addition to the tabular output for the convective descent phase, the
program prints out a plot of the material's X, Y and Z coordinates and hemi-
spherical radius as a function of time. The plot has time as the ordinate and
the normalized values for coordinates on the abcissa. Normalizing values and
a description of symbol definitions for a typical run are shown in Table 4. A
typical computer-generated plot of X, Y and Z coordinates and cloud hemi-
spherical radius is shown in Table 5.
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Following the plot of the dredged material's position and size during
convective descent is a tabular description of the important parameters during
collapse. The output is similar to that generated for convective descent with
the exception of geometric parameters. Since the collapsing cloud is assumed
to be an oblate spheroid rather than a hemisphere as in the convective descent
phase, semi-major (BB) and semi-minor (AA) axes are output instead of cloud
hemispherical radius. Also, since cloud vorticity is assumed to be zero
during collapse, vorticity is eliminated from the program's output. A typical
computer output for collapse is shown in Table 6.

Similar to the plots generated for the convective descent phase, the
program plots material properties for the collapse phases. These properties
include spheroid size (vertical and horizontal) depth and concentration.
Definitions and normalization values for material size, concentration and
depth are shown in Table 7 while a plot of these parameters as a function of
time is shown in Table 8 for a typical simulation. Note the decreasing ver-
tical size and increasing horizontal size of the cloud as it collapses.

For computational reasons, the computer program makes the transition to
the passive diffusion stage by creating small clouds of material. These
clouds are tracked individually until diffusion causes them to expand to the
size of a long-term passive diffusion grid square. They are then injected
into the passive diffusion grid. The output for the passive diffusion phase
reflects this computational method and is presented for each material present.
Table 9 represents the program's descriptive output for the small clouds
created for the material called "“100-90", representing the coarsest 10% of the
sample.

T(sec) 1is the time at which the new cloud has been created by the pro-
gram. TX and TZ represent the horizontal position of the clouds with respect
to the grid coordinates. TSIDE, TTOP and TTHK are the horizontal dimension,
distance from the water's surface and thickness of the associated cloud.
TMASS is the total component mass in the small cloud. TEMAS represents an
attempt to allow for the entrainment into the small cloud of material in the
ambient environment. It is not a currently executed option.

NEWT and LAST are, respectively, the time step at which the small clouds
are injected into the long-term passive diffusion phase and the time step at
which they were first created.

During the course of 1long-term diffusion, a summary of the material
suspended in the water column, as well as the amount of material accumulated
on the bottom, is printed. This can be seen in Table 10. Printout of this
table will terminate when all the material has settled out of the water col-
umn.

The program presents a graphic summary of each component's position and
thickness as a function of time and grid location. Tables 11 and 12 are
typical of this type of output. The program also prints out a graphic summary
of the amount of each component that has settled on the estuary bottom, as
well as the concentration of the material remaining in the water column
(Tables 13 and 14). At the final print time, the program prints the total
accumulation and thickness of material settled on the bottom. Tables 15 and
16 are a typical example of total bottom accumulation and thickness respec-
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TABLE 1. COMPUTER GENERATED INPUT SUMMARY
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TABLE 1. COMPUTER GENERATED INPUT SUMMARY (Cont.)
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TABLE 1, COMPUTER GENERATED INPUT SUMMARY (Cont.)
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TABLE 1. COMPUTER GENERATED INPUT SUMMARY (Cont.)
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REPRESENTATIVE GRID GEOMETRY FOR TYPICAL EXAMPLE RUN
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TABLE 3.

or

18829015

+2385C085E-01

IPLING NUTRL ISTEP

149
143

X AND Z ARE MFASURZIO W/ TO BAR3E POSITION

TIME
N.03

05

20

I29

.00

0"40

0.GC

+25
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«26

.28

«37

Ce0GC

:.EU

teC0C

0.00

155

.366

LTy

«697
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0.20
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DEN-DIF
+1130E+00

11258450

1142E400

«1091E+4(0

+1064E+00

+1331E400

994 0E-CL

RAGIUS
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C.00G0

0.0000
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MATERIAL PROPERTY CHARACTERIZATION DURING CONVECTIVE DESCENT

FLUID CONC.
«9275E+G0

«3239€+00

«9133E+00

«8962E400

«8735E+0LL

«84bB5L+0U
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S3LI0-vOL.
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44 93E~(2
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«2249c-01
«1350E-01
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C2249E-D1
«1350E-C1
WHG9LE~2
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1 2249E-(1
«1350E-01
c4431E-(2
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¢ 1350E-L1
«bL9tt-02
«4498E-02
224911
«1350e~-dl
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s4498E-(2

CONCENTRATION
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0 6364E-u2

6374E-.2
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TABLE 4. CONVECTIVE DESCENT MATERIAL PROPERTY PLOT DEFINITIONS AND
NORMALIZATION VALUES FOR DISCHARGED MATERIAL CONVECTIVE DESCENT

PLIT 'OF 3LOUD 2ATH AND RADIUS AS SEEN FROM POINT OF RELEASE =~ ~"' ="
- INJZPENDINT VARIABLE IS TIME (SE3) IVER WMANGE 0.  3e4106°

JEPENDINT VARIABLES, ALL NORMALIZEZD FOR- PLOTTING ON UNIT AXIS = -

SY4B0L Y 8 X z
MAX PLITTED 3.4732 104243 0o o 0.
MIN PLITTED Qe 0, 0. O i
~ = REARKS © JEPTH RABIUS HOR DIST(CX) ~  HOR DISTI3Z)

MAX4NIN,INCy OF IND.VAR, =~ = =~ == o T
5.0000000 - 8. 0100000005000

MAXyMINJINCy OF DEP, VAR, ' -
1.6000000 0, . +4D00D00JE=-01

e A P e o e s
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TABLE 5. PLOT OF MATERIAL PROPERTIES DURING CONVECTIVE DESCENT
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TABLE 6.

COLLAPSE PHASE OF ZLOUY

MATERIAL CHARACTERIZATION DURING COLLAPSE

COMPUTATIONAL INDICATORS ...
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FLUID CONC.
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TABLE 7. COLLAPSE PHASE MATERIAL PROPERTY PLOT DEFINITIONS

AND NORMALIZATION VALUES FOR DISCHARGED MATERIAL

"PLOY OF JOLLAPSING SLOUD CHARACTERISTICS

7 INJEPENDENT VARIABLE IS TINE OVER RANGE

T 'DEPENDENT VARIABLE, ALL NORMALIZED FOR PLOTYTINS ON UNIT AXIS °

SyY{o0L A B ;

MAX PLOFTED 1.3973 , T.2455 ‘ 092754

YIN PLOTTED 0. 0. 0. .
REMARKS VERT SIZE 413IR S12:2 CINCENTRATIDN

MAX¢4INyINS, OF IND.VAR,

T T i5.000000 T Qe T TN T 230000000 -
MAX MIN,INC, OF OZP, VAR, . T memamme e
«10000000€E=-02

1.0000000 De

L)
DZPTH

R PO 12,330 v

Y
T 3.9L07
0
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TABLE 8. PLOT OF MATERIAL PROPERTIES DURING COLLAPSE
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TABLE 9.

NEW CLOUD
T(SEC)
1,216

NEW CLOUD
T(3EC)
3.649

NEW CLOUD
T(SEC)
4,865

NEW CLOUD
T(SEC)
6.082

NEW CLOUD
TI(SED)
7.298

NEW CLOUD
TISEC)
8,514

NEW CLOUD
T(SEC}
9,731

NEW CLOUD
TISEC)
1995

NEW CLOUD
T{sSEQ)
12.16

NEW CLOUD
TUsSED)
12432

BEGIN LONG TEPY

CREATEDy NTCLD
™
15.00

CREATED, NTCLO
TX
15,00
CREATED, NYCLOD

T
15.00

CREATED, NTCLD
X
15.60

CREATEDy NTCLD
™
15.00
CREATED, NTCL)

T
15,00

CREATEN, NTCL)
TX
15,00

CREATED: NTCLD
TX
15440

CREATED, NTYCL)
T
15,00
CREATEDy NTCLD
TX

15.0¢0

SIMJLATION JF FATE OF f00-9

Tz
15.0)

"~

TZ
15.0)

"~

12
15.02

"~

Tz
15,60

"~

1z
15,00

14
15.05

"

14
15.0)

Tz
15,05

12
15,00

H
T2
1540

TSI0E
1.675

VSIOE
2.965

TSIDE
o342

TsIoe
5,201

TSIOE
5.750

TSI0E
64081

TSIDE
6.208

TSIODE
6.368

TSIDE
6ok2l

TSIDE
6o t24

ToP
1.774

TP
3.903

e
3,851

TaP
3.951

TP
3.951

ToP
3.95¢

TP
3.95%

ToP
3.951

T0P
3.951

10P
3.775

TTHK
s4865E-01
TTHK
«973LE-CL
TTHK
«48632-01
TTHK
«4BB5E-08
TTHL
4865801
TTHK
«4865E-01
TTHK
» 48652 ~01
TTHK
s 4BO3E-04
TTHK
o4B65E-3Y
TTHK
» 2250

TMASS

<B0LLE=0S

THASS
«5875E=0t

TMASS
+4710E-03

TMASS
«BT24E-C3

TMASS
oTLI5E-L3

TMASS
«bIBLE-D

TMASS
+5150E-03

TMASS
¢3935E-L3

TMASS
12906E-C3

TMASS
TL3HE-LT

MATERIAL CHARACTERIZATION DURING LONG-TERM DIFFUSION

TEMAS
0.

TEMAS
0.

TEMAS
'R

TEMAS
2.

TEMAS

TEMAS
0.

TEMAS

TEMAS
0.

TEMAS
0.

TEMAS
0

NEWT
52

NEWT
154

NEWT
2u5

NERT
256

NEWT
3c7

NEWT
358

NEWT
4Cc9

NEWT
469

NEWT
511

NEWT
517

LAST

LAST
52

LAST
154

LAST
2cs

LAST
256

LAST
k194

LAST
358

LAST
49

LAST
460

LAST
511
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TABLE 10. MATERIAL STATUS AS A FUNCTION OF TIME DURING LONG-TERM DIFFUSION

OUTPUT “SUPPRESSED “IN"LOCATIONS WITH NO MATERTIAL "PRESENT

PE—

SUMMARY OF £00=30"""" 'DISTRIBUTIONS AFFER™™ '~ 30.0) SEC:"™

TOTAL SYSPENDZOD KATZRIAL (JUFT) = +80438E~05

SUSPENDZID MATZRIAL IN LONG TERY GRID (JJFT) = g,
"SUSPENDZID MATERIAL IN SMALL CLOUDS (CJUFT) = «B80438E=05
TOTAL MATERIAL SETTLZIOD TO BOTTOM (SUFT) = sLh3IL2E-02

QUTPUT SUPPRESSED IN LOCATIONS AITH NJ MATERIAL PRESENT

SUNMARY OF £00-30 DISTRIBUFIONS AFTZIR 45,00 SEC,
TOTAL SJSPENDED MATERIAL (CUFT) = +304L3BE-05 ’
SUSPENDZID MATERTIAL IN LONG TERY SRID (SUFT) = «30438E~0S

SUSPENDZD MATERIAL IV SMALL CLOUIS (CJFF) = 0. . L
TOTAL MATERIAL SETT.ZD TO OJTTIM (CUFT) = “ebsIL28.02 7 T mT

OUTPUT SUPPRIESSED IN LOCATIONS WITH NO‘HATERI\L PRESENT

SUMMARY OF £00-90 DISTRIBUTIONS AFTER 60.0) SEC,
, . - n s e v
TOTAL SUSPENDED MATEZRIAL (SUFT) = 04 ‘
SUSPENDID MATZIRIAL IN LONG TERM GRID (SJUFT) .= . O,
SUSPENDZID MATERIAL TN SHMALL CLIVUIS (CUFTY & ™ Q. T
TOTAL MATERIAL SETTLED TO BOTTIN (CUFT) = s44993E-02

e e e

JJTPUT SUPPRZSSED IN LOCZATIONS AITH NI CATERIAL PRESINY

fimve s eae cw e e # b e 4e - et eresie Gue TP etwm

SOMPYTATIONS FOR 10090 _  TERMINATED AT 60.00_ SE0. ELAPSED TIME,.oMATERIAL SETTLED TO BOTTON
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TABLE 11, COMPONENT POSITION AS A FUNCTION OF GRID LOCATION DURING PASSIVE DIFFUSION
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M Nz g 2 3 4 5 6 ’ 8 9 1. 11 12 i3 1% 15 16 17 1% 319 &) &1 Q¢ &3 2w @5 @6 27 28 29 3G 3
1 00Q00000000000000000000600G000000000000000000000UN00000IB000G0000000000200000000000000000000000000000000000000UC0VTEV000VI0I

¢ ¢ [ [ ) 0 M b u 4 < 90003

£

2 0000 ¢ 0 ¢ ¢ ¢ bl ¢ 9 ¢ J & v 3 ? u ]
0000 { Hy u ? ¢ J ¢ 0 0 J v 0 2 ¢ 0 ¢ [ 3 1 v 0 0 L 3 0 3 1 v “Quod

-

6000 G 4] 4 4 4 ] d ] g a 0 4 ¢ G & [ c e - 0 ¢ 2 0 g J J 0 v +0002

“

5 0000 1 0 0 o 0 bl ¢ 4 Y dJ 1 " 0 ] ] - a < : J v 3 v M 1 v v . L030)
6 0000 ) ¢ 0 ¢ [ ? < 0 6 d 3.8 3.8 3.8 3.8 3.8 3.8 ¥.8 ¢ “ g J c ¢ M J [} - v €0002
7 0000 ¢ 9 ] e ¢ 4 ¢ 0 3.8 3.9 3.8 3.9 3.8 3.8 3.8 3.4 3.8 3.8 3.8 0 3 ¥ 0 $ Q L 1 v £0002
8 0000 0 C J ‘ ¢ ) v 3.8 2.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.3 3.8 3.4 3.8 J 3 ¢ M [ v G M 66302
2 QGO0 4 2 k] 8 & £ 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 $.8 3.8 3.8 3.8 3.8 J Y v 0 [ ¢ N L0200

19 Gooo ] ) Q 9 7 3.4 3.8 3.8 3.4 3,4 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 0 v ] 4 L [ 1020)
11 0000 ? Y ] ¢ 0 T.% 3,8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 5.8 3.8 3.8 3.8 3.8 3.8 0 4 3 J [ [ {0203
12 0000 0 0 ) 0 3.8 3.4°3,8 3.8 3.8 3,0 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 v 1 ] d Y w0302
13 0000 ¢ ¢ 2 9 3.8 3.9 3.8 348 3.8 3,8 3.8 3.8 3.8 3.8 3.8 3.8 .8 3.8 3.8 .8 3.8 3.8 3I.8 . 4 3 M t L000>

3.4 3.4 3.8 3,8 3.8 3.4 3,8 3.8 3,8 3.8 3.8 3.8 3,4 3.8 3.8 3.8 3.8 J 4 Jd C G +030)

©
o
3
o
[
®
[
-

w

14 0000
15 0000 ¢ 0 0 0 348 3.9 3.8 3.8 3.8 3,8 5.8 3.8 3.4 3.8 3.8 3.8 S.4 3.8 3.8 3.8 3.8 3.8 3.8 0 [ 0 0 v £0003

3.8 3.8 3.8 3,8 3.8 3.8 3.8 3.8 3.8 3.4 4.8 3.8 3.8 3.8 u 3 J v L L0002

o
o
o
o
w
.

=
-
-
w
«
-
.

©
“
.

@

16 0000
17 oooo 1 ¢ 9 0 348 348 3,8 3,8 3.8 3.6 3.8 3.8 3.8 3.6 3.8 3.8 348 3.8 3.8 3.8 3.4 3.8 3.8 2 9 Y L 3 wou0d

14 0000 0 1] 0 0 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 5.8 3.8 J.A Jo8 3.8 3.8 3.8 b} ? " 1] v (0202
19 0000 e 0 0 ¢ 0 3¢3 3.8 3,8 348 3.8 3.8 3,8 3.4 3,8 3.8 3,8 S48 3.8 3.8 3.8 3.8 3.8 P J b ] M G Joo0d

2} 0000 ¢ 1% L] 0 D 3,9 348 344 3.8 3.8 3.8 3.6 3.8 3,8 3.8 3.8 348 348 3.0 5.8 3.8 3.8 0 P 0 9 ¢ v ¥0J02

21 0000 ¢ e 0 : ¢ ) 3.8 3.8 3.8 3.8 3.8 3.6 3.8 348 3.3 3.8 3.8 348 3.8 3.8 3.8 ] ) v ¢ 1} 1 o (0302
22 0000 n 0 [ 0 ¢ ¢ € 3.8 3.8 3.8 3.8 3.8 348 348 3.8 3.8 38 348 348 Jo8 0 3 ] 9 9 ] U " V0002
23 0000 9 0 a ¢ ¢ 3 ) 0 348 348 3.8 3.8 3.8 3.8 3.8 4.8 3.8 3.8 3.8 4 [ P 0 v 9 @ 0} “ ¥ 0202
24 0000 o ] 4 Y 4 6 4 0 t u 3.8 3.8 3.8 3.8 3.8 3.8 3.8 c 1] ¢ 9 ] ] G b ] G ¢ 20303

$030)

S
3
o
IS
'3
I
-
o
o
o
P
-
o
o
<
'S
o
=
P
o
<«
S

25 0000 [y ] e e 0 G
26 0000 0 0 0 ¢ 0 1 0 ] il [} U 2 bl 7 3 ¢ 3 H M ) G ? d ] 9 G ] v 00003
27 0000 ¢ 0 ¢ ¢ 0 G 0 e ¢ 0 1} ] 0 v 0 1 1] o 0 g 0 9 0 4 0 9 ¢ [ 00002
24 0900 9 0 ] 0 L} 3 [ 1 ] L} [+ G 9 8 ) [ 8 ¢ L 0 4 2 ] ] v a u [\ £000)
29 6000 9 s} bl 1] ? ) < 9 ] 0 o £ 0 0 1] 0 ] 0 ] [} 0 J [} 0 ] 4 0 Y 80302

30 0000 0 0 9 0 0 3 ¢ ¢ ] '] 0 ¢ ¢ ] ] 9 0 ] ¢ 9 [ 4 0 0 [ ] 13 " 00002




99

TABLE 12. COMPONENT THICKNESS AS A FUNCTION OF GRID LOCATION
DURING LONG-TERM DIFFUSION
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TABLE 13. COMPONENT BOTTOM ACCUMULATION AS A FUNCTION OF GRID LOCATION
DURING LONG TERM DIFFUSION
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CONCENTRATIONS OF

TABLE 14.

LT, 30

COMPONENT CONCENTRATION AS A FUNCTION OF GRID LOCATION
DURINWG PASSIVE DIFFUSION

(VILUME RATIO) IN THE GLOUD
#1C00E=02

es sMULTIPLY DISPLAYED VALUES aY
N Ns 1 2 3 5

- -

&> - L 4

16
15
16
17
18
19
20
21
22
23
24
25
26
27
28
21
st
3

-

0000000000000000000000030303000000000000000000000000000000000000000000

0000
0000
Qoo0
0000
0000
0000
0000
0000
0002
0000
0002
0009
0000
0000
0000
0000
0000
0000
0007
0000
oooo
0002
0000
2000
0000
0000
0000
0000

2000

¢
[
P

]
0
[

s o

-1

4

?

0
]

9
0
[

)

0
¢
¢

o o

<

o

]
4

3
J
2

e

r

)
)

4

¢
]
e

«

3

¢
0

9

¢
0
0

i

]
¢

el2
.12

11

¢
¢
e

13
3L
ol

o by

(LEGEND. .,

12

¢
J
v

01
1}
31
67
+89

* 96

13

¢
]
]

02
11
X3!

« 89

1.2

1.3

14

0
9
[4

W2
»12
bt
+ 96
1.2
1.3

Lole

202 012 Jb4 496 2.2 1.3

02

oLy

o o o

0

v

11
»08
#03

v

¢

' 4y
» 33
13
3

b]

v

89
267
31

4
-
<

[

1.1

» 89

el

RS

v

J

1.2
+ 96
1]
P12

o2

+
3

]

150,00 SECONOS AFTER DUMNP
o % oLT. #0002

1%

0
[
4

G2
12

bl

?

v

* 5 LLT. 402

0 = L%, ,000004)
26 25

26 27

28

29

3 N

0000000600000000000060000000000000000)

]
8
3

4

16 37 18 19 20 23 22 2%
Q00000
] [ v 0 G ] [']
0 0 0 ¢ 9 1] 9
L N
[ [l ] G 9 ] ¢
. . . [ [} 1 e
» * * B . ¢ [
. * + . . . M
0d2 o02 J08 * + . .
12 .11 .38 .03 * . )
avl L34 W31 W13 .03 * *
36 489 407 o314 408 (% +
102 108 oB9 441 411 W72 ]
163 142 496 S0 ,12 .32 ¢
Lole 143 499 bk ,12 LC2 +
L1e3 1.2 496 Jtl L1412 L2 .
142 341 o889 L83 11 .42 +
295 L83 b7 .31 ,08 .0} L4
ell L4l 281 213 ,u38 + +
LR YARY § ST BN B} . +
02 402 W02 . . + .
* . . e . .
+ + . . . { G
. . . N ] ¢ [
0 - ¢ '3 M 4 [
h] M v 9 v ] 0
[ 1 ’ é b1 1 v
9 : H ] ] 0 .
¢ M M [ [ M 0
0 v 3 ¢ ] 0 v

P

]
9
¢

¢
0

']
3

“©

3

J

[}
0
L

9
v

9
0
]

¢
J

0
[
“

¢
1

[

¥

L

$020)
6000)
60004
$000)
20002
00002
(0202
6000
U000)
«0202
£ 0002
£0003
$000)
(030l
00002
(0003
L0202
L0230
£030)
1000
¢0004
[4:1: 18]
s 1sB]
<030)
80205
£0302
£020)
60003

3000)

0000000000000000000000000000OOOOOOC00000000000000000000000000003000000000000003J0000000000000000000000000000000300000000000)



5§

ForaL ACCUMULATEQD SOLID VOLUME ON LOTTOM (CUFT/GRID SQR},
(LEGEND. o n

TABLE 15.

e oMULTIPLY DISPLAYED VALUES BY
M N=

- N e

&

» 0~

-

19
11
12
13
14
15
16
1?7

17
20
21
22
23
24
25

iz

000000000000000000000000000300000000000000000000000000

0000
0000
00600
0000
0000
0000
0000
0003
U000
[itedy]
0000
0000
JooD
0000
goae
0000
0000
0000
aQao
0000
9002
0000
2000
40092
0000
0000
0000
0000

acqo

2

c
0

4

3

¢
<
9

3

0

w

L}

J

4

e L O e &2 o

3

5

¢

6

¢
0
8

¢

?

a
4

P

.

-

TOTAL MATERIAL ACCUMULATED ON BOITOM

+1000E-03

L2
W02
.3

ell

¢

9

o9
12

«13

¢

|_00000000000060000900.090900090000000000

10

[

]

vl
wi
15
26
« 34

«38

L]
1

1L

[V
0

WGL
sud
15
« 34
o 79
«98
lev
1.0
1.0
94

73

9
¢

12

0

e
(9
.26
+ 713

(XY

Te5
Teb
7.9
Tl
6.4
79
28
i
G2

)
[4

13

¢

el
eud
12

36

Tl
a.7
8,9

3.0

¢
[

14

)

o1

G4

¢
1

"

15

4

oL1

04

239
1.0
7.6
910

4
9

D.00 SECONDS AFTER OUMP

+ =2 AT

16

9

o 01
b
033
«38
1.0
743

8.9

9.2
8.3
7.5
12
38
*13
il

o1

4
3

o3
17

.01
03
.12
.34
.98
Teb
8.7
8.3
2.6
8,9
8.7
Tob

«98

4

P

18

82
«03
20
79

6.8

743
7.6
7.5
Tet

©e8

b)

1

LTs

19

+ L3
«C5
15
o34
79
98

1.0

1.0
+ 98

v 79

15
(5

ol

[
¢

4]

¢
]

u2
ou?
15
25
oS
.38
+ 39
+38
.34
' 26
o153

£7

1
3

0001

[
4
[

et

W2
.05
.09
12
W13
[P
033
12
%]

B

L2

W0

0

0 = LT,
21 22 23

3
o
)]

ovle
ol

T4

Y
¢

]

o

]
]
0

24

]

0
]

|

«000u0R1)
26 27

25

v
¢
0

-

v

¢

9

0

@ e o

©

3

12

0

23 29

b
0

L3

36 3

ODOOOOOOQODODODDODDDD0000000000600000000000000600000000000000000000003

€000
40002
10002
LoD0s
30002
00002
w0002
wJaos
£000)
L0303
20200
0090)
£00037
¥030)
0060J
0030
00002
58003
€000d
¥GI02
0303
Looo)
L000)
330y
“Uo0)
g000)
o000
:000)

00003

00009990000000000000QODOUODOOOQQQDODOO00009990009OQQEQQFQQQQQOOOOQOUQOOOOUOJOOUOUOODO)



09

TABLE 16. TOTAL THICKNESS OF ACCUMULATED BOTTOM MATERIAL

TITAL THICKNESS (FT) OF NEW YATZIRIAL ON 30TTOM, Cod) STCONJS AFFER DUMP
sesMULTIPLY DISPLAYED VALUES AY 21LCCE~C2 (LEGLNO v ve ¢ 3 LT, W01 o« 3 LTs J00CE 0 = oLT. 40G6GUvAY
M Nz L 2 3 L] 1] 3 ’ 8 9 13 1t 12 13 té 15 tp A7 18 19 25 21 22 23 2v 25 26 27 28 29 0 3

00000000000000000000000000000C00000000L0020000000000000000G0000000000000000000000000300G00000C00000000000000000000000000000)

N

0000 N 3 J ¢ b s [ 0 1 ] 4 1 ¢ d 0 ¢ 2 v v ¢ 0 ] 0 3 ] [ [ v 0003
0000 ¢ b} 0 e 0 J 4 0 0 ] ¢ 3 3 0 [ 0 b} 0 v v N 3 0 J J 9 ¢ v (000)

-
o
o
o
-
o
P
.
o
<
.
.
-
.
.
o
o
<
«
o
-
e
©
o
3

0009 L0003

3

S 0000 J 0 bl ¢ 0 ] 19 . . . . . . 4 . . . . . . 0 J 0 v v ] v M w0307

6 0000 14 3 b M 1 . . . . * * + * * L4 * . * . . . . M v bl 3 . : ¢020)
T 0000 % 0 0 ¢ . . . 3 + * [ + . * . . 3 . . + . . . ¥ ] 9 v . 40302
4 2000 Q [] 0 [ . . + . . . . + . + * . . + . . [3 « . M e M C . L000)
9 0000 ] 0 0 . . + + ¢+ + W01 W61 002 402 402 402 402 #01 WT2 + + L3 * . . 0 [ u v 600w
19 0009 0 0 ] . . + ¢ ¢ L1 W02 o0k oL LB oCT7 o6 Jub oih ol2 ool . * * . . q J L v 2030)
11 0000 [ 0 . . + + ¢ eid 0u2 W06 W24 237 219 419 413 W17 elw o0b L2 W02 3 + + . . J ] v Lo0m
12 0000 0 0 . . . . b oell o0% o1t 142 163 143 143 143 143 262 o126 406 01 + 13 + . . 9 0 ¢ w0202
13 0000 e 1Y . . + 3 P oel2 aub w17 143 105 145 1.6 1.6 1.5 103 417 oCH oC2 [ + + . . ] c ¢ L0203
14 0000 ] 0 . » + 4 ¢ 402 406 419 143 145 146 146 146 146 143 419 {6 402 . ’ + . . J 1 M 60203
15 2000 e [ . + + 3 ¢ al2Z ool 419 163 106 146 146 106 146 13 019 207 402 * 13 3 3 . 3 u ‘ 00002
16 0000 0 ¢ . . + + ¢ o(2 oN5 s19 143 1.6 146 16 145 145 2143 219 oU6 JC2 + * + . . [ [ 3 G000J
17 0000 4 0 ’ . ¢ + ¢ o022 406 417 L¢3 1:+5 14h $46 1e3 145 103 217 406 402 * v * . . 9 I M SUJ0J
14 0009 e ? . . * + $oaed el w14 102 1.3 103 1,3 1Y 143 342 4386 W04 L02 + * + . . 1 ] v 0002
19 0002 0 0 . . ¢ * ¢ 201 402 40b o34 «17 239 419 419 o217 o1l (6 4L2 08 * L4 + . » J Y ” a020d
20 0000 O 0 0. . . * 3 401 402 404 406 406 (U7 4Ub 4ub 404 402 i1 [ * . N 0t & L0002
21 0000 ¢ 0 [ . . + + + ¢ 0L o0l 002 402 402 402 402 odl WC2 * L3 + L4 . . 0 0 9 v 40902
22 0000 ] Q ] ) . . . * * + 3 3 . + . * ¢ * ¢+ + + . . [ [\ v ] [} $000J

23 0000 4 ¢ b ¢ . . . L4 4 + 4 4 + 4 4 . ¢ + + + . . [ 4 8 v M L0003

24 0000 ¢ o ] 0 bl . . . . . + + + * 3 * 3 . . . . . 0 0 3 ) 0 v 00900
25 0000 0 0 e 0 p] $ c . . . . . . + . . . . . . ) 0 b) 3 2 [ v M £030)
26 0060 ¢ 0 ] 9 ] 1 [y )] 0 . . ‘. . . . . . . 0 0 0 L] 0 v 4 [} “ [ L0000l -
27 0000 3 0 [ . 0 i 0 ] 0 Q 0 9 0 v 3B '] [ 0 i ] v 0 |/ ¢ 0 [ 6000)
28 0000 4 Y ¢ ¢ y . 1] t 2 1 < ] 9 0 b ¢ ¢ [ 4 [ ] 0 0 b 0 ] ¢ ' 00002
29 0000 ) 0 9 0 L] I 0 9 0 0 '] 0 9 0 0 [ 1 0 ) [ M [} ] v Q 0 '] v 60203
Lxc 0000 0 0o 0 vt 6 v 0 0 0 0 4 [ ] 0 0 [ I} ¢ o o0 o o 0 [ 'l 00002 .




tively. In this case the grid was 31 by 31 with 1-foot spacing, a typical
tank-scale run where the size of the tank was increased to eliminate wall
effects. A real dump might involve thousands of cubic yards of discharged
material and cover several hectares. By running the model at tank scale to
achieve tank-scale predictions, problems in scale-up of tank discharges were
avoided. Appendix A contains a complete listing of the program.

B. Simplified Input/Output Format

This section presents the simplified input/output format option of the
long program version. It was developed to simplify the use of the program and

to eliminate superfluous output necessary for the person only interested in
the program results.

The type of input format is again specified by the value of KEYMAX.
Thus, for the simplified input/output version the value of KEYMAX should be
set to 0 (Figure 31). Figures 32 through 46 represent the input cards and
parameters required to execute a run of this version specified in the input
cards as well as descriptions of how to calculate these parameters. As can be
seen, many of the option parameters have been eliminated. This program ver-
sion requires only 3 material components and assumes a value of 20 for the
number of transition Tlevels allowed between long and short term models.
Equation coefficients are fixed and the program will run to the time spe-
cified. No option is allowed for varying the print output. The user will
obtain plots describing material characteristics for the convective descent
and collapse phases as a function of time. Material characteristics for the
total cloud as a function of time and grid location are presented for the
long-term passive diffusion stage. These characteristics include cloud loca-
tions, size, and concentration as well as the quantity and height of the
material that settled to the bottom. For this version it was assumed that
only the total material properties are of importance.

It should be noted that the grid can still be defined by a 31 x 31 matrix
and the bottom is not assumed flat unless IDEP is set equal to 1. By setting

KEYMAX to O the capabilities of the program are not reduced, only the input/
output formats are simplified.
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NSCINK-SO8T
Format (I5)
VARIABLE DEFINITION
Keymax Flag which specifies desired input/output

format. KEYMAX = 0 specifies simplified
format option and is used when using the
simplified format of the long program version.

Figure 31. 1Input Card Number One, Simplified Input/Output
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Format (16I5)

VARTABLE DEFINITION

NMAX Array size in . Z direction (NMAX<31)

NMAX Array size in X direction (MMAX<31)

IDEP If IDEP equals 1 then the program will assume a
constant depth estuary and consequently require
only one value of estuary depth, H.

Figure 32. Input Card Number Two, Simplified Input/Output
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Format (8A10)

\\flslii!!ll!ll!ll!!l!!!!l!!!il!!!S!!!!!!!!!!!!!9!!!!!!9!!!S!!!!!!!!!!!!!!!!!!!!!!

VARIABLE DEFINITION

ID All 80 columns can be used to describe the run
being made. Symbols can be either numeric or
alphabetical.

Figure 33. Input Card Number Three, Simplified Input/Output
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sodN0000RBOG0ROCRSCROY0O000R0000BC0C00RR0GREDOROADEDEGROBO0OEBOO0A00COUS00EES
1

SET N IHUUBUBNUNNBNADNRABUINHIUNK AR ANAALNUBUET SR NNIBUINBBURQOUSEREIAININIBANRENRS

(1]
;;; | AERRERARRER R R R R R R R R R R R R R R R R R R R R R R R R R R A R R R RN R R R R R R R R R R R AR R ERRRR RN
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T214 T INMURUBHUNBURENINROND) DANRIDUUARUBBGVUCH BB RINNVNUBEIRINBRROLSGORDIIN NIRRT ENR
RSC/NH-S08

Format (8E10.0)

VARIABLE DEFINITION

DX Grid space size (see Figure 1). The grid
spacing is assumed symmetrical in the X and Z
directions and as a result the values of DY is
specified by specifying DX. DX is defined in
feet.

Figure 34. Input Card Number Four, Simplified Imput/Output.
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NST/NH-3081

Format (16F5.0)

VARIABLE

DEFINITION

DEPTH (N, M)

Depths of grid point N,M.

The grid is defined

first by row and then by column.

1f a grid

greater than 16 by 16 is specified the Z grid
points in the first row (x grid point 1) from
17 to 31 will be defined on a second input card
After all the Z grid points in the first row
have been defined the Z grids points in the
second row will be defined in the next input
card(s). This will continue until the entire
array is filled. Thus for a 31 x 31 array 62
input cards will be necessary (two to describe
each row in the grid). Depth is defined in
feet. If IDEP equals one the program will
assumé a constant depth estuary and only H =
DEPTH(1,1) need be specified in colummns 1
through 5.

Figure 35.

Input Card Number Five, Simplified Input/Output.

66



lXBARGE ZBARGE ! NOT USED !
BlﬂllilltlﬂﬂlﬂﬁlllﬂnﬂlﬁlliﬂnILIBIBIEIC!:IBlﬂﬂﬂlﬁ!gulﬂﬂlIﬂﬂ%gﬂlBﬂﬂﬂﬁﬂlgﬂﬂlnﬁﬂﬁlll
IR RN R RN R R R R e R Ry R R R N N S R L LE L]
[ RR R R AR R R R R AR R R R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R A R RN R AR R R R R ERR R
22222222222222221222222222222222222222222222222222222222272222222212222222221221212112
333333333333333333333333333333333333333333333333333333333333333333333333333331333
BRAA444 3444400044404 4044000000404 8 4484088444440 400040480400040000 0003000000804
3535555595595 555599355995 55555555555555555555585555¢5558555555555555555555555555%§
B OO E I oS E O Co oG EE 000 6CoG66E C6S56ECEG6ECGESE6G565566S568SEE06E6566E6866
LR R R R R R R R R R R R R R R R R R R R R R R R DR D R R R R R R R R R R R R R R AR R A RAR R R AR EARERAE!

LR R R R R R R R RN R R R R R R R R R R R R RN R R NN R R R R RN RN R RN RN RSN NNE

\\j!!!!!!!!!!!!S!!!l!!!i!!!!!!!!S!!!!!S!!S!!!!!!!S!!39!99!!!S!!!!!!!!!!!!!!9!!3!9!
I EERERRNN]

BWHABHBBINERIANTUNS NABRURNMBRIDINGU uuuAsnun&-!nunuxnﬂuuuuuuuunnuuunnnunnnnunu/
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Format (8E10.0)

VARIABLE DEFINITION

XBARGE X—-coordinate of barge at time of discharge.
This coordinate is measured from the grid
point 1,1 (see Figure 1) and does not have
to be at a grid point itself. XBARGE is
defined in feet.

ZBARGE Z-coordinate is measured from the grid point
1,1 (see Figure 1), and does not have to be
at a grid point itself. ZBARGE is defined
in feet.

Figure 36. Input Card Number Six, Simplified Input/output
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Format (1615)
VARIABLE DEFINITION
NROA Number of depths at which ambient density is

defined (NROA<10).

Figure 37. Input Card Number Seven, Simplified Input/Output
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Format (8E10.0)

VARIABLE DEFINITION

Y(I) Depths at which density is defined. The
quantity of Y(I) must be equal to NROA. The
greatest depth in the drop zone must be equal
to Y(NROA). Since (I) can vary up to 10 a
second input card will be necessary to define
Y(9) and Y(10). Y(I) is defined in feet.

Figure 38. Input Card Number Eight, Simplified Input/Output
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Format (8E10.0)

VARIABLE  DEFINITION

ROA(I) Density in ambient water at corresponding
depths, Y(I). Since (I) can vary up to 10 a
second input card will be needed to define
ROA(9) and ROA(10). ROA(I) is defined in
grams/cc.

Figure 39. Input Card Number Nine, Simplified Input/Output.
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Format (16I5)

VARIABLE DEFINITION

IFORM If IFORM equals one, vertically averaged
ambient velocities which are variable in the-
horizontal and in time, are read from logical
unit 7 (see Appendix C).

If IFORM equals 2, the program will generate a
logarithmic velocity profile whose average
value is that value of velocity read in at each
time step. The format is the same as for
IFORM = 1, and velocity may vary in the hori-
zontal plane aund in time.

If IFORM equals three the ambient velocity will
be two layers and assumed variable in the hori-
zontal and vertical directions as well as in
time (see Appendix C).

1f IFORM equals four the two layer ambient
velocity profile is assumed constant in both
the horizontal plane and time. (see Appendix
C).

Figure 40. Input Card Number Ten, Simplified Input/Output
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NSC/NH-3088

N

Format (8E10.0)

VARIABLE DEFINITION

RB Radius of hemispherical dredge material cloud
at discharge (see page 10). RB is defined in
feet.

DREL Depth of cloud centroid at discharge.. DREL
is defined in feet.

Cu(1) Initial velocity of cloud centroid at release

cv(1) in the x, y, and z directions respectively

CW(l) (see page10). CU(1), CV(1), and CW(1l) are
defined in feet/second.

ROO Bulk density of aggregate dredge material.
ROO is defined in gm/cc.

BVOID Voids ratio of aggregate dredge material.

LLIM Liquid limit of aggregate dredge material.

Figure 43.
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Format (8E10.0)

VARTABLE DEFINITION

TDUMP Time of dump relative to the start of tidal
cycle (to the nearest DTL seconds).

TSTOP Duration of simulation (to the nearest DTL
seconds).

DTL Long term integration time increment as well
as the time increment between velocity data
points. DTL is expressed in seconds.

Figure 42. Input Card Number Twelve, Simplified Input/Output
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Format (8E10.0)

VARIABLE DEFINITION

DUl Depth at which upper x velocity is specified
(see Figure 2). DUl is defined in feet.

bu2 Depth at which lower x velocity is specified
(see Figure 2) DU2 is defined in feet.

Uul Upper x velocity. UUl is defined in ft/sec.
vu2 Lower x velocity. UU2 is defined in ft/sec.
DW1 Depth at which upper z velocity is specified

(see Figure 2). DW1l is defined in feet.

DW2 Depth at which lower z velocity is specified
(see Figure 2). DW2 is defined in feet.

wWiWl Upper z velocity. WW1l is defined in.ft/sec.

W2 Lower = velocity. WW2 is defined in ft/sec.

Figure 41. Input Card Number Eleven, Simplified Input/Output
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Format (8E10.0)

VARIABLE DEFINITION

SGAVE Average Specific Gravity for the aggregate
dredged material (see Appendix D).

Figure 44. Input Card Number Fourteen, Simplified Input/Output
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Format (A10, 7E10.0)

VARIABLE DEFINITION

PARAM(K) Descriptive identifier for solid component (K).
PARAM(K) can be any numeric and/or alphabetical
combination.

ROAS (K) Solid density of solid component (K). ROAS is
defined in gm/cc.

CS(K) Concentration of solid compounent (K) in bulk
cloud.

VFALL (K) Fall velocity of solid component (K). VFALL
is defined in ft/sec. (see Appendix D).

VOIDS (K) Voids ratio of solid component (K). (See
Appendix D).

ICOHES (K) If ICOHES equals zero the cohesive model in
the long term diffusion phase is bypassed. If
ICOHES equals one the long term diffusion
phase employs the cohesiveness.

