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A NUMERICAL MODEL OF COHESIVE SUSPENDED SEDIMENT DYNAMICSl

Nathan Hawley

This report documents a one~dimensional finite-difference
computer program that models cohesive suspended sediment dyna-
mics in a shear flow. The model is based on Smulchowskl's geo—
metrical collision formulas. User—supplied empirical constants
are necessary to determine the colliscn efficiency and aggregate
shear strength. The model does not include biological or chemi-
cal processes or lateral advection. At present, the model is
designed to reflect conditions in the Great Lakes, but by changing
the boundary conditions it could be modified for other environ-
ments.

1. INTRODUCTION

It has been well established that many toxic pollutants (PAH's, PCB's,
heavy metals) have a strong tendency to adsorb onto suspended particulates
(0'Connor and Connolly, 1980) and hence be transported with them. This
results in the localized concentration of these substances on the lake bot-
tom even when, as in the case of atmospherically derived materials, the ini-
tial loading is fairly uniform (Edgington and Robbins, 1976; Cahill, 1981).
The actual pathways followed by the pollutants are as yet little known since
determining them is complicated by the cohesive nature of the particulates.
The size and fall velocity of these particles change with time since they
are constantly forming into aggregates that may subsequently break up,
depending upon the flow conditions. This behavior, when coupled with the
complex nature of the deposition and resuspension processes assoclated with
these materials, makes it extremely difficult to predict a priori thelr
transport paths and depositional sites. It is hoped that the computer model
presented here, which describes the aggregation and disaggregation of
organo—mineral aggregates in a shear flow, will ald in predicting pollutant
transport paths.

2. FORMULATION OF THE MODEL

The change in the number (n) or concentration (c) of particles of a
given size (j) with time at any given elevation (z) can be expressed as
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where ¢(i,j) is the rate of formation of (i+j)~sized particles due to colli-
sions between i-sized and j-sized particles and ¥(4i,3) is the rate of for-
mation of i-sized particles due to the rupture of j-sized particles. Term 5
represents changes due to particle settling (W) and turbulent diffusion (Q),
while terms 6 (source) and 7 (sink) are other processes affecting particle
size. These might include particle precipitation and/or dissolution, longi-
tudinal advective transport, and biological processes. 1In the present
model, terms 6 and 7 are set equal to zero.

The processes responsible for interparticle collision are Brownian
motion, turbulent shearing, and differential settling. Using geometrical
concepts, Smulchowski {(1917) determined the rates at which collisione occur
due to each of these processes.
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More recent research has shown that it is actually the interplay of iner-
tial, hydrodynamic, and electrical forces that determines collision fre-
quency. Honig et al. (1971) have shown that hydrodynamic considerations
will virtually prohibit collisions if no electrical forces are present,
while Schlamp et al. (1976) and Zeichner and Schowalter (1977, 1979) have
shown that electrical forces congiderably enhance collision rates. To be
strictly correct, these forces should be considered in the model. To date,
however, almost nothing is known about the electrical fields of natural
organo—mineral aggregates, and the irregular shapes and porous nature of the
flocs make it impossible to caleculate hydrodynamic forces accurately.
Instead, an efficlency factor, whose value is empirically determined, has
been introduced into equations (2) through (4).

Examination of equations (2} through (4) reveals that, for different
pairs of particles rj and rj, different collision mechanisms will be domi-
nant. In general, Brownian motion 1is only important for very small par-
ticles {r < 1 um), while for the larger particles commonly found in the
Great Lakes either turbulent sghearing or differential settling is most
important. To evaluate the relative importance of these terms, it is
necessary to know both the fall velocity (W) of the particles and the fluid
shear (G).