Card Fourteen will be repeated NS times.

Figure 45. Input Card Number Fifteen, Simplified Input/Output
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Format (A10, 2E10.0)

VOLUME DEFINITION

Since KEY3 = 0, a blank card may be used for
card number fifteen.

Figure 46. Input Card Number Sixteen, Simplified Input/Output
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SECTICN 4
DESCRIPTION OF WORKBOOK, TABLES AND EXAMPLES

A. General Description

There are many people who need information regarding the fate of dredged
materials discharged into a water column and do not have the capabilities or
facilities to run large computer models. Through the use of pre-calculated
values, this section provides information which approximates desired charac-
teristics of discharged materials. This information is found in a series of
tables containing the predicted fate of dredged material as calculated by the
model described in this report for a wide matrix of input conditions. The input
values, as well as the resulting computer output, have been non-dimensionalized
in order to have them as general as possible and applicable to any set of units.

Due to the large number of variables involved, restrictions were estab-
lished to keep the report within a reasonable length. Discharged material
variables considered were bulk density, volume, composition and liquid Timit.
Receiving water variables considered were density, current velocity and depth.
Limitations on variables considered are as follows:

Three bulk densities were considered. When expressed in dimensionless form
as excess density, (p0 - pa)/pa = p' these three values were 0.4, 0.25, and 0.10.
The initial dump is assumed to be hemispherical in shape after release. Thus,

the diameter, D = (12v/m)'/>
volume of the dump.

, was selected as a scaling variable where V is the

The composition of the dumped material was assumed to be primarily of three
types of material: a) fine gravel or coarse sand of 1,000 to 10,000 u equivalent
diameter that has a fall velocity of 0.15 m/s (0.5 ft/s), b) fine to medium sand
of 200-300 p sphere diameter with a fall velocity of .015 m/s (.05 ft/s), and c)
silt or clay of 30-40u diameter with a fall velocity of .0003 m/s (.001 ft/s).
The density of all solid material was assumed to be 2.65 gm/cc. Variations in
components a, b, and ¢ are as follows: equal concentration of all three
components coded 3-3-3; 80% component a and 20% component b coded 8-2-0; 10%
component a, 80% component b and 10% component c¢ coded 1-8-1, and finally 20%
component b and 80% component c coded 0-2-8. Thus 8-2-0 is primarily gravel
with a 1ittle sand whereas 0-2-8 is primarily silt or clay with a Tittle sand and
1-8-1 is primarily sand with a little gravel and silt.

The Tiquid 1imit of the dumped material as defined earlier was assumed to
be either 40, 80, or 120. Due to the inconsistency of high liquid 1imit with low
bulk density and large particles, only realistic combinations of bulk density,
liquid 1imit and composition were considered.

The ambient receiving water velocity, Ua was assumed to be constant and
have a profile as shown in Figure 47, where H is the ambient water column depth.

Variation in Ua were expressed as the dimensionless variable R= Ua/(Dg p')]/2
where g 1is the gravitational constant. The other variables have been
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defined previously. R values of 0, 0.02, 0.1 and 0.5 were considered. Since
most of the solid particies of a dredged material are only slightly affected by
ambient stratification, a uniform density ambient was assumed.

The depth of the water column is assumed to be constant. Depths of 5, 10,
and 20 times the initial dump diameter, D, were considered. Tables 17 and 18
give the input variables in matrix form. Also given are the table numbers where
the output is found corresponding to combinations of these input variables.
Since barge velocity and initial downward velocity of the dump have littie
effect on the ultimate fate of the dumped material, they have both been set at
zero.

The procedure for locating the table where the output can be found corre-
sponding to a desired set of input conditions is as follows:

1. From preliminary tests, determine the 1liquid Tlimit, LL, of the
material to be dumped. If the liquid 1imit of the material cannot be
determined, use LL=120 for materials that are cohesive and fall as a
clump when released. Use LL=40 for materials that are non-cohesive
and for materials with high moisture content giving low initial
density differences. For materials that are only moderately cohesive
with high initial density difference (of the order of 0.4) use LL=80.

2. Determine the approximate composition of the material as to gravel,
sand and silt, such as 10% gravel, 80% sand, and 10% silt, 1-8-1.

3. Determine the density of material to be released and of the receiving
water and determine excess density ratio p' = (po - pa)/pa.

4. From the volume of material to be dumped, determine effective hemi-

spherical diameter D = (]2V/n)]/3.

5.  From ambient current Ua, determine R = Ua/(gDp')1/2.
Use g = 32.2 for Ua in ft/s and D in ft.
Use g= 9.8 for Ua inm/s and D in meters.

6. From depth of receiving water determine H = depth/D.

7. From LL determine correct set of sub matrices (Tables 17 or 18).

8. From composition and excess density ratio determine correct sub-
matrix.
9. From R and H determine table where output values are listed 7or case

in question.

For example for LL = 40, p' = 0.4, composition = 3-3-3, R=0.1, and H = 10, see
Table 20. For most cases, exact agreement between desired values and input
values used for generating the tables will not be reached. Using the closest
tabulated values will yield satisfactory results in most cases. Higher accuracy
can be obtained by interpolating between tabulated values.
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Qutput Variables

The characteristics of the discharged material after it has diffused with
the ambient and settled to the bottom are presented in the tables as a func-
tion of time after being dumped.

The variables presented are location, extent and maximum thickness of
material settled on the bottom; and location, extent and maximum concentration
of the suspended cloud. Unfortunately, the program would not run for a few of
the cases. In addition, during transition from dynamic calculations to long-
term diffusion, the program divides the suspended material into a series of
small clouds that grow and diffuse with time. When the size of a particular
small cloud exceeds the size of the long-term diffusion grid, it is injected
into the long-term grid for further calculations. If small clouds still exist
when printout occurs, the concentrations given are in error. As a result,
concentrations for many cases have been omitted. Settled material information
for these cases is correct and has been given.

Qutput variables are all dimensionless as follows:

1. Time is givenas T=0 (gp'/D)]/2

where © is the time from discharge in seconds.

2. Xm is the distance from the point of discharge (divided by the dia-
meter D) to the point of maximum thickness of material settled on
the bottom,

3. is the distance from the point of discharge to the centroid of
tﬂe settled material divided by D.

4. The shape of settled material on the bottom has been approximated by
an ellipse having total major and minor axes of A and B, respec-
tively. The boundary of the ellipse is defined when the th]ckness
of the material settled on the bottom is approxxmate]y 0.01 times
the maximum mound thickness. This 1is shown in Figure 48. Again,
all lengths and thicknesses have been normalized by the diameter D.

5. The normalized maximum mound height is given by the symbol t.
Intermediate thickness can be approximated by assuming a Gaussian
distribution from the maximum thickness to the edge. This assump-
tion gives the following:

a. At one-fourth of the distance from the maximum mound thickness
to the edge, the thickness will be 0.75t.

b. At one-half the distance from the maximum thickness to the
edge, the thickness will be 0.32t.

C. At three-fourths the distance from the maximum thickness to the
edge, the thickness will be 0.07t.

5. The values of Xm, X_, A, and B are also given for the suspended
cloud when meaningful information could be calculated. The value,
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Xm is the horizontal distance from the point of discharge to the point of
maximum concentration of the cloud. The maximum concentration, Cm, is given as
a volume fraction of suspended material to the total. The vertical location and

thickness of the cloud have not been given since this information was not
reliable.

B. Examples of Use

The accuracy of the prediction obtained from this model will depend to a
great extent on how well the actual dump matches the assumptions used in the
model. Users should, therefore, realize that large deviations from the condi-
tions used in the model will result in considerable error. For example, it is
very difficult to have an instantaneous dump. However, for a barge dump, the
material leaves fairly quickly and can be approximated by an instantaneous

release. Care must also be taken in determining material properties and ambient
conditions.

The following examples have been given to familiarize the reader with the
use of the tables. An attempt was made to develop more or less realistic probliem
statements. However, due to the wide variety in variables, only a limited

number are presented. For the sake of calculation, many numbers have been
conveniently rounded off.

Example #1

A barge contains 200 cu yd of dredged material consisting of 20% silt-clay,
8% sand and 72% water by volume. The bulk density is 1.46. With this
composition, 29% of the solid material is sand and 71% silt-clay. The dump site
is 110 ft deep and the average current is one-knot. The ambient density is 1.02.
The liquid Timit of the dredged material is 53.

It is desired to know where the material will settle on the bottom as time

progresses, and the maximum concentration of the suspended cloud as it passes in
imaginary vertical plane 1/2 mile from the dump site.

Solution:
Determine input parameters:

Effective Diameter

Volume = 200 yds® x 27 ft3/yd3 = 5400 ft3

1/3

D = (12 x 5400/m) = 27.42 ft

Excess density ratio

p' = (1.46 - 1.02)/1.02 = 0.43

Depth

H=110/27.42 = 4.01
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Dimensionless current

R = Ua/(gDp')V2
Ua =1.0 knot = 1.688 ft/s
R = 1.688/(32.2 x 27.4 x .43)V/2 = 0.09

The closest tabulated input values to these are LL = 40, 0-2-8 composi-
tion, p' = 0.4, R=0.1 and H = 5.

From reference Table 17 the tabulated output for these conditions is
found on Table 46. For the settled material the following values are found:

Xm Xo A B t
T = 400 0 10 30 30 3.7 E-5
T= 800 0 25 . 60 30 3.7 E-5
T = 1200 0 45 105 35 3.7 E-5
T = 1600 0 65 130 40 3.7 E-5
. . . \ 1/2 .
Since T is defined as © (gp'/D) ", the time
o (sec) = T/ (gp'/D)]/Z
Therefore T = 400 corresponds to a
time of © = 400/(32.2 x .43/27.4)"/2 = 562.7 secz10 min
T =800 = 20 min
T =1200 = 30 min
T = 1600 = 40 min

With D = 27.4 ft, the values for this case are:
Time (min) Xm (ft) Xo (ft) A (ft) B (ft) Thickness (ft)

10 0 274 822 822 . 001
20 0 685 1649 822 .001
30 0 1233 2802 959 .001
40 0 1781 3562 1086 . 001

This can be plotted to give the approximate shape of the settled material at
the given time as shown in Figure 49.

The maximum concentration of .the cloud is located 80 x 27.4 = 2,192 ft
downstream 30 min after the dump, and 110 x 27.4 = 3,014 ft downstream 40
minutes after the dump. The maximum concentration is about 3.7 x 10-5 for
both cases. Since 1/2 mile is 2,640 ft, the maximum concentration of the
cloud as it passes this point is about 3.7 x 10-5 ft3/ft3,
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Example #2

A 500 m® barge contains dredged material in five separate hoppers, each
containing 100 m®. The makeup of the material in each hopper is as follows:

Hopper Bulk Density Gravel Sand Silt Liquid LL
1 1.25 5% 5% 5% 85% 40
2 1.25 5% 5% 5% 85% 40
3 1.4 2% 20% 2% 76% 40
4 1.4 2% 20% 2% 76% 40
5 1.4 0% 4% 20% 76% 120

The hopper doors are opened simultaneously at a dump site that is 90 m
deep. The average ambient current and density at the site are 25 cm/s and
1.025, respectively.

Determine the location and distribution of settled material on the bottom
twenty minutes after release.

Solution:

There are three different ways the five hopper release can be handled.
One is to treat each independently, another is to lump them all together into
one equivalent dump, and the third is to lump like material together and treat
them separately, i.e., treat hoppers 1 and 2 as one, 3 and 4 as one, and 5 as
one.

The third method is probably the most realistic in this case. It will be
used in the example.

Hoppers 1 and 2

Determine equivalent hemispherical diameter;

1/3 =9.14m

D= (12 x 200/r)
Excess density ratio:

p' =(1.25-1.025)/1.025 =0.22
Dimensionless depth:
- H=90/9.14 = 9.8
Dimensionless current:

R=0.25/(9.8 x 9.14 x .22)"/2 = 056
Composition:

With equal parts gravel, sand, and silt, use 3-3-3

The closest tabulated input values are LL = 40, 3-3-3, p' = 0.25, H = 10,
and R between 0.02 and 0.1. For R = 0.02 the correct table is 39. For a time

86



of 20 minutes, T = 20 x 60(9.8 x 22/9.14)Y/2 or T = 5832600. From the table, it
is found that:

Xm=5 or 5x09.14=46m
Xo =5 =46 m
A =40 = 366 m
B = 30 =279 m
t =5.2 x 10-° = .000475 m

For R = 0.1 use Table 40, where the following are found

Xm=10 or 10x9.14=91m
Xo = 35 =320 m
A =70 = 640 m
B =050 =460 m
t =1.9 x 10-5 = .000174 m

Linearly interpolating between these values to an R = .056 yield

Xm = 66 m

X0 = 169 m

A =489 m

B =358m

t =.00034 m

Interpolation between the other input variables could be done if the user
wished.

Hoppers 3 and 4 D=29.14

Excess Density: p'= (1.4 -1.025/1.025) = 0.37
Dimensionless Depth: H= 9.8 same as 1 and 2 /2 _
Dimensionless Current: R = 0.25/(9.8 x 9.14 x 0.37) .043
Composition:

With the mixture being 2% gravel, 20% sand and 2% silt, the solids
composition is (2/24) x 100 = 8.3% gravel, (20/24) x 100 = 83% sand, and
(2/24) x 100 = 8.3% silt use 10-80-10 or 1-8-1 code.

The closest input values to these are LL = 40, 1-8-1, p 4, H = 10,
and R between 0.02 and 0.1. For a time of 20 m1nutes T =20 x 60 (9.8 x

37/9.18) 72 or T = 756. Use 800.

For R = 0.02 with the above conditions use Table 21, where the following are
found

Xm=0 or 9.14x0 =0m

Xo =5 =46 m

A =40 = 366 m

B =30 =274 m

t = .00015 =.00137 m
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For R = 0.1 and Table 22, the following are found

Xm = 10 =91 m
Xo = 30 =274 m
A =280 =73 m
B =170 =548 m
t = .000043 = .00039 m
Interpolating to a R = .043 yields
Xm =26m
Xo=112m
A =470 m
B =352m
t =.0011 m
Hopper 5
Equivalent Hemispherical Density:
D= (12 x 100/m)/3 = 7.26 m

Excess Density Ratio:
p' = 0.37 (same as 3 and 4)

Dimensionless depth:
H=90/7.26 = 12.4

Dimensionless Current: 1/2 )

R=.25/(9.8 x 7.26 x .37) .05

Composition:

Since the mixture composition is 4% sand and 20% silt, the
solid composition is (4/24) x 100 = 17% sand and (20/24) x 100 = 82%
silt. We will use 0-2-8

The closest tabulated input values to these are: LL= 120,
0-2-8, p'= 0.4, H = 10 and R between .02 and 0.1. T for this case

is, T=20 x 60 (9.8 x 0.37/7.24)V/2 = g48. use 800.

For R = 0.02 use Table 37, where the following are found

Xm=0 or7.266x0 =0m

Xo =3 =22 m

A =20 = 145 m

B =15 = 109 m

t =1.9 x 10-¢ = .0014 m
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For R = 0.1 use Table 38, in where the following are found

Xm =20 =0m
Xo = 20 =145 m
A =40 =290 m
B =15 =109 m
t =1.9x10-% =.0014m

Interpolating between these values to an R = 0.5 yields:

m=0m
Xo=68m

A =199 nm

B =109 m

t =.0014m

Figure 50 is a plot of the settled material for each of the three types
of material considered in this example superimposed on one plot. It is noted
that the high liquid 1imit material (120) spread much less than the low liquid
1imit material (40). Figure 51 is the same plot after the settied material
from the three are added to give a total settled material.

Example #3

For the input condition of example #1, determine the location of the
contour line where the thickness of the settled material is one-half the
maximum value 40 min after the dump.

Solution:

It can be assumed with reasonable accuracy that the settled material will
distribute itself such that the thickness will approximate a Gaussion curve in
any particular direction. Mathematically this is:

t=t EXP[-(E)Z]

Where t is the local thickness, tmax is the maximum thickness and be is a
characteristic length in the direction of r. Since the edge of the ellipse
used to approximate the edge of the settled material was selected where t/tmaX
= 0.01, the value of (r/b)0.0] = 2.15 to the edge of the ellipse. When t/tmax
= 0.5 (v‘/b)o.5 = 0.83. Since the characteristic length b is the same in a
given direction, r0.5/r0_01 = 0.83/2.15=0.4. Thus, the Tlocation where the

local thickness is 1/2 the maximum, is about 0.4 times the distance from the
point of maximum thickness to the edge as shown in Figure 52. Other contour
1ines could be found in a Tike manner.
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C.

Workbook

Tables

Table 17.

Cross-Reference Table for Workbook

Output Table No.'s vs. Input Variables with LL = 40

Composition 3-3-3 8-2-0 1-8-1 0-2-8

N 5 10 20 5 10 201 5 10 20 5 10 20
< 0 19 19 19 | 21 21 21 |23 23 23 | 25 25 25
? 02l 19 19 19 | 21 21 21 |23 23 23 | 25 25 25
o 0.1 20 20 20 | 22 22 22 {24 24 24 | 26 26 26

0.5 20 20 20 | 22 22 22 |24 24 24 | 26 26 26

PN

R 5 10 20 5 10 20 | 5 10 20 5 10 20
< 0 39 39 39 | 41 41 41 |43 43 43 | 45 45 45
? 02l 29 29 29 | 41 41 41 |43 43 43 | 45 45 45
@ 0.1 40 40 42 42 42 | 44 44 44 | 46 46 46

0.5 40 40 40 | 42 42 | 44 44 | 46 36

PN

R 5 10 20 5 10 20| 5 10 20 5 10 20
— 0 47 47 49 49 49 |51 51 51 | 53 53 53
? 02| 47 47 47 | 49 49 49 |51 51 51 | 53 53 53
o 0.1 48 48 48 | 50 50 52 52 52 | 54 54 54

0.5 48 48 48 | 50 50 50 [ 52 52 52 | 54 54 54




Table 18.
Output Table No.'s vs. Input Variables with LL = 80 and 120

Cross-Reference Table for Workbook

LL = 80
Composition 3-3-3 8-2-0 1-8-1 0-2-8
_5!1 5 10 20 5 10 20 5 10 20 5 10 20
0 27 27 27 {29 29 29 {31 31 31 133 33 33
:§ .02y 27 27 27 {29 29 29 | 3% 31 31 33 33 33
Y ol 28 28 28|30 30 30032 32 32 |38 3w
0.5 28 28 28 | 30 30 132 32 32 134 34 34
LL = 120
Composition 1-8-1 0-2-8
7?<1 5 10 20 5 10 20
0 35 35 37 37 37
<
f? .02 35 35 35 37 37 37
"o 0.1 36 36 36 38 38 38
0.5 36 36 36 38 38 38
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Table 19.

Settied and Suspended Material Distribution
for 33% Gravel, 33% Sand, 33% Silt (3-3-3), with
LL = 40 and p' = 0.4

Settled Material

Dimensionless Ambient Current, R = 0

Suspended Material

H=5 m Xo A B t Xm Xo A B Cm

T = 400 0 0 10 10 7.3E-4 0 0

T = 800 0 0 30 30 7.4E-4 0 0 30 30 8.3E-6

T=1200 0 0 30 30 7.4E-4 0 0 70 70 4.3E-6

T = 1600 0 0 30 30 7.4E-4 0 0 110 110 2.8E-6

H=10

T = 400 0 0 30 30 2.1E-4 0 0 30 30 7.3E-6

T = 800 0 0 50 50 2.3E-4 0 0 70 70  3.0E-6

T=1200 O 0 70 70  2.4E-4 0 0 90 30 1.9E-6

T=1600 O 0 70 70 2.6E-4 0 0 110 110 1.2E-6

H =20

T = 400 0 0 30 30 1.0E-6 0 0 30 30 3.3E-6

T = 800 0 0 50 50 1.0E-4 0 0 70 70 1.8E-6

T=1200 O 0 50 50 1.0E-4 0 0 90 90  1.0E-6

T=1600 0 0 70 70  1.0E-4 0 0 120 120 7.3E-7
Dimensionless Ambient Current, R = 6,02

H=25

T=1600 O 0 60 60 1.7E-4

T=32060 0 10 65 60 1.7E-4

T =4800 0 20 80 60 1.7E-4 60 60 110 60 4.4E-6

T=6400 O 20 80 60 1.76E-4 100 90 140 80 3.6E-6

H=10

T = 400 0 0 30 30 1.7E-4 0 0 30 30 1.1E-5

T = 800 0 5 70 50 1.9E-4 0 0 60 50 7.9E-6

T=120 0 10 80 50 2.0E-4 10 10 70 50 4.6E-6

T=1600 O 15 80 60 2.0E-4 15 15 70 50 3.5E-6

H=20

T = 400 0 5 30 30  1.0E-4

T = 800 0 5 30 30 1.0E-4 10 10 50 30 1.2E-6

T=1200 O 5 40 30  1.0E-4 10 15 80 50 8.6E-7

T=1600 0 10 50 30 1.0E-4 10 20 100 70  5.4E-7
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Table 20.

Settled and Suspended Material Distribution

for 33% Gravel, 33% Sand, 33% Silt (3-3-3), with
LL = 40 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 400 0 10 30 30 5.3E-4 <10 <10

T = 800 0 15 40 30 5.3E-4 60 60 80 50 6.2E-6

T = 1200 0 40 100 30 5.3E-4 95 95 110 90 3.0E-6

T = 1600 0 45 120 30 5.4E-4 130 130 130 110 2.1E-6

H=10

T = 400

T = 800 0 25 80 20 1.0E-4 60 60 100 60 3.6E-6

T = 1200 0 50 120 20 1.0E-4 100 100 120 80 2.5E-6

T = 1600 0 80 160 20 1.0E-4 140 140 140 100 1.3E-6

H= 20

T = 400 60 160 280 80 8.0E-5

T = 800 60 180 280 80 8.0E-5 440 280 500 140 1.2E-7

T = 1200 60 200 300 100 8.0E-5 440 300 500 160 1.2E-7

T = 1600 60 200 300 100 8.1E-5 440 340 540 180 1.2E-7
Dimensionless Ambient Current, R = 0.5

H=15

T = 3200 40 160 400 160 1.1E-5

T = 6400 40 160 400 160 1.1E-5

H=10

T = 3200 80 560 100 120 4.6E-6

T = 6400 80 560 100 120  4.6E-6

H= 20

T = 400 150 210 210 90 3.0E-5 310 310 240 140 2.5E-7

T = 800 150 300 240 90 3.0E-5 480 480 250 150 2.1E-7

T = 1200 150 420 570 90 3.0E-5 660 660 250 150 1.8E-7

T = 1600 150 465 660 90 3.0E-5




Table 21. Settled and Suspended Material Distribution

for 80% Gravel, 20% Sand, 0% Silt (8-2-0), with
LL = 40 and p' = 0.4

Dimensionless Ambient Current, R = 0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm
T =400 0 0 30 30 5.5&E-4
T = 800 0 0 30 30 5.7E-4
T = 1200 0 0 30 30 5.9E-4
T = 1600 0 0 40 40 6.0E-4 0 0 40 40 3.7E-6
H=10
T = 400 0 0 30 30 3.8E-4
T = 800 0 0 35 35 3.9t-4 0 0 30 30 .5E-6
T =1200 0 0 40 40 4.0E-4 0 0 35 35 1.8E-6
T = 1600 0 0 40 40 4, 0E-4 0 0 40 40 1.3E-6
H =20
T = 800 0 0 60 60 5.4E-5
T = 1600 0 0 65 65 6.0E-5
T = 2400 0 0 70 70  6.3E-5
T = 3200 0 0 70 70  6.5E-5
Dimensionless Ambient Current, R = 0.02
H=5
T = 400 0 2 30 30 8.9E-4
T = 800 0 5 40 30 9.0E-4
T = 1200 0 5 45 35 9.0t-4 10 10 60 40 2.1E-6
T = 1600 0 10 55 35 9.0E-4 20 20 60 40 1.4E-6
H=10
T = 800 5 5 50 50 1.3E-4
T = 1600 5 5 50 50 1.3E-4 0 10 50 50 1.8E-7
T = 2400 5 5 50 50 1.3E-4 10 10 70 70 5.8E-8
T = 3200 10 10 60 60 1.4E-4 15 15 75 75 2.1E-8
H =20
T = 800 10 10 100 100 4.1E-5
T = 1600 10 10 110 110 4.1E-5
T = 2400 10 10 110 110 4.1E-5
T = 3200 10 10110 . 110 4.1E-5

97



Table 22. Settled and Suspended Material Distribution
for 80% Gravel, 20% Sand, 0% Silt (8-2-0), with
LL = 40 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T =400 5 10 50 30 1.6E-4
T = 800 5 10 55 40 1.7E-4 0 5 50 40 2.6E-6
T = 1200 5 20 80 40 1.7E-4 30 40 60 40 1.0E-6
T = 1600 5 35 110 40 1.7E-4 70 70 80 60 8.9E-7
H=10
T = 800 20 30 80 60 1.8E-4
T = 1600 20 30 80 60 1.8E-4 80 20 80 60 2.3E-7
T = 2400 20 30 20 60 1.8E-4 60 60 120 70 1.0E-7
T = 3200 20 40 100 60 1.8t-4 120 120 130 70 5.1E-8
H=20
T=1600 240 160 300 100 1.4E-5
T =3200 240 160 300 100 1.4E-5

Dimensionless Ambient Current, R = 0.5

H=25
T = 1600 40 80 160 120 1.3E-5
T = 3200 40 100 240 120 1.3E-5 880 880 140 50 2.3E-10
T = 4800 40 100 240 120 1.3E-5
T = 6400 40 100 240 120 1.3E-5
H=10
T = 3200 80 560 960 120 1.1E-5
T = 6400 80 560 960 120  1.1E-5

— = |z

2
3
800 360 260 200 100 5.8
1200 360 310 300 100 5.8
1600 360 360 400 100 5.8
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Table 23. Settled and Suspended Material Distribution
for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with
LL = 40 and p' = 0.4

Dimensionless Ambient Current, R =0

Settled Material Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T =400 0 0 30 30 1.4E-4
T = 800 0 0 30 30 2.0E-4
T = 1200 0 0 40 40 2.9E-4
T = 1600 0 0 40 40 3.5E-4 0 0 40 40 2.5E-5
H =10
T = 400 0 0 30 30 1.1E-4
T = 800 0 0 30 30 1.4E-4 0 0 30 30 1.0E-5
T =1200 0 0 40 40 1.7E-4 0 0 50 50 7.7E-6
T = 1600 0 0 40 40 1.9E-4 0 0 50 50 6.2E-6
H =20
T = 800 0 0 60 60 2.4E-5
T = 1600 0 0 65 65 4.3E-5
T = 2400 0 0 70 70  5.4E-5
T = 3200 0 0 70 70 6.1E-5

Dimensionless Ambient Current, R = 0.02

H=5
T =400 0 2 30 30 1.5E-4
T = 800 0 5 45 30 1.9E-4
T =1200 0 10 55 30 2.0E-4
T = 1600 0 15 65 40 2.0E-4 20 20 60 40 1.1E-5
H=10
T = 400 0 5 40 30 1.1E-4
T = 800 0 5 40 30 1.5E-4 0 5 40 30 1.0E-5
T = 1200 0 5 40 30 1.7E-4 5 5 60 50 5.2E-6
T = 1600 0 10 50 30 1.7E-4 10 10 70 50 3.6E-6
H = 20
T = 1600 20 10 100 100 2.6E-5
T = 3200 20 10 110 100 2.6E-5 0 20 140 140 4.2E-8
T = 4800 20 10 110 100 2.6E-5 40 60 140 140 3.9E-8
T = 6400 20 10 110 100 2.6E-5 80 80 160 140 3.7E-8
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Table 24. Settled and Suspended Material Distribution
for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with
LL = 40 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material _Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T = 400 0 5 40 30 2.3E-4
T = 800 0 5 50 40 2.8t-4 0 5 _50 40 1.2E-5
T = 1200 0 25 90 40 2.8E-4 40 40 75 60 7.3E-6
T = 0 40 120 40 2.8E-4 70 80 80 60 4.3E-6
H=
T= 10 30 80 60 3.1E-5
T= 20 35 90 70 4.3E-5 20 20 110 100 1.0E-6
T= 20 40 110 80 4.3E-5 60 90 180 100 3.6E-7
T = 20 60 160 80 4.3t-5 180 140 220 120 1.5E-7

~ |

60 140 280 100 1.0E-5
60 140 280 120 .0E-5 110 140 260 180 1.4E-8

—d

e -

Dimensionless Ambient Current, R = 0.5

40 100 200 120  4.9E-5
40 100 200 120 4.9E-5
40 100 200 120 4.9E-5
40 100 200 120  4.9E-5

340 560 1000 120 2.3E-6
340 560 1000 120 2.3E-6
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Table 25.

for 0%

Settled and Suspended Material Distribution
Gravel,

20% Sand, 80% Silt (0-2-8), with

LL =

40 and p' = 0.4

Dimensionless Ambient Current, R =0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 400 0 0 30 30 3.3E-5

T = 800 0 0 30 30 5.5E-5

T= 1200 0 0 40 40 8.0E-5

T = 1600 0 0 40 40 1.0E-4

H=10

T = 400 0 5 40 40 1.7E-5

T = 800 0 5 45 45 2.7E-5 0 0 60 60 7.1E-6

T = 1200 0 10 50 50  3.2E-5 0 0 70 70 5.5E-6

T = 1600 0 10 60 60 3.4E-5 0 0 80 85 5.1E-6

H=20

T = 800 0 0 60 60 4.3E-6

T = 1600 0 0 70 70 1.0E-5 0 0 80 80 1.3E-6

T = 2400 0 0 70 70 1.2E-5 0 0 100 100 1.17E-6

T = 3200 0 0 80 80 1.4E-5 0 0 110 110 1.0E-6
Dimensionless Ambient Current, R = .02

H=15

T = 400 0 0 30 30 3.3E-5

T = 800 0 5 40 30 5.0E-5

T = 1200 0 10 55 40 5.3E-5 20 10 60 40 4.4E-5

T = 1600 0 15 65 40 5.3E-5 20 15 70 40 4.0E-5

H=10

T = 800 5 5 40 30 2.2E-5

T = 1600 5 5 45 35 3.0E-5 5 5 60 50 5.0E-6

T = 2400 5 15 65 50 3.1E-5 20 20 65 55 4.4E-6

T = 3200 5 20 85 55 3.2E-5 35 35 90 75 4.1E-6

H =20

T = 1600 0 10 80 60 6.8E-6

T = 3200 0 15 90 70  6.9E-6 10 10 100 100 5.6E-7

T = 4800 0 20 120 70  6.9E-6 20 20 120 100 5.4E-7

T = 6400 0 50 160 80 6.9E-6 70 70 160 110 5.2E-7

101



Table 26. Settled and Suspended Material Distribution
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with
LL = 40 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T = 400 0 10 30 30 3.7E-5
T = 800 0 25 60 30 3.7E-5
T = 1200 0 45 105 35 3.7E-5 80 75 70 40 3.8E-5
T = 1600 0 65 130 40 3.7E-5 110 110 80 40 3.6E-5
H=10
T = 800 0 30 80 60 7.4E-6
T = 1600 20 30 90 70 1.0E-5 20 20 100 70 1.4E-6
T = 2400 20 60 140 70 1.0E-5 100 100 140 100 1.2E-6
T = 3200 20 100 220 70  1.0E-5 180 180 180 110 1.2E-6
H=20
T =3200 140 260 560 320 2.2E-6
T = 6400 140 260 560 320 2.2E-6 200 280 600 440 9.3E-8
Dimensionless Ambient Current, R = 0.5
H=5
T = 1600 40 60 160 120 1.2E-5
T = 3200 40 480 960 120 1.2E-5
T = 4800 40 480 960 120 1.2E-5
T = 6400 40 480 960 120 1.2E-5
H=10
T =3200 340 560 1000 120 6.0E-7
T = 6400 340 560 1000 120  6.0E-7
H=20
T = 400
T = 800 260 280 180 100 2.9E-8
T=1200 260 310 280 110 2.9E-8
T =1600 260 340 380 120  2.9tE-8
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Table 27.

Settled and Suspended Material Distribution

for 33% Gravel, 33% Sand, 33% Silt (3-3-3), with

LL = 80 and p' = 0.4

Dimensionless Ambient Current, R =0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 400 0 0 10 10 7.2E-4

T = 800 0 0 10 10 7.6E-4

T = 1200 0 0 10 10 7.6E-4 0 0 30 30 7.3E-6

T = 1600 0 0 30 30 7.6E-6 0 0 70 70 4.5E-6

H=10

T = 400 0 0 30 30 b5.3t-4 <10 <10

T = 800 0 0 30 30 5.6E-4 0 0 50 50 4.9E-6

T = 1200 0 0 50 50 b5.7E-4 0 0 90 90 2.5E-6

T = 1600 0 0 50 50 5.8E-4 0 0 100 100 1.6E-6

H= 20

T = 400 0 0 30 30 4.0E-4 0 0 30 30 3.2E-6

T =800 0 0 50 50 4.1E-4 0 0 70 70 1.8E-6

T = 1200 0 0 50 50 4.1E-4 0 0 90 90 1.0E-6

T = 1600 0 0 70 70 4.2E-4 0 0 120 120 7.3E-7
Dimensionless Ambient Current, R = 0.02

H=25

T = 400 0 0 10 10 7.3E-4

T = 800 0 5 20 10 7.3E-4

T = 1200 0 10 25 15 7.3E-4 15 15 50 30 7.4E-6

T = 1600 0 15 50 15 7.3E-4 25 25 100 70 3.8E-6

H=10

T = 400

T = 800 0 5 25 15 3.0E-4 5 5 25 15 3.0E-5

T = 1200 5 5 25 20 3.0E-4 5 5 25 20 3.0E-5

T = 1600 5 5 30 25 3.1E-4 5- 5 25 25 9.2E-6

H=20

T = 400 0 5 40 30 4.0E-4 5 10 50 30 3.4E-6

T = 800 0 10 50 40 4.1E-4 10 10 90 70 1.5E-6

T = 1200 0 10 70 50 4.1E-4 20 20 130 110 8.7E-7
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Table 28. Settled and Suspended Material Distribution
for 33% Gravel, 33% Sand, 33% Silt (3-3-3), with
LL = 80 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T = 400 0 10 40 20 1.7E-4
T = 800 0 20 60 20 1.7t-4
T =1200 0 20 60 20  1.7E-4
T = 1600 0 40 80 20 1.8E-4
H=10 '
T = 400 0 10 40 20 1.0E-4
T = 800 1] 20 60 20 1.0E-4
T = 1200 0 60 100 20 1.0E-4
T = 1600 0 80 160 20  1.1E-4
H=20
T = 400 0 0 30 30 4.0E-4 0 0 30 30 3.3E-6
T = 800 0 0 50 50 4.1E-4 0 0 60 60 1.8E-6
T = 1200 0 0 50 50 4.1E-41 0 0 90 90 1.0E-6
T = 1600 0 0 60 60 4.2E-4 0 0 120 120 7.3E-7
Dimensionless Ambient Current, R = 0.5
H=5
T = 400 20 40 100 20 8-1E-5
T = 800 20 140 280 20 8.1E-5
T =1200 20 230 420 20 8.1E-5
T = 1600 20 300 600 20 8.1E-5
H=10
T = 400 40 45 80 20 8.1E-5
T = 800 40 130 160 20  8.1E-5
T =1200 40 210 440 20 8.1E-5
T = 1600 40 300 560 20  8.1E-5
H = 20
T = 400
T = 800 20 30 50 10 4.0E-5
T = 1200 20 50 90 10  4.0E-5
T = 1600 20 70 150 10 4.0E-5
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Table 29.
for 80% Gravel, 20% Sand, 0% Silt (8-2-0), with

Settled and Suspended Material Distribution

LL = 80 and p' = 0.4

Dimensionless Ambient Current, R =0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 400 0 0 10 10 1.0E-3

T = 800 0 0 15 15 1.0E-3

T = 1200 0 0 15 15 1.0E-3

T = 1600 0 0 15 15  1.0E-3

H=10

T = 400 0 0 30 30 5.7E-4 0 0

T = 800 0 0 30 30 5.9E-4 0 0 30 30 4.6E-6

T = 1200 0 0 30 30 6.0E-4 0 0 30 30 3.7E-4

T = 1600 0 0 30 30 6.1E-4 0 0 35 35 3.0E-6

H=20

T = 400 0 0 30 30  3.2E-4

T = 800 0 0 30 30 3.4E-4

T = 1200 0 0 35 35 3.5E-4 0 0 35 35 2.7E-6

T = 1600 0 0 40 40 3.6E-4 0 0 40 40 2.1E-6
Dimensionless Ambient Current, R = .02

H=25

T = 400 0 5 15 10 1.0E-3

T = 800 0 5 20 15  1.0E-3

T =1200 i 5 20 15  1.0E-3

T = 1600 0 5 20 15 1.0E-3

H=10

T = 400 0 0 30 30 5.5E-4

T = 800 0 5 35 30 5.6E-4 10 5 40 30 2.4E-6

T = 1200 0 5 40 30 5.6E-4 10 10 50 30 1.8E-6

T = 1600 0 10 50 30 5.7E-4 20 20 60 40 1.3E-6

H=20

T = 400

T = 800 10 5 35 30 1.6E-4

T =1200

T = 1600 10 5 40 35 1.7E-4
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Table 32. Settled and Suspended Material Distribution

for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with

LL = 80 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material

Suspended Material

H=25 Xm Xo A B t Xm Xo A B Cm

T = 400 0 15 40 30 5.8E-4

T = 800 0 20 45 30 6.1E-4

T = 1200 0 30 70 30 6.1E-4

T = 1600 0 50 100 30 6.1E-4 100 100 80 40 4.3E-6

H=10

T = 400 0 15 40 30 2.5E-5

T = 800 0 30 60 30 2.6E-5 30 35 40 30 1.0E-5

T = 1200 0 40 90 30 2.6E-5 70 70 70 30 8.4E-6

T = 1600 0 60 130 30 2.6E-5 100 100 70 30 6.8E-4

H=20

T = 400

T = 800 10 30 70 50 6.5E-5

T = 1200 10 30 70 50 9.0E-5

T = 1600 10 30 70 50 1.1E-4 10 15 55 55 2.9E-5
Dimensionless Ambient Current, R = 0.5

H=5

T =400

T = 800 30 40 80 40 8.8E-5

T =1200 30 30 160 40 8.8E-5

T = 1600 30 140 260 40 8.8E-5

H=10

T = 400

T = 806 30 180 350 40 4.2E-5

H=20

T = 400

T = 800 50 240 460 80 2.9E-5

T = 1200 50 240 460 85 3.5E-5

T = 1600 50 260 400 80 9.0E-5
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Table 31. Settled and Suspended Material Distribution

for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with

LL = 80 and p' = 0.4

Dimensionless Ambient Current, R = 0

Settled Material

Suspended Material

H=25 Xm Xo A B t Xm Xo A B Cm

T = 400 0 0 30 30 5.8E-4

T = 800 0 0 30 30 7.7E-4

T =1200 0 0 30 30 7.8E-4 0 0 35 35 1.3E-5

T = 1600 0 0 30 30 7.9E-4 0 0 35 35 1.1E-5

H =10

T = 400 0 0 30 30 1.2E-4

T = 800 0 0 30 30 1.7E-4 0 0 30 30 2.5E-5

T = 1200 0 0 30 30 2.4E-4 0 0 30 30 2.1E-5

T = 1600 0 0 30 30 2.6E-4 0 0 30 30 1.7E-

H= 20

T =400 0 0 30 30 - 6.4E-5

T = 800 0 0 35 35 1.1E-4

T = 1200 0 0 40 40 1.4E-4 0 0 50 50 6.9E-6

T = 1600 0 0 40 40 1.6E-4 0 0 60 60 4.9E-b6
Dimensionless Ambient Current, R = .02

H=5

T = 400 0 0 30 30 5.8E-4

T = 800 0 5 35 30 7.8E-4

T = 1200 0 5 40 30 7.8E-4

T = 1600 0 10 50 30 7.8E-4

H=10

T = 400 0 0 30 30 1.3E-4

T = 800 0 5 40 30 1.6E-4

T =1200 0 10 55 30 1.7E-4 10 5 40 30 1.8E-5

T = 1600 0 10 55 35 1.7E-4 20 10 70 40 8.1E-6

H=20

T =400 0 0 30 30 6.3E-5

T = 800 0 5 40 30 1.1E-6

T = 1200 0 5 50 35 1.3E-4 0 5 60 50 5.2E-6

T = 1600 0 5 50 35  1.4E-4 5 10 70 50 2.8E-6
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Table 30. Settled and Suspended Material Distribution

for 80% Gravel, 20% Sand, 0% Silt (3-3-3), with

LL = 80 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 400 0 5 15 15 1.0E-3

T = 800 0 20 40 30 1.0E-3

T = 1200 0 30 50 30 1.0E-3 60 60 50 30 4.9E-7

T = 1600 0 30 50 30 1.0E-3 90 95 70 40 3.2E-7

H=10

T = 400 0 10 50 30 3.2E-4

T = 800 0 10 50 30 3.4E-4 0 10 40 30 4.0E-6

T = 1200 0 10 60 30 3.4E-4 20 20 60 35 2.2E-6

T = 1600 0 20 70 30 3.4E-4 40 40 60 35 1.2E-6

H=20

T = 400

T = 800 10 15 90 50 1.3E-4

T = 1200 10 15 95 55 1.3E-4

T = 1600 10 15 100 60 1.3E-4 10 15 70 70 3.6E-7
Dimensionless Ambient Current, R = 0.5

H=5

T = 400

T = 800 20 10 80 40 1.3E-4

T = 1200 20 35 110 40 1.3E-4

T = 1600 20 60 140 40 1.3E-4

H= 20

T = 400

T = 800 120 120 200 80 5.4E-5

T=1200 120 120 200 80 5.4E-5

T=1600 120 - 120 200 80 5.4E-5 50 60 100 80 1.9E-7
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Table 33. Settled and Suspended Material Distribution
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with
LL =80 and p' = 0.4

Dimensionless Ambient Current, R = 0

Settled Material Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T = 400 0 0 30 30 7.6E-5
T = 800 0 0 30 30 1.3E-4
T = 1200 0 0 30 30 1.5E-4
T = 1600 0 0 35 35 1.6E-4 0 0 35 35 8.5E-5
H=10
T = 400 0 0 30 30 3.5E-5
T = 800 0 0 30 30 4.5E-5
T = 1200 0 0 35 35 5.7E-5 0 0 35 35 4.8E-5
T = 1600 0 0 40 40 6.7E-5 0 0 40 40 4.4E-5
H= 20
T = 400 0 0 30 30 1.3E-5
T = 800 0 0 35 35 2.7E-5
T = 1200 0 0 45 45  3.5E-5 0 0 50 50 5.4E-6
T = 1600 0 0 50 50 4.0E-5 0 0 55 55 4.3E-6

Dimensionless Ambient Current, R = .02

H=5
T = 400 0 0 30 30 7.6E-5
T = 800 0 5 35 30 1.3tE-4
T = 1200 0 10 40 30 1.3E-4 20 10 50 35 4.2E-5
T = 1600 0 10 50 30 1.3E-4 25 10 60 40 4.0E-5
H=10
T = 400 0 0 30 30 3.5E-
T = 800 0 10 40 30 4.1E-5
T =1200 0 10 50 30 4.2E-5 15 10 55 35 2.1E-5
T = 1600 0 20 60 35 4.3E-5 30 30 55 35 2.0E-5
H= 20
T = 400 0 5 40 30 1.3E-5
T = 800 0 5 50 40 2.7E-5 0 5 60 50 6.3E-6
T = 1200 0 10 60 50 3.3E-5 5 10 70 50 4.3E-6
T = 1600 0 10 60 50 3.6E-5 10 15 80 55 3.2E-6
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Table 34.
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with

Settled and Suspended Material Distribution

LL = 80 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material

Suspended Material

H=25 Xm Xo A B t Xm Xo A B Cm
T = 400 0 5 30 30 8.0E-5
T = 800 0 30 60 30 8.0E-5
T = 1200 0 50 100 30 8.0E-5 70 70 50 30 4.2E-5
T = 1600 0 70 130 30 8.0E-5 110 110 70 40 3.6E-5
H=10
T = 400 0 5 30 30 4.0E-5
T = 800 0 30 60 30 4.3E-5
T =1200 0 50 100 30 4.3E-5 80 70 70 40 2.2E-5
T = 1600 0 60 120 30 4.3E-5 110 110 80 50 1.9E-5
H=20
T = 400
T = 800 10 15 40 30 2.1E-5
T =1200 10 15 50 35 2.6E-5
T = 1600 10 15 55 40 3.1E-5
Dimensionless Ambient Current, R = 0.5
H=5
T =400
T = 800 10 10 60 40 2.9E-5
T = 1200 10 50 100 40 2.9E-5
T = 1600 10 100 140 40 2.9E-5
H=10
T = 400
T = 800 20 30 60 40 1.1E-5
T = 1200 20 70 190 40 1.25E-5
T = 1600 20 140 320 40 1.4E-5
H=20
T = 400
T = 800 50 60 100 80 6.9E-6
T = 1200 60 80 130 90 8.8E-6
T = 1600 70 100 160 100 1.0E-5 160 120 160 120 1.2E-6
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Table 35.
for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with

Settled and Suspended Material Distribution

LL = 120 and p' = 0.4

Dimensionless Ambient Current, R = 0

Settled Material

Suspended Material

H=25 Xm Xo A B t Xm Xo A B Cm

T = 400 0 0 15 15  1.1E-3

T = 800 0 0 15 15 1.5E-3

T = 1200 0 0 16 16 1.7E-3

T = 1600 0 0] 17 17 1.7E-3 0 0 30 30 4.4E-5

H=10

T = 400

T = 800

T =1200

T = 1600

H= 20

T = 400 0 0 15 15  1.0E-3

T = 800 0 0 15 15 1.4E-3

T = 1200 0 0 17 17 1.5E-3 0 0 25 25 3.4E-5

T = 1600 0 0 17 17 1.6E-3 0 0 30 30 2.3E-5
Dimensionless Ambient Current, R = 0.02

H=5

T = 400 0 0 15 15 1.1E-3

T = 800 0 5 20 15 1.3E-3

T=1200 0 5 30 17 1.3-3 10 12 35 25 3.7E-5

T = 1600 0 10 37 20 1.3E-3 20 20 40 30 2.4E-5

H=10

T = 400 0 5 20 10 6.5E-4

T = 800 0 5 20 10 1.0E-3

T = 1200 0 5 20 10 1.0E-3

T = 1600 0 5 20 10  1.0E-3

H= 20

T = 400 0 5 15 15 1.1E-3

T = 800 0 5 20 15 1.4E-3

T = 1200 0 5 25 17 1.5E-3 5 5 30 15 2.0E-5

T = 1600 0 7 20  1.5E-3 5 8 35 25 1.0E-5

30
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Table 36.