Since the present use of the model is concerned with the bottom boun-—
dary layer, the effect of the earth's rotation is neglected. Thus, the
velocity profile is the logarithmic one characteristic of simple shear
flows. The turbulent shear is then derived from the eddy dissipation.
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If a hydraulically smooth boundary is assumed, then
1y (—zu*) + 5 5)
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Differentiating gives
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Using the equations for open channel flow,
T, = put (1 - 2/D), (8)
so the fluid shear can be specified completely if u,, z, and D are known.
3
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Similarly, the turbulent diffusivity (Q) can be specified if u, is
known.
Qz =k u,(l - z/D) (10)



In open channel flows, D is merely the total water depth. In other
applications, where the assumption of a logarithmic velocity profile is
valid, D must be suitably chosen. In the present implementation for the
Great Lakes, D is the total water depth in non-stratified settings and the
distance to the thermocline in stratified ones. If, for example, the model
were used to investigate the region near the thermocline, a different D
would be required. For applications in which the assumptions of a logarith-
mic layer and a smooth boundary are invalild, parts of subroutines FREQ and
DIFADV must be rewritten to account for the changes in equations (9) and
(10) and for differences in the calculation of the mass flux.

If the fall velocity (W) for a given particle-size class is known, then
the relative importance of colllsions due to turbulent ghearing and dif-
ferential settling can be determined for any pailr of particles by using
equations (3) and {4). For many particles, small mineral grains for
instance, Stokes' Law,
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accurately predicts the particle fall velocity (density pj = 2.5 mg m—3).
The vertical distribution of such particles (or any others with a well-
defined fall velocity) in open channel flow can be predicted using Rouse's

Law,
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where C,; is the concentration of particles measured near the bottom at
height a. Equation (12), which balances the upward motion of particles due
to turbulent diffusion and the downward motion of particles due to settling,
fairly accurately predicts the vertical distribution of non-cohesive par-
ticles in a shear flow. For cohesive particles, however, agpregation and
disaggregation are important. In addition, the size-fall veloclty rela-
tionship is not one—-to—one. Preliminary calculations have shown that
observed particle-size distributions cannot be modeled with equation (12).

Experimental measurements of aggregate fall velocities (Chase, 1977,
1979; Kajihara, 1971; Kawana and Tanimoto, 1976, 1979) show a wide variabil-
ity in fall velocities for any given aggregate size. Since Passarelli and
Srivastava (1979) have shown that using a spectrum of fall wvelocities sig-
nificantly increases the number of collisions due to differential settling,
the model uses the empirical equations in Hawley (1982) to express the fall
velocity distribution of the aggregates. The use of a distribution of velo-
cities for each size class precludes simple comparison of the collision



rates due to differential settling and turbulent shearing, but calculations
using low shears (G = 1 s~1) show that differential settling is more impor—
tant. In the model all three collislion mechanisms are included in the
calculations.

Electrical forces not only influence the collision frequency, they
determine the strength of the aggregate, and hence its resistance to rup-
ture. Rupture occurs only if the shear to which the particle 1is exposed
exceeds its strength. Although several authors have considered the rupture
problem (Firth and Hunter, 1976; Adler, 1979; Adler and Mills, 1979), all
have assumed that the particle strength is konown. However, calculation of
the strength 1s impossible due to the complex composition of the aggrepates
and the minimal amount known about the primary bonding mechanism, interpar-
ticle bridging (Hall, 1974). The only experimental work on aggregate
strength is that of Krone (1963), who measured the strengths of clay mineral
aggregates. Krone presented his results as shear strength versus aggregate
density. A regression line fitted to all of his data gives

st = 0.04 pa26'98, (13)

where the aggregate strength (5t) is in dynes per square centimeter and the
density in grams per cubic centimeter. Preliminary tests showed that equa-
tion (13) gave aggregate streangths that were far too great, so the right
side of the equation was multiplied by an empirical constant (SM) to reduce
the values. SM commonly has a value of 0.07 to 0.0l. The reason for the
difference between the strengths measured by Krone and the ones needed in
the model is probably that the bonds formed by double-layer coatraction in
Krone's clay aggregates are much stronger than bonds formed by interparticle
bridging. Rupture occurs instantaneously in the model if the fluid shear
exceeds the aggregate strength.

Studies by Quigley (1977} show that aggregate rupture occurs by eilther
erosion of small bits of the floc by microturbulence or by large-scale divi-
sion into two roughly equal-sized particles. The former is important only
for very loosely-bound aggregates and is not included in the model.

Goren (1971) calculated the total shear stress on a doublet of equal-
sized spheres to be

2
S =6.12p %G . (14)

The stress per unlt area is then

5 =6.,12 p 7 G (15)



Using a quite different approach, Matsuo and Unno (1981) determined that
5=1.,095p n G. (16)

Since the only difference between equations (15) and (16) is the numerical
constant and since Krone's aggregate strengths are multiplied by an empiri-
cal constant, it is immaterial which of the equations 1s used. The model
uses equation (15).

In order to use both Krone's results and equations (2) through (4) in
equation (1), it is necessary to relate aggregate size to aggregate density.
It 1s also necessary to have a measure of particle size that 1s conserved
when equation (1) is integrated over all particle sizes. Computer simula-
tions of aggregate formation {Goodarz-nia, 1975, 1977; Tambo and Watanabe,
1979) show that aggregate density decreases with aggregate size due to the
incorporation of increasing amounts of water into the larger flocs. This
means that total aggregate mass is not a conservative quantity. What is
conserved 1s the solid mass of the aggregates.

Tambo and Watanabe (1979) have proposed that aggregates be considered
collections of small spherical primary particles with radius ry. They found
that the number of primary particles in an aggregate of radius r is

. (17)

If the primary particles have a density p,, then the aggregate density 1s

£y 0.9
pa=(32) (o, = pg) + pgr (18)

Equations (18) and (13) can thus be used to determine aggregate strength as
a function of size, while equation (17) allows a transformation from the
physical radius of the aggregates to the number of primary particles they
contain. This latter is a conserved quantity that can be used in equation

(1).

3. TIMPLEMENTATION OF THE MODEL

The program calculates particle-size distributions for up to 38 size
classes at up to 15 elevations above the bottom. The upper boundary condi-
tion 1s that, above the uppermost level at which calculations are made,
there 1is a constant sediment concentration. At the lower boundary there is



zero flux (no sedimentation). Thus, because of particles passing through
the upper boundary, the total mass in the system changes with time. The
initial particle conceantrations at each helght are supplied by the user.

The grid scheme consists of alternating levels at which sediment fluxes
and particle concentrations are calculated, concentrations calculated at the
lowest level and fluxes at the highest. Thus the number of levels for each
is equal with ZC(I) < ZF(I). The precise values may be specified by the
user, but ZC(I) should be halfway between ZF(I - 1) and ZF(Il). Since the
values of ZF govern the maximum permissible time step (see below), these
values should be chosen with care. Flux values are first computed from the
initial sediment concentrations supplied by the user, and the values at each
set of two adjacent levels are used to compute the new particle concentra-
tions. These values are in turn used to compute the next flux values.
Several iterations of this procedure (subroutine DIFADV) may be done between
calls to subroutines COLLID and RUPTUR, which determine changes in particle-
size distributions due to particle collisions and particle rupture.

The calculations are made with up to 38 size classes: 1-2 um in dia-
meter, 2-4 pm, and then every 4 um up to 144 pm at up to 15 levels. The
user is responsible for determining both how many and which levels are used,
and for declding how his observations will be mapped into the program. (See
input descriptions for cards 13-20.)

Since in both COLLID and RUPTUR, it is the number of primary particles
that is conserved, the result of a collision or rupture may not be an in-
tegral number of new particles. All aggregates in a given size class are
assumed to have the same number of primary particles——the number in an
aggregate whose physical size is the midpoint of the interval. The number
of primary particles resulting from a collision (the total in the two pre-
vious particles) or rupture (one—half the number in the previous particle)
is compared to the maximum number of primary particles in each size class
until the proper class of the new particle is determined. Then the ratio of
the number of primary particles in the new particle to the number of primary
particles in a particle whose radius 1is the mean of the slze class gives the
number of new partlcles added to that size class. Only two particles may
collide at once and rupture 1s always into two equal-sized particles.

In addition to the initial concentrations, shear velocity, and helghts
at which the fluxes and paticle concentrations are calculated, the user must
also specify both the collision efficiency (EF) and strength multiplier
(SM). Tests using data collected in Lake Michigan suggest that values of
approximately 0.50 and 0.0l are appropriate, but these may vary In other
applications. Although in the final analysis the values must be determined
empirically in each application, some comments can be made about the effects
of varying these coefficients.