Settled and Suspended Material Distribution
for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with

LL = 120 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T =400 0 5 15 15  1.2E-3

T = 800 0 12 30 15  1.2E-3

T = 1200 0 30 60 15  1.2E-3 55 60 50 25 2.4E-5

T = 1600 0 45 90 20 1.2E-3 90 100 60 30 1.3E-5

H=10

T = 400 0 5 20 10 6.5E-4

T = 800 0 5 20 10 1.0E-3

T = 1200 0 5 20 10 1.0E-3

T = 1600 0 5 20 10 1.0E-3

H=20

T = 400 0 10 20 15  1.1E-3

T = 800 0 10 25 15  1.2E-3

T=1200 0 10 30 20  1.2E-3 15 22 50 17 1.5E-5

T = 1600 0 15 40 20 1.2E-3 30 45 90 30 7.6E-6
Dimensionless Ambient Current, R = 0.5

H=5

T = 400 2 17 30 15  3.4E-4

T = 800 2 17 30 15  3.4E-4

T = 1200 2 17 30 15  3.4E-4

T = 1600 2 17 30 15  3.4E-4

H=10

T = 400 0 5 20 1C  6.5E-4

T = 800 0 5 20 10  1.0E-3

T = 1200 0 5 20 10 1.0E-3

T = 1600 0 5 20 10 1.0E-3

H =20

T = 400 15 15 15 15 6.7E-4

T = 800 15 35 65 15 7.1E-4

T = 1200 15 35 65 15  7.1E-4

T = 1600 15 35 65 15 7.1E-4
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Table 37.

Settled and Suspended Material Distribution
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with

LL = 120 and p' = 0.4

Dimensionless Ambient Current, R = 0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 400 0 0 15 15 1.8E-4

T = 800 0 0 15 15 2.5E~4

T = 1200 0 0 17 17 3.0E-4 0 0 25 25 2.5E-4

T = 1600 0 0 20 20  3.3E-4 0 0 30 30 2.0E-4

H=10

T = 400 0 0 15 15  1.7E-4

T = 800 0 0 15 15  2.2tE-4

T = 1200 0 0 17 17 2.5E-4

T = 1600 0 0 17 17  2.6E-4

H=20

T = 400 0 0 15 15  1.7E-4

T = 800 0 0 15 15 2.2E-4

T =1200 0 0 16 16 2.5E-4 0 0 25 25 6.9E-5

T = 1600 0 0 17 17  2.6E-4 0 0 30 30 5.4E-5
Dimensionless Ambijent Current, R = .02

H=5

T =400 0 0 15 15 1.8E-4

T = 800 0 5 20 15 2.1E-4 5 12 20 15 2.1E-4

T = 1200 0 7 30 17 2.1E-4 15 15 30 17 1.3E-4

T = 1600 0 10 40 17  2.1E-4 20 20 32 25 1.1E-4

H=10

T = 400 0 0 15 15 1.8E-4

T = 800 0 3 20 15  1.9E-4

T = 1200 0 5 30 15 " 1.9E-4 10 12 30 25 7.1E-5

T = 1600 0 10 35 17 1.9E-4 20 20 40 30 5.6E-5

H =20

T =400 0 0 15 15  1.7E-4

T = 800 0 3 22 15 2.1E-4

T =1200 0 7 27 17 2.2E-4 10 10 37 25 4.3E-5

T = 1600 0 7 27 17 2.2E-4 15 15 40 30 3.0E-5
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Table 38. Settled and Suspended Material Distribution
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with
LL = 120 and p' = 0.4

Dimensionless Ambient Current, R = 0.1

Settled Material Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T = 400 0 0 15 15 1.8E-4
T = 800 0 15 50 15  1.8E-4
T =1200 0 35 85 20 1.8E-4 70 65 40 20 1.6E-4
T = 1600 0 50 120 20 1.8E-4 105 105 45 25 1.1E-6
H=10
T =400 0 5 15 15  1.4E-4
T = 800 0 20 40 15  1.9E-4
T = 1200 0 35 75 17  1.9t-4
T = 1600 0 60 120 17 1.9E-4 g5 80 75 30 5.7E-5
H= 20
T = 400 0 5 15 15 1.9E-4
T = 800 0 15 30 15  2.1E-4
T = 1200 0 25 55 20 2.1E-4 45 35 55 25 3.1E-5
T = 1600 0 35 85 20 2.1E-4 70 60 75 30 2.4E-5
Dimensionliess Ambient Current, R = 0.5
H=15
T = 400 0 5 15 15 1.3E-4
T = 800 0 15 35 15  1.3E-4
T = 1200 0 15 35 15 1.3E-4
T = 1600 0 15 35 15  1.3E-4
H=10
T = 400 5 5 15 i5 1.2E-4
T = 800 5 35 70 15 1.3E-4
T = 1200 5 35 70 15  1.3E-4
T = 1600 5 35 70 15 1.3E-4
H= 20
T = 400 10 10 15 15 1.7E-4
T = 800 10 50 85 15 1.7E-4
T = 1200 10 60 95 15 1.7E-4
T = 1600 10 60 95 15 1.7E-4
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Table 39. Settled and Suspended Material Distribution
for 33% Gravel, 33% Sand, 33% Silt (3-3-3), with
LL = 40 and p' = 0.25

Dimensionless Ambient Current, R = 0

Settled Material Suspended Material
h =5 Xm Xo A B t Xm Xo A B Cm
T = 300 0 0 10 10  4.5E-4
T =600 0 0 10 10 4.6E-4 0 0 30 30 5.2E-6
T = 900 0 0 30 30 4.6E-4 0 0 70 70 2.6E-6
T = 1200 0 0 30 30 4.6E-4 0 0 90 90 1.7E-4
H=10
T = 300 0 0 30 30 1.2E-4 0 0 30 30 4.6E-6
T = 600 0 0 50 50 T1.4E-4 0 0 70 70 1.9E-4
T =900 0 0 50 50 1.4E-4 0 0 30 90 1.2E-6
T = 1200 0 0 70 70 1.6E-4 0 0 120 120 7.9E-7
H= 20
T = 300
T = 600 0 0 30 30 3.4E-5
T = 900 0 0 60 60 4.4E-5
T =1200 0 0 90 90 4.4F-5

Dimensionless Ambient Current, R =.02

H=5
T = 300 0 5 30 30  1.6E-4
T = 600 0 10 40 30 1.7E-4
T =900 0 10 45 30  1.7E-4
T =1200 0 15 50 30 1.7e-4 20 20 60 40 1.1E-5
H=10
T =600 5 5 40 30 5.2E-5
T = 1200 5 5 45 40 6.0E-5 0 5 60 50 1.7E-6
T = 1800 5 10 55 50  6.2E-5 10 20 75 60 1.3E-6
T = 2400 5 15 70 60 6.2E-5 25 30 80 60 1.1E-6
H =20
T = 300
T =600 0 10 60 60 6.3E-5
T = 900 0 15 80 60 6.7E-5
T =1200 0 20 180 60 7.7E-5 10 10 100 60 5.7E-7
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Table 40.

Settled and Suspended Material Distribution
for 33% Gravel, 33% Sand, 33% Silt (3-3-3), with
LL = 40 and p' = 0.25

Dimensionless Ambient Current, R = 0.1

Settled Material

Suspended Material

H=25 Xm Xo A B t Xm Xo A B Cm
T =300 10 10 30 30 3.0E-4
T = 600 10 10 30 30 3.0E-4 45 45 80 50 3.5E-6
T = 900 10 10 30 30 3.0E-4 75 75 100 90 1.9E-6
T = 1200 10 10 40 30 3.3E-4 105 105 120 90 1.2E-6
H=10
T = 300 10 10 30 30 1.9E-4 30 35 60 30 4.6E-6
T = 600 10 35 70 50 1.9E-4 50 50 90 70 1.8E-6
T = 900 10 40 90 50 1.9E-4 70 70 110 90 1.0E-6
T = 1200 10 45 120 50 1.9E-4 30 90 140 120 6.8E-7
H=20
T = 300
T = 600
T = 900
T = 1200

Dimensionless Ambient Current, R = 0.5
H=5
T = 300 50 50 150 30 2.5E-5
T = 600 50 90 210 30 2.6E-5
T =900 50 150 360 30 2.6E-5
T = 1200 50 150 360 30 2.6E-5
H=10
T = 300 120 120 150 30 1.1E-5
T = 600 180 180 390 60 1.1E-5
T = 900 180 210 390 60 1.1E-5
T=1200 180 210 390 60 1.1E-5
H=20
T = 300 150 210 180 90 2.0E-5
T =600 150 300 330 90 2.0E-5 390 390 240 150 1.2E-7
T = 900 150 360 480 90 2.0E-5 560 540 240 150 1.0E-7
T=1200 150 450 630 30 2.0E-5 660 660 300 210 1.0E-7
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Table 41.
for 80% Gravel, 20% Sand, 0% Silt (8-2-0), with

Settled and Suspended Material Distribution

LL = 40 and p' = 0.25

Dimensionless Ambient Current, R = 0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 300 0 0 30 30 5.8E-4

T = 600 0 0 30 30 5.9E-4 0 0 30 30 4.1E-6

T = 900 0 0 30 30 6.0E-4 0 0 40 40 2.7E-6

T = 1200 0 0 35 35 6.1E-4 0 0 40 40 1.8E-6

H=10

T = 300 0 0 30 30 2.1E-4

T = 600 0 0 40 40 2.2E-4 0 0 40 40 2.4E-6

T = 900 0 0 40 40 2.2E-4 0 0 45 45 1.9E-6

T = 1200 0 0 45 45 2.3E-4 0 0 45 45 1.6E-6

H=20

T = 300 0 0 30 30 2.1E-4

T = 600 0 0 35 35 2.2E-4 0 0 40 40 2.4E-6

T = 900 0 0 40 40 2.2E-4 0 0 40 40 1.9E-6

T = 1200 0 0 40 40 2.3E-4 0 0 40 40 1.6E-6
Dimensionless Ambient Current, R = .02

H=5

T = 300 0 0 30 30 5.4E-4

T = 600 0 5 40 30 5.4E-4 10 5 40 30 2.6E-6

T = 900 0 10 45 30 5.4E-4 10 10 60 40 1.6E-6

T = 1200 0 10 50 30 5.4E-4 20 15 70 40 8.8E-7

H=10

T = 600 5 5 40 30 1.0E-4

T = 1200 5 5 50 40 1.1E-5 0 5 60 50 5.9E-7

T = 1800 5 5 50 40 1.1E-5 10 10 70 60 2.0E-7

T = 2400 5 5 50 40 1.1E-5 10 15 80 70 8.8E-8

H=20

T = 2400 10 10 120 100 1.7E-5

T = 4800 10 10 120 100  1.7E-5 20 20 180 180 9.2E-12




Table 42. Settled and Suspended Material Distribution
for 80% Gravel, 20% Sand, 0% Silt (8-2-0), with
LL = 40 and p' = 0.25

Dimensionless Ambient Current, R = 0.1

Settled Material Suspended Material
H= Xm Xo A B t Xm Xo A B Cm
T= 5 5 40 30 1.0E-4
T= 5 5 40 30 1.0E-4 0 5 50 40 2.9E-6
T= 5 15 65 40 1.0E-4 30 30 60 40 1.7E-6
T= 5 30 95 40 1.0E-4 60 50 80 60 1.0E-6

H=

T=

T= 20 25 60 50 7.1E-5

T= 20 25 60 50 7.2E-5

T= 20 25 60 50 7.3E-5 10 20 70 70 1.9E-7
H =

T= 40 20 60 60 5.8E-5

T= 40 60 100 60 5.8E-5

T= 40 60 100 60 5.8E-5

T= 40 60 100 60 5.8E-5
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Dimensionless Ambient Current, R = 0.5

40 60 160 40 1.9
40 60 165 40 1.9
40 65 170 40 2.0

T [~
o NOO O

ol

(ool =]

o nn
-t O N W
[ =)

(=

T e -

N

- O O W
OO DO NOOO

e
= E=-X=X=)
o

280 320 280 120 1.8E-5
280 420 520 120 1.8E-5
280 420 520 120 1.8E-5
280 420 520 120 1.8E-5
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Table 43.
for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with

Settied and Suspended Material Distribution

LtL = 40 and p' = 0.25

Dimensionless Ambient Current, R = 0

Settled Material

Suspended Material

H=15 Xm Xo A B t Xm Xo A B Cm

T = 300 0 0 30 30 1.8E-4

T = 600 0 0 30 30 2.1E-4 0 0 30 30 2.4E-5

T =900 0 0 30 30  2.6E-5 0 0 40 40 1.8E-5

T = 1200 0 0 40 40  2.9E-5 0 0 40 40 1.3E-5

H=10

T = 300 0 0 30 30 4.8E-5

T = 600 0 0 40 40 7.9E-5 0 0 40 40 1.0E-5

T = 900 0 0 4C 40 1.0E-4 0 0 60 60 8.1E-6

T = 1200 0 0 45 45 1.2E-4 0 0 60 60 6.6E-6

H= 20

T = 300 0 0 30 30 4.8E-5

T = 600 0 0 40 40 7.9E-5 0 0 40 40 1.0E-5

T = 900 0 0 40 40 1.0E-4 0 0 60 60 8.1E-6

T = 1200 0 0 40 40 1.2E-4 0 0 60 60 6.6E-6
Dimensionless Ambient Current, R = .02

H=5

T = 300 0 0 30 30 1.9E-4

T = 600 0 5 40 30  2.2E-4 10 5 40 30 1.2E-5

T = 900 0 10 55 30 2.3E-4 10 10 60 40 8.6E-b6

T = 1200 0 10 55 30 2.3E-4 20 15 70 45 5.6E-6

H=10

T = 300 0 5 40 30 8.0E-5

T = 600 0 5 50 40 1.0E-4 0 5 55 50 6.5E-6

T = 900 0 5 50 40 1.1E-4 5 5 70 60 3.5E-6

T = 1200 0 5 65 40 1.2E-4 10 10 80 60 2.2E-6

H=20

T = 1200 0 0 120 120  2.0E-5

T = 2400 0 20 130 120 2.1E-5

T = 3600 0 20 130 120 2.1E-5 40 40 180 120 3.5E-8

T = 4800 0 20 130 120  2.1E-5 60 60 200 120 2.4E-8
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Table 44. Settled and Suspended Material Distribution
for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with
LL = 40 and p' = 0.25

Dimensionless Ambient Current, R = 0.1

2400 140 200 200 120

Settled Material Suspended Material

H=25 Xm Xo A B t Xm Xo A B Cm
T = 300 0 5 40 30 1.0E-4
T = 600 0 5 50 35 1.2E-4 0 5 50 40 1.2E-5
T =900 0 15 65 40 1.2E-4 35 35 70 60 7.8E-6
T = 1200 0 30 95 40 1.2E-4 60 60 80 60 4.8E-6
H=10
T = 300
T = 600 20 20 80 60 1.6E-5
T = 900 20 20 90 70  2.1E-5 -
T = 1200 20 25 100 80 2.6E-5 20 30 100 80 1.0E-6

= 20

4.6E-6
4800 140 200 200 120 4.6E-6 160 200 200 120 1.2E-8

p=

Dimensionless Ambient Current, R = 0.5

=5

T =300

T = 600 40 60 160 40 2.8E-5
T =900 40 60 170 40 3.0E-5
T = 1200 40 70 180 60 3.1E-5
H=10

T = 300

T = 600

T = 900

T = 1200

H=20

T = 300 280 320 280 120  2.2E-6
T = 600 280 400 520 120 2.2E-6
T =900 280 400 520 120 2.2E-6
T =1200 280 400 520 120  2.2E-6
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Table 45. Settled and Suspended Material Distribution
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with
LL = 40 and p' = 0.25

Dimensionless Ambient Current, R =0

Settled Material Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T =300 0 0 30 30 1.7E-5
T =600 0 0 30 30  3.0E-5
T = 900 0 0 40 40  4.6E-5 0 0 40 40 5.9E-5
T =1200 0 0 40 40  5.6E-5 0 0 40 40 5.4E-5
H=10
T = 300 0 0 30 30 1.0E-5
T =600 0 0 40 40  1.5E-5 0 0 50 50 5.2E-6
T = 900 0 0 40 40 1.9E-5 0 0 60 60 4.7E-6
T = 1200 0 0 45 45  2.2E-5 0 0 65 65 4.5E-6
H=20
T = 300 0 0 30 30 1.0E-5
T = 600 0 0 40 40  1.5E-5 0 0 50 50 5.2E-6
T = 900 0 0 45 45 1.9E-5 0 0 60 60 4.7E-5
T = 1200 0 0 45 45  2.2E-5 0 0 65 65 4.5E-5

Dimensionless Ambient Current, R = .02

H=5
T =300 0 0 30 30  1.0E-5
T = 600 0 5 40 30 2.7E-5
T = 900 0 10 50 40  3.0E-5
T =1200 0 15 70 40  3.1E-5 20 15 70 40 2.3E-5
H=10
T =300 0 5 40 30  1.0E-5
T =600 0 5 50 40 1.6E-5 0 5 60 50 4.3E-6
T =900 0 5 50 40 1.9t-5 5 5 80 60 3.5E-6
T = 1200 0 10 60 40  2.0E-5 10 15 90 60 3.2E-6
H= 20
T = 1200 0 0 80 80 6.9E-6
T = 2400 0 20 120 100 7.0E-6 40 20 160 80 4.7E-7
T = 3600 0 40 160 100 7.0E-6 60 60 160 80 3.6E-7
T = 4800 0 70 200 120 7.0E-6 80 80 200 120  3.5E-7

121



Table 46.

Settled and Suspended Material Distribution
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with
LL = 40 and p' = 0.25

Dimensionless Ambient Current, R = 0.1

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 300 0 10 30 30 2.7E-5

T = 600 0 30 55 30 2.9E-5

T =900 0 40 90 40 2.9E-5 60 60 65 40 2.6E-5

T=1200. 0 50 120 40 2.9E-5 90 85 70 40 2.3E-5

H=10

T = 300

T = 600 10 30 80 60 3.6E-6

T = 900 15 30 90 70 5.1E-6

T = 1200 20 30 100 80 6.3E-6 20 30 100 80 1.1E-6

H=20

T=2400 160 200 200 200 1.2E-6

T = 4800 160 200 200 200 1.2E-6 200 260 280 280 7.5E-8
Dimensionless Ambient Current, R = 0.5

H=5

T=300

T =600 40 60 160 120 6.8E-6

T =900 40 120 300 120 7.1E-6

T = 1200 40 220 440 120  7.5E-6

H=10

T = 300

T = 600

T = 900

T = 1200

H =20

T = 300 400 320 280 120 9.4E-8

T = 600 680 440 560 120 3.1E-7

T = 900 680 440 560 120 3.1E-7

T=1200 680 440 560 120 3.1E-7
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Table 47. Settled and Suspended Material Distribution

for 33% Gravel, 33% Sand, 33% Silt (3-3-3), with

LL = 40 and p' = 0.1

Dimensionless Ambient Current, R = 0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T =400 0 0 30 30  2.5E-5

T = 800 0 0 30 30 2.8E-5 0 0 30 30 1.0E-5

T = 1200 0 0 40 40  3.4E-5 0 0 50 50 8.2E-6

T = 1600 0 0 40 40 3.7E-5 0 0 60 60 7.0E-6

H=10

T = 400 0 0 30 30 1.9E-5

T = 800 0 0 40 40 2.3E-5 0 0 50 50 1.1E-6

T = 1200 0 0 40 40 2.6E-5 0 0 60 60 9.3E-7

T = 1600 0 0 45 45  2.7E-5 0 0 80 80 8.0E-7

H= 20

T = 800 0 0 50 50 1.2E-5

T = 1600 0 0 50 50 1.2E-5 0 0 70 70 1.1E-7

T = 2400 0 0 60 60 1.3E-5 0 0 80 80 1.0E-7

T = 3200 0 0 60 60 1.3E-5 0 0 100 100 1.0E-7
Dimensionless Ambient Current, R = .02

H=5

T =400 0 5 30 30 2.9E-5

T = 800 0 10 45 30 3.0E-5 10 10 50 30 7.2E-6

T = 1200 5 10 55 40 3.1E-5 20 15 70 40 4.7E-6

T = 1600 5 10 65 40 3.1E-5 30 20 80 50 3.3E-6

H=10

T = 400 5 5 40 30 2.3E-5

T = 800 5 5 50 40 2.6E-5 0 10 60 50 9.3E-7

T = 1200 5 5 50 40 2.8E-5 10 10 80 60 6.2E-7

T = 1600 5 5 60 40 2.8E-5 15 15 90 70 5.0E-7

H=20

T = 400 20 20 120 100  5.0E-6

T = 800 20 20 120 100  5.0E-6 10 20 140 140 2.7E-8

T = 1200 20 20 120 100 5.0E-6 40 60 160 140 2.7E-8

T = 1600 20 20 120 100  5.0E-6 80 80 180 140 2.6E-8
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Table 48. Settled and Suspended Material Distribution
for 33% Gravel, 33% Sand, 33% Silt (3-3-3), with
LL = 40 and p' = 0.1

Dimensionless Ambient Current, R = 0.1

Settled Material Suspended Material

Xm Xo A B t Xm Xo A B Cm

20 20 60 50

2.5
20 70 75 55 2.5
20 40 90 60 2.5

| A e e s =

20 30 80 60 1.3E-5

20 30 80 60 1.3E-5 -
5

20 30 80 60 1.3E-

-t~ —f |

i

X

Dimensionless Ambient Current, R = 0.5

120 140 260 60 1.1E-5

120 150 270 60 1.1E-5

120 160 280 60 1.1E-5

[T T (R ]

T = —

260 240 440 60 3.8E-6
260 250 480 60 3.8E-6
260 260 520 60 3.8E-6

nwun un

= -

410 360 440 100 1.2E-5

410 360 440 100

j—
(A
T
(9]

110 360 440 100 1.2E-5
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Tab

le 49.

Settled and Suspended Material Distribution
for 80% Gravel,

20% Sand, 0¥ Silt (8-2-0), with

LL =

40 and p' = 0.1.4

Dimensionless Ambient Current,

R=0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T = 400 0 0 30 30 3.8E-5

T = 800 0 0 30 30 4.0E-5 0 0 30 30 5.7E-7

T =1200 0 0 40 40 4.0E-5 0 0 40 40 1.7E-7

T = 1600 0 0 40 40 4.4E-5 0 0 70 70 5.4E-8

H=10

T = 400 0 0 30 30 3.1E-5

T = 800 0 0 40 40  3.4E-5 0 0 40 40 2.9E-7

T = 1200 0 0 45 45  3.5E-5 0 0 50 50 1.7E-7

T = 1600 0 0 45 45 3.6E-5 0 0 55 55 1.0E-7

H =20

T = 800 0 0 60 60 9.4E-6

T = 1600 0 0 70 70 1.0E-5 0 0 100 100 4.4E-11

T = 2400 0 0 70 70 1.0E-5 0 0 110 110 4.3E-11

T = 3200 0 0 70 70  1.0E-5 0 0 120 120 4.2E-11
Dimensionless Ambient Current, R = 0.02

H=5

T = 400 0 0 30 30 1.6E-4

T = 800 0 10 40 30 1.6E-4 10 5 45 30 4.3E-7

T = 1200 0 10 45 30 1.6E-4 20 15 50 40 1.0E-7

T = 1600 0 10 45 30 1.6E-4 30 20 80 40 2.6E-8

H=10

T =400 10 5 40 40 4.3E-5

T = 800 10 5 40 40 4.4E-5 0 0 55 55 1.9E-7

T = 1200 10 5 45 45  4.4E-5 10 10 70 70 7.5E-8

T = 1600 10 10 50 50 4.5E-5 10 10 75 75 4.0E-8

H=20

T = 1600 40 100 160 120 8.4E-6 ,

T = 3200 40 110 200 120 8.4E-6 180 220 180 120 2.3E-10

T = 4800 40 120 240 120 8.4E-6 180 220 180 120 2.3E-10

T = 6400 40 120 240 120  8.4E-6
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Table 52. Settled and Suspended Material Distribution
for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with
LL = 40 and p' = 0.1

Dimensionless Ambient Current, R = 0.1

Settled Material Suspended Material
= Xm Xo A B t Xm Xo A B Cm
= 0 10 70 60 4.2E-5
= 0 20 90 60 4.7E-5
= 0 30 100 60 4.7E-5
= 0 40 110 60 4.7E-5 120 110 140 80 3.3E-7

T I

10 30 80 60 1.0E-5

10 30 30 70 1.0E-5 20 20 120 100 5.0
10 50 120 70 1.0e-5 100 100 140 110 8.2
10 50 120 70 1.0E-5 170 170 180 120 3.9

0o njn

oA~ T | A= T [ == T

[ TR VO 1) i

Dimensionless Ambient Current, R = 0.5

60 160 390 60 7.
60 160 390 60 7.
7
7

60 160 390 60
60 160 390 60

E-6
E-6 520 500 280 100 7.4E-8
E-5
E-6

T |A—=——x

wononon

720 400 800 120 2.4E-6

720 400 800 120  2.4E-6

= T e -~

W onn

800 520 840 120 1.0E-6

800 560 920 120 1.0E-6
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Table 57.
for 10% Gravel, 80% Sand, 10% Silt (1-8-1), with

Settled and Suspended Material Distribution

LL = 40 and p' = 0.1

Dimensionless Ambient Current, R = 0.0

Settled Material

Suspended Material

H=5 Xm Xo A B t Xm Xo A B Cm

T =400 0 0 30 30 2.7E-5

T = 800 0 0 30 30 3.5E-5 0 0 30 30 5.0E-6

T =1200 0 0 40 40 4.7E-5 0 0 35 35 3.0E-6

T = 1600 0 0 40 40 5.1E-5 0 0 40 40 2.2E-6

H=10

T = 400 0 0 30 30 2.1E-5

T =800 0 0 40 40  3.2E-5 0 0 40 40 1.3E-6

T = 1200 0 0 50 50 3.8E-5 0 0 60 60 8.9E-7

T = 1600 0 0 60 60  4.2E-5 0 0 70 70 6.0E-7

H=20

T = 800 0 0 60 60 6.9E-6

T = 1600 0 0 70 70  8.4E-6 0 0 100 100 2.6E-8

T = 2400 0 0 80 80 8.5E-6 0 0 110 110 2.6E-8

T = 3200 0 0 80 80 8.5E-6 0 0 120 120 2.5E-8
Dimensionless Ambient Current, R = 0.02

H=5

T =400 0 0 30 30 3.0E-5

T = 800 10 5 40 30  3.5E-5 10 5 40 30 3.5E-6

T = 1200 10 10 55 40 4.0E-5 20 15 70 40 1.7E-6

T = 1600 10 10 70 40 4.0E-5 25 25 70 40 1.7E-6

H=10

T = 400 0 5 40 30 2.3E-5

T = 800 0 5 50 45 3.3E-5 0 5 70 70 8.8E-7

T = 1200 0 5 65 55 3.6E-5 0 10 80 80 3.4E-7

T = 1600 0 5 70 60 3.7E-5 10 15 90 80 2.0E-7

H = 20

T = 1600 10 20 100 100 5.6E-6

T = 3200 20 30 110 100  5.7E-6 20 20 140 140 8.3E-9

T = 4800 20 30 110 100 5.7E-6 50 50 150 140 8.1E-9

T = 6400
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Table 50. Settled and Suspended Material Distribution
for 80% Gravel, 20% Sand, 0% Silt (8-2-0), with
LL = 40 and p' = 0.1

Dimensionless Ambient Current, R = 0.]

Settled Material Suspended Material
H=5 Xm Xo A B t Xm Xo A B Cm
T = 400 10 10 60 60 4.8E-5
T = 800 20 30 90 60 4.8E-5
T = 1200 20 30 90 60 4.8E-5 80 80 100 80 4.9E-9
T = 1600 20 46 100 60 4.8E-5 120 110 140 80 1.8E-9
H=10
T = 800 20 30 80 60 3.6E-5 _
T = 1600 20 30 80 60 3.6E-5 20 30 120 100 1.0E-10
T = 2400 20 30 80 60 3.6E-5 100 100 140 120 8.5E-11
T = 3200 20 30 80 60 3.6E-5 180 180 160 120 7.5E-11
H =20
T = 400
T = 800
T = 1200
T = 1600

Dimensionless Ambient Current, R = 0.5

H=25
T = 800 120 150 280 60 2.4E-5
T=1600 120 150 280 60  2.4E-5
T=2400 120 150 = 280 60 2.4E-5
T = 3200 120 150 280 60 2.4E-5
H=10
T = 800
T=1600 480 480 840 120  2.2E-6
T = 2400
T = 3200 480 480 840 100  2.2E-6
H =20
T = 800
T = 1600 800 500 840 120  7.8E-6
T = 2400
T = 3200 800 500 840 120  7.8E-6
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Table 53. Settled and Suspended Material Distribution
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with
LL = 40 and p' = 0.1

Dimensionless Ambient Current, R = 0.0

Settled Material Suspended Material
H=25 Xm Xo A B t Xm Xo A B Cm
T = 400 0 0 30 30 6.4E-6
T = 800 0 0 30 30 9.0E-6 0 0 30 30 2.2E-5
T = 1200 0 0 40 40 1.4E-5 0 0 40 40 1.9E-5
T = 1600 0 0 40 40 1.7E-5 0 0 40 40 1.6E-5
H=10
T = 400 0 0 30 30 4.9E-6
T = 800 0 0 45 45 7.5E-6 0 0 50 50 1.8E-6
T = 1200 0 0 60 60 9.4E-6 0 0 60 60 1.7E-6
T = 1600 0 0 70 70  1.0E-5 0 0 65 65 1.6E-6
H= 20
T = 800 0 0 60 60 1.5E-6
T = 1600 0 0 70 70 2.0E-6 0 0 100 100 2.2E-7
T = 2400 0 0 80 80 2.0E-6 0 0 110 110 2.1E-7
T = 3200 0 0 80 80 2.1E-6 0 0 120 120 2.1E-7

Dimensioniess Ambient Current, R = 0.02

H=5
T = 400 0 0 30 30 6.4E-6
T = 800 10 10 50 30 7.6k-6 10 5 40 30 1.6E-5
T = 1200 10 10 60 40 1.0E-5 20 15 50 40 1.1E-5
T = 1600 10 15 65 40 1.0E-5 30 20 80 70 7.8E-6
H=10
T =400 0 5 40 30 4.7E-6
T = 800 0 5 45 40 7.4E-6 0 5 60 50 1.4E-6
T = 1200 0 10 70 60 8.3E-6 10 10 80 60 1.2E-6
T = 1600 0 10 80 65 8.6E-6 20 20 85 65 1.1E-6
H= 20
T = 1600 0 20 100 100 1,2E-6
T = 3200 0 20 100 100 1.3E-6 0 20 120 120 7.2E-8
T=1200 0 40 140 110 1.3E-6 40 40 160 140 7.0E-8
T = 1600
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Table 54.

Settled and Suspended Material Distribution
for 0% Gravel, 20% Sand, 80% Silt (0-2-8), with
LL = 40 and p' = 0.1

Dimensionless Ambient Current, R = 0.1

Settled Material

Suspended Material

H=25 Xm Xo A B t Xm Xo A B Cm
T = 400 0 0 30 30 1.1E-5
T = 800 0 30 80 60 1.3E-5
T = 1200 0 50 110 60 1.3E-5
T = 1600 0 70 150 60 1.3E-5 120 110 140 80 2.7E-6
H=10
T = 800 0 30 80 60 2.5E-6 )
T = 1600 0 30 9C 70 2.5E-6 20 30 120 100 4.1E-7
T = 2400 0 70 160 80 2.5E-6 100 100 140 120 3.5E-7
T = 3200 0 100 210 80 2.5¢-6 170 170 180 120 3.1E-7
H=20
T = 400
T = 800
T = 1200
T = 1600
Dimensionless Ambient Current, R = 0.5
H=5
T = 400
T = 800 60 100 180 60 1.8E-6
T = 1200 60 170 _ 330 60 1.8E-6
T = 1600 60 240 480 60 1.8E-6
H=10
T = 800
T=1600 760 400 800 120 6.4E-7
T = 2400
T =3200 760 400 800 120  6.4E-7
H=20
T = 800
T=1600 920 480 840 120  2.3E-7
T = 2400
T = 3200 920 520 920 120 2.4E-7
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APPENDIX
COMPUTER LISTING

PROGRAM DMF ({INPUT+QUTPUTsTAPES=INPUT » TAPE6=0UTPUT+TAPET)
DREDGED MATERIAL FATEsss INSTANTANEOUS BOTTOM DUMP.es

THIS 1S DUMMY MAIN PROGRAM TO SET BLANK COMMON STORAGE POINTERS

FOR LONG TERM ARRAYS, SOLIDS ARRAY AND SMALL CLOUDS ARRAYS

COMMON/DIMEN/ NSeNSP1eNVLNSC

COMMON/HAZAAL(49312931) sAA2(4+431931)9AA3(4931931)9AALL4s3]193])

1 KEYMAX

COMMON A (1)

COMMON A(SET DIMENSTON=NEED)

REWIND 7

DIMENSION DEPTH(31.31)

OIMENSTON SUM{31931)+C(31¢31)9THICK(31+31)
1y COUT(31931)sTOP(31+31)sACCUM(31431)

READ(5415)KEYMAX

IF (KEYMAX.NE«1)GO TO 100

NEED = 0

READ(5915) NMAXsMMAX o NSy NVL oNSC

WRITE(6926) NMAX9sMMAXINSeNVL9sNSCeNEED

FORMAT (1615)

GO TO 110

CONTINUE

READ(S5915) NMAX+MMAX, IDEP

NS = 3

NYL = 1

NSC = 20

NEED = 0

CONTINUE ‘

CALL MAIN(NMAXyMMAX¢DEPTHySUMsCoTHICK9COUT 9 TOPyACCUMy IDEP)
NMAX=LONG TERM ARRAY DIMENSION IN Z-DIRECTION
MMAX=LONG TEHRM ARRAY DIMENSION IN X~DIRECTION
NS=NUMBER OF SOLID FRACTIONS

NVL=NUMBER OF VELOCITY PLANES

NSC~-MAXIMUM NUMBER OF SMALL CLOUDS ALLOWED

SET ARRAY POINTERS
NSP1=NSe1
LDIM=NMAX#MMAX
N1=1

N2=N1+LDIM
N3sN2+LDIM
N4=N3+LDIM

MODEL LISTING (1 of 8€)

C CDC ONLY
OTHERS

DEPTH
1CODE



eel

45

50

55

60

65

70

75

PROGRAM

OO0 OOON

aOOOOOn

DMF

NS=N4+LDIM
N6=NS5+LDIM
N7=N6+LDIM
NB=NT+LDIM
N9=NB8+LDIM
N10=N9eLDIM
N11=N10+LDIM
N12=N11+LDIM
N13=N1Z2+LDIM*NS
N14=N13+LDIM&NVL
NIS=N14+LOIMENVL
N16=N1S5+600NS
N17=N16+NSC
N18=N17+NSC
N19=N18+NSC
N20=N19+¢NSC
N21=N20+NSC
NEED=N21+NSC

CDC 6400 FTN V3,0~ BPA OPT=1 05/21/79

cP
THICKP
TOPP
SUM

C
THICK
ToP
ACCUM
U

W

SS
TSIDE
TTHK
TTOP
TMASS
T

Tz

FIND PRESENT FIELD LENGTHs ADD LENGTH OF ARRAYS (NEED) AND REQUEST CDC ONLY

NEW FIELD.LENGTH
LENF=MEMGET (658)
NEWLEN=LENF +NEED

CDC ONLY
CDC ONLY
CDC ONLY

26 FURMAT(/////10X%939HSTORAGE ALLOCATION PARAMETERS FOLLOWsee/ 10Xy
1 GHNMAX s 1X94HMMAX 93X 9 2HNS 92X 9 IHNVL # 2X 9 3HNSC e 4 X9 4HNEED/ 10X I 392X

29 I394X9J291Xs1392X91392Xe16 )
CALL XRFL {NEWLEN)

CDC ONLY

CALL MAIN(A(N]I) »A(N2) s A(N3) s A(NG) s A(NS) 9 AINS) s AIN6) s AINT) 9 A(NB)
Is AING) sA(NLIO)sAINLLI) 9sA(NL2) oA(NLI3) sA(NLG) »AINIS) yA(N1S6) s AINIT)
2y A(N]IB)9A(NI9) 9A(N20) sA(N21) sNMAX s MMAX)

CALL EXIT
END

MODEL LISTING (2 of 85)

17421459,
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velL

10

15

20

25

30

as

40

SURROUTINE MAIN CDC 6400 FTN V3,0~ BPA OPT=l 05/21/79

(pNaNe!