As SM increases, the strength of all the aggregates increases, leading
to fewer particle ruptures and hence an increase in the number of larger
particles with time. Since the larger particles settle more quickly than
the smaller ones, this leads to an increased mass concentration in the
lowest levels of the model. Eventually, since deposition is not allowed,



the excess mass criteria (value specified by the user) may be exceeded and
the run will terminate. The smaller the value of SM, the smaller will be
the largest particles resistant to rupture. These smaller particles settle
more slowly and hence are more evenly distributed throughout the water
column.

Increasing EF increases the number of particle collisions, resulting in
the formation of more larger aggregates per unit time. Hence, increasing EF
has an effect similar to increasing SM.

Changes in the shear velocity affect several different processes.
First, an increase in u, increases both the shear, leading to the rupture of
smaller particles, and the diffusivity, leading to a more uniform wertical
distribution of particles. Increasing u, also will increase the number of
collisions due to turbulent shearing, but since differential settling is the
main mechanism of collision (by up to three orders of magnitude), this ef-
fect is minor. Thus, increasing u, has an effect similar to decreasing SM
or EF.

A set of termination criteria has been included in the model. One, the
excess mass criteria (XM) has already been mentioned. If this user—supplied
value is exceeded, the run is terminated and an error message printed.
Similarly, 1f a negative concentration is found in DIFADV, RUPTUR, or
COLLID, the run is terminated and an error message printed. Errors of this
sort can be eliminated by reducing the time step. In general, the time step
should be small enough so that

Az
At < W (19)
and
2
(Az)
R (20)

Equation (19) is the limiting case when particle settling is more important
than turbulent diffusion; equation (20) represents the opposite. The values
of Az and z represent the difference between two adjacent levels where flux
calculations are made and the higher of those two levels. 1In the present
implementation of the program, the maximum permissible value of At satis-
fying equation (19) is 150 s. Since the permissible values of At from
equation (20) vary with u,, which may be varied during a single run, the
division byu, is done in the program. The user should determine a At such
that

(Az)2 (21)

<
At —



and enter this in the input data as TO. The program then divides TO by u,,
compares the result to 150 s, and uses the smaller value. 1If the values of
either Az or W are changed, part of the mailn program must be altered by the
user.

The program will run KR iterations unless convergence is achieved.
This criteria (CC) is the maximum allowable percentage deviation between the
results of one iteratlion and the preceding one. Intermediate results are
printed out every NL iterations.

4, STRUCTURE OF THE MODEL
The program consists of a maln program and 10 subroutines.

The MAIN program reads in the control parameters, sets the time step,
calls subroutines, checks for convergence and excess mass accumulation, and
prints error messages.

Subroutine HEIGHT reads in the user—supplied helghts at which fluxes
and concentrations are calculated in subroutine DIFADV.

Subroutine PARPAR calculates particle parameters, including the mean
and maximum sizes of the particles in each calculated size class, the par-~
ticle density, and the number of primary particles in each size class. It
also calculates the number and size of the particles that result from colli-
sions and rupture. It calls subroutines FALVEL and SHSTRN.

Subroutine FALVEL calculates the distribution of fall wvelocitles for
each particle-size class. This subroutine uses the IMSL subroutine MDNOR.
If this is not available, the subroutine must be rewritten. The user speci-
fies what percentage of particles in each size interval fall at a Stokesian
velocity (density p = 2.5 g ce”l). The rest of the particles fall at
various velocities up to 2500 pm s“l. The distribution of these velocities
is determined using Hawley's equations (1982).

Subroutine SHSTRN calculates the shear strength of particles in each
size class.

Subroutine READ reads in user—supplied wvalues of particle concentra-
tions in various size classes, as well as the elevations at which they were
measured and the TSM measurement. It calls subroutine CURVE.

Subroutine CURVE assigns as initial values the user—supplied obser-
vations to the elevations and size classes used in the calculations. How
this assignment is done is up to the user.

Subroutine FREQ calculates the diffusivity, shear, and shear stress at
each elevation, as well as the total collision kernel.

Subroutine DIFADV calculates changes in particle concentration due to
turbulent diffusion and particle settling. A finite-difference technlque is



used with alternating levels at which concentrations and fluxes are calcu-
lated.

Subroutine COLLID calculates the changes in particle concentration due
to Iinterparticle collisions.

Subroutine RUPTUR calculates the changes in particle concentration due
to particle rupture.

5. INPUT DATA

The input data are of two types——control parameters and observed sedi-
ment concentrations. Several sets of observations may be run with a single
gset of control parameters, and several sets of control parameters may be
used in a single run. Note that, although the program uses the cgs system,
many of the input parameters are in other units. IT IS IMPORTANT THAT YOU
USE THE CORRECT UNITS!

1. Control cards

a. Card 1 - Format-I2
IP - the number of sets of control parameters to be read.

b. Card 2 - Format-9(1X,F7.2)
T0 — basic time step (seconds).
DE - total depth of flow (meters).
SM - aggregate strength multiplier.
VK - von Karman's constant.
CC - convergence criteria (percent: 1 > CC > 0).
EF - efficiency of particle collisfons (percent: 1 > EF > 0).
XM - excess mass criteria (milligrams per liter). If
TMASS > XM, run is terminated.
RHO - density of primary particles (grams per cubic centimeter).
RO = radius of primary particles (microms).

¢. Card 3 - Format-8(2X,16)
KQ = number of elevations used in calculation; maximum is 15.
NS - index of largest size class used; maximum is 38.
KUS - number of shear velocitles used; maximum is 5.
KR - maximum number of iterations.
NL - number of iterations between printouts; must be multiple of IT.
IT - number of calls to DIFADV between calls to RUPTUR and COLLID.
NR -~ number of sets of observations to be run using this set of

control parameters.

MS - index of smallest size class used in calculations; see card 13.

d- Card 4 - Format-5F6-3
USTAR -~ shear velocities (centimeters per second).
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f.

Card 5 (and 6) - Format—10(2X,F5.2)
2C(1) - heights at which sediment concentration calculations are
made (meters); maximum of 15.

Card 7 (and 8) - Format—10(2X,F5.2)
ZF(I) - heights at which flux calculations are made (meters);
maximum of 15; ZF(I) > ZC(I).

Card 9 (and 10,11) - Format—-13(1lX,F4.2)
SP - percent of particles in each size class used in the calcula-
tions that fall with a Stokes' velocity (1 > SP > 0).

2. Observations

a. Card 12 ~ Format-A8,2(1X,I2)

bl

b'

TITLE - identification string.

NZ - number of heights at which observations were made; maximum is
15.

NC - number of size classes in which observations were made;
maximum is 38.

Card 13 (and 14) - Format-21(1X,F3.0)

SIZE - maximum and minimum diameters for the observed size classes
(microns). There should be NC + 1 values. There are
several restrictions on the possible classes used since
these values are used to map the observations onto the size
classes used In the program.

i. For particles smaller than 4 um, only two alternatives
are permissible.
a. Size classes of 1-2 pm and 2-4 pm; in this case
MS = 1.
b. A size class of 2-4 pm; in this case MS = 2.

ii. For particles larger than 4 m, the boundaries between
classes must be multiples of 4. If the smallest size
is 4 um or greater, then MS equals the minimum size di~
vided by 4 plus 2; e.g., if the minimum size class 1s
8-16 um, then MS = 4. The upper bound of the largest
size class does not necessarily have to set the wvalue
of NS; this can be set to any value up to 38 (l44 pm).

The next 2-5 cards are repeated NZ times, one set for each height.
Card 15 - Format-2(F6.2,1X)

HT - the elevation at which the observations were made (meters).
WT - the TSM measured (milligrams per liter).

Card 16 (17-19) - Format-10F8.2

OBSED - the observed particle conceantration for each size
(particles per cubilc centimeter; smallest size first).
Note, only NC values are read.