SUBROUTINE MAIN(NMAX ¢MMAXsDEPTHsSUMeCoTHICKsCOUT»TOP 9 ACCUM,y IDEP)
SUBROUTINE MAIN(X9sZ+OEPTHe ICODEsCPoCOUTy THICKP s TOPP9SUMyCoyTHICK
le TOPYACCUMoUsWISSeTSIDE s TTHKe TTOP s TMASS s TX9 TZ s NMAX s MMAX)

MAIN PROGRAM

COMMON/DIMEN/ NSeNSP1eNVLINSC

COMMON/DPASS/ NPASSsMPASS

COMMON/BAY/ DXoDTL ¢ XRARGE »ZBARGE sDXHeDXR s AREA

COMMON/GUIDELZ TOUMP+TSTOPs ISTEPeIPLUNGeNUTRLINTRIAL ILEAVE

1 KEYLeKEY24KEY3

COMMON/GUIDEZ2/NIND«NLINE (150) +MF (150) oML (150)

COMMON/AMB/ NROASIYeY(10)+ROA(10) M

COMMON/CLOUDZ T(600) ¢CX(600)+CY(600)+CZ(600)9sCU(600)+CV(600)
1o CW(600)+sDENDIF(600)9BC(600) s AA(600) sFC(600) 2 VF

COMMON/FLEF/ TITDsTD(6) ¢DC(6) sCINITSCBACK(13) 9CTRACE(600)
COMMON/GPI/ GePI+RB

COMMON/CHECK/TOTAL

COMMON/LOST/ GONE

COMMON/USERDT/Z KEY4eDTIUWDT2U
COMMUN/GP/IGCN+IGCLsIGLT o IPCNo IPCLIPLTY

COMMON/P/ PRT

COMMON/HAZ/AAL(493193)1) 9AA2(4931931)9AA3(4931931)9AAG(4931031),
1 KEYMAX

COMMON/ 1D/ IDTL

COMMON/PIECES/ PARAM(13)sROAS(13)CS{13)sVFALL(13)9VOIDS(13)+8BVOID
1o ICOHES (12) o VFALLC(13) s VFALSC(20013) o VFALLD(31+31+13)

LOGICAL PRT

DIMENSION ID(8)+TPRT(12)

DIMENSION DEPTH(31,31)

DIMENSION ICODE (31,31}

DIMENSION SUM(31931)9C{31931)sTHICK(3],31)

le COUT(31+31)TOP(31931)9ACCUM(31+3])

DIMENSION U(31931+2) 9W(3193142)955(600s12)

DIMENSION THICKP(31931)9TOPP(31+31)+CP(31+31)

DIMENSION TSIDE(100) 9 TTHK(100) «TTOP(100) +TMASS(100)5TX(100)

1 oTZ(100)eX(31+31)92(31+31)

DATA GyPl /32.293414159/ NON=ANS1
DATA TPRT/12%0./ NON=ANS I
DATA ITD/1/+(DCUI)9s1=146)/0190019e¢0019400019.0000141,E~30/ NON=ANS
NPASS=NMAX

MPASS=MMAX

NSPI=NS+]

MODEL LISTING (3 of 85)
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Ge1

45

50

5%

60

65

70

75

a0

85

SUBROUTINE MAIN

(s NeXe] OO0 OO0

CALL SECONDI(T1)
IF (KEYMAX ,NEL.1)GO TO 10
WRITE(64+5)
S FORMAT (1H1///10X+59HFATE OF DREDGED MATERIAL DEPOSITED IN AN ESTUA
1RY BY DUMPING )
READ EXECUTION MANAGEMENT PARAMETERS
READ(S915) KEY1sKEY2sKEYIoKEY4S
READ(5915) IGCNsIGCLsIPCNsIPCLoIPLT,IDEP
15 FORMAT(1615)
WRITE(6+25) KEY1oKEY2sKEY39KEY4 9 IGCNs IGCL s IPCNe IPCLoIPLT o IDEP
25 FORMAT(//10X+30HEXECUTION PARAMETERS FOLLOW.+e/10Xs60HKEY]l KEY2
1KEY3 KEY4 IGCN IGCL IPCN IPCL IPLY IDEP /7X01016)
GO0 TO 20
10 CONTINUE
KEY L
KEYZ2
KEY3
KEY4
IGCN
16CL
IPCN
IPCL
IPLT
20 CONTI
10TL

u

HZn NN u nH

OMOOSO ™ OO W

READ ALPHAMERIC IDENTIFICATION FOR THIS RUN
READ (5,35} 1D

35 FORMAT (8A190)
WRITE(64105) ID

105 FORMAT (10Xs8A109//)

DEFINE ESTUARY GEOMETRY AND ARRAYS GOVERNING LONG TERM COMPUTATION
CALL ESTGEO(DEPTHsICODE sNMAX sMMAXy IDEP)

READ DUMP LOCATION COORDINATES AND DENSITY STRUCTURE «e.
eseALSO NUMBER OF VELOCITY LAYERS AND LOG PROFILE INDICATOR
CALL AMBC (DEPTHsNMAXsMMAX s IDEP)

READ TIME OF DUMP(W/R TO START OF TIDAL CYCLE)s DURATION OF
SIMULATIONs AND TIME STEP IN LONG TEKM
READ(Sy45) TOUMPTSTOP.DTL

45 FORMAT (B8E10.0)

MODEL LISTING (4 of 85)
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SUBROUTINE MAIN CDC 6400 FTN V3.0~ BPA OPT=]l 05/21/79 17.21.59. PAGE

WRITE(6+125) TDUMP,TSTOP+DTL
125 FORMAT(///710X425HTIME PARAMETERS FOLLOWeoso/10Xe15HTIME OF DUMP =
1 F1042¢35H SECONDS AFTER START QF TIUDAL CYCLE/10Xs25HOURATION OF S
90 2IMULATION = +F10,2+19H SECONDS AFTER QUMP/10X928HLONG TERM TIME ST
3EP (DTL) = +F10.298H SECONDS)
IF (KEY4 JEQs 0) GO TO 124
READ(S5+45) DT1UDT2U
WRITE(6+119) DTIVWDT2U
95 119 FORMAT(///7/7/710X+40HINTEGRATION TIME STEPS SPECIFIED BY USER /10X
ls 14HIN DUMPs DT = 9Gl4.595X916HIN COLAPSy DT = +Gl4,.5)
124 CONTINUE

100 SET PRINTING TIMES ACCORDING TO IPLT
IF(IPLT)150+150+170
HERE TO SET DEFAULT PRINTING TIMES
150 DTP=TSTOP/4,
INC=DTP/DTL+,0001
105 IF(DTP LT, OTL} INC=l
DTP=FLOAT (INC) #DTL
DO 160 I=144
160 TPRTU{I)=FLOAT(I)®0DTP
IF(TPRT(4) 6T TSTOP) TPRT(4)=TSTOP
110 GV TO 180
(o HERE TO SET USER SPECIFIED PRINTING TIMES
170 CONTINUE
READ(S5+445) ( TPRT(I)sI=1+1IPLT)

[g] OO0

115 C READ INITIAL VELOCITY FIELD
180 CALL UW(0esUsWINMAXIMMAX)
c CONVECTIVE DESCENT...
CALL DUMP (SSeUsWeDEPTHsNSsNMAX s MMAX 4 NVL)
IND=NUTRL + IPLUNG
120 IF(KEY2 +EQ. 1) GO TO 800
IF(IPLUNG .EQ. 1) GO TO 250
C CHECK DENSITY GRADIENT AT CLOUD LOCATION
NN=NROA~]
DO 200 I=1sNN
125 IF(CY(ISTEP) .GEe Y(I) <AND. CY(ISTEP) LLE, Y(I*1l)) DENGRA =
1 ROA(T+)1)-ROA(D)
200 CONTINUE
IF (DENGRA .GT. 1.0E-10) GO TO 250
WRITE(6+205) ‘

MODEL LISTING (5 of 85)
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130

135

140

145

150

15%

160

165

170

SUBROUTINE MAIN

«

[2XeXeNe]

205

250

260

600
265

270

CDC 6400 FTN V3,0~ BFA OPT=1 05/21/79

FORMAT(1H1+10X9sS6HDENSITY GRADIENT = 0y GO DIRECTLY TO LONG TERM D
1IFFUSION )

seeselF KEY2=2yTERMINATE COMPUTATION.e..

IF(KEY2 +EQe 2) 8004250

DYNAMIC COLLAPSE...

CALL COLAPS(SSeUsWsDEPTHINSoNMAXsMMAX ¢ NVL)

IF(KEY2 +E£Qe 2) GO TO 80O

LONG TERM DIFFUSION FOLLOWS.eese
DETERMINE NUMBER OF COMPLETE TIDAL CYCLES AND FRACTION OF LAST
TIDAL CYCLE TO RUN

TSUM= (TDUMP+TSTOP) /3600,
NCYCLE=TSUM/25,.,+.0001
XS=TDUMP+TSTOP~25.#3600,*FLOAT (NCYCLE)
IF (NCYCLE .EQ. 0) NCYCLE=1

CLEAR SUM OF BOTTOM ACCUMULATION

DO 260 M=1,MMAX

DO 260 N=14NMAX

SUM(NeM) =0,

LOOP ON COMPONENTS

TMAXT=0,

TMAX]I=0.

DO 400 K=]1,NSP]

GONE=0.

ETS=0.

IDTL = 0

IF (K «EQs NSP1 AND. KEY3 .EGs 0) GO TO 400

IF(KEYMAX NE.1)GO TO 600

WRITE(64265) PARAM(K)

CONTINUE

FORMAT (1H1/710X+38HBEGIN LONG TERM SIMULATION OF FATE Of +Al10)
CLEAR ARRAYS

DO 270 M=]1,MMAX

DO 270 N=1loNMAX

C{N+M)=CBACK (K)

THICK(NsM)=0,

TOP (NeM) =0,

ACCUM(NsM)=0,

CONTINUE

DO BOOKKEEPING FOR MASS TRANSFER FKOM SHORT YERM TO LONG TERM
CALL BOOKS(KsSS+TSIDEsTTHKeTTOP s TMASSesTXeTZeNSsDEPTHeACCUMsU W
ls NMAXsMMAXNSCoeNVL)

MODEL LISTING (6 of 85)
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SUBROUTINE MAIN

175

180

185

190

195

200

210

215

C
C

280

300

310

CDOC 6400 FTN V3,0~ BPA OPT=1 05/21/79
INDPRT=1

DO 300 ICYCLE=1sNCYCLE

IFST=1

ILST=25,%3600./DTL + .0001

IF(ICYCLE JEQ, 1) IFST=TDUMP/ZOTL ¢ ,0001
IFCIFST oLT. 1) IFST=]

IF(ICYCLE «EQs NCYCLE) ILST=XS/0TL + ,0001
DO 300 IDTL2 = IFSTHILST

ETS IS ELAPSED TIME FROM DUMP (IN SECONDS)
ETS=ETS+DTL ,

UPDATE VELOCITIES

CALL UW(ETSeUswWeNMAX ¢sMMAX)

SET PRINT INDICATOR PRT

PRT=.FALSE.

IF (ABS(ETS~-TPRT(INDPRT)) «GT. +01) GO TO 280
PRT=.TRUE.

INDPRT=INDPRT+1

CONTINUE

CALL ROUTINE 70O MOVE AND DIFFUSE CLOUDS

CALL MAD(KSIETSsX9ZeUeWeCoTHICKsTOPyDEPTHsACCUMsCPoTHICKPsTOPPy
1COUT s ICODE s TSIDEs TTHK9 TTOP s TMASS 9 TX o TZ o NMAX ¢ MMAX)
IF(TOTAL «LT. 1.0E-06) GO TO 310

CONTINUE

TMAXT=TSTOP

GO FO 330

WRITE(69315) PARAM(K) JETS
TMAXI=AMAX]1 (ETS»TMAXT)

IF (PRT.OR.KEYMAX.EQ.1)GO TO 610
DO 1001 IDTL = IDTLs+4

DO 1001 M = 1.MMAX

D0 1001 N = 1sNMAX

1001 AA2(IDTLoNsM) = AA2(IDTLeNeM) ¢ ACCUM(NsM)

610 CONTINUE
315 FORMAT(//718H COMPUTATIONS FOR +A10s15H TERMINATED AT oF10.2»

1 48H SEC. ELAPSED TIME...MATERIAL SETTLED TO 8OTTOM)

330 CONTINUE

IF(K +EQs NSP1) GO TO 400

evs o HERE SAVE TOTAL ACCUMULATION (ALL COMPONENTS)
DO 340 M=z]+MMAX

DO 340 N=]1,NMAX

MODEL LISTING (7 of g5)
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220

225

230

235

240

245

250

25%

SUBROUTINE MAIN

340

350

620

360

630
400

291
292
293
294
296

297
407

403
404

SUM (NeM) =SUM(NsM) ¢+ ACCUM (NsM)

PRINT FINAL ACCUMULATED VOLUME OF THIS COMPONENT
DO 350 M=]1,MMAX

DO 350 N=1,NMaAX

COUT(NsM) =ACCUM{NosM)

IF(KEYMAX NE.1)GO TO 620

CALL PRINTC(COUT sNMAXsMMAXsPARAM(K) yETSs29 ICODE)
CONTINUE

PRINT FINAL THICKNESS ACCUMULATION FOR THIS COMPONENT
Cl=(1.+VOIDS(K))/AREA

DO 360 M=]1.MMaAX

DO 360 N=1,NMAX

COUT (NeM)::ACCUM(Ng¢M) #C1

IF (KEYMAX.NE.1)GO TO 630

CALL PRINTC{COUT +NMAX9sMMAX9sPARAM (K} 9ETSsS» ICODE)
CONTINUE

CONTINUE

TMAXF=AMAX]1 (TMAXT s TMAXT)

IF(KEYMAX,EQ.1)G0 TO 404

DO 403 IDTLL = 1ls4

DO 403 KK=1+5

PAR=5HTOTAL

DO 407 N=1+NMaX

DO 407 M=} 4MMAX

GO TO(291+292929392949296) 9KK
COUT(NsM) = AAL(IDTLIsNsM)

GO TO 297
COUT (Ny M)
GO0 10O 297
COUT (NoM)
GO 70 297
COUT (NsM)
G0 TO 297
COUT (NoM)
CONTINUE
CONTINUE
ETS = TSTOP®#IDTL1/4,

CALL PRINTC(COUT yNMAXsMMAXsPARVETS 9 KK ICODE)
CONTINUE

CONTINUE

ETS = TSTOP

AAZ(IOTL1sNsM)

AAS(IDTL1IsNeM)

AA4 (IDTL1IoNsM)

AAZ2 (IDTL1IsNyM)#C]

e«eoMERE PRINT TOTAL SOLID VOLUME (ALL COMPONENTS) ACCUMULATED

MODEL LISTING (8 of 85)
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260

265

270

275

280

285

290

295

300

305

310

SUBROUTINE

MAIN CDC 6400 FIN V3,0~ BPA OPTzl 05/21/79 17.21.59,.

WRITE(6+405)
405 FORMAT(1H1+///7//910XeSTHFINAL DISTRIBUTIONS OF TOTAL SETTLED MATER
11AL FOLLOWesose !
DO 410 Mz]eMMAX
DO 410 N=]+NMAX
410 COUT(NyM)=SUMINIM)
CALL PRINTC(COUTsNMAXsMMAXsPARAM(K) +ETSs 6+ 1CODE)
Cl=(1.+BVOID)/AREA
DO 440 M=z]1sMMAX
DO 440 N=]14NMAX
440 COUT(NoM)z= SUM(NsM)#C1
CALL PRINTC(COUTo¢NMAXIMMAX9PARAM(K) vETS 7+ ICODE)
IF(KEY3 EQ. 0} GO TO 800
PRINT FINAL FLUID CONCENTRATIONS
DO 450 M=],MMAX
DO 450 N=) 4NMAX
450 COUT (NoM)={(C(NsM)~CBACK(NSP1))/28,31602
CALL PRINTC(COUTsNMAXsMMAXsPARAM(NSP]) +ETSy14ICODE)
DO 460 M=],MMAX
DO 6460 N=]1,NMAX
460 COUT(NyM)zTOP (NoM)
CALL PRINTC(COUTsNMAXsMMAX ¢« PARAM(NSP]1) sETSy 3, 1CODE)
DO 470 M=z]+MMAX
DO 470 N=1oNMAX
470 COUT(NeM)=THICK (NoM)
CALL PRINTC{COUTsNMAX+sMMAX s PARAM (NSP1) ¢E TSy 49 ICODE)
1000 CINIT=CINIT/28.31602
CBACK INSP1) =CBACK (NSP1) /28431602
WRITE (6+505)PARAMINSP1) +CINITeCBACK (NSP1)
505 FURMAT(IH1/////710X,T4HDILUTION TIMES FOR CONSERVATIVE TRACER IN IN
JITIAL FLUID FRACTION FOLLOW..e//10Xs 10HTRACER IS sA10+28H INITIA
24 CONCENTRATION IS »615,7+36H MG/L BACKGROUND CONCENTRATION IS »
3 G1S5.7¢SH MG/L )
170=170-1
DO 530 I=1,ITD
I0L=1./0C(1} + .00}
WRITE(6+515) IDLLTD(])
515 FORMAT(10Xs12HDILUTION IS +16913H TO 1 WITHIN +F10.3+19H SECONDS A
1FTER DUMP )
530 CONTINUVE
WRITE(6+535)
535 FORMAT(//710Xy S54HDILUTION TIMES ARE FOR POINT OF MAXIMUM CONCENTRA
1TION, )
800 CALL SECOND(T2)
T3=T2-T1
WRITE(6+805)T3
805 FORMAT (2TH1RUN COMPLETEDs CPU TIME = +F7.3,5H SEC.)
RETURN
END

MODEL LISTING (9 of 85)
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SUBROUTINE EST

45

180
190
181

65

10
15

200

210
300

GEO CDC 6400 FTN V3,0~ BPA 0PT=1

SUBROUTINE ESTGEO(DEPTHs ICODE «NMAX+MMAX s IDEP)
ROUTINE TO DEFINE ESTUARY GEOMETRY AND CODED ARRAY
COMMON/BAY/ DX+DTL ¢ XRARGE s ZRARGE s DXHeDXRy AREA
COMMON/GUIDEZ2/NINDyNLINE (150) sMF (150) oML (150)
COMMON/HA/AAL (4931931) 9AA2(4931931) 9AA3(4931931)9AA4(4931931)
1 KEYMAX

COMMON/ID/IDTL

DIMENSION DEPTH(31,31)

DIMENSION ICODE (31,31)

READ GRID SPACE STEP

READ (S+45) DX

FORMAT (BE10.0)

IF(KEYMAX,NEL1)GO TO 180

WRITE(6465 ) NMAX9yMMAXsDX

60 T0 181

WRITE(6+190)DX

FORMAT (/¢10X920HGRID SPACING (DX) = +F12e5)

CONT INUE

05721779 17.21.59.

FORMAT (10X 3S6HNUMBER OF LONG TERM GRID POINTS IN Z~DIRECTION (NMAX

1) = »13//10X+55HNUMBER OF LONG TERM GRID POINTS IN X-DIRECTION
3AX) = +13//10X+20HGRID SPACING (DX) = +F12,5)
SET CONSTANTS

DXH=0,8

DXR=1./0X

AREA=DX##2

READ DEPTHS

IF(IDEP .EQ. 1) GO TO 200

DO 10 M=]14MMAX

READ (54 15) (DEPTH (NyM) yN=1sNMAX)
FORMAT (16F 5,09

60 TO 300

CONT INUE

READ (5915) H

DO 210 M=14MMAX

DO 210 N=1,NMAX

DEPTH(NsM) =H

CONTINUE

CONT INUE

GENERATE CODED ARRAY

IWPT=0

DO 20 M=]1+MMAX

DO 20 N=1eNMAX

1CODE (NyM) =1

MODEL LISTING (10 of 85)
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65
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75

80

85

SUBROUTINE ESTGEO CDC 6400 FTN V3.0- BPA UPT=]l 05/21/79
IF (DEPTH(NsM) LEQ. 0.) ICODE (NyM) =2
IF (JCODE (NeM) .EQ. 2) GO TO 19
IF(N.EG. 1 +OR.e N JEO. NMAX ORe M EG. 1 OR, M EQ, MMAX)
1 ICODE(NsM) =3
19 IFC(ICODE (NeM) LEQ. 1) IWPT=IWPTe)
20 CONTINUE
C GENERATE ARRAYS GOVERNING CALCULATIONS
NIND=0
DO 100 N=z),NMaXx
00 100 M=1.MMAX
IF (ICODE (NeM) (NE. 1) GO TO 100
IFLICODE INsM=1) (EG. )) GO TO S0
C HERE TO START A LINE OF COMPUTATION
NIND=NIND+1
IF(NIND JLT. 151) GO TO 40
WRITE(6+28)
28 FORMAT (//2X+111HARRAYS IN COMMON BLOCK /GUIDEZ2/ FILLED.+.CALL EXIT
l14eosUSER SHOULD INCREASE DIMENSIONS AND CHANGE CHECK STATEMENT )
CALL EXIT
40 CONTINUE
NLINEININD) =N
MF (NIND) =M
G0 TO 100
50 IF (ICODE(NyM+]) .€EQ. 1) GO TO 100
c HERE TQ END A LINE OF COMPUTATION
ML (NIND) =M
100 CONTINUE
c PRINT ARRAYS
IF (KEYMAX,NE41)GO TO 250
WRITE(64115)
250 CONTINUE
115 FORMAT(1H1+10X921HDEPTH GRID FOLLOWS.ee /)
NCP=NMAX/24+1
IFCUINCP=1)924) EQ. NMAX) NCP=NCP=1
IN2=0
DO 130 IP=]1«NCP
IN1=IN2+1
IN2=IN2+24
IF (NMAX LT, IN2) IN2=NMAX
IF(KEYMAX NE.1)GO TO 260
WRITE(64117) (NJN=IN1yIN2)
260 CONTINUE
117 FORMAT (2X94HM N=41242415/)

MODEL LISTING (11 of 85)
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90

95

100

105

115

120

125

SUBROUT INE

ESTGEO

270
119
120

273
122
130

202
135

213
137

139
140
220

150

230
155

DO 120 M=]1eMMAX

IF(KEYMAX.NE«1)GO TO 270
WRITE(69119) My (DEPTH(NsM) ¢sN=IN1sIN2)
CONTINUE

FORMAT(1X9s12+1X924F5,0)

CONTINUE

IF (KEYMAX,NE.1)GO TO 273

IF(IP «LT. NCP) WRITE(6+122)
CONTINUE

FORMAT (1H1/7/)

CONTINUE

IF(KEYMAX.NE.1)GO TO 202

WRITE (64135}

CONTINUE

FORMAT (1H1+10X+22HCODED ARRAY FOLLOWSess /)
NCP=NMAX/60

IF(NCP LT, 1} NCP=z]

IN2=0

DO 150 IP=1sNCP

IN1=IN2+1

IN2=IN2+60

IF(NMAX oLT. IN2) INZ2=NMAX

IF (KEYMAX.NE.1)G0 TO 213
WRITE(64+137) INlsIN2

CONTINUE

FORMAT (10Xs 14HRANGE OF N IS +I394H TO +13/)
IF(KEYMAX,NE.1)GO TO 220

DO 140 M=1+MMAX
WRITE(64139) (ICODE (NeM) yN=IN1+IN2)
FORMAT(1Xs6012)

CONTINUE

CONTINUE

IF(IP .LTe NCP) WRITE(6,122)
CONTINUE

IF (KEYMAX o NE-1)GO TO 230
WRITE(6,155) IWPT

CONTINUE

FORMAT (////10X,39HNUMBER OF GRID POINTS WITHIN ESTUARY

RETURN
END

MODEL LISTING (12 of 85)

CDC 6400 FTN V3.0~

BPA OPT=1

2 IS/1RH1)

05721779

172159,

PAGE

3



il

10

15

20

25

30

35

40

SURROUTINE

[z XaXs]

520
25

35

45

55
60

70

AMBC CDC 6400 FTN V3.0~ BPA OPT=1 05/21/79 17.21459. PAGE

SUBROUTINE AMBC(DEPTHyNMAXsMMAX s IDEP)

DIMENSION DEPTH(31431)

COMMON/DIMEN/ NSeNSP1eNVLeNSC

COMMON/AMB/ NROA#»IYeY(10)9sROA(10)+H

COMMON/BAY/ DXoDTL+XBARGE » ZBARGE s DXHsDXR e AREA

COMMON/VSPECS/ 1FURMsDUL sDU2sUULIUUsDWLsDW2sWW1sWW29DL1+DL2

lCOMMON/HA/AAl(4o3193l)oAA2(4o3lo3l)oAA3(k|3lv3l)vAA6(6v31031)v
KEYMAX

READ X AND Z COORDINATES (W/R TO LONG TERM GRIDs IN FEET) OF
BARGE POSITION

READ(5+5) XBARGE+ZBARGE

FORMAT (BE10.0)

CONTINUE

see s READ NUMBER OF POINTS WHERE AMBIENT DENSITY SPECIFIEDeees
READ(5415) NROA

FORMAT (1615}

eeoeoREAD VERTICAL DISTANCES FROM FREE SURFACE WHERE DENSITY SPECIFIEDe«ss
REAUD(Sy 5) (Y(I)9sI=1sNROA)

eeesREAD AMBIENT ODENSITIESesss

READ(Ss S5) (ROA(I) ¢ I=1+NROA)

WRITE(6+25) XBARGE +ZBARGE

CONTENUE

FORMAT (10Xs 20HBARGE COORDINATES.se/10Xs14HXBARGE (FT) = +Gl2.4
19 3Xs14HZBARGE (FT) = +Gl2.4)

esesWRITE AMBIENT DENSITY PROFILEssss
WRITE (64 35)

FORMAT (//29X ¢ 24H===AMBIENT CONDITIONS=== )
DO 60 J=1.NROA,8

JJ=JeT

IF(JJ +«GE+ NROA) JU=NROA
WRITE(6045) (Y (1) sI=dedJ)

FORMAT (//15X ¢ 10HDEPTH (FT) +5X98G1244)
WRITE(6+55) (ROA(I}9sI=Jedd)

FORMAT (9X 9 THAMBIENT/9X ¢ 1SHDENSITY (GM/CC) 95X198G12+4)
CONTINUE

«se s CONVERT AMBIENT DENSITY FROM UNITS OF GM/CC TO SLUGS/CUFT4se

DO 70 I=14NROA

ROA(I)=ROA(1)*]1.94

SET H EQUAL TO DEPTH INTERPOLATED FROM FOUR GRID POINTS SURRQUNDING BARGE

MODEL LISTING (13 of 85)
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SUBROUTINE

AMHEC CDC 6400 FTN V3.,0- BPA UPT=1 05/21/79

CALL DINT(XBARGE+sZBARGE sHsDEPTHoNMAX yMMAX)
WRITE(6+75) H
75 FORMAT (///10Xy44HINTERPOLATED DEPTH AT DUMP COORDINATESs H =
1 Gl2e494H FTa )
WRITE (6495)
95 FORMAT(/10X910(8Hm==mw===))

READ (5+165) IFORM

165 FORMAT (1615)

IF(IFORM .GE. 4) READ(5+45) DU1sDU2sUUL4sUU2+sDW]1sDW2sWW]1sWW2
GO TO (4309440+450+460)s IFORM

430 WRITE (69435)

435 FORMAT(///10Xs68HSINGLE VELOCITY PLANE USED WITH VELOCITIES CONSTA
INT IN THE VERTICAL )

GO TO 480

440 WRITE (64445)

445 FORMAT(///10XsS3HSINGLE VELOCITY PLANE USED WITH LOGARITHMIC VELOC
1ITY /7 10Xs6SHDISTRIBUTION SUCH THAT VERTICAL AVERAGE EQUALS SPECIF
21ED VELOCITY )

GO TO 480

450 WRITE(6+455)

455 FORMAT(///10X+96HTWO VELOCITY PLANES USED wITH STRAIGHT LINE INTER
1POLATION (SEE FIGURE 6.2(C) FOR INTERPRETATION) )

GO TO 480

460 WRITE(6+9465) DULIDUZ2sUULYUUZIDW1sDOW2eWWlsWW2

465 FORMAT(//10Xs73HTWO VELOCITY PROFILES SPECIFIED IN X AND Z DIRECT
1IONS FOR ==QUICK LOOKS==/10X«63HDEPTH ASSUMED CONSTANT AND VELOCIT
21ES CONSIDERED STEADY IN TIME/Z10Xs37HVELOCITY PROFILE PARAMETERS F
30LLOW.see Z710XeAHDUL = 9611e391Xe6HDUZ = oG11e391Xe6HUUL = 961143
4 1Xe6HUUZ = 9G11+437/10Xs6HDW] = 4G11.301Xe6HDW2 = 9G1l1e391Xy6HWW] =
S 9611391 X96HWWZ = 9G11,3)

480 CONTINUE

RE TURN
END

MODEL LISTING (14 of 85)



vl

10

15

2o

30

39

40

SUBROUTINE DuUMP

(2 XaXgl

125

€DC 6400 FTN V3,0~ BPA OPT=1 05/21/79

SUBROUTINE DUMP (SSsUsWeDEPTH NS sNMAX sMMAX ¢ NVL )

THREE-DIMENSTONAL AXI=-SYMMETRIC INSTANTANEOUS RELEASE OF ENTIRE
LOAD FROM RARGE

EXTERNAL DERIVD

DIMENSION DEPTH(31,31)

COMMON/AMB/ NROAsIYsY(10)9sROA(10)sH
COMMON/CLOUD/T(600)sCX(600)9CY(600)4CZ(600)+sCU(H00)sCV(600)

1o CW(600)DENDIF(600)+BC(600)AA(600)FC(600) ¢VF
COMMON/PIECES/ PARAM(13)9ROAS(13)+4CS(13)9sVFALL(13)+VOIDS(13)eBVOID
1¢ICOHES (12) o VFALLC(13) o VFALSCI(20+13) ¢ VFALLD(31431913)
COMMON/GUIDELY/ TOUMP TSTOPyISTEP» IPLUNGsNUTRLoNTRIALsILEAVE S

1 KEY)1KEY2+KEY3 )

COMMON/GPI/ G+P1sRR

COMMON/STCOEF/ ALPHA2ALPHAOALPHACYBETA9CORAGICFRICICD2CDLsCD2
ly CLOIeCD4sCMyDINCRIWDINCR2yFRICTNeGAMAF L

COMMON/LTCOF/ ALAMDASDIFsAKYOD

COMMON/DTEES/ DTsDT140T2

COMMON/COL/ A0y IBENFBED

COMMON/SWITCH/ 1TF

COMMON/GP/IGCNo IGCL e IGLT o IPCNoIPCL IPLT

COMMON/USERDT/ KEY4+DT1U»DT2U

COMMON/FLEEZ TTDeTD(6)4DC(6) +CINITeCBACK(13) +CTRACE(600}
COMMON/COMPL/ E(22)

COMMON/BAY/ OXoDTL ¢ XBARGE 9+ ZRARGE +OXHeDXR s AREA
COMMON/HA/AAL(4931931) 9AA2(493)931)9AA3(4931931)9AA4(4931931)
1 KEYMAX

DIMENSION VORT(600) +ACONC(12) 9SAVE (22}

DIMENSION U(31¢3102)9W(31¢3]142)955(600,412)

REAL MLLsLLIM

NTRIAL=0
KvV=1
IBED=0
ILEAVE=999
NSP1=NSe]

eeesHERE TO SET INITIAL CONDITIONS.,..
READ(5+25) RBDRELsCU(1)oCV(1)eCW(1)9sRO0yBVOIDsLLIMySGAVE
WRITE (69125)RBDREL+CU(1)9CV (1) +CW (1) sRO0OsBVOIDsLLIMISGAVE
FORMAT(//10X+23HDISCHARGE PARAMFTERS.../10Xs30HINITIAL RADIUS O
1F CLOUDs RR =3 4G15,7/10Xs40HINITIAL DEPTH OF CLOUD CENTROIDs DREL
2= +G12.4/10Xe3SHINITIAL CLOUD VELOCITIES«eaCU(L) = 4612449 3Xy
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Lyl

45

50

55

60

65

70

7%

80

85

SUBROUT INE

DUMP

135

300

310

35
150
320

145
151

192

CDC 6400 FTN V3.0~ BPA OPT=1 05/21/79

3 BHCV(1) = +G12.493XeBHCWI(1) = 4G12.,4//10X¢18BHBULK PARAMETERSse/
4 LO0X9 ISHDENSITYs ROO = +615.7/10X931HAGGREGATE VOIDS RATIO, BVOID
5z 961249 /20Xs 1SHLIQUID LIMIT = +G12.49/10X9y27THAVERAGE SPECIFIC GR
6AVITY = +G1244)

WRITE (A 135)NS
FORMAT(//10X+10HTHERE ARE 9]2+34H SOLIDSs PARAMETERS FOLLOW...

leeso//10XsQ0HDESCRIPTION DENSITY(GM/CC) CONCENTRATION(CUFT/CUFT)
2 FALL VELOCITY(FT/SEC) VOIDS RATIO /)

IF(KEYMAX,EQ.,)1)GO TO 310

DO 300 KJ=1sNS

READ (S93S5)PARAM(KJ) ¢ ROAS (KJ) 2 CS(KJ) o VFALL (KJ) s VOIDS (KJ) ¢« ICOHES (KJ)
ROAS(KJ) = SGAVE

CONTINUE

GO T0 320

CONTINUE

DO 150 K=1,4NS

READ{5+35) PARAM(K) sROAS(K) sCS(K) s VFALL (K) s VOIDS (K) » ICOHES (K)
FORMAT(A)0+4E10.0415)

CONTINUE

CONTINUE

DO 151 KK=z1eNS

WRITE(6+145) PARAM(KK) yROAS (KK) oCS(KK) ¢ VFALL (KK) s VOIDS (KK)
FORMAT(11X9A002X9G124499X9G12.4915X9G512:4y 5X961244)
CONTINUE

READ INFO FOR DILUTION OF CHEMICAL TRACER
READ(59192)PARAM(NSP 1) 3 CINIT+CBACK(NSP1)

FORMAT (A10+2E10.0)

CHANGE TRACER CONCENTRATION FROM MG/L TO MG/ (CU FT)

CBACK (NSP1) =CBACK(NSP1)#28.31602

CINIT=CINIT#28,31602

VFALL (NSP1) =0,

FLUID=5HFLUID

CHECK CONSISTENCY OF PARAMETERS WITH NECESSARY MINIMUM FLUID DENSITY OF 1.
CS(NSP1) =1,

CIV=2,%PI# (RB%30.48)%#%3/3,

CIVS=CIV

CIM=RO0®CIV

DO 170 K=14NS

SET SOLIDS B8ACKGROUND TO BE ZERC

PROGRAM CAN NOT HANDLE NON=-ZERO SOLIDS BACKGROUND

CBACK (K)=0.0

SV=CS(K) #CIVS

MODEL LISTING (16 of 85)
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8t

90

95

100

10%

115

120

125

SURROUTINE DUMP CDC 6400 FTN V3,0~ BPA OPT=1 05/21/79

SMzSV#ROAS (K)
CS(NSP1)=CSI(NSP1) = CS(K)
Clv=ClIV-SV
CIM=CIM-SM
170 CONTINUE
FD=CIM/ClV
WRITE(6+145) FLUIDsFDsCS(NSP1) o VFALL (NSPL)
IF(FD +GE. +97) GO T0 190
WRITE(64185)
185 FORMAT(//10Xe44HFLUID DENSITY LESS THAN «97 GM/CCe CALL EXIT )
CaLL EXIT
190 CONTINUVE
+eeeCONVERT UNITS FROM GM/CC TO SLUGS/CUFT.een
DO 200 I=14NS
200 ROAS(I)=ROAS(I)I*#1.9¢4
ROO=RQ0*%],94
PCM=100,*CSINSP1}/(SGAVE®(1.,-CSINSP1)))
MLL=PCM/LLIM
IF(MLL.GT.2.9) GO TO 850
IF(MLLWLTo1e43) GO TO 820
ALFANO==0,002185% (MLL#94)+0,0440555% (MLL®*®#3)~=,3119% (MLL#*2)
1+.91839# (MLL)~,67273
GO TO 900
820 IF(MLLJ.LE.1.22) GO TO B840
ALFANO=,58286% (MLL~1,22)
G0 10 900
840 ALFANO=0.001
GO TO 900
850 ALFANO = 0.285+0.00493% (MLL~2.9)
900 CONTINUE
IF(KEYMAX,NE.1)GO TO 324
WRITE(6+965) PCMosMLL s ALFAND
324 CONTINUE
965 FORMAT(//10Xe2THPERCENT MOISTURE CONTENT = 4F10e491HesF10.4s
1234 TIMES LIQUID LIMITs/10Xs37HCALCULATED ENTRAINMENT COEFFICI
2ENT = 4F10.6)
CONEW=0,7=0.5TANH(3,2% (MLL=1.875))
CMNEW=]1,075-0,675*(TANH (329 (MLL~-1.875)))
1F (KEY]l .EQ. 2) GO TO 70

eosoeHERE TO USE TETRA TECH COEFFICIENTS.eee

IF (KEYMAX.NE.1)GO TO 330
WRITE(6465)

MODEL LISTING (17 of 85)

17421459,

PAGE

3



brl

130

135

140

145

150

155

160

165

170

SUBROUTINE DUMP
330

CDOC 6400 FTN V3.0~

CONTINUE

BPA OPT=1

65 FORMAT(//////10X+3THUSE TETRA TECH SUGGESTED COEFFICIENTS )

70

75

950

975

985

25

80

85

DINCR1=1.,
DINCR2=]1.
ALPHAO=ALFANO
BETA=0,
CM=CMNEW
CD=CDNEW
CDRAG=],
GAMA=0,2%
CFRIC=,01
CD3=.1
CD4=l,
ALPHAC=,001
FRICTN=,01
Fl=0.1
ALAMDA=,005
AKY0=,05

GO0 TO 80

eeeoHERE TO READ IN COEFFICIENTSesse
WRITE(6475)

FORMAT (////7/10X924HUSE READ IN COEFFICIENTS )
READ(S925) DINCR1sDINCR2

READ(5+25) ALPHAO+BETAsCMsCD

IF (ALPHADLLE.10.) GO TO 950

ALPHAO=ALFEANO

CONTINUE

IF(CD.LE.104) GO TO 975

CD=CDNEW

CONTINUE

IF (CM.LT.10.) GO TO 985

CM=CMNEW

CONTINUE

READ (5+25) GAMAyCDRAGeCFRICsCD3sCD4 s ALPHACIFRICTNoF]
READ(5+25) ALAMDAsAKYO

FORMAT (8E10.0)

sseoHERE TO WRITE COEFFICIENTSsess
IF(KEYMAX.NE.1) GO TO 350

WRITE(6+85) DINCR14DINCR2

FORMAT (10Xs6HDINCR1+F104497H DINCR24F10,4)
WRITE(6495) ALPHAO4BETA+CMsCD

MODEL LISTING (18 of 85)
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(=]

175

180

185

190

195

200

205

210

215

SUBROUTINE DUMP

95
105

115
350

aon

[sX2Xa]

210

220

230

240

250

FORMAT (10X s 6HALPHAO9F10,495H BETAsF10.493H CMeF104493H CDsF10.4)
WRITE(6¢105) GAMAWCORAGICFRICCO3+C0O42ALPHACSFRICTNSF1

FORMAT (10X +4HGAMA+SX sFS5e293X9sSHCDRAG2X9FS5.293XeSHCFRICe1X9FSe3
1 2X93HCDIe2XsFSe291Xo3HCDG 0 1XsF S, 2¢ IXsOHALPHACSF 104,47 10X9s6HFRICTN
2 FlO0.491X92HF19F1044 )

WRITE(64115)ALAMDALAKYO

FORMAT (10X 9o 6HALAMDASF10.491X94HAKYO4F10,4/)

CONTINUE

eeeoSAVE AMBIENT DENSITY AT Y(1)eseo

ROAA=ROA(])

Cl=(RO0~-ROA(1))/R0OAL])

E1=(ROA(NROA)=-ROA{1))/(H*ROAL(L))

FF=CV(1)/SQRT (G*C]#KRB)

EE1=E1*RB/C)

TOTAL NUMBER OF EQUATIONS

NE=GeNS

LONG TERM DIFFUSION PARAMETER
THE HORIZONTAL SCALE OF THE AMBIENT DIFFUSION PHENOMENON

HAS BEEN SET AT 30 FT IN THIS MODEL SO AS TO BE INDEPENDENT
OF GRID SPACING., THE ORIGINAL VERSION HAD A DX IN PLACE

OF THE 30. IN THE FOLLOWING STATEMENT
DIF=ALAMDA®30,%%],3333334DTL/DX¥##2
IF(DIF +6T. +2) DIF=,2

eseoEND OF INITIAL CONDITIONSeese

ees o SELECT TIME STEP FOR INTEGRATIONS,.e0e

IF (ROA(NROA) oNE. ROA{1)) GO TO 230

IF(CV(]) oNEes 0o) GO TO 220
ACEL=32,21#(RO0~ROA(1))/(RQ0+0,5%R0A(1))
DT=(SQRT (2.*H/ACEL)) /10,

GO TO 250

DT 2,01 %RB*FF®(1,+ALPHAO®H/RB) #82/(CV(]1)#2,)
GO TO 250

IF(CV(1) +EQe. 0o) GO TO 210

CRITERION FROM CONDITION OF STRATIFICATION
DT=2.01%P] #FF/SQRT(EE])

CRITERION FROM UNIFORM AMBIENT
DT1=,01"RB*FF & (1.¢ALPHAO*H/RB) ##2/(CV(1)%2,)
IF(DT=0T1) 25042405240

0T =DT1

eso INITIAL POSITION OF CLOUD CENTROID (W/R TO BARGE)
£(11=0,

MODEL LISTING (19 of 85)
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L6l

220

2e5

230

235

240

245

250

255

SURROUT INE

s NeXg]

e X g} O (e ¥ o]

DUMP CUC 6400 FTN V3.0~ BPA OPT=] 05/21/79 17.21.59, PAGE

E(2)=DREL
E(3)=0,
eeee INITIAL MASS OF CLOUDssse
VOLUME=2,.%#P] #RB#%#3/3,
E (4)=RO0*VOLUME
esso INITIAL MOMENTACe..
CMMASS=CM#E (4)
E(5)=CMMASS#CU(])
E(6)=CMMASS®#CV (1)
E(7)=CMMASS#CW (])
ees s INITIAL BUOYANCY,s0s
E(8)=(ROA(]1)=R0O0) #VOLUME
eoeo INITIAL VORTICITYsewe
E(3)=RB#CV (1) *FLOAT (KV)
2o ¢+SUBTRACT VOLUME OF VARIOUS SOLID COMPONENTS FROM TOTAL WASTE
VOLUME, VF, AND PLACE IN E ARRAY. REMAINDER IN VF IS
VOLUME OF FLUID WASTEse..
VF=VOLUME
DO 260 K=]14NS
E(K*9)=CS (K} #VOLUME
260 VF=VF=E (K+9)
DO 270 I=1,NE
270 SAVE(I)=E(])
ROSAV=R00
ALPHA=ALPHAO
DINCR=DINCR1
IF(KEYMAX NE.11GO T0 294
WRITE (64295)
295 FORMAT(1H1410Xe18HCONVECTIVE DESCENT ///10Xs34HCOMPUTATIONAL INDIC
JATORS FOLLOWeeo//10Xs6HNTRIALY 9X92HDTs 7Xs6HIPLUNGs 1X sSHNUTRLS
2 1X+SHISTEP )
294 CONTINUE
IF(KEY4 JEO. 1) DT=DTIV

ee oo HERE TO BEGIN A SOLUTION TRIALeses
400 ROO=ROSAV

e00e INCREMENT TRIAL NUMBERe ..o

NTRIAL=NTRIAL+1

eoso INITIALIZE VARIABLES sees
T(l)1=0,

1y=1

ISTEP=1

MODEL LISTING (20 of 85)



260

265

270

2715

2890

285

290

295

300

SURROUTINE DUMP

OO0

410

420

430

460

NUTRL=0
IPLUNG=0

DO 410 I=1.NE
E(I)=SAVE(])

CDC 6400 FTN V3.0~ BPA OPT=]

voesHERE TO BEGIN COMPUTATIONAL LOOP IN TIMEsese

es¢«STORE RESULTS FROM INITIAL CONDITIONS OR PREVIOUS COMPUTATION

IN APPROPRIATE ARRAYSas,s

CX(ISTEP)zE(])
CY(ISTEP)=E(2)
CZ(ISTEP)=E(3)
VOLUME=(E(4) ¢E(B)) /ROA(])
CMMASS=],/ (CM*E (4))
CUUISTEP) =E (5) #CMMASS
CV(ISTEP) =E (6) *CMMASS
CW(ISTEP)=E (7)#CMMaSS

WHEN VORTICITY GOES TO ZEROs IT IS SET TO ZERO

IF(E(9) LEe. 0.) E(9)=0,
VORT{ISTEP) 2E (9)
BC=DIAMETER OF CLOUD

AACISTEP) =(1.5*VOLUME/PT) ##,333333

BCUISTEP)=2.#AA(ISTEP)

SS IS SOLID CONCENTRATION IN VOLUME RATIO

DO 430 K=]4NS
SS(ISTEP+K) =E (K+9) /VOLUME
FLUID CONCENTRATION
FCLISTEP) =VF/VOLUME
VINIT=2,e¢PjeRBe®3/3,

CTRACE(ISTEP) =(CINIT#VINIT+ (VOLUME=VINIT) #CBACK(NSP1))/VOLUME

OR=CTRACE (ISTEP) /CINIT

IF(DR +GT. DC(IFD)) GO TO 460

TOCITD) =T (1STEP)
ITO=1TDe]
CONTINUE

NEW OVERALL DENSITY OF WASTE CLOUD

ROO=E (4) /VOLUME

INTERPOLATE FOR AMRIENT DENSETY AT VERTICAL POSITION E(2)
ROAA=ROA(IY) ¢ (E(2) =Y (1Y) ) #(ROA(IY+1)=ROALIY))/Z(Y(IY+1)=Y(IY))
CONVERT DENSITY DIFFERENCE BACK TO GM/CC AND STORE IN DENDIF
DENDIF (ISTEP) = (ROO-ROAA) #,5]1545

TEST FOR BOTTOM ENCOUNTER

IFL(CYUISTEP) +3.,#AA(ISTEP) /8.) +GE. H} IPLUNG=1

TEST FOR LOOP EXIT

MODEL LISTING (21 of 85)
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€9l

310

315

320

325

330

335

340

SUBROUTINE DUMP CDC 6400 FTN V3.0~ BPA UPT=}

IF (IPLUNG .EQ. 1) GO TO 500
IF (NUTRL .EQ. 1) GO TO 500
IF (ISTEP .GE. 600) GO TO 500
C SOLVE EQUATION SET FOR NEXT TIME STEP
CALL RUNGS (DERIVDsNEsUsWoDEPTHINMAX s MMAX 9NVL)
ISTEP=1STEP+]
TUISTEP) =T (ISTEP=1)+DT
GO TO 420
c eososEND OF LOOP IN TIMEcees

500 JTF(KEYMAX.NE.1)GO TO 502
C PRINT OUT VARIABLES GUIDING JUST COMPLETED SOLUTION TRIAL
WRITE(69505) NTRIALsDT»IPLUNGeNUTRLISTEP

505 FORMAT( 9XsI159G16.8+2X9316)
502 CONTINUE
C ITF SAVES LAST TIME STEP OF DESCENT PHASE
ITF=ISTEP
C TEST FOR PROPER NUMBER OF TIME STEPS IN CONVECTIVE CALCULATIONS

IF{ISTEP LT, 100 .OR, ISTEP .GT. 200)510+520
510 DT=DT#FLOAT(ISTEP) #DINCR/150.
C IF FIFTH TRIAL COMPLETEDs GO TO OUTPUT SECTION, IF NOT RETURN FOR
C NEXT TRIAL
IF(NTRIAL .GE. 5) GO TO 520
GO TO 400
C eeesHERE FOR PRINTED AND/OR GRAPHICAL OUTPUT.eee
520 IF(IPCN.EQ.0) GO TO 600
C esesHERE FOR PRINTOUT sq0e
WRITE(6+524)
524 FORMAT(//10X942HX AND Z ARE MEASURED W/R TO BARGE POSITION )
WRITE (6+4525)
525 FORMAT(// BXs4HTIME+SXe bHX s TXs 1HY 9 7TX9 1HZ 96X s 1HUs6X 9 LHV 9 5X9 IHW 26X »
1 THOEN-DIF y3X¢6HRADIUS«1Xe5H DIA 92X 95HVORT 93X 12HFLUID CONC. »
2 10HSOLID~VOL.92X9 13HCONCENTRATION)
LINC=ISTEP/60
IF(LINC «LTe 1) LINC=1
DO 560 J=14+ISTEPsLINC
DO 530 K =1+NS
530 ACONCHK }=2.%#P] #AA(J)#238SS(JyK )} /3.
WRITE(69535) T(J)eCX(J)eCY(J)sCZ(J)sCUCJ)oCV(J)sCH(J) »DENDIF (J)
19AA(J) sy BC(J)s VORT(J)sFC(J) sACONC(1) 9SS (Js]))
535 FORMAT( 4Xys4FB.2+1F6.29FTe39F6.20E12.492FTe291XsF7.4+43E12.4)
IF (NS +EQ. 1) GO TO 560
DO 540 K=24NS

Model listing (22 of 85)

05721779 17.21.459. PAGE



PGt

345

350

355

3690

365

370

3715

SURROUTINE DUMP

540
545
560
600

610

700

730

380

385

720

CDC 6400 FTN V3,0~ BPA OPT=1 05/21/79

WRITE (6+545) ACONC(K ) +5S({JsK)
FORMAT (101X+2E1244)

CONTINUE

IF{IGCN.,EQG.0) GO TO 700

ees o HERE FOR GRAPHINGsqese

ISTEP1=1STEP+]

TUISTEP1) =2, T (ISTEP)«T(ISTEP~])
CX(ISTEP11=22,#CK(ISTEP)=CX(ISTEP=])
CZ(ISTEP1)=2.,2CZ(ISTEP)=CZ(ISTEP=])

CY(ISTEPY1) =0,

AA(ISTEP))=0D,

CTRACE(ISTEP1)=0.0

CALL ORAW(ToToToToCYsAAICX9CZoISTEPL1ele4)

IF(IGCN.EQ.1) GO TO 700

DO 610 I=14NS

SS(ISTEPL+I)=0,

NG=4

IFANS +LT. &) NG=NS

CALL DRAW(TsToToToSS(1s1) o55(192)955(193)95S5(104)9ISTEPL93eNG)
IFINS JLEe 4) GO TO 700

NG=4

IF(NS .LTQ 8) NG=NS'4

CALL DRAW(ToToToT9oS5S(195)955(196)9eSS{1e7)9SS(1+8)sISTEPLs4+NG)
IF(NS (LE. 8) GO TO 700

NGz 4

IF (NS +LT. 12) NG=NS-8

CALL DRAW(ToToToT9SS(199)955(1910)95S(1011)9SS(1912)9ISTEPL +7+¢NG)
CONTINUE .

seeoeSHIFT DATA TO PREPARE FOR COLLAPSE PHASEsese
pT1=0T7

DO 730 K=]14NS

I1=NS~K

E(I+11)=€E(I*10)

E{(9)=AA(]ISTEP)

AO=AA(ISTEP)

IFCIPLUNG +EQ. 1) GO TO 720

E(10)=0,.

RETURN

ess oHERE IF CLOUD HAS HIT BOTTOM.sse
E{10)=RO0O*P] ®E(9)a834(2,6666664CVI(ISTEP)) /32,
IBED=1ISTEP

RETURN

ENOD
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SUBROUTINE MAD CDC 6400 FTN V3.0- BPA OPT=]1 05/21/79

SUBROUTINE MAD(KeETSeXsZsUsWeCoTHICKsTOPIDEPTH9ACCUMsCPsTHICKP
1 TOPP+COUTyICODE+TSIDEs TTHKsTTOP s TMASSs TXe TZ9NMAX9MMAX)
c ROUTINE TO COMPUTE MOVEMENT AND DIFFUSION
DIMENSION DEPTH(31,31)
5 DIMENSION U(31431e2)9W(31931+2)
DIMENSION JCONE(31,31)
DIMENSION C(31431)sTHICK(31931)eTOP(31+31)
19ACCUM(3]1+31)4CP(31931)
2y TOPP(31431)+sCOUT(3)931)9TMASS(100)sTSIDE(100)sTTOP(100)
10 3TXCL00) 9 TZ(100) 9 TTHK(100) s THICKP(31431)
G4y X(31e31)92(31+31)
CUMMON/GUIDEZ/NINDNLINE (150} ¢ MF {150) oML (150)
COMMON/BAY/ DXoDTL +XBARGE +sZBARGEsDXHsDXRs AREA
COMMON/DIMEN/ NSeNSP1sNVLNSC
15 COMMON/HA/ZAAL (4931+31) 9AA2(4931931)9AA3(493]1931)9AAG(4931931)y
1 KEYMAX
COMMON/ID/ZIDTL
COMMON/PIECES/ PARAM(13) +ROAS(13)9CS(13)9sVFALL(13)VOIDS(13)+8VOID
Yo ICOHES (12) s VFALLC(13) ¢ VFALSC(20913) o VFALLD(31+431913)
20 COMMON/POINT/MSTeNST
COMMON/CHECK/TOTAL
COMMON/COR/ CM,CMAX
COMMON/NC/ NTCLD
COMMON/LOST/ GONE
25 COMMON/P/ PRT
COMMON/GPI/ GyPleRB
COMMON/FLEE/ ITDsTD(6) +DC(6)4CINITsCBACK(13)+CTRACE (600)
COMMON/ENTRAN/ TEMAS(100)9VOLSC(100)
LOGICAL PRT
30 Q=1.,0€E~06
IF (NMAX LLEe. 31 +ANDe. MMAX ,LE. 31} GO TO S5
WRITE(642)
2 FORMAT(//+10Xy64HNMAX OR MMAX GT 31 DIMENSION IN COMMON/PIECES/ MU
1ST BE INCREASED)
35 CALL EXIY
5 CONTINUE

(o
C MOVE AND DIFFUSE SMALL CLOUDSs IF ANY
IF (ABS(ETS-DTL) LT, +0001) GO TO 10
40 IF(NTCLD +GTe 0) CALL ACAD(KsCoTHICKsTOPyACCUMyDEPTHsUsWoTSIDE,
1 TTHKoTTOP s TMASSy TXaTZ o NMAXIMMAXIETS)
C

10 CHKM=0,

MODEL LISTING (24 of 85)
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45

50

55

60

65

70

75

80

85

SUBROUTINE MAD COC 6400 FTN V3,0~ BPA OPTsl 05/21/79 16.53.32. PAGE

CMAX=0,

i=0

B=0.

A=Q,

DO 20 M=],MMAX

DO 20 Nm]l.NMAX

IF(THICK(NsM) LEQ. 0.) GO TO 18

AzA+THICK (NoM)

BzB+TOP (NsM)

I=le1l
18 CONT INUE

CMAXZAMAX] (CMAXsC(NsM))

20 CHKM=CHKMe® (C(NsM)=CBACK (K))@THICK(NsM) #AREA

AVTH= A/FLOAT (1)

AVTP=B/FLOAT(I)

IF (CHKM LT, 1,0E~06) GO TO 699
(roecocccacnenvrnvoraererarncnvrrrastearensnansre se - -
C
C BEGIN COMPUTATIONS OVER LARGE GRID
C

Commcrcsccccmcrcrccccncsrecnscanncseraraceneerencamen cnew

DO 100 N=z1,NMAX

DO 100 M=]l4MMAX

Z(NsM)2FLOAT (N) #DX
100 X(NyM)=FLOAT (M) #DX

C
C MOVE LOCATIONS OF POINTS WHICH TERMINATE IN THE BAY
DO 200 NUM=z1+NIND
NST=NLINE (NUM)
MFST2MF {(NUM)
MLST=ML {NUM)
DO 200 MST=MFSTIMLST
IF( ICODE(NST+MST),6T.1) GO TO 200
NST AND MST ARE INDEX OF GRID POINT X(NSTyMST) AND Z(NSTeMST)
ARE COORDINATES OF LOCATION OF THIS PARTICLE AT START OF
CONVECTIVE STEP
YYZAVTP+0,5¢AVTH
CALL TRNSPT (Z(NSTeMST) s X(NSToMST) s YYsUsWsDEPTHs ICODE s NMAX s MMAX
ls NVL)
200 CONT INVE
C CLEAR ARRAYS
DO 320 M=].MMAX
DO 320 N=]4.NMAX

[2XsR el
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90

85

100

105

110

115

120

125

SUBROUTINE

MAD

320

401

CDC 6400 FTN V3.0- BPA 0PT=1

CP(NsM)=CBACK (K)
THICKP (NeM) =0,
TOPP (NsM) =0,

COMPUTE NEW CONCENTRATIONS FOR ALL POINTS IN BAY
CM=0.

DO 510 NUM=1sNIND
NST=NLINE (NUM)

MFST=MF (NUM)
MLST =ML (NUM)

DO 510 MST=MFSTsMLST
IN=Z INSTeMST) #DXR

XM=X (NSTsMST) #DXR
N=ZN+,0001

M=XM+,000}
EN=ZN=FLOAT (N)
EM=XM=FLOAY (M)}

IF(EN +LTs «0001) EN=0,
IF(EM LT, «0001) EM=0,
EN1=1.-EN

EMl=1.~EM

1SUM=0

CALL AVESPT(N M  3CleTHLeT19ISUMs0sCoTHICKsTOPsICODE +NMAKY

MMAXoDEPTH(NsM) oK)

CALL AVESPT(N+1sM oC2eTH29T29ISUMs 1sCoTHICKs TOP+» ICODE +yNMAXS
IMMAX 9DEPTH (N¢1 M) oK)
CALL AVESPT(N¢1sM+19C3eTH3sT3eISUMs29CoyTHICKsTOP»ICODE 9yNMAXS
IMMAX 9 DEPTH (N+14M*1) 4K)
CALL AVESPT(N sM+19Ca9THG9T4eISUM3sCyTHICKyTOPy ICODE yNMAXS
IMMAX9DEPTH (NsM+1) oK)

CP{(NSTsMST)=sCBACK(K)

THICKP (NST4MST) =0,

TOPP (NSToMST) =0,

TN=AMAX1(TH1 9 TH29TH3yTH4)

IF(TN JEQ. 0.) GO TO 500
CI=(C1#AREA#TH] +CBACK(K) PARFA® (TN=-TH1} )/ (TN®AREA)
C2=(C2PAREA®TH2+CBACK (K) #ARFA® (TN=-TH2) )/ L TN*AREA)
C3=(C3%AREA®TH3+CBACK (K) #*AKEA® (TN-TH3) )/ (TN®AREA)
C4=(CL4YAREA#TH4+CBACK (K) ®AREA* (TN=TH4) )/ (TN*AREA)
THICKP (NST4MST) =TN

05721779

GO TO (401+402+603,4069405940694079408+40994109411+412+413+14144415

1)+ ISUM

CP(NSTsMST)=C1
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8a1l

130

135

140

145

150

155

160

165

170

SUBROUT INE

MAD

402

406

408

403

4l2

406

409

405
421

410
422

407

CDC 6400 FTN V3.0- BPA OPT=]

TOPP (NSTeMST) =T1

GO TO S00

CP(NSTyMST)=C?2

TOPP (NSTeMST)=T2

GO TO S00

CP(NSTyMST)=C3

TOPP (NSTyMST)=T3

GO T0 S00

CP(NSTyMST)=Cs

TOPP(NSTeMST) 2T4

GO TO 500

CP(NSTeMST)=(C2-Cl) #EN+C]

TOPP INSToMST) =(T2=T1)2EN+T1

TF(T] oLTe Q +ORe T2 oLTe @) TOP(NSTIMST) =AMAX1I(T19T2)
GO TO 500

CP(NSTyMST)=2(C3~C4)*EN+C4

TOPP (NSToMST) =(T3=T4) *ENeT4

IF(T3 oLTe Q 4ORe T4 oLTe Q)TOPPI(NSTIMST)=AMAXL(T35T4)
G0 T0 So0

CP(NSTeMST) 2(C3=C2)*EMeC2

TOPP (NSToMST) =2 (TI3=T2) *FMeT2

IF(T2 oLTe Q@ 40R¢ T3 oL.Te Q)ITOPP(NSTIMST) =AMAX1(T2,T3)
GO TO 500

CP(NSTeMST)=(C4~Cl)®EMC1

TOPP(NSToMST) = (T4~=T1) #EMeT

IF(T] oLTe G +ORe TG4 oLTs Q)TOPP(NSTIMST)=AMAX1(T1+T4)
60 TO S00

IF (EN®EM=~,25) 40144219404

CPINSToMST)=,54(Cl+C3)

TOPP(NSTsMST) =,54(T1¢T3)

IF(T] oLTe Q@ +ORe T3 (LT. Q)TOPPINSTIMST)=AMAX1(T14+T3)
GO TO S00

IF (EN=-EM) 40894224402

CP(NSToMST) 2,54 (C2+4C4)

TOPP (NSToMST) 2,52 (T2+T4)

IF(T2 oLTe @ ORe T& oLTe Q)TOPP(NSTHMST) zAMAX1(T2+T4)
G0 TO S00

AD=EN]+EM

IF (AD +EQ. 0,0) GO TO 402
CP(NSToMST)=(EN1#((C2=CLl)PEN+C]) +EM# ((C3=-C2) *EM+C2)) /AD
TOP1I=(T2=T1)RENST]

IF(T] oLTe Q +O0Re T2 oLTs Q)TOP1=AMAX1(T1yT2)
TOP2=(T3~T2)%EMeT2

MODEL LISTING (27 of 85)
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6S1

175

180

185

190

195

200

205

210

21s

SUBROUTINE

MAD

411

413

414

415

CDC 6400 FTN V3.0- BPA OPT=]

IF(T2 LTe Q JORe T3 oLT. Q)TOP2=AMAX1(T2,T3)
TOPP(NSTeMST)=(ENL#TOP1+EM*TOPZ) FAD

IF(TOP1 .LTs Q@ «OR., TOPZ2 LT, Q)TOPP(NSTyMST)=AMAX]1 (TOP1+TOP2)
GO 70 500

AD= EN+EM

IF (AD +EQ, 0,0) GO TO 401

CPINSToMST) = (EN*( (C2=C1) *ENC1)+EM® ((C4~CLl)®EM+Cl))/AD
TOPI=(T2-T1)#EN+T]

IFATL +LT. Q ,0Re T2 4LTe Q) TOP1I=AMAX1(T1,T72)
TOP2=(T4=T1)8EMeT]

IF(TL JLTe Q ORe T4 oLTe Q)TOP2=AMAXI(T1sT4)
TOPPINSToMST) = (ENSTOP1+EMETOP2) /AD

IF(TOP]l «LTe Q «ORs TOPZ2 LT« Q)TOPP(NSTsMST)=AMAX1(TOP1+TORZ)
60 10 500

AD=EN+EM]

IF (AD +EQG. 0.0) GO TO 408

CPINSToyMST) = (EN®((C3=C4)*EN+C4) ¢EM]I® ((C4~-Cl)*EM¢Cl))/AD
TOPLI=(T3=T4)BEN+T4

IF(T3 LT, Q 4O0Re T4 oLTe Q)TOPI=AMAX]1(T3sT4)
TOP2=(T4=~T1)*EM+T1

IF(T1 LT, Q LOR. T4 oLTe Q)TOP2=AMAX]1(T19T4)

TOPP (NSTeMST) = (EN®TOPL+EMI#TOP2) /AD

IF(TOP] LT. Q OR, TOP2 .LT. Q)TOPP(NSTsMST) =AMAX]1 (TOP],»TOP2)
GO TO 500

AD=EN]+EM]

IF (AD +EQ. 0.0) GO TO 404

CPINSTeMST) = (EN1I®({C3=C4)PEN+C4) ¢EMI® ((C3=C2) *EM+CR))/AD
TOP1=(T3=-T4)®EN+T4

IF(T3 JL¥Tse Q@ JOR. T4 oLTe Q)TOPLI=AMAX1(T3sT4)
TOP2=(T3-T2)REMT2

IF(T2 oLTe @ +ORe T3 oLTe Q)TOP2=AMAX]1(T2+T3)

TOPP (NSTeMST) = (EN1I#TOP1+EM1#TOP2) /AD

IF{TOP] LTe Q «OR., TOP2 JLT. Q)TOPP(NSTyMST)=AMAX]1(TOP1,TOP2)
G0 TO S00

CONE=(C2-Cl)*EN+C!

CTWO=(C3-C4)RENSC4

CPINST¢MST) =(CTWO~CONE) #EM+CONE

TOP1=(T2-T1)“EN+T]

IF(TL otTe Q@ JORe T2 ot Te QITOPI=AMAXLI(T1oT2)
TOPZ2=(T3=T4)HEN+T4 .

IF(T3 LTe Q@ o0Re Téd oL Te Q)TOP2=AMAX1(T3T4)

TOPP (NSTeMST)=(TOP2=TOP 1) *EM+TOP]

IF(EM LT. «0001) GO TO 500

MODEL LISTING (28 of 85)
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09l

220

2es

230

235

240

245

250

255

SUBROUT INE

OGO

MAD

500

510

2000

520

CDC 6400 FTN V3,0~ BPA OPT=1 05/21/79

IF(TOP]1 +LT+ Q 4OR, TOP2 4LT. Q) TOPP(NST,MST)=AMAX1(TOP1,TOP2)
IF ((CP(NSTyMST)~CBACK(K)) +GTs 1.E=20) GO TO 510
CP(NSToMST) =CBACK (K)

THICKP{(NSTsMST) =0,

TOPP (NSTyMST) =0,

CONTINUE

DO 2000 NUM=)NIND

NST=NL INE (NUM)

MFST=MF (NUM)

MLST=ML (NUM)

DO 2000 MST=MFSTsMLST

DOTHK=TOPP (NSTyMST) ¢« THICKP (NST4MST) =DEPTH(NST»MST)
IF (DDTHK oLE. 0.) GO TO 2000

TOPP INSToMST) =DEPTH(NST ¢MST) =THICKP (NST9MST)
CONTINUE

SHIFT ARRAYS AND ADD MASS LOST BY DIFFUSION LIMITING IN AVESPT
T0 POINT OF MAXIMUM CONCENTRATION

CMAX=0,

Cl=20,

C2z0,

NCOR=1}

MCOR=1]

DO 550 NUM=1sNIND

NST=NL INE (NUM)

MFST=MF (NUM)

MLST=ML (NUM)

DO 550 MST=MFSTeMLST

CMAX=AMAX] (CMAX9CP (NSTyMST))

IF (CMAX  NE. CPINSTyMST)) GO TO 520

NCOR=NST

MCOR=MST

CONTINUE

IF(THICK(NSToMST) ,EQe 0.0 oANDs ICODE(NSTeMST) <NE., 2)Cl=Cle
1CBACK(K) ®"AREA®DEPTH(NST ¢MST)

IF(THICK(NSTeMST) . NEs 040)CL1=CleCINSToMSTI®THICK(NST MST)#
1AREA+CBACK (K) # (DEPTHINSToMST)=THICK(NSTsMST) ) #AREA

CINSTyMST) =CPINSTeMST)

VFALLD (NST¢MST oK) =VFALL (K)

THICK(NSToMST)Y=THICKP (NSTeMST)

IF(THICK(NSTsMST) L,EQs 0.0 +AND. ICODE(NSTsMST) .NE, 2)C2=C2+
1CBACK(K) #*AREA®DEPTH(NST ¢MST)

IF(THICKINSTeMST) NEe 040)C2=C2¢CINSToMST) ®THICK(NSTyMST) #

MODEL LISTING (29 of 85)
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L9l

260

265

270

275

230

285

290

295

300

SUBROUTINE MaD

550

555

610

611

612

630

CDC 6400 FTN V3,0~ BPA UPT=2) 05/21/79

1AREA+CBACK (K) # {(DEPTH(NST+MST) =THICK (NSTsMST) ) *AREA
DTOP ESTIMATES VARIATION OF CLOUD DEPTH DUE TO CONVECTION OVER
VARIABLE DEPTHS

CALL DINT(X(NSToMST) ¢Z(NSTeMST) +DD1sDEPTHsNMAX ¢ MMAX)
DTOP=(DD1=DEPTH(NSTsMST) ) #TORP(NST4MST) /0D1
TOP(NST¢MST) =TOPP (NST¢MST)=-DTOP

GONE=GONE+C1-C2

IF ({CMAX=CBACK(K)) .LT. 1.E=20) GO TO 555

ADD MASS LOST BY DIFFUSION LIMITING

C{(NCORyMCOR) =C (NCORyMCOR) +CM/ {THICK (NCORMCOR) #AREA)
GONE=GONE-CM

SETTLE SOLIDS....

DO 680 NUM=14NIND

NST=NLINE (NUM)

MFST=MF (NUM)

MLST=ML (NUM)

DO 680 MST=MFSTWMLST

IF (VFALLD(NST4MSTeK) +EQe 0,) GO TO 690

IF (ICOHES(K) .EQ. 0) GO Y0 610

IF(CINSTeMST) ,LE. 0,0000096) VFALLD(NSTsMSTeK)=0,0017
IF(CINSTeMST) .GT. 0.0000096 «ANDs CINSTsMST} .LE. 0.000115)
IVFALLD INSTsMST4K)=(,00713% (CINSTyMST)#2600000.)*%1,33333)/3064.8
IF(CINSToMST) ,GT. 0,000115) VFALLD(NSTeMSTyK)I=0.047
DIST=VFALLD (NSTeMST,K}®DTL

IF((CINSTyMST)~CBACK(K)) EQs. 0. oORs ICODE(NSTsMST) .GT. 1) GO
170 680

XS=0EPTH(NST sMST) ~TOP (NSToMST) ~THICK (NSTyMST)

IF (XS «GE, DIST) GO 7O 640

IF(XS +.GE. 0.) GO TO 612

IF (ABS(XS) +GT, THICK(NST4MST)) GO TO 630
FALOUT=ABS (XS) #C(NST4MST) *AREA

ACCUM (NSToMST) =ACCUM(NST 4MST) +FALOUT

THICKINST +MST) =THICK (NST+MST) =ABS (XS)

GO TO 611

IF(THICKA(NSTyMST) L T. (DIST=XS)) GO TO 630

FALOUT =(DIST-XS)*AREA #C(NSTeMST)

ACCUM(NST ¢MST)=ACCUM(NST yMST) ¢FALOUT
THICKINSTsMST) =THICK (NST4MST) = (DIST=XS)

TOP (NSToMST) =TOP (NST4MST) +DIST

GO TO 680

CONTINUE

ACCUM(NSToMST) =ACCUMINST oMST) ¢ THICK (NSToMST) #AREA #C(NSToM5T)

MODEL LISTING (30 of 85)
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29l

305

310

315

320

325

330

335

340

SUBROUT INE

a0

C
C

MAD CDC 6400 FTN V3.0~ BPA OPT=l

CINSTyMST)=CBACK(K)
TOP (NST ¢MST) =2DEPTH(NSTyMST)
THICK(NST4MST) =0,
GO TO 680
640 CONTINUE
TOP(NSTyMST) =TOP(NSTsMST) «DIST
680 CONTINUE
690 CONTINUE
IF ({TOP (NSToMST) +THICK (NSTsMST)) .GTo DEPTH(NSTIMST))
1TOP (NSTsMST) sDEPTH(NST +MST) ~THICK (NST+MST)

VERTICAL DIFFUSION,,.
DO 600 IDTL3 = 1s10
560 DO 600 NUM=1+NIND
NST=NL INE (NUM)
MFST=MF (NUM)
MLST =ML (NUM}
DO 600 MST=MFST,MLST
LF ({CINSToMST)-CBACK(K}) oL Ts 1.E=20) GO TO 600
IF (THICK(NSTsMST) LEQe. 0.) GO TO 600
OTHICK2THICK(NSTeMST)
OTOP=TOP (NSTeMST)
CALL VDIFCO(NSTeMST,0TOP+DCOsUsWsDEPTHsNMAX ¢ MMAXoNVL)
DINK=2,0#SQRT (DCO*DTL/10.0)
IF(TOP(NSToMST) +GT, 0.) TOP(NSTyMST)=TOP(NSTyMST)=DINK
IF(TOP(NSToMST) +LT. 0.) TOP(NSTIMST)=0.

0BOT=0TOP¢THICK(NSTyMST)

IF(OBOT +GT. DEPTH(NSTsMST)) OROT=DEPTHINSTsMST)

CALL VDIFCO(NST+MST+080TsDCOsUsWoDEPTHyNMAX sMMAX ¢ NVL )
DONK=2,0*SQRT (DCO4DTL/1040)

0BOT=0B0T+DONK

IF{OBOT «GT. DEPTH(NSToMST)) OBOT=DEPTH(NSTMST)
THICK(NST4MST)=0B0T=TOP (NSTyMST)

CINSToMST) =(CINSTIMST) *OTHICK*AREA+CBACK (K) #AREA® (THICK(NSTyMST) =
10THICK) )/ (AREA®THICK (NSTyMST))

600 CONTINUE

CHECK FLUID DILUTION

IF (K o«NEs NSP1) GO TO 698
CMAX2=0,

DO 696 NUM=1sNIND
NST=NLINE (NUM)

MODEL LISTING {31 of 85)
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345

350

35%

360

365

370

375

380

385

SUBROQUT INE

MAD

696

698
699

704

708
710

928
712

CDC 6400 FTN V3.0~ BPA OPT=]1 05/21/79

MFST=MF (NUM)

MLST=ML (NUM)

DO 696 MST=MFSTWMLST

IF(CINSTsMST) ,L,LT. CMAX2) GO TO 696

CMAX2=C(NSTsMST)

NSTSV=NST

MSTSV=MST

CONTINUE

IF { (CMAX2-CBACK(K)) L,LE. l1.E-30) GO TO 698

DR=CMAX2/CINIT

IF(DR .GT, DC(ITD)) GO TO 698

TO(ITD) =ETS

I1TD=1TDe1

CONTINUE

CHECK FOR MASS CONSERVATION

TNORM=0,

TACCUM=0,

GMASS=0,0

DO 704 NUM=]1,sNIND

NST=NL INE (NUM)

MFST=MF (NUM)

MLST=ML (NUM)

DO 704 MST=MFSTeMLST

TACCUM=TACCUM+ACCUM(NST4MST)
GMASS=GMASS+CBACK (K) “DEPTH(NSTsMST) *AREA

IF(THICK(NSTosMST) .EQe 0e0 oANDs ICODE(NSTsMST) oNE, 2) TNORM=
LTNORM+CBACK (K) ®AREA#DEPTH (NSTsMST)

IF(THICK(NST¢MST) NEe 040) TNORM=TNORM+C (NSToMST) 8THICK (NSTsMST})
1#AREA*CBACK (K) # (DEPTH(NSToMST) =THICK(NSTsMST) ) #AREA

IF(ETS «GT: DTL) TNORM=TNORM=GMASS+ (2. #P[*RB##3/3,) *CBACK (K)
IF(ETS +EQ. OTL) TNORM=TNORM=~GMASS

TRANS=0.

IF(NTCLD LLT. 1) GO TO 710

DO 708 I=14NTCLD

TRANS=TRANS + TMASS (1) ~TEMAS(])

TOTAL=TNORM+TRANS

IF(KEYMAX.NEL1)GO TO 928

WRITE(6+712) PARAM(K) oETSeTOTAL 9 TNORMy TRANS s TACCUM

CONTINUE

FORMAT(/////5X s 1 1HSUMMARY OF 9A10921H DISTRIBUTIONS AFTER »
1 F10e296H SEC. //5Xs34HTOTAL SUSPENDED MATERIAL (CUFT) = +614.5
2/5X 9 46HSUSPENDED MATERIAL IN LONG TERM GRID (CUFT) = +Gl4.5
3/5X s 44HSUSPENDED MATERIAL IN SMALL CLOUDS (CUFT) = 9Gl4,.5

MODEL LISTING (32 of 85)
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390

395

400

405

410

415

420

425

430

SUBROUTINE MAD

[sXgXe}

910

CDC 6400 FTN V3,0~ BPA OPT=)

4/5X942HTOTAL MATERIAL SETTLED TO BOTTOM (CUFT) = +Gl4.5
5//5X+5SHOUTPUT SUPPRESSED IN LOCATIONS WITH NO MATERIAL PRESENT )

IF{KEYMAX'NE+1)GO TO 910
IF{ABS(GONE) ,GT+ 1) WRITE(6+715) GONE
CONTINUE

057217719

715 FORMAT(/10XeG12.5+72H CUFT OF MATERIAL (CUMULATIVE) LOST BY PASSIN

719

900

720

722

770

772

780

782
725

16 THROUGH GRID BOUNDARIES )
IF ({«NOT.PRT) RETURN
IDTL = IDTL + 1}

PRINT RESULTS IF REQUESTED BY INPUT DATA
IF(TNORM LT, 1+0E=06) GO TO 725

CONTINUE

DO 720 M=1,sMMAX

DO 720 N=1,NMAX

FORMAT (// ¢ THVFALLDZsF14,6)

COUT(NoM) =C(NoM) =CBACK (K)

AAL (IDTLIN9M) = AAL(IDTLINsM) ¢ C(NyM)=CBACK(K)
IF(K «EQs NSP1) COUT(NyM)=COUT(NsM)/28,31602

IF (KEYMAX NE.1)GO 1O 722

CALL PRINTC(COUToNMAXsMMAX oPARAM(K) 9ETSe 14+ ICODE)
CONTINUE

DO 770 M=z=]1.MMAX

DO 770 N=1 .NMAX

AA3M = AMIN]L (AA3(IDTLsNeM) s TOP (NyM))
IFCAAS(IDTLINOM) «LTo0,00001) AAIM=TOP (NyM)
AAZ(IDTLINGM) = AA3M

COUT (NsM) =TOP (N oM)

IF (KEYMAX NE.1)6G0 TO 772

CALL PRINTC(COUTsNMAXsMMAXsPARAM(K) +ETSs391CODE)
CONTINVE

DO 780 M=z1,MMAX

DO 780 N=14NMAX

AA4M = AMAX] (AA4 CIDTLNsM) s THICK(NsM))

AAS (IDTLINIM) = AAGM

COUT (NsM) =THICK (N9 M)

1IF (KEYMAX NE.1160 TO 782

CALL PRINTC(COUT+NMAXo¢MMAX9sPARAM(K) yETSy 49 1CODE)
CONTINUE

IF (K +EQe. NSP1) GO TO 760
IF(TOTAL.GT.1,0E~06)G0O TO 1002

DO 1003 [DTL=IDTLs4

MODEL LISTING (33 of 85)
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G9l

435

440

445

450

455

SUBROUTINE MAD

1003

1002

730

732
760

980
805

990
815
890

CDC 6400 FTN V3,0~ BPA OPT=]

D0 1003 M=1sMMAX

DO 1003 N=]1.NMAX

AA2 (IDTL+NsM) =AA2(IDTLNsM) s ACCUM (N, M)

GO TO 73e

DO 730 M=1,MMAX

DO 730 N=]sNMaX

AAZ({IDTLsNoM) = AA2(IDTLsNsM) + ACCUM(NIM)
COUT(NyM) =ACCUM (N M)

IF (KEYMAX.NE.1) GO TO 732

CALL PRINTC(COUTsNMAXsMMAXsPARAM(K) s ETSs2,1CODE)

CONTINUE

CONTINUE

IF (NTCLD .EQ. 0) RETURN
WRITE(6+805) ETSsPARAM(K)
CUNTINUE

FORMAT (18H1 SMALL CLOUDS AT sF10.2+27H SECONDS ELAPSED TIME FOR

XeAl0s//

05721779

1 2Xo IHNe 7X9 IHX 9 13X o IHZ 9 1 1 X9 SHTMASS 99X 9 SHTSIDE 9 10X v 4HTTHK s 9X s 4HTTOP

2 )

WRITE(69815) (NeTX(N}) o TZ(N) 9 TMASS(N) 9 TSIDE (N} s TTHK (NI »TTOP(N) ¢

1VFALSC (NsK) sN=19NTCLD)
CONTINUE

FORMAT (1Xy12+1Xs7G16.4)
RETURN

END

MODEL LISTING (34 of 85)

16.53.32,

PAGE

11



991

10

15

20

25

30

SUBROUTINE TRNSPT

50

COC 6400 FTN V3,0- BPA OPTsl 05/21/79

SUBROUTINE TRNSPT  (Z2+XXsYYsUsWsDEPTH ICODE s NMAX s MMAX ¢ NVL)
DIMENSION DEPTH(31.+31)

DIMENSION ICODE(31,31)

DIMENSION U(31+31+2)eW (313142

COMMON/BAY/ DXoDTL 9 XBARGE ¢ ZBARGE yDXH9DXR s AREA
COMMON/POINT/ MSTeNST

N=ZZ*DXR+,5

MaXX®*DXR+,5

DETERMINE VELOCITIES

CALL VEL(XXsYY9ZZoUAsWAsUsWyDEPTHINMAX ¢ MMAX)
XXzXX=UA®DTL

2Z227-WA*DTL

NE=ZZ*DXRe*,5

ME=XX*DXRe+,5

CHECK THAT MARKER PARTICLE DOES NOT COME FROM QUT OF BOUNDS
IF(NE 6T, 0) GO 7O 1

NE=1]

22=FLOAT (NE) *DX

IF(NE oLE. NMAX) GO TO 2

NE=NMAX

ZZ=FLOAT (NE)*DX

IF(ME ,GT, 0) GO TO 3

ME=)

XX=FLOAT (ME) #DX

IF(ME .LE. MMAX) GO TO 4

MEsMMAX

XX=FLOAT (ME) *DX

CONTINUE

ITMP=1CODE (NE ¢ ME)

IF (ITMP (NE. 2} GO TO 50

2ZsFLOAT (N) #DX

XX=FLOAT (M) #DX

RETURN

END

MODEL LISTING (35 of 85)
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35

40

SUBROUT INE

[eXeRaXe]

AVESPT CDC 6400 FTN V3.0~ BPA OPT=1 05/21/79 16.53.32.

SUBROUTINE AVESPT(NesM9yCONCoTHKsXTOP s ISUMeJyCoTHICKs TOP» ICODE s NMAX
1 MMAXyDCENT sK)

ROUTINE TO AVERAGE CONCENTRATIONS IN A 5 POINT STAR PATTERN
DIFFUSION LIMITED FROM THOSE POINTS WITH CONCENTRATIONS LESS
THAN EPSLN, MASS LOST IN CONSEQUENCE IS ADUED IN ROUTINE
MAD TO POINT OF MAXIMUM CONCENTRATION,.

DIMENSION ICODE(31,431)

DIMENSION C(31¢31)4THICK(31+31)+TOP (31431}

COMMON/BAY/ DXsDTL+XBARGE » ZBARGE +DXHsDXR e AREA

COMMON/COR/ CMeCMAX

COMMON/LTCOF/ ALAMDASDIFsAKYO

COMMON/FLEE/ ITDsTD(6)+sDC(6)sCINIToCBACK(13)+CTRACE(600)
EPSLN=240E-05% (CMAX=CBACK(K))

COCEAN=0.

IF(NeLTal)IN=1

IF(MelLTel)M=]

IF {NoGT s NMAX) N=NMAX

IF (MeGT e MMAX ) M=MMAX

IF(ICODE (NyM)=2) 14243

CONC=0.,0

XTOP=0,

THK=0,

RETURN

CONC=CBACK (K}

XT0P=0,

THK=0,

GO TO 200

Cl=C(NoM)

T1=TOP (NyM)

THI=STHICK (NsM)

IF({C1-CBACK{K))+.GTs EFSLN) GO TO 7
CM=CM+ (C1~CBACK(K))#TH]1#AREA
C1=CBACK (K}

C(NsM) =CBACK(K)

TOP (NyM) =0,

THICK{(NsM) =0,

CONTINUE

C2=C(N=1sM)

T2=TOP (N=1,M)

THZ=THICK(N=14M}

IF((C2-CBACK(K)) +G6T. EPSLN) GO TO 9

MODEL LISTING (36 of 85)
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SUBROUT INE
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10

20

a4

30

40

CM=CM+ (C2-CBACKI(K) ) ®AREASTHICK (N=]eM)
C2=CBACK (K)

C(N=1¢M)=CBACK (K)

TOP (N=]1 M) =0,

THICK(N=]4M)=0,

CONT INUE

IF(ICODE(N=14M) JNE. 2) GO TO 10
c2=Cl

T2=T1

TH2=TH]

IF(ICODE (N=1¢M)  NE. 3) GO TO 20
C2=CBACK(K)

T2=T1

TH2=TH])

C3=C(N+]1oM)

T3zTOP(Ne]l M)

TH3=STHICK(Ne14M)

IF({C3-CBACKI(K)) +GT. EPSLN) GO TO 27
CM=CM+ (C3=CBACK{(K) )2 THICK(N+1+M) #*AREA
C3=CBACK(K)

C(N¢]1sM)=CBACK (K)

TOP (Ne]13sM) =0,

THICK(N+1yM) =0,

CONT INUE

IF(ICODE (N+1yM) o NE. 2) GO TO 30
C3=Cl

T3=T1

TH3=THI

IF(ICODE(N+1+M) NE, 3) GO TO 40
C3=CBACK (K)

T3=T1

TH3=THY

C4=C(NsMe])

T4xTOP (NoMel)

TH4=THICK (NsM+ 1)

IF({(C4~CBACK(K)) .GT. EPSLN) GO TO o7
CM=CMe (C4~CBACK(K) ) *THICK(NyM+]) ®AREA
C4=CBACK (K)

C(NsMe]1)=CBACK (K)

TOP(NyMe1)=0.

THICK(NysMel) =0,

MODEL LISTING (37 of 85)
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47 CONTINUE
IF{1CODE (NoM+1) .NE, 2) GO TO 50
C4=Cl
90 Te=T1
TH4=THI
50 IF(ICODE (NyMe¢l) o NE. 3) GO TO 60
C4=CBACK (K)
T4=T1
9S THa=TH]

60 CS=C(NyM=-1)
TS5=TOP (NyM=1)
THS=THICK (NeyM=-1)
100 IF((CS-CBACK(K)) oGT. EPSLN) GO TO 67
CM=CM+ (CS~CBACK(K) ) #THICK{NsM—1)*AREA
C5=CBACK (K)
C(NesM=1)=CBACK(K)
TOP (NeM=1)=0,
105 THICK (NsM=1)=0,
67 CONTINUE
IF (ICODE (NeyM=1) (NE, 2) GO TO 70
€5=C1
T5=T1
110 THS=TH]
70 IF(ICODE(NsM=1) JNE. 3) GO TO 80
C5=CBACK (K)
15=T1
THS=TH]
11% 80 CONTINUE

C SET THICKNESS AND TOP OF NEW ELEMENT TO AVERAGE UF CONTRIBUTING ELEMENTS
INUM=0
TOPSUM=0,
120 [IF(TH1.EGs 0.) GO TO 83
INUM=INUM+ ]
TOPSUM=TOPSUMT]
83 IF(TH2.EQ. 0¢) GO TO B4
INUM=INUM+ )
125 TOPSUM=TOPSUML T2
84 JF(TH3.,EQ. 0.) GO 70 86
INUM=INUM+ )}
TOPSUM=TOPSUM+T3
86 IF (TH4.EQ. 0.) GO TO 88

MODEL LISTING (38 of 85)
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130
88
135 92
C
140 C
145
190
150
200

SURROUTINE PFIX

1000

10

INUM=INUMe )

TOPSUM=TOPSUMS T4

IF(THS.£0. 0o) GO TO 92

INUMZ INUM+ ]

TOPSUM=TOPSUMe TS

IF (INUM (EQ. 0) GO TO 190
THKZAMAXL (THL o TH20 THI» THA» THS)
XTOP=TOPSUM/FLOAT ( INUM)

IF(XTOPoTHK +GTe DCENT) XTOP=DCENT~THK

S POINT AVERAGING FOLLOWS
CEFIx(CLl*THI®AREA*CBACK(K) #AREA® (THK=TH1) )/ (AREA®THK)
CEF2=(C2%TH2%AREA+CBACK (K} #AREA* (THK=TH2) } 7 (AREA® THK)
CEF3=(CI*THI®AREA+CRACK (K) ®*AREA® (THK=TH3) ) / (AREA# THK)
CEF 4= (CASTHAMAREA+CBACK (K) ®AREA® (THK=TH4) )/ (AREA® THK)
CEF52 (CS5*THS®AREA*CBACK (K) #AREA® (THK=THS) ) / (AREA®THK)
CONC=CEF1-DIF % (4, *CEF1=(CEF2+CEF3+CEF4+CEFS))
60 10 200
CONT INUE

CONC=CBACK (K)
THK=0,
XToP=0,

ISUM=zISUMe 2088
RETURN
END

cOC 6400 FTN V3.0~ BPA OPT=1 05/21/79 17.06404.

NE PFIX(P,IBsLTIAWSYM)
RSS??SE‘;OEPLACE ALPHAMERIC CHARACTER INTO PROPER PRINT
POSITION IN ARRAY P
DIMENSION RUF (5)+P (2400}
185=18/5

zL[A+1BG¢] .

L52C055(5010000P(L19)) BUF NON=ANS]

FORMAT (5A1)

IRES=18-5°]185+1

BUF (IRES) =SYM ;

E:CODE(5'10009P(LIB)) BUF NON-ANS I

RE TURN

END

MODEL LISTING (39 of 85)
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SUBROUTINE PRINTC

COC 6400 FTN V3,0~ BPA UPT=1

SUBROUTINE PRINTC(OUTeNMXeMMX9PARAMGET L BL» 1CODE)D

DIMENSION QUT(31+31)

OIMENSION ICODE(31,31)

DIMENSION IPR(128)NUM(10)

DATA IBsLNDsISEAsIPLUSI00T /1H o1HL#1HOsIH+ 9 1H./

DATA NUM(1) ¢NUM(2} yNUM(3) sNUM(4) s NUM(5) 9y NUM(6) ¢ NUM(T7) 9y NUM(8B) »
1 NUM{G) 9NUM(10) /2HO91H1e1H241H3 9o 1H49»1H592H69 1HT 5 1HBs 1H9/

SCALE ARRAY FOR OPTIMUM PRINTOUT
NMAX = NMX
PMAX=0,
DO S0 M=]1yMMX
DO S0 N=1ysNMX

50 PMAX=AMAX] (PMAXsOUT (NyM))
P10=1.
1P10=1
IF (PMAX +GT,. 0,) IP10=ALOG10(PMAX)
IF(IPLI0 4GE. 3) P10=10.%#4(IP10~2)
IFUIP10 LT, 0) P10=10."*(1P10~1)
DO 60 M=1,MMX
DO 60 N=1sNMX

60 OQUT(NsM)=OUT(NyM) /P10

GO TO (1505200+25043005350+4005450) 4LBL
150 WRITE(6+155) PARAMJET
155 FORMAT (19H1CONCENTRATIONS OF +A10+29H (VOLUME RATIO) IN THE CLOUD
1y F10.24194 SECONDS AFTER DUMP )
60 TO 500
200 WRITE(6+215) PARAM,ET
215 FORMAT (24H1BOTTOM ACCUMULATION OF »A10,20H (CUFT/GRID SQUARE)
1+ F10.2+419H SECONDS AFTER DUMP )
GO TO 500
250 WRITE(64255) PARAMET
255 FORMAT(20HIPOSITION OF TOP OF sAl0s28H CLOUD (FEET BELOW SURFACE)
1y F10.2+19H SECONDS AFTER DUMP )
60 TO 500
300 WRITE(6+5305) PARAM,ET
305 FORMAT(14HLTHICKNESS OF +A10s14H CLOUD (FEET)
1y F10.2+419H SECONDS AFTER DUMP )
GO TO 500
350 WRITE (6+355) PARAM,ET
355 FORMAT(19H1THICKNESS (FT) OF +A10s24H ACCUMULATED ON BOTTOM,
1» F10.2+19H SECONDS AFTER DUMP )

MODEL LISTING (40 of 85)
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SUBROUTINE PRINTC CDC 6400 FTN V3.0~ BPA OPT=1 05/21/79 16453.32.

GO TO 500

400 WRITE(6+405) ET

405 FORMAT (59H1TOTAL ACCUMULATED SOLID VOLUME ON BOTTOM (CUFT/GRID SQR
1)e oF10,2¢19H SECONDS AFTER DUMP )
60 TO 500

450 WRITE(69455)ET

455 FORMAT (4BHITOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM, o
1F10+29194 SECONDS AFTER DUMP )

500 CONTINUE
WRITE(6+505) P10

S05 FORMAT (33H ¢4 MULTIPLY DISPLAYED VALUES BY +G11.4495X960H(LEGEND oo
1l ¢« = ,LT. .01 o = oLTe 0001 0 = «.Ts ,000001))

SET UP PAGE DIVISIONS FOR PRINTING OF ARRAY
NCP=NMX/32+1
IF ((NCP=1)%32 ,EQ. NMAX) NCP=NCP~]
IN2=0
DO 1000 IP=19sNCP
IN1=IN2+]
IN2=IN2+¢32
IF (NMX LT, IN2) IN2=NMX
WRITE(6+605) (NeN=IN1ysIN2)
605 FORMAT (2XeSHM N= +12+3114)

DO 100 M=14MMX
DU 10 I=1.128
10 IPR(I)=18
DO 1 N=IN1yIN2
J=44N
L=0UT (NyM) +,5
IF CICODE (NyM) LEQs 2) GO TO 2
IF (ICODE (NsM) LEQ. 3) GO TO 7
IF (L.GE. 1000) GO TO 6
IF (L .GE, 100) GO TO 3
IF (L +GE. 10) GO TO 4
IF (OUT(NsM) +GE+ 1.) GO TO 30
IF (QUT (NsM) oLT. 1.0E-06) GO TO 25
IF(OUT(NsM) .LT. .0001) GO TO 18
IF (OUT (NsM) oLTs +01) GO TO 8
IF (OUT(NsM) oLTe o1) GO TO 20
IPR (J=2) =100T
N1=10,%0UT (NyM)
IPR (J=1) =NUM(N1+1)

MODEL LISTING (41 of 85)

PAGE



eLL

S0

95

100

105

120

125

SUBROUTINE PRINTC

30

25
20

N2=100,%0UT(NyM)=10,2FLOAT(N])
IPR{J) =NUM(N2+1)

GO T0 1

LF=0UT (NsM)
LL=10.%(QUT (N MI=FLOAT(LF))
IPR(J) =NUM(LL +1)

IPR(J=1)=1007
IPR(J=2)=NUM(LF+1)
GO T0 1

IPR(J) =NUM(L 1)

G0 TO 1
IPR(J=2)=1DOT
IPR{J=1)=NUM(1])
N2=100.,%0UT (NsM)
IPR (J) =NUM(N2+ 1)
GO 70 1

IPR(J)=LND
IPR(J=1)=LND
IPR(J=2)=LND
IPR(J=3)=LND

60 T0 1

IPR(J) =1SEA
IPR(J=1)=1SEA
IPR(J=2)=1SEA
IPR{J=3)=]SEA

GO T0 1

N1=L/3000"°
IPR(J=3)=NUM(NY+1)
N1=L=-1000+N1]
N2=N1/100
IPR(J=2)=NUM(N2+1)
N2=N1=100%N2
N3=N2/10

IPR{J=1) =NUM(N3+])
N1=N2-10%N3
IPR(J)=NUM(N]1+1)
GO 70 1

N1=L /100
IPR(J=2)=NUM(N]1+]1}
Ni=L=-100%#N]
N2=N1/10

CDC 6400 FTN V3,0~ BPA 0PT=])

MODEL LISTING (42 of 85)
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SUBROUT INE

130

135

140

145

150

10

15

PRINTC

IPR(J=1)=NUM(N2¢+1)
N1=N1=10#N2
IPR(J)=NUM(N1+])
GO T0 1

Nl=zL/10
IPR(J=1)=NUM({N]1+1)
NlasL=10%N}
IPR(J)=NUM(N1e¢1)
GO T0 1

IPR(J) =1IPLUS

GO 10 1
IPR(J)=1DOT
CONTINUE
WRITE(6+205) M, IPR
FORMAT (/ 1X 91391Xel128A1)
CONTINUE

IF(IP LT, NCP) WRITE(6,705)
FORMAT (1H1//)

CONT INUE

RETURN

END

SUBROUTINE DINT

OO0

CDC 6400 FTN V3.0~ BPA OPT=]

COC 6400 FTN V3.0~ BPA OPT=]

SUBROUTINE DINT(XDsZ2DsOEPIDEPTHyNMAXsMMAX)
ROUTINE TO INTERPOLATE ON DEPTH GRID FOR DEPTH AT AN ARBITRARY

POINT IN THE ESTUARY

GIVEN POSITION (XDsZD) IN ESTUARY COORDINATESS

DIMENSION DEPTH(31+31)

COMMON/BAY/ DXsDTL+«XBARGE » ZBARGE 9 DXHeDXRy AREA

IN=ZD*OXR

XMz XD*0XR

N=ZN+,0001}

M=XMe¢,0001
ENzZN=FLOAT (N)
EMz=XM=FLOAT (M)

IF(EN .LT. .0001) EN=0.
IF(EM LT, .0001) EM=0.

D1=DEPTH (NoM) ¢EN# (DEPTH (N+14M) =DEPTH(NyM))
D2=DEPTH(NyM+ 1) *EN#* (DEPTH{(Ne19sM+ 1) ~DEPTH(NysM*1))

DEP=D1+EM® (D2-D1)
RETURN
END

MODEL LISTING (43 of 85)
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05721779
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SUBROUT INE

VOIFCcO
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20
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SUBRUUTINE VOIFCO(NeMsYYsAKYsUsWeDEPTHyNMAX 9MMAX s NVL)
ROUTINE TO CUMPUTE VERTICAL DIFFUSION COEFFICIENTS
DIMENSION DEPTH(31,31)

DIMENSION U(31931+2)9W(31931+2)

COMMON/BAY/ DX+sDTL s XBARGE s ZBARGE 9 DXHsDXRy AREA
COMMON/GPI/ Gl.P1

COMMON/LTCOF/ ALAMDAZDIFyAKYO

COMMON/AMB/ NROASIYs»Y(10) yROA{10) sH

DETERMINE DENSITY AND VELOCITY GRADIENTS

IF (NeGT «NMAX) N=NMAX

IF (MoGToMMAX) M=MMAX

1Y=0

1Y=1vs]

IF(YY «GEs Y(IY) +AND. YY LE. Y(IY+l)) GO TO 20
GO TO 10

RHO=ROA(]Y)+ (ROA(IY*]1)=ROA(IYN) #(YY=Y(IY)) /(Y (IY+1)}=Y(IY))

DENGRA=(ROA(IY4+1)=ROA(IY))/Z(Y(IYel)=Y(IY)})
Yl=YYe+l,

Y2=YY=}, .

XX=FLOAT (M) #DX

ZZ=FLOAT (N) *DX

CALL VEL(XX9Y19ZZsUALIWALsUsWsDEPTHeNMAX+MMAX)
CALL VEL (XXsY24ZZ2UA29WARsUsWeDEPTHyNMAXyMMAX)
VELGRA=SQRT { (UA2~UAL) ##2 + (WA2=WA]l)*®#2)/2,
IF(VELGRA NE, 0o} GO TO 40

USE PRITCHARD DEFINITION OF RICHARDSON NO,
CALL VEL(XX9049ZZ9sUAYsWALoUsWeDEPTHINMAXsMMAX)
VELGRA=0.7#SQRT (UA1#%2 « WAL442) /DEPTH(NM)
DETERMINE RICHARDSON NO,.

IF (VELGRA “NE., 0.) GO TO 40

AKY=0,

IF(DENGRALLT.1.0E~20) AKY=AKYO

RETURN

RI=G*DENGRA/ (RHO®VELGRA®82)

CHECK 8OUNDS

IF(RI +LT. 0.) RI=D,

IF(RI +GTs 3¢999999) RI=34999999

COMPUTE DIFFUSION COEFFICIENT
AKYZAKYQ# (] .=,25%R])

RETURN

END

MODEL LISTING (44 of 85)
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SUBROUTINE DER
C
C
15
c
30
40
50
c
100
C
c
C

Ivo CDC 6400 FTN V3,0~ BPA OPTxl 05/21/79

SUBROUTINE DERIVD(EsUsWeDEPTHeNMAX s MMAX }

o2« CALLED FROM DUMP VIA RUNGSesss

DIMENSION E(22)

DIMENSION DEPTH(31,31)

COMMUN/DPASS/ NPASS MPASS

COMMON/DIMEN/ NSsNSP1eNVLNSC

COMMON /A7 EP(22)

DIMENSION U(3143192)eW(3103142)

COMMON/BAY/ DXsDTL yXBARGE y ZBARGE 9yDXHs DXRy AREA

COMMON/AMB/  NROAGIY9Y(10)sROA(10) oH

COMMON/PIECES/ PARAM(13)9ROAS(13)+CS(13)sVFALL{13)sVOIDS(13)+BVOID
191COHES (12) o+ VFALLC{13) ¢ VFALSC(20413) s VFALLD(31+31913)
COMMON/GUIDE1/ TOUMPsTSTOPISTEPy IPLUNGyNUTRLeNTRIALILEAVE

1 KEY1+KEY2,KEY?

COMMON/GPI/ GsPIsRA

COMMON/STCOEF/ ALPHAsALPHAD+ALPHACYBETA+CDRAGICFRICCD9CD1oCDR2
1o CO3+CO%sCMIDINCRIIDINCR2YFRICTN9GAMASF 1

COMMON/COL/ AQ+IBEDWFBED

IF(E(2) «GE.0.) GO TO 30

WRITE (6+15)

FORMAT(1X «SIHDEPTH Y LT 0==-CHANGE INPUT DATA TO ENSURE DESCENT)
CALL EXIT

SET 1Y SO THAT CLOUD DEPTH E(2) 1S BRACKETED BY Y(IY) AND Y(IYel)
IF(E(2) o+LEe Y(IYel)) GO TO 40

1Y=]Ye])

GO TO 30

IFCE(21=Y(IY)) 5091000100

Ivy=1Y=]1

60 10 30

INTERPOLATE FOR AMBIENT DENSITY AT DEPTH OF CENTROID OF CLOUDess
ROAAZROA(IY) ¢ (E(2)=Y(IY))*(ROA(IY*1)=ROALIV))I/(Y(IYel)=Y(IY))
CE=(ROACIY+1)=ROACIYNIZ(Y(IYel) =Y (1Y)

VOLUME=(E (&) +E(8)) /ROA(])

ROO=E (4) /VOLUME

IF (ROO +LEe. ROAA) NUTRL=1

B=(1.5%*VOLUME/PI)##,333333

DETERMINE HORIZONTAL VELOCITIES AT CLOUD
XXz=XBARGE+E (1)

2Z=7BARGE ¢E (3)

CALL VEL(XX9E(2)9ZZ+UAsWA9UyWIDEPTHINPASS»MPASS)

MODEL LISTING (45 of 85)
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SUBROUTINE DERIVD

CDC 6400 FTN V3,0- BPA OPT=]1 05/21/79

IF(E(9)) 11091105120

110 ALPHA=ALPHAOD

G0 10 200

120 ALPHA=ALPHAO®SQRT ( TANH ((G#VOLUME® (ROO-ROAA)/ (2.%P1 ®,16*R00%

200

220

230
240

250

*

E(Q)#a2aALPHAQ) ) 2#42))

MAIN COMPUTATIONS

CHMMASS=CM*#E (4)

UU=E (5) /CMMASS

VV=E (6) /CMMASS

WW=E (T} /CMMASS

PHI=SQRT ((UU=UA) 222+ VVHB24 (WW=-WA) #82)
ENTRAINED VOLUME [Sees

ENTRV=2,%P] ¢Be#«24ALPHA*PHI

EP(1)=UU

EP(2)=VV

EP(3) =Ww

EP (4)=ENTRV#ROAA

DRAG=CD#ROAA SP1 ¢Be#u2uPHI®,5
EP(5) =ENTRV#ROAAYUA =DRAGY (UU=UA) #,5
EP(6)=VOLUME #(RO0-ROAA)#G=-DRAG®VV
EP(T)=ENTRVA*ROAACWA~DRAG® (WW=WA) ¢,5
EP(8)=ENTRV#(ROA(1)~KOAA)
EP(9)==3,48%824G9CE/ROA(])

DO 250 K=1,4NS

ABSWS=ABS(VFALL (K))

IF (ABSWS-ABS(VV) 122042204230

IF FALL VEL« IS SMALLER THAN THE CONVECTIVE VEL. NO SETTLING OCCURS
BETAA=],

GO TO 240

BETAA=BETA

SETLV=PI#B##28ABS(VFALL (K))#({1.~BETAA) #E (K+9) /VOLUME
EP(4)=EP(4)=SETLVR(ROAS (K} )
EP(S)=EP(S5)=SETLY#* (ROAS (X))} #UU
EP(6)=EP(6)-SETLV#®* (ROAS(K))#yV
EP(T)=EP(T)=SETLV# (ROAS(K) ) #wWwW
EP(8)=EP(8)-SETLV#(ROA(1)=ROAS(K))
EP(K+9) ==SETLV

CONTINUE

RETURN

END

MODEL LISTING (46 of 85)
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SUBROUTINE

coL

10

20
25

APS CDC 6400 FTN V3.0~ BPA OPT=zl 05/21/79

SUBROUTINE COLAPS(SS+UsWeDEPTHoNS sNMAX 9 MMAX o NVL )

DIMENSION DEPTH(31,431)

OIMENSION U(3143142) eW(3193142)+5S(600412)

COMMON/AMB/  NROA» IYsY (10)9ROA(10) oH
COMMON/CLOUD/T(600) sCX(600) oCY(600) +CZ(600) +CULE00) 4CVI60D)

le Cw(600) +DENDIF (600) sBCL600) sAA(600) sFC(600) oVF
COMMON/PIECES/ PARAM{13) yKOAS(13)+CS(13) s VFALL(13)sVOIDS(13)+8BVOLD
19 ICOHES (12) o VFALLC (13) ¢VFALSC(20913) s VFALLD(31931913)
COMMON/GUIDEY/ TOUMP s TSTOP s ISTEP « IPLUNGyNUTRL ¢NTRIAL s ILEAVE s

1 KEY1sKEY2,KEY2

COMMON/COL/ AQ, IBEDLFBED

COMMON/COMP1/ E(22)

COMMON/GPI/ GosPIWRB

COMMON/STCOEF/ ALPHA+ALPHAO s ALPHACSBETA3CORAGYCFRICICDsCD1oCD2
Yo CO3¢CO49CMIDINCRYISDINCR2sFRICTNIGAMASF])

COMMON/LYCOF/ ALAMDA+DIF o AKYQ

COMMON/DTEESZ DT+DT1.DT2
COMMON/GP/IGCNs IGCL s IGLT» IPCNe IPCLy IPLT

COMMUN/USERDT/ KEY49DTIUsDT2U

COMMON/FLEE/Z ITOsTD(A) +DC(6) +CINITSCBACK(13)sCTRACE(600)
COMMON/HA/Z/AAY (493149310 9AA2(4431931) 9AA3(4931931)9AAG(4931031)
1 KEYMAX

DIMENSION SAVE (22) ,ACONC(12)

EXTERNAL DERIVC

DINCR=DINCR2

NSP1=NSe]

NTRIAL=0

{SAV=1STEP

IF(ISTEP .EQ., IBED) GO TO 10

eeeoHERE IF CLOUD HAS NOT ENCOUNTERED BOTTOMsaeo
E12(ROA(IY*1)=ROA(IY)D/(ROA(L)®(YLIY*+1)=Y(IY)))

EG=SART(E1*G)

Bl=(AA(ISTEP)#a3#,849EG21000,)¢#,42857
DT2=.001%(B1/AACISTEP) ) ®23/EGH, 1

DT=DT2

G0 TO 20

eseeHERE IF CLOUD 1S ON BOTTOMeses

DT=DT1

IF(KEYMAXJNEL11GO TO 24

WRITE (6425)

FORMAT (1H1+410X923HCOLLAPSE PHASE OF CLOUD ///10X+27THCOMPUTATIONAL
1 INDICATORS e s/SXs 6HNTRIAL 94X92HDT 96X s 6HIPLUNG2Xs SHNUTRL 92X ¢
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SUBROUTINE COLAPS

O

[aNeXe!

24

100

400
410

420

COC 6400 FTN V3.0~ BPA OPT=) 05/21/79

2 SHISTEP2X94HIBED#IXs6HILEAVE )
CONTINUE

IF(KEY4 LEQ. 1) DT=DT2V

NE=NS+10

SAVE STARTING VALUES IN E ARRAY...
DO 100 KK=1sNE

SAVE (KK) =E (KK)

eeesHERE TO BEGIN A TRIALes..

N0 410 KK=1+NE

E (KK) =SAVE (KK)

NTRIAL=NTRIAL+]

ISTEP=]SAV

VOLUME=(E (4) *E(B)) /ROA(])

ROO=E (4) /VOLUME

NUTRL=0

IPLUNG=0

IF (ISTEP LEQ. IBED ) IPLUNG=]

IF CLOUD HAS HIT BOTTOMs GO DIRECTLY TO BOTTOM
IF(ISTEP .EQ. IBED) GO TO 520

IF THIS IS FIRST TIME STEP IN COLAPS1+60 DIRECTLY TO RUNGS ROUTINE,
IF(ISTEP .EQ. [SAV) GO TO 460

eesoHERE TO BEGIN MAIN COMPUTATIONAL LOOP IN TIMEeess
eeseSAVE RESULTS OF PREVIOUS COMPUTATIONS.ees
CX(ISTEP) =E (1)

CY(ISTEP) =E(2)

CZ(ISTEP)=E (3}

VOLUME=(E (&) +E(8)) /ROAL(])

CMMASS=CM¥E (&)

E(9) IS SEMI-MAJOR AXIS

BC IS HORIZONTAL DIMENSION OF CLOUD

BC(ISTEP) =2, %E(9)

AA IS VERTICAL DIMENSION OF CLOUD

AACISTEP) =6, *VOLUME/ (P1#BC (ISTEP) #42)
CU(ISTEP) =E (5) /CMMASS

CV(ISTEP) =€ (6)/ (CMMASS®BC(ISTEP) ) #AA(ISTEP)
CW(ISTEP) =£ (7) /CMMASS

ROO=E (4) /VOLUME

ROAAZROA(IY) +(E(2) =Y (IY))#(ROACIY+1)=ROA(IV)IZ(Y(IY+1)=Y(IY))
DENDIF (ISTEP) = (ROO-ROAA) #,51545

SS SAVE SOLID CONCENTRATION FOR DIFFUSION

DO 430 K=1,NS

MODEL LISTING (48 of 85)
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SUBROUTINE COLAPS

ono

OO0

430

432

440

450

460

455

500

CDC 6400 FTIN V3,0~ BPA OPT=]

SS{ISTEPsK) =E (K+10) /VOLUME

FC(ISTEP)sVF/VOLUME

VINIT=? ,%P#RRe®*3/3,
CTRACE(ISTEP)=(CINITH#VINIT+ (VOLUME~VINIT) *CBACK (NSP1) ) /VOLUME
DR=CTRACE (ISTEP)/CINIT

IF(DR «GT. DC(ITD)) GO TO 432

TOCITD) =T LISTEP)

1TD=1T0+1

CONTINUE

IF (IPLUNG .EQ, 4) GO TO 440

IF((CY(ISTEP)+3,.4 AA(ISTEP)/Bes) +GEa H) IPLUNG=2

AKX = CHANGE OF B 8Y DIFFUSION

AKX=2,%ALAMDA® ( E(9))#2,333333

DBOT=,5% (RC(ISTEP) -BC(ISTEP=1)) /0T

eaesEXIT TESTSeeee

IF CLOUD TOUCHES FREE SURFACE o EXIT TO PRINTOUTS...
IF(CY(ISTEP)=AAUISTEP) LE+O0.) GO TO 570

IF(ISTEP LLE. ISAV+S5) GO TO 450

IF CHANGE OF CLOUD MAJOR AXIS 8Y DIFFUSION IS .GT., OR EQUAL TO
CHANGE IN MAJOR AXIS IN ONE TIME STEPe ATTEMPT EXIT TO BEGIN
LONG TERM DIFFUSIONeses

IF (AKX .GE. DBDTINUTRL=3

IF(NUTRL .EQ. 3) GO TO 550

IF CLOUD HIT BOTTOM WHILE COLLAPSING GO CALL BOTTOM]

IF (IPLUNG +EQ. 2) GO TO 500

IF(ISTEP .GE. 599) GO TO 550

VFALLC(NS+1)2VFALL (NS+1)

DO 455 K=z14NS

VFALLC(K) sVFALL (K)

IF (ICOHES (K) JEQe 0) GO TO 455

IF(SS(ISTEP«K) oLE. 0.0000096) VFALLC(K)=0,0017
IF(SS{ISTEP«K) +GT, 0.00000960 +AND. SS(ISTEPsK) +LEs 0.000115)
IVFALLC(K)=2(0,00713#(SS(ISTEPWK)#2600000.,)%+1.33333)/304,8
IF(SSUISTEP+K) 6T, 0.000115) VFALLC(K)=0.047

CONTINUE

CALL RUNGS (DERIVCeNEsUsWsDEPTHoNMAX s MMAX 9 NVL)

ISTEP=]ISTEP 1]

TCISTEP) =T (ISTEP=1) DT

GO TO 420

eeeoEND OF MAJOR LOOP.oss

ess sHERE TO COMPUTE COLLAPSE ON BOTTOM,...
1BED=]ISTEP

MODEL LISTING (49 of 85)
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165

SUBROUT INE

COLAPS CDC 6400 FIN V3.0~ BPA OPT=]1 05/21/79

DBT=E(10)%)6,/(PI# ,SRAA(ISTEP) #,25%RC(ISTEP) #422R00)

E(10)=ROO*PI% ,SHAA(ISTEP) #,25*BC(ISTEP) ##2

1 *(0BT+.666666T7#5*BC({ISTEP)RCVIISTEP)/ (JS5*AALISTEP})) /8,
520 CALL BOTTOM{(SS+UsWsDEPTHsNSyNEXTsNMAX s MMAX ¢ NVL)

GO TO (530+5409550) s NEXT
530 E(6)=CMPE(4)*CV(ISTEP)

F(2)=CY(ISTEP)

DBT=E(10)#8./(PI®AALISTER) #,252BC(ISTEP) #42¢#R00)

EC10)=R00%P1 #AA(ISTEP)#.50#8C(ISTEP)#429DRT/ 16,

ILEAVE=SISTEP

60 CALL RUNGS

60 TO 460
540 ISTEP=ISTEP-)
550 IF(KEYMAX,NE.1)160 TO 552

WRITE(6¢555) NTRIALsDT o IPLUNGsNUTRLISTEP»IBED» ILEAVE
555 FORMAT(S5X+149G12e49169417)
552 CONTINUE

IF(CISTEP=ISAV ) oLEe 100 +ORe (ISTEP=~JSAV ) GE. 399) 5609570
560 DT=DT*FLOAT (ISTEP~[SAV)“DINCR/250.

IF(NTRIAL .GE. 5) GO TO 570

RETURN FOR ANOTHER TRIAL

GO TO 400

see s HERE FOR PRINTOUT AFTER COMPUTATIONS COMPLETEDesse
S7T0 IF(IPCL.EQ.0) GO TO 600

WRITE(6+¢574)
574 FORMAT(//10X9y36HX AND Z MEASURED FROM BARGE POSITION )

WRITE(6+575)
575 FORMAT(/ 6Xs4HTIME4BXs 1HXe6Xs 1HY 96X 1HZ 99X s JHU26X9 1HVe5X e 1HW»

1 66Xy THDEN=DIF 46X e 2HAA 24X s 2HRC 48X 1 1HFLUID CONC. s 3Xo

’ 10MSOLID=VOL ¢ 92X+ 1 3BHCONCENTRATION)

NGRID=(ISTEP=1SAV ) /60

IF(NGRID 'oLTs 1)} NGRID=1

DO S99 JU=ISAV4ISTEPSNGRID

DO 580 K=1eNS
580 ACONC(K) =4, #PI%# ,5%AA(J) #,254BC(J)##28S5(JeK) /3,

WRITE(69585) T(J)sCX{J)sCY(J) sCZ(J)sCULJ) +CV(J) 2CW (J) +DENDIF (J)

19AA (D) 9BC(J) 9FC(J) yACONC (1) 9SS (Jel)
585 FORMAT( 1X92FiNe29FB8.295)1]1449F6e2¢FTe39F6421E12449FT42+Gl1l04s

’ AE12.4)

IFINS LEQ. 1) GO TO 599

DO 590 K=24NS
590 WRITE(69595)ACONC (K} 9SS (JeK)

MODEL LISTING (50 of 85)
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185

190

SUBROUTINE NORM

10

15

SUBROUT INE

COLAPS CDC 6400 FTN V3.0~ BPA OPTz1 05/21/79 17,07.05. PAGE

595
599

605
615
600

700

100

FORMAT (101X+2E1244)

CONTINUE

D0 615 K= «NS

IF CICOHES(K) .EQe 0) GO TO 615
WRITE(64605) PARAM(K) s VFALLC (K]
FORMAT (//+10Xs1THFALL VELOCITY OF +Al0»16H COMPUTED TO BE »F10.6)
CONTINUE

IF(IGCL.EQG.0) GO TO 700
ISTEP1=1STEP+]

TUISTEPL) =2.#T(ISTEP) =T (ISTEP=1)
AACISTEPL) =0,

CY(ISTEP1) =0,

BCCISTEP1) =0,

FCLISTEPL) =0,
CXCISTEPL) =24 oCX(ISTEP)Y=CX(ISTEP=1}
CZUISTEP)) =2.,%CZ (ISTEP})~CZ(ISTEP=})

CALL DRAW(TeToTeTeAAIBCIFCoCY s ISTEPL42v4)
CALL ODRAW(CXsToToToCZoToTsTH»ISTEPLs Se1l)
DI12=DT
RETURN
END
COC 6400 FTN V3,0~ BPA OPT=1 05/21/79 17.064040¢ PAGE

SUBROUTINE NORM{ABsNsC1eC2s AMXs AMN) ]
NaﬂaALIZéSEARRAY A WITH ARBITRARY MAX VALUE AMXs AND ARBITRARY
MIN VALUE AMN, INTD ARRAY B WITH MAX VALUE Cl AND MIN VALUE C2
DIMENSION A(600)+8(600)

CALL HANGE (AsNo AMX s AMN 9 JMX s JMN)

cc=Cl-C2

A= {AMX=-AMN) /CC

IF(XeEQoeDo) X=}o

Y= (C1*AMN=C2#AMX) /CC
271/ K

DO 100 J=1sN

B(J)=(A(N)=Y)*Z
CONTINUE

RETURN

END

MODEL LISTING (51 of 85)
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SUBROUTINE DERIVC CDC 6400 FTN V3,0~ BPA OPT=1 05/21/79

c
C
15
30
40
50
100
C
c
C
C

SUBROUTINE DERIVC(EsUsWeDEPTHeNMAX 9 MMAX)

evesCALLED FROM COLAPS)] VIA RUNGSeees

DIMENSION E(22)

DIMENSION DEPTH(31,31)

COMMON/DPASS/ NPASS.MPASS

COMMON /A/ EP(22)

COMMON/BAY/ DXsDTL e XBARGE +ZBARGE ¢ DXHeDXRy AREA

COMMON/AMB/ NROASIYsY(10)9ROA(10)9H

COMMON/PIECES/ PARAM(13)9ROAS(13)+CS(13)sVFALL(13)sVOIDS(13)+BVOID
Le ICOHES (12) o VFALLC (131 o VFALSC(20413) s VFALLD(31+31913)
COMMON/GPI/ GoP14RB

COMMON/STCOEF/ ALPHASALPHAQALPHACIBETAYCORAGICFRICsCDsCD1+CD2
1y CD39CD4sCMIDINCRLIIDINCRZYyFRICTNsGAMASF]

COMMON/COL/ AO0+IBEDYFBED

COMMON/GUIDE 1/ TDUMPTSTOPy ISTEP» IPLUNGeNUTRLeNTRIAL»ILEAVE Y
1 KEY1oKEY2+.KEY3

COMMON/DIMEN/ NSsNSP1eNVLeNSC

DIMENSION U(31+43192)sW(31931+2)

IF(E(2)+GEL0.) GO TO 30

WRITE(6415)

FORMAT( &4TH Y LT 0 == CHANGE INPUT DATA TO ENSURE DESCENT )
CALL EXIT

IF(E(2) oLE. Y{IY*1)) GO TO 40

IY=]Y+]

GO TO0 30

IF(E(2)=Y(1Y)) 50s1009100

1Y=1Y~1]

GO TO 30

ROAAZROA(I¥} ¢ (E{(2) =Y (1Y) )®(ROA(IY+1)=ROALIY))/Z(Y(IY+1)=Y(IY))
CE=(ROA(IY+1)}=ROACIV))/Z(Y(IY+1l)=Y(IY))

VOLUME=(E(4)+E(8)) /ROA(])

ROO=E (4) /VOLUME

A IS SEMIMINOR AXIS B IS SEMIMAJOR AXIS

B=E(9)

A3 BVOLUME/Z (4, %P #B##2)

ALPHA=ALPHAQ® (A/B) #a2

DETERMINE HORIZONTAL VELOCITIES AT CLOUD
XX=XBARGE+E (1)

Z2=IBARGE+F {3)

CALL VELU(XXsE(2)9ZZsUAsWAYUsWIDEPTHyNPASSyMPASS)

MODEL LISTING (52 of 85)
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SUBROUTINE DER

130

140

220

230
240

250

Ive COC 6400 FTN V3,0- BPA OPT=l 05/21/79

CMMASS=CM®E (4)

VU=E (5) /CMMASS

VVzE (6)/ (CMMASS®E) #A

WW=zE (7) /CMMASS

PHI=zSORT ((UU=YA) ##2eVVEB24 (WiWeWA) #E2)

CONTRIBUTION OF COLLAPSE TU THE TIP VELOCITY OF CLOUD
EP(9)=2E(10)#16,/(P] ®ARRR®24R00)

COMPUTE FLUID VOLUME ENTRAINED OVER SURFACE AREA OF OBLATE SPHEROID
Al=Bee2

A2=A1l

IF(B=A) 140+140+130

RT=SQRT (B##2~p0a2)

A2z 5% (ARR2%B/RT) ¢ALOG((B+RT)/ (B=RT))

ENTRV=2 ., 4P 1® (A1+A2) 9 (PHI®ALPHA *¢ALPHAC®EP(9))

MAIN COMPUTATIONS

EP(1)=UU

EP(2) =YV

EP(3)=wW

EP(4) =ENTRV®ROAA

DRAG=  P] ®"ROAA*PHI® .S

EP(5) =ENTRV#R0OAA2UA=DRAGH#A®#B® (UU~UA) #CD3

EP(6) =VOLUME® (ROO=RUAA) #G=DRAGRBE#24VVeCD4

EP(7)=ENTRV*ROAA®WA=DRAG*A*B® (WW~WA) #CD3

EP(B)=ENTRV#® (ROA(1)=ROAA)

EP(10)= P1 #(1,~GAMA®AQ/A) #CE®G#A®#388/16.,
~CDRAG®ROAAASBAEP (9) ¢ ABS(EP(9)) /4,
~CFRIC*ROAAQBER28ER (9) / (2,%A)

DV=ENTRV#ROAA

DO 250 K=1sNS

ABSWS=ABS (VFALLC (K))

IF (ABSWS-ABRS(VV)) 22042204230

IF FALL VEL. 1S SMALLER THAN THE CONVECTIVE VEL. NO SETTLING OCCURS

BETAA=1,

GO TO 240

RETAA=BETA

SETLV=P1#B222¢ABS (VFALLC(K) )2 (],-BETAA)*E (K+10) /VOLUME

EP(4)=EP (4)~=SETLV* (ROAS(K))

EP(5)=EP(5) =-SETLV® (ROAS (K) ) #UU

EP(6)2EP(6) =SETLY® (ROAS (K)) #vV

EP(T)=EP(T)~SETLV® (ROAS (K)) oWW

EP(8) =EP (8) =SETLV® (ROA (1) ~ROAS (K) )

EP(K*10)==SETLV

DV=DV~SETLV#ROAS (K)

ONT INUE

EONTRIBUTION OF ENTRAINMENT TO TIP VELOCITY OF CLOUD

EP(9)=EP(9) +DV#0.375/ (P1 #A®B#R00)

RETURN

END

. o
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SUBROUTINE 807
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TOM COC 6400 FTN V3.0~ BPA OPT=) 05/21/79

SUBROUTINE BOTTOM(SSsUsWeDEPTHoNSoNEXToaNMAX s MMAX 9 NV}

EXTERNAL DERIVR

DIMENSION DEPTH(31,3))

DIMENSION U(3193192)eW(3143142)+55(600+12)

COMMON/AMB/ NROA»IYsY(10)9oROA(L0) oH
COMMON/CLOUD/T(600) sCX(600) «CY(600)«LZ(600)+CU(600)sCVI(600)

1s CWI(600) oDENDIF (600) ¢yBC(600)92AA(600)+FC(600) 9 VF
COMMON/PTIECES/ PARAM(13)+yROAS(13)eCS(13) e VFALL(13)+VOIDS(13),8VOID
1o ICOHES (12) o VFALLC(13) o VFALSC(20+13) o VFALLD (324319413}
COMMON/GUIDEL/ TDUMPSTSTOP s ISTEPs IPLUNGeNUTRLoNTRIALy JLEAVE

1 KEY1sKEY24KEY]

COMMON/GPI/ G+PIsRR

COMMON/STCOEF/ ALPHAsALPHAO9ALPHACIBETAYCDRAGICFRICsCDoCD14+CD2
19 CO3¢CD4sCMyDINCRIsDINCRZsFRICTNIGAMASF ]

COMMON/LTCOF/ ALAMDAWDIFsAKYO

COMMUN/COMPY/ E(22)

COMMON/COL/ AN+ IBEDSFBED

COMMON/FLEE/ ITDsTD(6)4DC(6) 9sCINIToCBACK(13)9CTRACE(600)
COMMON/DTEFS/ 0OT+0T1+0T2

VFALLC(NS+1) =VFALL (NS+1)
DO 105 K=1,NS
VFALLCIK) =VFALL (K)

5 CONTINUE

NE=10+NS

NSP1=NS+]

VOLUME= (E(4) +E(8) ) /ROA(])

E(9) IS SEMIMAJOR aAX1S

BC(ISTEP}I=2.%E(9)

AALISTEP) #3.2VOLUME/ (2,%P1 #E(9)##2)

ROO=E {4) /VOLUMF

IF (ISTEP .NE. IBED)120,130

COMPUTE INITIAL BED REACTION FORCE ON PORTION OF HEMISPHERICAL
CLOUD THAT HAS =-PASSED THRU BOTTOM--

CONTINUE

RI=H=CY(IBED)+3.%E(9) /8.
VB=,3333334P[#R]%42% (3, %E (9} =R])
FBED=FBED+vB®G* (ROO-ROA (NROA) ) +CM*VBEROO*CV (IBED} /DT
G0 T0 170

eeseeSTART OF COMPUTATIONAL LOOPases

CXUISTEP) =E (1)
CY(ISTEP) =H-3,2AA(ISTEP) /8.
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SURROUTINE BOTTOM

CDC 6400 FTN V3.0~ BPA OPT=]

CZ(ISTEP)=E(3)
CMMASS=CME (&)
CUCISTEP) =E (5) /CMMASS
CV(ISTEP)=,75%16.%E(10) 7/ (PI®E(9) *#32R00)
CW(ISTEP)=E (7) /CMMASS
ROAAZROA(IY)* (F(2)=Y(IY))®(ROA(IY+]1})=ROA(IY))/Z(Y(IYel)=Y(IY)])
DENDIF (ISTEP) = (ROO-ROAA) #,51545
130 FBED=0.
DO 160 K=1sNS
IF (ABS(CV(ISTEP)) .GTs ABS(VFALLC(K))) GO TO 140
BETAA=],
GO 7O 150
140 BETAA=BETA
150 SS(ISTEPsK)=E(K+10)/VOLUME
IF (ICOMES(K) LEQ. 0) GO TO 155
IF(SS(ISTEPsK) «LE. 0.0000096) VFALLC(K)=0,0017
IF(SS(ISTEPsK) 4GT, 0.,00000960 +AND. SS(ISTEP+K) +LEe. 0.000115)
IVFALLC(K) =(0,007)13#(SS(ISTEPK) #2600000,)%%],33333)/304,8
IF(SS(ISTEPsK) +GT, 0,000115) VFALLC(K)=0.,047
155 FBED=FBED-PI*E (9) 4828 ABS (VFALL (K) ) *ROAS (K} #*SS(ISTEPK)
’ % (1.,-BETAA)®CV(ISTEP)
160 CONTINUE
IF(ISTEP .EQ. IBED) GO TO 110
FCUISTEP) =VF/VOLUME
VINIT=2,%P]%RBR#*#3/3,
CTRACE(ISTEP) = (CINIT#VINIT* (VOLUME=VINIT) #CBACK(NSP1))/VOLUME
DR=CTRACE (ISTEP) /CINIT
IF(DR .GT. DC(ITD)) GO TO 460
TOCITDY=T (1ISTEP)
1TD=1TDe1
460 CONTINUE
FBED=FHED+ .666666#P1 ®AA(ISTEP)®E(9) *e24 (RO0~ROAA) *G6
1 ~CM*(E(4)*CV(ISTEP)=E(6)*CV(ISTEP=1))/0T
AKX = CHANGE OF 8 BY DIFFUSION
AKX=2,*ALAMDA® ( E(9))#%,333333
IF(E(2) +GE. H) AKX=1.0ES50
DBDT=,5%*(RC(ISTYEP)=BC(ISTEP~1)) /DT
IF (AKX +GE. DBDT) NUTRL=3
STORE OLD MASS IN E(6)
170 E(6)=E(4)
IF(FBED +LTs 0.) IPLUNG=4
IF(NUTRL .NE. 3) GO TO 210
NEXT=3
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RETURN
210 IF{IPLUNG  NE, 4) GO TO 230
ILEAVE=ISTFP
S0 NEXT=1
RETURN
230 IF(ISTEP .LT. 599) GO TO 250
NEXT=2
RETURN
95 250 CALL RUNGS(DERIVBINE sUsWsDEPTHaNMAXsMMAX s NVL)
ISTEP=ISTEP+]
TCISTEP) =T (ISTEP=1140DT
GO T0 100
END

SUBROUTINE RANGE CDC 6400 FTN V3.0~ BPA OPT=1 05/21/79 17.,06.04, PAGE 1

SUBROUTINE RANGE (AsN9gAMX s AMN» JMX s UMN)
C GIVEN ARRAY A WITH N ELEMENTSs FIND MAX AND MIN VALUES AND
C CORRESPONDING INDICES
DIMENSION A(600)
S AMX=A (1)
JMX=1
AMN=A (1)
JMN=1]
00 160 J=2+N
10 IF(A(J) ,LT.AMX) GOTO SO
JMX=J
AMX=A(J)
50 CONTINUE
IF(A(J) «GT,AMN} GOTO 100
15 JMN=J
AMN=A (J)
100 CONT INUE
RETURN
END

MODEL LISTING (56 of 85)
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SUBROUTINE DERIVS
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COC 6400 FTN V3.0~ BPA OPT=l 05/21/7%

SUBROUTINE DERIVB(EsUsWeDEPTHINMAX s MMAX)

seesCALLED FROM BOTTOM VIA RUNGSesese

DIMENSION E(22)

DIMENSION DEPTH(31431)

DIMENSION U(31+431+2)eW(31031+2)

COMMON/DIMEN/ NSeNSP1eNVLINSC

COMMON/DPASS/ NPASSsMPASS

COMMON /A7 EP(22)

COMMON/BAY/ DX+DTL¢XBARGE +ZBARGE +DXHeDXRe AREA

COMMON/AMB/ NROA9IYsY(10)9ROA(10) 9H

COMMON/PIECES/ PARAM(13) +ROAS(13)+CS(13)eVFALL(13)sVOIDS(13)+BVOID
1+ ICOHES (12) o VFALLC(13) s VFALSC(20913) s VFALLD(31+31013)
COMMON/COL/ AQ4IBEDFBED

COMMON/GPI/ G4PIsRB

COMMON/STCOEF/ ALPHA+ALPHAQ+ALPHACYBETAyCORAGICFRICyCOsCD1sCD2
le CD3+CD49sCMeDINCR]I+DINCR24FRICTNeGAMAIF]

COMMON/GUIDELZ TDUMPoTSTOPISTEP s IPLUNGyNUTRLONTRIALsILEAVE
1 KEYLsKEY2.KEY3

COMMON/DTEES/ DTsDT1,DT2

IF(E(2) +GTe M) E(2)=H

IF(E12) +GE.0Q.) GO TO 30

WRITE(6+15)

FORMAT( &47H Y LT 0 == CHANGE INPUT DATA TO ENSURE DESCENT )
CALL EXIT

IF(E(2) oLEes Y(IYel)) GO TO 40

1Y=]Yel

GO0 TO 30

IF(E(2)=Y(1Y)) 5091004100

1vy=z]Y=]}

GO TO 30
ROAA=ZROA(IY)+(E(2)=Y(IY))#(ROA(IY*1)=ROA(IY))/Z(Y(IYel)=Y(1IY))
CE=(ROA(IY*1)=ROA(IYI)I/Z(Y(IYel)=Y(IY))
VOLUME=(E(4)+E (B)) /ROA(])

ROO=E (4) /VOLUME

A IS SEMIMINOR AXIS B 1S SEMIMAJOR AXIS

B=E(9)

A=3.#VOLUME/Z (2,%P]1 #B#«2)

DETERMINE HORIZONTAL VCLOCITIES AT CLOUD
XX=XBARGE+E (1)

22=2BARGE+E (])

CALL VEL(XXsE(2)9ZZyUAyWAIUsWeDEPTHyNPASSsMPASS)
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SUBROUTINE ODERIVSB

c

OoOOO000

120
130

140
150

160
170

180

CONTRIBUTION OF COLLAPSE TO TIP VELOCITY OF CLOUD
EP(9)=E£(10)1¢16,/(P] #A#8#42¢R00)

CMMASS=CM*E {4)

UU=E (5) /CMMASS

WW=E(7)/CMMASS

PHI=SQRT ( (UU=UA) =2 *(WWwWA) #E2)

PH=SQRT (UU#22eWWes2)

FOLLOWING STMTS ACCOUNT FOR UNIQUE NATURE OF BED FRICTION FORCE
WHICH ACTS TO OPPOSE MOTION BUT NOT TO CAUSE MOTION

TCOR MAKES FRICTION FORCE ACTING FOR TIME DT STOP CLOUD WHEN CLOUD
VELOCITY BECOMES SMALL ENOUGH. STMT 201 ACTS TO KEEP FRICTION FORCE
2ERO AS LONG AS CLOUD IS STATIONARY,

TCOR=1,

IF(FBED .EQ. 0.} GO TO 120

TCK=E (4) #PH/ (FBED#FRICTN)

IF(TCK +LT. DT) TCOR=TCK/DT

CONTINUE

IF(PH JLE. 0.001 ) 130+140

PH=0,

GO TO 150

PH=1,/PH

CONTINUE

COMPUTE FLUID VOLUME ENTRAINED OVER SURFACE OF HALF OBLATE SPHEROID
Al=Bae2

A2=Al

DETERMINE ENTRAINMENT COEFFICIENT AS FUNCTION OF RICHARDSON
NUMBER (REF, KOH AND FAN(1970)y P 56)

ALPHAB=04

IF(PH] LT, 1.0E-10) GO 7O 160

RI=G* {ROO~-ROAA) *A/ (ROAA#PH] ##2)

IF(RI 4LTe Os «ORe RI oGTe +85) GO TO 160

ALPHAB= o, 075%(2,/(1,4R1/.85)=1,)821,75

IF (B~A) 18041809170

RT=SQRY (B#a2~p422)

A2=,5% (ARH24B/RT)#ALOG((B*RT)/ (B=RT))

ENTRYV =PI#(A]1«A2) #ALPHAB®EP (9)

MAIN COMPUTATIONS

EP (1) =0V

EP{(2)=0.

EP(3)=wWW

EP (4)=ENTRVEROAA

DRAG= PI #ROAA®PHI*®,S

MODEL LISTING (58 of 85)
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220

230
240

250

EP(S) =ENTRV*ROAA®UA-DRAG®A*B* (UU~UA) *CD3%,.5~FBED*FRICTN*UU*PH
1 *TCOR

EP(6) =0,
EP(7)2ENTRVOROAACWA-DRAG®A#B* (WW-WA) ?CDI®* ,S~FBED*FRICTNO®WW&PH
1 #TCOR

EP(B8) =ENTRV* (ROA(]1)~-ROAA)

EP(10)= Pl #(1.~GAMA®AQ/A) #CE*GoAR3®R/]16,

0+ (ROO=ROAA) #GRARO2uEH (P]/4,=)4/3,)
[} ~CORAG*ROAA®A#BOEP (9) 4 ABS(EP(9)) /4,

’ ~CFRIC#ROAASB##20EP (9) / (24%A)

’ =F1% FBED*FRICTN/ (2.4P1)

DV=ENTRV*R0OAA

DO 250 K=z=)+NS

ABSWS=ABS (VFALLC(K))

IF (ABSWS~ABS(EP(2)))220+2204230

IF FALL VEL. IS SMALLER THAN THE CONVECTIVE VEL. NO SETTLING OCCURS
BETAA=].,

GO TO 240

RETAA=BETA
SETLV=PI*B*#24ABS(VFALLC(K))*(]1.,~BETAA)®E (K+10)/VOLUME
EP(4)=EP (4) -SETLV#* (ROAS(K))

EP(5) =EP (S)=SETLV* (ROAS (K)) #UU
EP(7)=EP(T)=SETLV#* (ROAS(K) ) #ww
EP(8)=EP(B)=SETLV*(ROA(])-ROAS(K))

EP(K+10 )==SETLV

DV=DV=SETLV®ROAS (K)

CONTINUE

CONTRIBUTION OF ENTRAINMENT TO TIP VELOCITY OF CLOUD
EP(9) ZEP (9) +DV® 0,75/(PI #A#B*R00)

RETURN

END
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2r1o

CDC 6400 FTN V3.0« BPA OPT=)

SUBROUTINE UW(ETSsUsWeNMAXsMMAX)

ROUTINE TO READ A SET OF 'VELOCITIES FROM TAPE.

ARE CONSTANT FOR ONE TIME STEP.DTL.
DIMENSION U(31+3192)9W(31931+2)
COMMON/D IMEN/ NSyNSP1sNVLeNSC

COMMON/BAY/ DX+DTL + XBARGE s ZRARGE sDXHe+DXR s AREA

THESE VELOCITIES

COMMON/GUIDEL/ TDUMP o TSTOP ISTEPs IPLUNGyNUTRLsNTRIAL ¢ ILEAVE

1 KEY1sKEY2¢KEY3

COMMON/VSPECS/ IFORMsDUL»DU2sUULIUUZsDW]1sDW2sWW1sWW2,DL190L2

INTEGER SKIP

IF(IFORM .EQe 4) RETURN
ICYCLE=ETS/90000.+1.

SK1IP=1

TTAPE RELATES TAPE TIME TO ELAPSED TIME
TTAPE=ETS+TOUMP
TSHIFT=FLOAT(ICYCLE~-1)#%90000.
TTAPE=TTAPE=-TSHIFT

IFINVL .6T. 1) GO TO 200

HERE FGR SINGLE LAYER

READ(T) Tuw

IF((TUW+,01) LY. 90000.) GO TO 70
REWIND 7

GO 10 S0

CONTINUE

IF (ABS(TUW=TTAPE) LLT. «01) SKIP=0
READ (7) ((U(NsMel) oN=1aNMAX) s M=1sMMAX)
1 «((W(NsMy1) o N=1eNMAX) s M=1yMMAX)
IF(SKIP .EQ. 1) GO TO 50

RETURN

HERE FOR MULTI-LAYER VELOCITIES
CONTINUE

READ (T} Tuw

IF((TUW+,01) .LT. 50000.) GO TO 270
REWIND 7

GO TO 250

CONTINUE

IF (ABS(TUW=TTAPE) ,LT. «01) SKIP=0
READ(T7) DL1.DL2

DO 280 L=1oNVL

READ (7) ((U(NyMsL)sN=1eNMAX) sM=1 4 MMAX)
1 s ((W(NgMyL ) gN=1¢NMAX) e M=19sMMAX)

280 CONTINUE

IF(SKIP +EQs 1) GO TO 250
RETURN
END

MODEL LISTING (60 of 85)
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SUBROUTINE VEL
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C

C
30

C

c

c
50
100

C

C
300

CDC 6400 FTN V3,0~ BPA OPT=] 05/21/79

SUBROUTINE VEL(XAIYASZAsUAIWASUIWIDEPTHINMAX s MMAX)
SUBROUTINE TO SUPPLY HORIZONTAL VELOCITY DATAs GIVEN XeYeZsT
DIMENSION DEPTH(31,3D)

COMMON/BAY/ DXsDTL+XRARGE +ZBARGE ¢+OXHeOXR9y AREA

COMMON/DIMEN/ NSeNSP]eNVL +NSC

COMMON/VSPECS/ IFORMsDUL9DU2sUULIUU29sDWLsDOW2sWW ]l oWW20DL10DL2
DIMENSION U(3193192)9W(31931+2)

DIMENSION UT(4) Wl (4)

IF(IFORM LEQ. 4) GO TO 500

XX=XA

22=2A

DETERMINE HORIZONTAL COORDINATES OF 4 POINTS SURROUNDING (XXsZZ) AND
WEIGHT FACTORS FOR INTERPOLATION

IN=2Z%DXR

XMz XX*DXR

N=ZN+,0001

MzXM+,0001}

EN=ZN=FLOAT (N)

EMzXM~FLOAT (M) )

IF(EN LT, «0001) EN=z0O,

IF(EM +LTs «0001) EM=0,

IF MORE THAN ONE LAYERs BRANCH

IF(IFORM ,£Q, 3) GO TO 300

HERE TO INTERPOLATE FOR VELOCITIES IN SINGLE LAYER
UALI=U(NsMy 1) ¢EN?(U(Ne1oMy])=U(NeMs1))
WALZW(NsMs 1) ¢EN® (W(NeLloMsl)=W(NsMol))
UA2=U(NsM+19 1) ¢EN# (U(NelyMels]1)=U(NoMels1l))

WA2=W (NgMe 1y ]) +ENF (W(NeL1gMe1y]1)=WINyM2]1s1))

UA=UAL+EM® (UA2-UAL)

WASWAL+EM® (WA2=-WAL)

IF USING LOG PROFILE CORRECT VELOCITIES AS APPROPRIATE..+IF NOTy RETURN
IF(IFORM .EQ., 1) GO TO 100

CALL DINT(XX9ZZ+DDoDEPTHyNMAX s MMAX)

COR=0.

IF(YA/DD .GTs .99) GO TO 50

CORT] e¢o476%(1,+ALOG((DD=YA)/DD) ) /DD**,666666

CONT INVE

UA=UA®COR

WA=WA*COR

RETURN

HERE FOR MULTI-LAYER VELOCITIES
CONTINUE
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SUBROUTINE VEL

320

340

360

380

500

510
520

550

CDC 6400 FTN V3.0~ BPA OPT=]

DO 380 I=ls4

NI=N

MI=M

IF(] +EQs 2 «O0Rs 1 LEQ, 3) NI=NI+}
IF(] +€Qs 3 «ORe I +EQ. 4) MI=MI+]
IF (DEPTH(NIsM]I) .LE., 0.,) GO TO 360
DD1=DLI#DEPTH(NIIM])
DD2=DL2*DEPTH (NI sM])

IF{YA .GT. DO1) GO TO 320
UT(E)=U(NIeMIy1)

WICI)=W(NIsMIy1)

GO TO 380

IF(YA .GT. DD2} GO TO 340
FRAC=(YA=DD1)7(DD2~-DD1)
UTC(E)2U(NToMIg1) ¢FRACH (UINIoMT42)-U(NIsMIs1))
WICE)=W(NToMIo 1} ¢FRACH# (W(NIsMI+2)=W(NIsMIs1}1}
GO YO 380
FRAC=(YA~DD2) 7 (DEPTH(N]IsM1)=-DD2)
UT(II=U(NTsMI42) +FRACH(04~U(NIsMIs2))
WICI)=W(NIsMI,2) ¢FRAC®(0e~W(NIWMIs2))
GO TO 2380

UI(i)i=o0.

witi)=0,

CONTINUE

UAL=UT (1) «EN® (UT (2)-UTI (1))
WAL=WI(1)+EN® (W] (2)=WI(]))
UAZ=UT(3) «EN® (UI (4)=UTI(3))

WAZ=WT (3) +EN# (W1 (4)-WI(3))
UA=UAL+EM® (UA2-UA])

WA=WAleEM® (WA2-WAL)

RETURN

seeHERE TO INTERPRET ~~QUICK LOOK== VELOCITY PROFILESsees
CONTINUE

IF(YA .LE, DUl) GO TO 510

IF(YA .GE. DU2) GO TO 520

UAzUUL« (UU2-UUL) # (YA~DU1) 7/ (DU2=-DU1)
GO TO S50

UA=UUL

G0 TO S50

CALL DINT(XAsZAsDDDEPTHINMAXsMMAX)
UA=UU2+ (0. ~UU2) # (YA-DUZ) /7 (DD=DUZ)
CONT INUE

IF(YA LE., DW1) GO TO S60

MODEL LISTING (62 of 85)
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cDC 6400 FTN V3.0- BPA OPT=l

IF(YA .GE. DW2) GO TO 570

WAZWW] e (WW2=-WW]1)® (YA~DW1) /7 (DW2~DW})
60 TO 600

WAZWW]

60 TO 600

CALL DINT(XA9ZA+DDsDEPTHoNMAXIMMAX)
WAZWW2e (0,~WW2) *(YA-DW2) /7 (DD~-DW2)
RETURN

END

SUBROUTINE RUNGS (DERIVEsNEsUsWeDsNMAX 9 MMAX ¢ NVL)

COMMON/COMP 1/ E(22)

COMMON /A/ EP(22)

COMMON/DTEES/ DT+0T14DT2

DIMENSION W1(22)9+W2(22) ¢+W3(22)eW4(22)+2(22)
DIMENSION D(31+43124sU(31931+2)0W(31,31+2)

CALL DERIVE(EsUsWoDsNMAXsMMAX)
DO 2 I=14NE

W1(D)=0T2EP(])

Z(IV=E(I)e WY(1)®0,5

CALL DERJVE(ZsUsWoDoNMAX sMMAX)
DO 3 I=1lyNE

W2(I)=DT*EP(])
2(I)=E(L)+W2(1)*0.5

CALL DERIVE (ZoUsWsDoNMAX 9 MMAX)
DO 4 I=1leNE

W3(I)=DT*EP(])

Z(D=zE(L)Y W31

CALL DERIVE(ZsUsWoDoNMAX s MMAX)
DO 7 I=lsNE

W4 (I)=DTeEP(])

EAI)=E(I) e (2.9 (W2C(1)eW3(1))eWl(1l)eWa(]))/6,
RETURN

END

MODEL LISTING (63 of 85)
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SUBROUTINE DRAW

o000

SUBROUTINE DRAW (X]9X29X39eXK4sY19Y29Y39Y4sNyIGyNCURV)

GRAPHING ROUTINE

X19X29X39XK4==INDEPENDENT VARIABLES
Y1leY24Y3eY4~~DEPENDENT VARJIABLES

N==NUMBER OF POINTS AVAILABLE FOR PLOTTING

DIMENSION X1(600)9X2(600) +X3(600)+4X4(600)sY1(600)+Y¥2(600)

1Y3(600)+Y4(600) X (600)
*Y(600) 9 YY(600)«SYM(4)sSIM(20)+P(2400)

DATA SIM/1IHYs 1HBy 1HC o 1HS s IHA9 IH1 9 JH2 9 IH3 9 [HG » JIHS o 1HG 9 IHT 9 1HBs LHT»

® IHX91HZolHer 1Ho s 1H# 9 1HO/

TF(NCURV.LTs1} RETURN

NX IS NUMBER OF LINES FOR INDEPENDENT VARIABLE
NY IS NUMBER OF COLUMNS FOR DEPENDENT VARIABLE
NX=50

NY=101

NSCALE=60

IN = N/NSCALE

IFC(INGLT41) IN=1

PLACE VARIABLES IN PLOT ARRAYS
J=0

DO 1 I=1eNsIN

JzJdel

X(J)=X1(1)

Y{Jr=Yli(I)

J=Jel

X{J)=X1(N)

Y(J)Y=Y1(N)

NN=J

IF(NCURV.EQ.1) GO TO 5
DO 2 I=s1eNsIN

J=Jdel

Xty =X2(1)

Y{J)y=yY2a(l)

NENDS!

X{(J)=X2 (N)

Y (J)=Y2 (N)
IF(NCURV.EQ.2) GO TO S
DO 3 I=1eNyIN

J oz Jel

X(J)=X3(1)

Y(J)=Y3(1)

J=del

MODEL LISTING (64 of 85)
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SUBROUTINE DRAW

X{J)=X3(N)

Y{Jr=¥3iN)

IF (NCURV,EQ.3) GO TO S5
DO 4 I=loNyIN

JeJel

XtJr=xXal])

YiJr=Ysll)

JaJel

X{J)=X4 (N)

Y(J)=YA(N)

CONTINUE

GO TO (10020+5046042000+1000+3000)+16

SYM(1)=SIM(1)

SYM(2)=2S1IM(2)

SYM(3)=SIM(1S)

SYM{4)=SIM(16)

CALL NORM(YoYYoNN9s1a90,9AMXY4AMNY)

NN]1=NNe])

CALL NORM(Y (NN1)9YY(NN1) oNN9o14s0s0s9 AMXB9sAMNB)
NN1=NN] ¢NN

CALL NORM(Y (NN1) oYY (NN1) sNNelo0o0os s AMXCoAMNC)
NN1=NN]1+NN

CALL NORM (Y(NN1)eYY(NN1)eNNoloOo0oyAMXSsAMNS)
WRITE(6+415) X (1) aX (NN} s AMKY s AMXB s AMXC o AMXS 9 AMNY ¢ AMNB 9 AMNC ¢ AMNS

CDC 6400 FTN V3,0~ BPA OPT=z)

057217179

1S FORMAT(1H1/////10X,59HPLOT OF CLOUD PATH AND RADIUS AS SEEN FROM P

4
)

Cc
10

C

20

10INT OF RELEASE ///10Xs45SHINDEPENDENT VARIABLE IS TIME (SEC) OVER

2RANGE +2X92G13.5///10X961HDEPENDENT VARIABLESs ALL NORMALIZED FOR P
ALOTTING ON UNIT AXIS//10Xe6HSYMAOL»13Xe1HY o1 7Xe1HBs15Xe 1HXe 15K 1HZ

4//710Ke JIHMAX PLOTTED¢3X9Gl2.593(6X9G12.5) 710X
Se 11HMIN PLOTTED#3X9Gl24593(6XeG1245) 710X

69 THREMARKS 98X ¢ SHDEPTH 13X9s 6HRADIUS»12Xs 12HHOR DIST(CX) 96X ¢ 12HHOR

TDISTACZ) )
CALL SPLOT(YYsXsPoJsNYoNXsNNy4sSYM)
RETURN

SYM{1)=51IM(5)

SYM(2)=SIM(2)

SYM(3)=SIM(3)

SYM(4)=SIM(]1)

CALL NORM (YsYYoNNyloo0os9AMXAIAMNA)

NN1=NN+]

CALL NORM (Y(NN1)»YY(NN]1)sNNol,e0osAMXBeAMNB)

MODEL LISTING (65 of 85)
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S0

95

100

105

110

115

120

125

130

NN1=NN1+NN
CALL NORM (Y(NN1) oYY (NN1)sNNyla9s0OossAMXCoAMNC)
NN1=NN1+NN
CAaLL NORM (Y(NN1) oYY (NNL1)9NNels 9049 AMXY9AMNY)
WRITE(6425) X (1) o+ X(NN) s AMXAsAMXBs AMXCo AMXY ¢ AMNA » AMNB 9 AMNC 9 AMNY

25 FORMAT(IHY///7/7/710X440HPLOT OF COLLAPSING CLOUD CHARACTERISTICS///
1+10XsIGHINDEPENDENT VARIABLE IS TIME OVER RANGE+2Xe2G13.5///710X,
2 60HDEPENDENT VARIABRLEs ALL NORMALIZED FOR PLOTTING ON UNIT AXIS//
3 10Xe6HSYMBOL 9 13X e 1HAS 1 TX91HBo 13X IHCo 13Xe IHY/10Xe 1 1HMAX PLOTTED
4 3X9Gl2.504Xe3(2X96125)1710Xe1IHMIN PLOTTED 93X 4G12:504Xe3(2XeGl2s5
S5)1/10Xs THREMARKS 98X ¢ GHVERT S1ZE+9X9s8HHOR SIZEy4X9e I SHCONCENTRATION
6 sIXs6HDEPTH )
CALL SPLOT(YYsX9PoJsNYsNXeNNedsSYM)
RETURN

50 DO Sl I=ls4
51 SYM(I)=SIM(I+5)
52 CALL RANGE (Yo JsAMXS s AMNS s JMX ¢ JMN)
WRITE(69500) X (1) eX(NN) s AMNS ¢ AMXS
CALL SPLOT( YeXsPsJaNYNXsNNeNCURV,ySYM)
S00 FORMAT(1H19///77+2Xs31HGRAPH OF WASTE CONCENTRATIONS /7
# 2Xs12HRANGE OF X +20X92G20.8¢/ 92X932HRANGE OF CONCENTRATIONS PL
10TTED s 2G20.8¢ B(/))
RETURN

60 DO 61 I=1,4
61 SYM(I)=SIM(1+9)
GO T0 52

1000 DO 1001 1=2+4
1001 SYM(I)=SIM(1+4)

SYM(1)=SIM(3)
60 T0O 52 .

3000 CONTINUE

0O 3001 I=1l+4

3001 SYM(1)=SIM(I+16)

60 70 52

2000 SYM(1)=SIMI(15)

CALL RANGE (YsJ e AMX s AMNy JMX 9 JMN)
IF(AMNLEQe 0+ s AND.AMX EQa Do) RETURN
WRITE (642001) X{1) X (NN)yAMN,AMX

2001 FORMAT(1H1+11(/)920Xs 1SHGRAPH OF X VS Z+//+2X910HRANGE OF X,

#2G2089/92Xs 10HRANGE OF Z+2G20,.8)

CALL SPLOT(YsXsPyJsNYINXsNNyNCURVISYM)
RETURN

END

MODEL LISTING (66 of 85)
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SUBROUTINE SPLOT CDC 6400 FTN V3,0~ BPA OPT=l 05/21/79 17.07.05.

(e N aNeNel

OO0

10

2000
2001
2002

50
60
70

SUBROUTINE SPLOT{BsAsPeNsLIMyNREPyNSYMySYM)

PRINTER PLOT ROUTINE

NSYM==NUMBER OF GRAPHS PLOTTED ON THIS FRAME

M==NUMBER OF SPACES DOWN THE PAGE

L==NUMBER OF SPACES ACROSS THE PAGE

DIMENSION A(600)+B{600)+sSYM(6) sP(2400)+Q(20)»H(10}

DATA Q/72045H=w==1/ NON=ANSI
DATA BLS/5H /

DATA EYE/)IMI/

SET GRAPH FIELD TO BLANKS

LOLD=L

LS=L/5

L=5#LS

LG=L5-1

MLz {Me]l)®(L5e])

DO 10 J=1,ML

P(J)=BLS

DETERMINE MAX AND MIN OF INDEPENDENT VARIABLE A AND DEPENDENT
VARIABLE B AND THE INCREMENT OF EACH CORRESPONDING TO ONE PRINTER
PRINT POSITION IN EACH DIRECTION

CALL RANGE (AsNo¢AMX g AMN g UMX 9 JMN)

CALL RANGE (BoeNsBMX9BMNs JMX s JMN)

Dlvs=S,

TF(AMX +GT. 100.) DIV=10.

TAMX=AMX/D1V
AMX=DIVEFLOAT (TAMX) DIV
DA= (AMX«AMN) /FLOAT (M)
DB= (BMX=BMN) /FLOAT (L)
WRITE(6+2000) AMX4AMNsDA
FORMAT(///777/+1Xe26HMAXsMINs INCo OF IND.VAR, *2/91X066G20.8)
WRITE(692001) BMX+BMNsDB
FORMAT(//+1X9e26HMAX9sMINy INCy OF DEP, VAR, +/91X96620,8)
WRITE(64+2002)
FORMAT (1H]1) )
DETERMINE AND PRINT TOP (DEPENDENT AXIS) LABEL AND LINE
JZA=0
IR0=0,
TESTAzAMX®AMN
TESTR=BMX*BMN
IF(TESTA)S0+60+60
JZAx=AMN/DA
IF(TESTB) 70¢90+90
1B==~BMN/DB

MODEL LISTING (67 of 85)
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S0

SPLOT

80
90

100

105

106
108

109
110

114
115

200

255

265

300

tLIA==L5S
00 80 JU=leM

LIA=LIA+LS

CALL PFIX(PsIBILIALEYE)
L10=L0LD/20+1

DB20=20.%DB

DO 100 J=1,L10

H{J) =BMN+FLOAT (J=1)42DB20
HMAX=ALOG10(ABS{H(L10)))+,0001
IF (HMAX LT. 0,) GO TO 106
IF (HMAX LGE, 1,) GO TO 109
WRITE(6+10%) (H(J)sJU=1,yL10)
FORMAT (14X sF3.195(17XeF3.1))
G0 TO 114
WRITE(62108) (H{J)ed=190L10)
FORMAT (14X +F6.495(14X9F644))
GO TO 114

WRITE(60110) (H{J)eJ=1sL 10)
FORMAT (12X 4F6.2¢S5(14X9F6.2))
WRITE(6+115 ) {(Q(J)sd=14+20)
FORMAT (15Xs 1H1420A5)

ENCODE PLOT POINTS
DO 200 J=14N

TA=(A(J)~AMN) /DA

LIA=LS*®1A

1B8=(B(J)~-BMN) /DB
JZZ=(J~1) /NREP

I1SYM=J27= (JZZ/NSYM) #NSYMe ]
CALL PFIX(PoIBsLIAISYM(ISYM))
CONTINUE

PRINY GRAPH

DO 300 J=leM

Ja=(J/101+#10

JLO=J#L5=-1LQ

JHI=JLO+LE

WRITE(69255) (P(K)sK=JLOsJHI)
FORMAT(15Xs1HI,20A5)

CDC 6400 FTN V3,0~ BPA OPT=1

IF(JeEQeJZA) WRITE(69265 } ZROs (Q(K)9K=1920)

FORMAT (1He+G13,.542X420A5)
IF{J@.NE.J) GO TO 300
DAJ=zAMN+DA#FLOAT (J)

WRITE (64265 ) DAJ (QUK) 2sK=1420)

CONTINUE
RETURN
END
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COC 6400 FTN V3,0~ BPA UPT=]l 05/21/79

SUBROUTINE BOOKS(K¢SSeTSIDEsTTHK e TTOP s TMASSeTXeTZoNS»DEPTHeACCUM
le UsWoNMAXoMMAXeNSCoNVL)

DUMP MODEL

BOOKKEEPING ROUTINE FOR MASS TRANSFER FROM SHORT TO LONG TERM
TAKEN ONE COMPONENT (INDEX K) AT A TIME

DIMENSION ACCUM(31431)9TSIDE(100) s TTHK(100)

1 TTOP(100) ¢ TMASS(100) 9 TX(100)T2(100)

DIMENSION U(31¢3192)eW(3103192)955(600s12)

DIMENSION DEPTH(31431)

COMMON/HAZAAY (6931931) 0AA2(4931931)9AA3(493]1931)sAAG({4+31+31),
1 KEYMAX

COMMON/NC/ NTCLD

COMMON/CLOUD/T (600) +CX(600) sCY(600)+CZ(600) sCU(600)+CV(600)
ley CWI(600)+DENDIF(600)9BC(600)+sAAL600) +FC(600)sVF
COMMON/PIECES/ PARAM(13)sROAS(13)+CS{13)sVFALL(13)4VvOIDS(13)+8VOID
1o ICOHES (12) o VFALLC(13) o VFALSC(20913) o VFALLD (31431913
COMMON/GUIDEL/ TOUMP o TSTOP+ ISTEP s IPLUNGeNUTRLYNTRIALy ILEAVE
1 KEY1oKEY2,KEY]

COMMON/BAY/ DX+DTL«XRARGE + ZBARGE +DXHsDXRs AREA

COMMON/COL/ ADCIBED'FBED

COMMON/LTCOF/ ALAMDA+DIF+AKYO

COMMON/SWITCH/ ITF

COMMON/GP1/ GsPIsRB

COMMON/FLEEZ ITDeTDI(6)sDC(6) +CINITICBACK(13)yCTRACE(600)
COMMON/ENTRAN/ TEMAS (100)+VOLSC(100)

NSP1=NSe]

DO 50 I=1+100

VOLSC(1)=0.0

TEMAS(1)=0,0

NTCLD=0

Cl=2.%P1/3,

NEWT=1

INCT=1STEP/10

INCT IS INCREMENT OF STEPS TO CHECK SHORT TERM

IF(K +EQ. NSP1) GO TO 300

CONTINUE

LAST=NEWT

NEWT=NEWT ¢ INCT

AT LAST STEP IN SHORT TERM SET TO CREATE FINAL CLOUD OF THIS
MATERTAL

IF (NEWT oGT. ISTEP) NEWT=ISTEP

MODEL LISTING (69 of 85)

17064040

PAGE



Loe

SUBROUTINE B0OKS

45

50

55

60

65

70

75

80

85

c
C
o
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(g X el

oo 2N ]

(g X o]

120

140

200

210

205

219

«soHERE TO CHECK IF SOLIDS HAVE LEFT CLOUD IN LATEST TIME INTERVAL
L IS INDICATOR OF CHANGE OF COMPUTATION PHASE DURING SHORT
TERM
vLOSS IS SOLID VOLUME LOSS FROM CLOUD
IF(TINEWT) JLE, T(ITF)) GO TO 120
IF(TALAST) 6T, T(ITF)) GO TO 140

BETWEEN CONVECTIVE DESCENT AND DYNAMIC COLLAPSE
vy= C12SS(LASTsK) #AA(LAST)#®3
VLOSS=VV=(25%C1#SS (NEWT oK) *AA(NEWT) #BC (NEWT ) #a2
L=2

GO TO 200

IN CONVECTIVE DESCENT PHASE
CONTINUE

VV=Cl4SS(LASTK) ¢AA(LAST) @43
VLOSS=VV=C1#SS(NEWT oK) *AA(NEWT) ##3
L=1

GO 10 200

IN DYNAMIC COLLAPSE PHASE

CONTINUE

VV=,25%C19SSILASTeK)#AA(LAST) ®BC(LAST) 242
VLOSS=VV=,258C]1 #SS (NEWT oK) *AA (NEWT) #BC (NEWT) #42

L=3

CONTINUE

AT FINAL SHORT TeRM TIME STEPs VOLUME OF NEW CLOUD IS ALL
REMAINING MATERIAL IN CLOUD

IF (NEWT .EQ. ISTEP) VLOSS=VV :
IF VOLUME LOSS FOR THIS TIME INTERVAL 1S ZERO, INCREMENT TO NEXT
TIME STEP

IF(NEWT .EQ. ISTEP) GO TO 210

IF (VLOSS .EQ. 0.)GO TO 100

IF¢(VLOSS/VV) .LT. 1,06~03) GO TO lo02

eesoHERE TO CREATE SOLIDS CLOUDS.see
NTCLD=NTCLD+]

IFANTCLD .LE. NSC) GO TO 219
WRITE(6+205)

FORMAT (//10X+38HSMALL CLOUDS ARRAYS FILLED...CALL EXIT /10X,
1 39HUSER SHOULD INCREASE INPUT VARIABLE NSC )

CALL EXIY

CONTINUE
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TMASS (NTCLD) =VLOSS
TTHICINTCLD) =VFALLC(K) * (T I(NEWT) =T (LAST))
IF (NEWT JEQe ISTEP)TTHK(NTCLD)=TTHK(NTCLD) +AA(ISTEP)
HORIZONTAL POSITION MEASUREMENT NOW TRANSLATED SO THAT IT IS W/R
TO ESTUARY COORDINATES
TXINTCLD) =CX(NEWT) « XBARGE
TZ(NTCLD) =CZ (NEWT) ¢ ZBARGE
CALL DINTUTX(NTCLO) o TZ(NTCLD) +DIsDEPTHsNMAXsMMAX)
GO TO(22002409240) L
220 TTOP(NTCLD)SCY(NEWT) +3,*AA(NEWT) /8,
IF (NEWT +EQ. ISTEP)TTOP(NTCLD)STTOP(NTCLD) =3.%AA(NEWT) /4,
GO TO 250
260 TTOPINTCLD)=CY(NEWT) +AA(NEWT) #,.5
IF(IBED «NE. 0 oANDs NEWT .GTe IBED +ANDe NEWT oLTo ILEAVE)
1 TTOP(NTCLO)=D3
IF(NEWT +EQs ISTEP)TTOP(NTCLD)=TTOP(NTCLD) =AA(NEWT)
250 CONTINUE
IFC(TTOP(NTCLD) ¢ TTHK(NTCLD)) +4GT. D3) TTOP(NTCLD}=zD3=TTHK(NTCLD)
TSIDE IS SIDE OF SQUARE WITH AREA EQUAL TO AREA OF CIRCULAR
SHORT TERM CLOUD
TSIDE(NTCLD)=0.886266%BC (NEWT)
VFALSC (NTCLDsK) =VFALL (K)
IF(ICOHES(K) LEQ.0) GO TO 251
SCONC=(TMASSINTCLD) /(TSIDE(NTCLD) #2280 TTHK(NTCLD) })*#2600000.
IF(SCONC JLEe 254) VFALSCINTCLDsK)=0,0017
IF(SCONC «GTe 25+ o+AND. SCONC JLE. 300.) VFALSCINTCLD
leK)2(0,00713#SCONC#%],33333)/7304,.8
IF (SCONC +GTe 300.) VFALSCI(NTCLDsK)=0.047
251 CONTINUE
IF (KEYMAX.NEL1)GO TO 500
253 WRITE(6425%) NTCLD«TINEWT) o TXI(NTCLD) o TZ(NTCLD) o TSIDE (NTCLD)
1oTTOPINTCLD) » TTHK(NTCLD) o TMASS(NTCLD) o TEMAS(NTCLD) +NEWT9LAST
500 CONTINUE ,
255 FORMAT (//1X+2THNEW CLOUD CREATEDs NTCLD = +15/3X96HT (SEC) 98X92HTX
1010X92HTZ 99X e SHTSINE 98X e 3HTOP s8X s 4HTTHK 98X 9 SHTMASS e 8X 9 SHTEMAS 98X s
24HNEWT o TX 9 4HLAST ¢/ 1X98G12e494Xs1496X914)
GO TO0 400

ee o HERE TO CREATE FINAL FLUID CLOUD...
300 NTCLO=NTCLD+1

NEWT=ISTEP

TX(NTCLD) =CX (ISTEP) ¢+ XBARGE

TZ(NTCLD)=CZ (ISTEP) «+ZBARGE
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C

340

350

400

2001

405

CALL DINT(TX(NTYCLD) s TZ(NTCLD) »D3sDEPTHsNMAX¢sMMAX)
TSIDE(NTCLD)=,886226%BC(ISTEP)

VINIT=C] #RB##3

IF(ISTEP +GT. ITF) GO TO 340
TTOP(NTCLD) =CY (ISTEP) =3, 2AA(ISTEP) /8.

TEMAS(NTCLD) = (CI1®AA(ISTEP) #43=-VINIT) *CBACK (NSP])

TMASS (NTCLD) =CINIT#VINIT+TEMAS (NTCLD)

60 TO 350

TTOP(NTCLO) =CY(ISTEP)~AA(ISTEP) ®.5

IF(IBED oNE. 0 «ANDs NEWT oGTe IBED +AND. NEWT oLT, ILEAVE)
1 TTOP(NTCLD) =D3~AA(ISTEP)

TEMAS(NTCLD) =(C1#2,%AA(ISTEP) #*BC(ISTEP) #42/8.0-VINIT) #CBACK(NSP])
TMASS (INTCLD) =CINIT#VINIT+TEMAS (NTCLD)

CONTINUE

TTHK(NTCLD) =TMASS(NTCLD)} 7/ (CTRACE(ISTEP) #TSIDE (NTCLD) #%2)
IF((TTOP(NTCLD) +TTHK{NTYCLD)) +GTs D3) TTOP(NTCLD)=D3=TTHKINTCLD)
GO TO 253

DELT=DTL ~T(NEWT)

IF(DELT.GE.0s) GO TO 402

WRITE(692001)

FORMAT(//%4H DTL «LT. SHORT TERM CALCULATIONS = ADJUST AND RERUN
y )

CALL EXIT

e «UPDATE LATEST CLOUD YO 1/2 HOUR AFTER DUMP

IF(K +EQ¢ NSP1) VOL=TTHK(NTCLD)®*TSIDE(NTCLD) ##2

pYOP=0,

CALL DINTITXUINTCLD) » TZ(NTCLD) sD1sDEPTHoNMAX s MMAX)

IF(TTOP (NTCLD) LEQ, D1)GO TO 410

OUQCONVECT. L]

DETERMINE HORIZONTAL VELOCITIES

YY=TTOP (NTCLD) ++45*TTHK(NTCLD)

CALL VELU(TX(NTCLD) oYY TZ(NTCLD) sUAsWAYUSWIDEPTHINMAX 9 MMAX)
TXANTCLD)=TX(NTCLD) ¢+UA®DELT

TZINTCLD)Y=TZ(NTCLD) +WA®DELT

CHECK FOR SMALL CLOUD PASSING OUT OF GRID BOUNDARY

NCHK=TZ (NTCLD) «DXR

MCHK=TX (NTCLD) #DXR

IFINCHK oLTe 1 «ORe NCHK oGTo NMAX ,O0R, MCHK oLTe 1 oOR, MCHK .GT,
1 MMAX) WRITE(64405)

FORMAT(/5Xs10)H===WARNING=~~=A SMALL CLOUD HAS PASSED OUT OF GRID B
10UNDARY IN SUBROUTINE BOOKS,,«ERRORS WILL OCCUR=== )

CALL DINTU(TX(NTCLD) s TZ(NTCLD) +D2+sDEPTHoNMAX s MMAX)
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1000
410

411

DTOP ESTIMATES VARIATION OF CLOUD DEPTH DUE TO CONVECTION OVER
VARYING DEPTHS

DTOP=(D1-D2)®TTOP (NTCLD) /D1

oeoeDIFUSE HORIZONTALLY 4ee

TSIDE(NTCLD)=TSIDE (NTCLD)*(144(1,3333339ALAMOA/TSIDE(NTCLD)®*
1 .666666) *DELT)**],5

eeeDIFUSE VERTICALLY 6o

DO 1000 IDELT=1e10

OTOP=TTOP (NTCLD)

MX=TX(NTCLD) #DXR*.5

NZ=TZ(NTCLD)*DXR+,5

CALL VDIFCOUINZ sMX9OTOPyDCOsUsWoDEPTHINMAX ¢ MMAXNVL)
DINK=2,0#*SORT (DCO*DELT/10.0)
TTOPINTCLD)=2TTOP(NTCLD) ~DINK

IF(TTOP(NTCLD) LT, 0s) TTOP(NTCLD)=0.
0BO0T=0TOP«TTHK (NTCLD)

IF (080T .GT. D2} 0BOT=DZ2

CALL VOIFCO(NZoMX9OBOT9DCOsUsWyDEPTHINMAX e MMAX 9 NVL)
DONK=2,0%SQRT (DCO*DELT/10.0)

IF ((0OBOT+DONK) .GT, D2) DONK=D2-0BOT
TTHKINTCLD) sTTHK (NTCLD) +DINK «DONK

IFCLOTOPSTTHK (NTCLD)) oGTe D2) TTHK(NTCLD) =D02-TTOPINTCLD)
VOLSCINTCLD) =sTTHK(NTCLD) *TSIDE (NTCLD) ##2

CONTINUE

...SETTLE. L]

IF(K  LEQs NSP1) GO TO 440
DIST=VFALSC(NTCLDK)*DELT

MX=TXINTCLD) ®DXR*,5

NZ=TZ(NTCLD) *DXR+ 5
XS5=D2=TTOP (NTCLD) ~TTHK (NTCLD)~DTOP

HS=0.5*TSIDE (NTCLD)

XU=TX(NTCLD) =HS

XO=TX(NTCLD) ¢HS

ZL=TZINTCLD) =-HS

ZR=TZ(NTCLD) *HS

DETERMINE GRID SQUARES FOR PLACEMENT OF MATERIAL ON B
ASSUME EQUAL DISTRIBUTION AMONG GRID POINTS
NL=ZL/0X+0,5

MU=XU/ZDX+0,5

NR=2ZR/DX+0.5

MD=XD/DX*0,5

IF(NL +LT, 1) NL=]

IFANR oGT, NMAX) NR=NMAX
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830

800

412

810

420

820

IF (MU LT, 1) MU=l

IF (MD +GT. MMAX) MQD=MMAX

NSQRS= (MD=-MU+ 1) ® (NR=-NL+1)}

IF (NSQRS .GE. 4) GO TO 830

NSQRS=]

MD=MX

MU=MX

NR=NZ

NL=NZ

CONTINUE

IF (XS «GE. DIST) GO TO 430

IF (XS «GE. 0.) GO TO 412

IF (ABS(XS) +6T. TTHK(NTCLD)) GO TO 420
IF(TTOP(NTCLD) GT, D2) GO TO 420

FALOUT =ABS(XS)/TTHK(NTCLD) #TMASSINTCLD)
DO 800 MM=MU,MD

DO 800 NN=NLsNR
ACCUM(NNoMM) =ACCUM (NNsMM) ¢ FALOUT/FLOAT (NSQRS)
TMASSINTCLD) =TMASS(NTCLD) =FALOUT
TTHKAINTCLD) =TTHK (NTCLD) =ABS (XS)

GO TO 411

IF(TTHK(NTCLD) .LT, (DIST-XS)) GO TO 420
FALOUT =(DIST~XS}/TTHK(NTCLD)*TMASS(NTCLD)
DO 810 MM=MUMD

DO 810 NN=NLsINR

ACCUM (NNsMM} =ACCUM (NNsMM) +F ALOUT/FLOAT {NSGRS)
TMASS (NTCLD) =TMASS (NTCLD) =FALOUT
TTHK(NTCLD) =TTHK(NTCLD) = (DIST~XS)
TTOPINTCLO) =TTOPINTCLD) +DIST=DTOP

GO TO 440

DO 820 MM=MUsMD

DO 820 NN=NLJsNR

ACCUM (NNsMM) = ACCUM (NNsMM) + TMASS (NTCLD) /FLOAT (NSQRS)
ERASE CLOUD

TMASS (NTCLD)=0.

TX(NTCLO) =0,

TZANTCLD) =0,

TSIDE(NTCLD)=0.

TTHK(NTCLD) =0,

TTOP(NTCLD) =0,

VOLSC(NTCLD)=0,.0

TEMAS INTCLD)Y=0,0

NTCLO=NTCLD=1
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700

GO TO 440

CDC 6400 FTN V3.0~ BPA OPT=]1

TTOP INTCLD)=TTOP (NTCLD) +DIST=-DTOP

CONTINUE

IF C(TTOP(NTCLD) ¢TTHK (NTCLD) )} 6T D2) TTOP(NTCLD) =D2=TTHK (NTCLD)

VOLSCINTCLD) =TTHK (NTCLD) #TSIDE (NTCLD) ##2

IF(K oNE., NSPI1) GO TO 700

TEMASINTCLD) =TEMAS(NTCLD) # (VOLSC(NTCLD) =VOL ) #CBACK(NSP1)
TMASS (NTCLD) =TMASS (NTCLD) + (VOLSC(NTCLD) =VOL) #CBACK (NSP1)
IF (TMASS INTCLD) LT,
DRz (TMASS(NTCLD) /VOLSC(NTCLD)) /CINIT
IF (DR ,GT., DCC(ITD)) GO TO 700

TD(1TD) =DTL
ITO=1T0+1

IF (NEWT LEQ,
GO TO 100
END

ISTEP)

1.0E~-10) GO TO 700

RETURN
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SUBROUTINE ACAD(KsCoTHICKsTOPsACCUMyDEPTHUsWoTSIDEsTTHK TTOP
19 TMASSsTXsTZoNMAXsMMAXHETS)

DUMP MODEL

ROUTINE TO ANALYTICALLY CONVECT AND DIFFUSE DREDGED MATERIAL
CLOUDS THAT ARE TOO SMALL TO BE DEFINED BY THE NORMAL GKRID.
IF A CLOUD GROWS BIGGER THAN STEPSIZE OX» THEN IT IS INSERTED INTO
NORMAL GRID.

DIMENSION DEPTH{31,3]1)

DIMENSTION THICK(31+31)sTOP(31931)+ACCUM(3],431)

19TSIDE(100) o TTHK{100) s TTOP(100) ¢ TMASS ()00} +TX(100)+TZ(100)
2 +C(31,3D)

COMMON/NC/ NTCLD

COMMON/DIMEN/ NSeNSP19NVLINSC

DIMENSION U(31+3192)9W(31931+2)

COMMON/BAY/ DXsDTL s XBARGE s ZBARGE ¢DXHsDXR9 AREA

COMMON/PIECES/ PARAM(13)sR0OAS(13)9CS(13)9VFALL(13)+VOIDS(13)4+BVOID
19 ICOHES (12) ¢ VFALLC(13) s VFALSC(20913) s VFALLD(31931513)
COMMON/LTCOF/ ALAMDASDIFsAKYQ

COMMON/LOST/ GONE

COMMON/GPI/ GePIsRA

COMMON/ENTRAN/ TEMAS(100)sVOLSC(100)

COMMON/FLEE/ ITDsTD(6) +DC(6)sCINITsCBACK(13)sCTRACE(600)
COMMON/CLOUD/T(600) ¢ CX(600) sCY(600)4CZ(600)sCUC600)CV(600)
ly CWI600)+DENDIF{600)sBC(600) sAA(E00) 9FC(600) 9VF

CHECK CLOUD FOR INJECTION TO LONG TERM GRID

N=]

NTEMP=NTCLD

60 CONTINUE -

CHECK CLOUD SIZE...I1F LARGE ENOUGHs INJECT INTO NORMAL GRID
TIERASE=0

IF(TMASS(N) .EGQ. 0.) GO TO 70

CHECK FOR SMALL CLOUDS ON OR OUTSIDE Of GRID BOUNDARIES
MXC=TX (N) #DXR+,0001

NZC=TZ (N) #DXRe,0001

IF(MXC OGT. MMAX IOR. MXC OLT. 1 -OR. NZC '61. NMAX IORQ NZC OLT.
1 1) GO 70 250

IF(TSIDE(N) «GEe 2.20X) GO T0 200

IF(TSIDE(N) LT« OX) GO TO 100

eveoeHERE TO INJECT A SMALL CLOUD INTO THE NORMAL GRID

ASSIGN CLOUD MATERIAL TO FOUR NEAREST GRID POINTS

MX=TX(N)/DX++0001
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610

NZeTZ(N)/DX+.0001

PROPX={TX (N)=FLOAT (MX) *DX) /DX
IF(PROPX .LT. ,0001) PROPX=0,
VOL=AREA®*TTHK (N)
XMASS2:=PROPX®*TMASS (N)
XVOL2=PROPX*VOLSC (N)
XMASS1£TMASS (N) =XMASS2
XVOL1=VOLSC(N)~-XVOL2

PROPZ= (T2 (N)~FLOAT (NZ)*DX) /DX
IF(PROPZ .LT. .0001) PROPZ=0,
TMASS2=PROPZ*XMASS]
VOL2=PROPZ#XVOL]
TMASS1=XMASS]-TMASS2

VoL 1=XVOL1=-VOL2
TMASS4=PROPZ#XMASS2
VOL4=PROPZ®XVOL2
TMASS3aXMASS2-TMASS4
VOL3=XVOL2~VOL 4

IF(TMASS] .EQ. 0.) GO TO 61

IF(C(NZoMX) NE. CBACK(K)) GO TO 610

HERE TO ADD MATL TO EMPTY GRID
C(NZ+MX)=TMASS1/VOL1

THICK (NZoMX) =T THK (N) #VOL1/VOL

TOP(NZ +MX ) =TTOR(N) .
TF((TOP(NZ+MX) s THICK(NZyMX) ) oGTe DEPTH(NZsMX))TOP (NZsMX)=
JOEPTHINZ +MX) =THICK (NZ s MX)

GO 10 61

CONT INUE

HERE ADD MATL TO NON-EMPTY GRID

OM=C (NZoMX) #THICK (NZsMX) *AREA

Blz=TOP (NZyMX) s THICK (NZ o MX)

B2=TTOP (N) ¢+ TTHK (N} #VOL 1/VOL

BOT=AMAX] (Bl+82)

IF(BOT .GT, DEPTH(NZsMX))BUOT=DEPTH(NZ s MX)

TOP (NZyMX) =AMINL (TOP (NZyMX) o TTOP (N))

OTHK=THICK (NZoMX)

THICK(NZyMX) =BOT=TOP (NZsMX)
THOIF=THICK (NZ yMX) =OTHK=TTHK{N) #VOL1/VOL

IF(THDIF +GEs 040)C{(NZsMX)=(OMeTMASS]1+CBACK (K) #THDIF*AREA)/
JITHICK(NZsMX) #AREA)

IF(THDIF +.GE. 0.0) GO TO 61

MAKE SURE THICKNESS RESULTS IN VOLUME CONSERVATION
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61

620

62

GVOL=0THK*AREA

THICK(NZ,MX)=(GVOL+VOL1)/AREA

IF CCTOP (NZ9MX) ¢ THICK (NZ¢MX)) oGTos DEPTH(NZ4MX))TOP(NZ9MX) =
1DEPTH(NZ +MX) =THICK (NZ sMX)
C(NZsMX)=(OM+TMASS]) / (THICK (NZsMX) *AREA)

IF (TMASS? .EQ, 0.) GO TO 62

IF(C{NZ+1,MX) ,NE. CBACK(K)) GO TO 620

HERE YO ADD MATL TO EMPTY GRID
CINZ+1,MX)=TMASS2/VOL2
THICK(NZ+]14MX)=TTHK(N)®#VOL2/VOL

TOP(NZ+14MX )=TTOP(N)

IFC(TOP INZ+1oMX) ¢ THICK(NZ#19MX)) oGTo DEPTH(NZ*19MX))
1TOP (NZ¢1sMX) =DEPTH(NZ*+1sMX)=THICK (NZ+19sMX)

G0 10 62

CONTINUE

HERE TO ADD MATL TO NON-EMPTY GRID
OM=CUINZe14MX)#THICK (NZ+19MX)#AREA

B1=TOP{NZ+]1sMX) ¢THICKINZ*19MX)

B2=TTOP (N) « TTHK (N) 2vOL2/VOL

BOT=AMAX]1(BleB2)

IF (BOT +GT. DEPTH(NZ+1,sMX))BOT=DEPTHINZ+]sMX}
TOP(NZ+]14MX)=AMIN] (TOP(NZ+1+MX) s TTOP(N})

OTHK=THICK (NZ+]sMX)

THICK{NZ+]1¢MX) =BOT=TOP (NZ+]4MX)
THOIF=THICK (NZ+14MX) «0THK=TTHK (N) #VOL2/VOL

IF(THDIF oGEes 0«0)CINZ+1eMX)=(OM+TMASS2+CBACK(K) #*THDIF#*AREA) /
1(THICK(NZ+1+MX)*AREA)

IF(THDIF .GE., 0.0) GO TO 62

MAKE SURE THICKNESS RESULTS IN VOLUME CONSERVATION
GVOL=0THK®*AREA

THICK(NZ+1yMX)=(GVOL+VOLZ2) /AREA

IF({TOP(NZ+1oMX) +THICK(NZ+1eMX)) «GTa DEPTHINZ+1sMX))TOP{NZ+1sMX)
1SDEPTHINZ ¢ LoMX) =THICK (NZ¢19MX)
CINZ*1oMX)=(OM+TMASS2) /7 (THICK (NZe}sMX) #AREA)

IF (TMASS3 .EQ, 0.) GO TO 63

IF(CINZsMX+1) . NE. CBACK(K}) GO TO 630

HERE ADD MATL TO EMPTY GRID

CINZsMX+1)=TMASS3/VOL3

THICKINZyMX+1)= TTHK(N)#VOL3/VOL

TOP(NZ oMX+]1)=TTOP(N)

IF (C(TOPANZsMX+1) ¢ THICK{NZsMX+1)) oGT, DEPTH(NZIMX+1))
ITOP(NZoMX+1) =DEPTHINZyMX¢ 1) =THICK(NZyMX+1)

GO TO 63
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630

63

640

CONTINUE

HERE ADD MATL TO NON-EMPTY GRID
OM=C(NZyMX+1 )} #THICK(NZ +MX+]1) 2AREA
B1l=TOP(NZsMX+1)*THICK(NZsMXs1)

B2=TTOP (N) « TTHK (N) #VOL 3/VOL

BOT=AMAX]1(Bls82)

IF(BOT +GT. DEPTH(NZsMX+1)) ROT=DEFPTH(NZIMX+1)

TYOP(NZyMX 1) =AMINY (TOP (NZsMX+1) s TTOP(N))

OTHK=THICK (NZyMX+1)

THICK(NZ +MX*1)=BOT-TOP (N2ZsMXs1)
THDIF=THICK(NZyMX+1)=OTHK=TTHK (N)*VOL3/VOL

IF(THDIF +GEe 04¢0)C(NZyMX+1)=(OM+TMASSI+CBACK(K)*THDIF<AREA)/
J(THICK(NZ yMX+1) #AREA)

IF(THDIF .GE. 0.0) GO TO 63

MAKE SURE THICKNESS RESULTS IN VOLUME CONSERVATION
GVOL=0THK#AREA

THICK(NZyMX+1)=(GVOL+VOL3)/AREA
IF((TOP(NZsMX¢1) ¢ THICK(NZsMX®1)) oGTe DEPTH(NZysMX+1))TOP(NZyMX+])
1=DEPTHNZ sMX 4 1) =THICK (NZyMX21)
CINZyMX+1)=(OMeTMASS3) / (THICK (NZoMX+]1) #AREA)

IF (TMASS4 EQ, 0.) GO TO 64

IF (C(NZ+]1oMX+1) JNE. CBACK(K)) GO TO 640

HERE ADD MATL YO EMPTY GRIUD

CINZ+1yMX+1)=TMASS4/VOLSG
THICKINZ+1sMX+]1)=TTHK(N)#VOL4/VOL

TOP(NZ+1+sMX+1)=TTOP(N) ‘ .
IF (C(TOP(NZ+1oMX+1) ¢ THICK(NZ+1oMX41)) +GTe DEPTHINZ+]14MXe¢1))
1TOP(NZ+14MX41)=DEPTH(NZ+19MXe1)~THICK(NZ+]14MX+1)

60 TO 64

CONTINUE

HERE ADD MATL TO NON=EMPTY GRID

OM=C(NZ+1sMX+1) *THICK(NZ+19MX+]1) #AREA
Bl1=TOP(NZ+e]yMX+1)+THICK(NZ*14MXes1)
B2=TTOP (N) « TTHK (N) #VOL4/VOL

BOT=AMAX] (BlsB2)

IF(BOT +GT. DEPTHI(NZ+14MX41))BOT=0EPTH(NZ*]yMXe1)

TOP (NZeloMX+1)=AMIN] (TOP(NZe1sMX+1) 3 TTOP(N))

OTHK=THICK (NZ+19MXe])

THICK(NZ+14MXe1)=BOT=TOP(NZ+s]1sMX+1)

THOIF=THICK (NZ+1+MX+]1) ~OTHK=-TTHK (N) #VOL4/VOL

IF(THDIF +GEe 0e0)C(NZ+19MX*]1)=(0OM+TMASS4+CBACK(K)*THDIF*AREA)/
T(THICK(NZ+14Mx+1) #AREA)

IF(THDIF .GE. 0.0} GO TO 64
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C

64

200

MAKE SURE THICKNESS RESULTS IN VOLUME CONSERVATION
GVOL=0THK#AREA
THICK(NZ+19MX+1)=(GVOL+VOLG) /AREA

COC 6400 FTN V3.0- 8BPA 0OPT=1

05/21/79

IF({TOP(NZ+1sMX+1) ¢ THICKINZ+19sMX+1)) oGTe DEPTH(NZ+1sMX+1))TOP(NZ«

11sMX+1)=DEPTH(NZ*¢1,MX+1)=THICK(NZ+14MX+1)
C(NZ+lyMXe]1)=(OMO*TMASSG) /7 (THICK(NZ+ ] 9MX+1) #AREA)
CONT INUE

GO0 TO 70

e e s HERE TO INJECY CLOUDS WITH SIDE GREATER THAN 2%DX
CONTINUE

DETERMINE COORDINATES OF CORNERS
HS=.5¢TSIDE (N)

XU=TX (N} =HS

XD=TX (N) +HS

ZL=TZ (N) =HS

ZR=TZ (N) *HS

DETERMINE GRID SQUARES TO GET CLOUD MASS
NL=2L/0X+0.5

MU=XU/DX*+0.5

NR=ZR/DX+0.5

MO=XD/DX*0.5

IF(NL oLT. 1) NL=1

IF(NR +GT, NMAX)NR=NMAX

IF (MU LT, 1) MU=1

IF(MD 6T, MMAX) MD=MMAX

NSGRS= (MD=MU+ 1) ® {NR=NL+1)
SIDE2=TSIDE (Ny #42

DO 220 MM=MUsMD

DO 220 NN=NLsNR

X1=FLOATIMM) #DX-DXH

IF(MM (EG. MU) X1=XU

X2=FLOAT (MM) 9DX +DXH

IF(MM EQ. MD) X2=XD

Z1=FLOAT (NN) #DX=DXH

IF(NN LEQe NL) Z1=ZL

Z2=FLOAT(NN)®DX+DXH

IF (NN JEQ. NR)Z2=ZR

IF(C(NNeMM) .NE. CBACK(K)) GO TO 210

ADD MATL TO EMPTY GRID

TOP (NNyMM) =TTOP (N)

THICK (NNeMM) =TTYHK (N) *STDE2/ (FLOAT (NSGRS) *AREA)

IF (CTOP (NNoMM) ¢ THICK (NNyMM) ) oGTo DEPTHINNsMM) ) TOP (NNoMM) =

10EPTH NN MM) =THICK (NN oMM)
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C(NNoMM) = (TMASS (N} /FLOAT (NSORS) )/ (THICK (NN,MM) #AREA)

GO 10 215

CONTINUE

HERE ADD MATL TO NON=-EMPTY GRID
OM=C(NNyMM) #THICK (NNsMM) #AREA

B1=TOP (NNyMM) ¢ THICK (NNyMM)

B2=TTOP (N) + TTHK(N) «STDE2/ (FLOAT (NSQRS) #AREA)
BOT=AMAX1(BR1+82)

IF (80T +GTe. DEPTH(NNsMM))BOT=DEPTH(NNsMM)

TOP (NNyMM) =AMINY (TOP (NN+MM) s TTOP (N))

OTHK=THICK (NN yMM)

THICK (NNsMM) =BOT=TOP (NN MM)

THOIF=THICK (NNoMM) =OTHK=TTHK (N) *SIDE2/ (FLOAT (NSQRS) #AREA)
IF(THDIF .GEe 0.0)C(NNsMM) = (OMeTMASS(N) /FLOAT (NSURS) +CBACK (K) #
ITHDIF*AREA) Z (THICK (NNosMM) #AREA)

IF (THDIF .GE. 0.0) GO TO 21%

MAKE SURE THICKNESS RESULTS IN VOLUME CONSERVATION
GVOL=0THK=AREA

THICK (NNyMM) = (GVOL +VOLSC (N) /FLOAT (NSQRS) ) ZAREA

C (NN+MM) = (OM+TMASS (N) /FLOAT (NSQRS) ) / (THICK(NNyMM) ©AREA}
CONTINVE

CONTINUE

HERE COLLECT MASS SPILLED OUT OF BOUNDARY FROM LARGE CLOUD
GO T0 70

CONTINUE

HERE COLLECT MASS PASSING THROUGH GRID BOUNDARY
GONE=GONE « TMASS (N) ~TEMAS (N)

ERASE TRANSITION CLOUD AND MOVE CLOUDS BEHIND IT UP ONE SLOT
NTEMP=NTEMP =1
IERASE=1

DO 80 I=NoNTEMP
TSIDE(I)=TSIDE (1+1)
TTHK(I) =TTHK(T+1)
TTOP{I)=TTOP(]+1)
TMASS (1) =TMASS (I+1)
TEMAS(I)=TEMAS(1+1])
VOLSC(I)=VOLSC(I+1)
TX(I)=TX(]+1)
TZ(I)=TZ(1+1)
CONTINUE

TSIDE (NTEMP+1)=0.
TTHKANTEMP+1}=0.
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TTOP(NTEMP+1) =0,
TMASS(NTEMP+1) =0,
TEMAS (NTEMP+¢1)=0,0
VOLSC(NTEMP+1)=0,0
TX(NTEMP+]1)=0,
TZ(NTEMP+1) =0,

100 CONTINUE
IF (1IERASE JEQ. 0) N=Ne)
IF(N +LEs. NTEMP) GO TO 60
NTCLD=NTEMP
IF(NTCLD +EQ. 0) RETURN

LOOP ONCE FOR EACH CLOUD

IF(K oEQe NSP1)VOL=TTHK(NTCLD) ®TSIDE (NTCLD) #%2

DO 53 N=14NTCLD

CONVECTsuas

DETERMINE HORIZONTAL VELOCITIES

YY=TTOP (N) + 52T THK (N)

CALL VELCTX(N) s YYsTZ(N) sUAsWAsUsWoDEPTHsNMAX sy MMAX)

CALL DINT(TX(N)sTZ(N) +D1yDEPTHoNMAX sMMAX)

TX(N) =TX(N) +UA®#DTL

TZ(N)=TZ (N) +WA=DTL

CHECK FOR SMALL CLOUD PASSING OUT OF GRID BOUNDARY
NCHK=TZ (N) #DXR

MCHK=TX (N) #DXR

IFANCHK oLTe 1 +OR, NCHK «GTo NMAX 4ORs MCHK oLTe 1 ,OR, MCHK .GT.
1 MMAX) WRITE(61405)

405 FORMAT(/5Xs101H===WARNING===A SMALL CLOUD HAS PASSED OUT OF GRID B

10UNDARY IN SUBROUTINE BOOKS,..ERRORS WILL OCCUR==- )

CALL DINT(TX(N)sTZ(N)sD2sDEPTHoNMAX s MMAX)

DTOP ESTIMATES VARIATION OF CLOUD DEPTH DUE TO CONVECTION OVER
VARIABLE -DEPTHS

DTOP={(D1-D2) #TTOP (N) /D1

eeoDIFUSE HORIZONTALLY.,.

VFALSCINsK) =VFALL (K)

IF (ICOHES(K) .EQ. 0) GO TO 407
SCONC=(TMASS(N) Z/(TSIDE(N) #2285 TTHK(N)))#2600000,

IF(SCONC +LE. 25.) VFALSC(NsK)=040017

IF(SCONC +GT. 25. .AND. SCONC oLEe 300.) VFALSC(NsK)=
1(0.007132SCONC##1,33333)/304.8

IF{SCONC oGT+ 300.)VFALSC(NyK)=0,047

407 CONTINUE

TSIDE(N)=TSIDE(N)® (14 (1.333333%ALAMDA/TSIDE (N) #%,666666) *OTL)
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CDC 6400 FTN V3,0~ BPA 0PT=]

1 #2],5

SETTLE «ewo

IF (K oEQs NSP1) GO TO S0
DIST=VFALSC(N.K)*DTL

MX=TX(N) *#DXR + .5

NZ=TZIN)#DXR o .5

HS=0+5*TSINE (N)

XU=TX (N)=HS

XD=TX(N) +HS

ZL=TZ (N) =HS

ZR=2TZ (N) oHS

DETERMINE GRID SQUARES FOR PLACEMENT OF MATERIAL ON BOTTOM
ASSUME EQUAL DISTRIBUTION AMONG GRID POINTS
NL=ZL/DX+0.5

MU=XU/DX+ 0.5

NR=ZR/DX+0,5

MD=XD/DX+0.5

IF(NL JLT, 1)NL=1

IF (NR,GT, NMAX) NR=NMAX

IF(MU LT. 1) MU=l

IF(MD GT., MMAX) MD=MMAX

NSQRS= (MD=MU+ 1) # (NR=NL+1)

IF (NSQRS .GE. 4) GO TO 730

NSQRS=]

MD=MX

MU=MX

NR=NZ

NL=NZ

CONTINUE
XS=DEPTH(NZ +MX)=TTQOP (N)=TTHK (N) =DTOP
IF (XS +GE. DIST) GO TO 40

IF(XS +GE. 04) GO TO 412

IF (ABS(XS) 6T, TTHK(N)) GO TO 230
FALOUT=ABS(XS)/TTHK(N) #*TMASS (N)

DO 740 MM=MUMD

DO 740 NN=NL +NR
ACCUM{NNsMM) =ACCUM (NN yMM) +FALOUT/FLOAT (NSGRS)
TMASS (N) =TMASS (N)=FALOUT
TTHKAN) =TTHK (N) =ABS (XS)

GO TO 411

IF(TTHK(N) LY. (DIST=XS)) GO TO 30
FALOUT =(DIST=XS)/TTHK (N)®#TMASS (N)
DO 710 MM=MUMD
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DO 710 NN=NLeNR

710 ACCUM(NN¢MM) =ACCUM(NNyMM) +FALOUT/FLOAT (NSAQRS)
TMASS (N) =TMASS (N) =FALOUT
TTHK(N) =TTHK(N) = (DIST=XS)
TTOP(N) = TTOP(N) + DIST-DTOP
60 TO S50

30 DO 720 MM=MUsMD
DO 720 NN=NLsNR

T20 ACCUM(NNsMM)=ACCUM(NNsMM) +TMASS (N) /FLOAT (NSQRS)
TMASS(N) =0,
G0 TO S0

40 TTOP(N)=TTOP(N) + DIST-DTOP

50 CONTINUE

53

500

eesDIFUSE VERTICALLYeeo

DO 53 IDTL=1e10

QTOP=TTOP (N)

MX=TX(N)#DXRe+,5

NZ=TZ(N)®DXRe+,5

CALL VDIFCO(NZyMXeQTOPsDCOsUsWyDEPTHoNMAX s MMAX9NVL)
DINK=2,0%SQRT(DCO*DTL/10.0)

TTOP(N)=TTOP (N)=DINK

IF(TTOP(N) LT, 0e) TTOP(N)=0.

OBOT=0TOR+TTHK (N)

IF(OB0T «GTe DEPTH(NZsMX)) OBOT=DEPTH(NZ+MX)

CALL VDIFCO(NZyMXs0BOToDCOsUsWeDEPTHsNMAX+sMMAX o NVL)
DONK=2,0#SQRT(DCO*DTL/10.,0)

IF ((OBOT+DONK) o+GT, DEPTH(NZ ¢MX))DONK=DEPTH{(NZ+MX) =0B0T
TTHKIN)=TTHK {N) ¢DINK+DONK

IF((TTOP(N) ¢+ TTHK(N)) +GTos DEPTH(NZsMX))TTOP(N)=
1DEPTH(NZ ¢MX) =TTHK (N)

OLDVOL=VOLSC{(N)

VOLSCIN)=TTHK (N) #TSIDE (N) ##2

TEMAS (N)=TEMAS(N) + (VOLSC(N) -OLDVOL ) #CBACK (K)

TMASS (N) =TMASS (N) + (VOLSC(N)-0LDVOL ) #CBACK (K)
CONTINUE

NTEMP=NTCLD

L=1

IF(TMASS(L) JNF. 0.) GO TO 570

NTEMP=NTEMP=]

DO 520 I=L o NTEMP

TMASS (1) =TMASS(I+1)

TEMAS(I)=TEMAS(I+1)

VOLSCH(I)=VOLSC(I+1)
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TSIDE(I)=TSIDE(I+1)
TTHR(I) =TTHK (141)
390 TTOP(1)=TTOP(]e1)
TXCI)=TX(F+1)
520 TZ()=TZ(1+1)
570 IF(L +GE. NTEMP) GO TO S80
L=siLe+)
398 GO TO S00
580 NTCLO=NTEMP
IF(K +NE. NSP1) RETURN
C CHECK FLUID DILUTION
CMAX:O.
400 NSAVE=]
DO 700 N=14NTCLD
CT=TMASS{N) /VOLSCI(N)
CMAX=AMAX] (CMAX+CT)
IF (ABS{CMAX=CT) oLTe «40001) NSAVE=N
405 700 CONTINUE
IF ( (CMAX-CRBACK(NSP1)) ,LTs 1.E~30) GO TO 460
DR=CT/CINIT
IF (DR «GT, DC(ITD)) GO TO 460
TOCITO)Y=ETS
410 ITD=1TDe1
460 CONTINUE
RETURN
END

MODEL LISTING (85 of 85)
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