11



c. Card 20 - Format—20(1X,I2)

IHT -~ specifies the observed height from which observations are to
be mapped as initial values onto the heights used in the
calculations. These are not the actual heights but the
index. (The maximum value is NZ.)

d. If multiple sets of observations are to be run using the same
control parameters, cards 12-20 must be provided for each set.

3. If a second set of control parameters is used, then cards 2-20 must be
provided and the observation cards repeated.
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Appendix A--SYMBOLS

reference elevation
particle concentration
total fluid depth
acceleration due to gravity

fluid shear

j = size class 1ndices

Boltzman's comnstant
number of particles
diffusivity
particle radius
- primary particle radius
shear stress
- aggregate shear strength
temperature
- time step
- flow velocity at height =z

- shear velocity

W =~ particle fall velocity

z -
Az

Bay
Bps
Brs
‘ -

B

elevation

— change in elevation

- collision rate due to Brownian motion

v =~ kinematic viscosity

p — density

py~ Primary particle density
p, ~ asgregate density

P ~ fluid density

Ty T shear stress

¢ - collison kernel

¥ - rupture kernel

— collision rate due to turbulent shearing

— collision rate due to turbulent shearing

von Karman's constant

- dynamic viscosity



Appendix B--PROGRAM LISTING

The following is a listing of the program as implemented on a CDC
170/750 using FORTRAN 1IV.

PROGRAN CONCAL (DUTPUT,TAPEY,TAPES)

DIKENSIONED VARIABLESINCOAMON

BN(J,K) COLLISION KERNEL FOR BROWNIAN NOTION BETUEEN J AND K-SIZED PARTICLES
b¢I,J,X) TOTAL COLLISION KERNEL AT HEIGHT 1 BETUEEN J AND K-SIZED PARTICLES
DS{J,K) COLLISION KERNEL FOR DIFFERENTIAL SETTLING BETUEEN J AND K-SIZED
PARTICLES
6(I1) FLUID SHEAR AT HEIGHT 1
HRC(J,K) NUNBER OF PARTICLES FORMED BY THE COLLISION OF A J AND K-SIZED
PARTICLE
HRR(.J) NUMBER OF PARTICLES FORKED BY THE RUPTURE OF A J-SIZED PARTILLE
IRC(J.K} SIZE OF PARTICLES RESULTING FROM COLLISION OF A J AMD K-SIZED
PARTICLE
ISR¢J) PARTICLE SIZE RESULTING FROM RUPTURE OF A J-SIZED PARTICLE
GBSED(L,M) OBSERVED PARTICLE CONCENTRATIONS AT L HEIGHTS INNSIZECLASSES
@C(I) DIFFUSIVITY AT HEIGHT 1
SEDCONCI.J) CALCULATED PARTICLE CONCENTRATIONS FOR J SIZE CLASSES AT
I HEIGHTS
SEDPAR(38,N) PHYSICAL PARAMETERS OF PARTICLES IN 38 SI1ZE CLASSES USED IN
THE CALCULATIONS. FOR N EQUAL TO
1. MEAN RADIUS OF PARTICLES IN THE INTERVAL
THE CALCULATIONS. FOR EACH SIZE CLASS, THE PROPERTIES ARE
ASSIGNED AS FOLLOU. FOR N EQUAL TO
2. MAXINUM DIAMETER OF PARTICLES IN THE INTERVAL
3. NUMBER OF PRIMARY PARTICLES IN A PARTICLE ¥ITH THE HEAN RADIUS
4. DENSITY OF A PARTICLE WITH THE MAN RADIUS
5. SHEAR STRENGTH OF A PARTICLE WITN THE MEAN RADIUS
6. STOKES SETTLING VELOCITY OF A PARTICLE WITH THE NEAN RADIUS
7. NUMBER OF PRIMARY PARTICLES IN A PARTICLE YITH THE MAXIMUM DIAKETER
8. PARTICLE CONCENTRATION AT THE UPPER BOUNDARY
SET;;) MEAN SETTLING VELBCITY OF J-SIZED PARTICLES
SH(I) FLUID SHEAR STRESS AT HEIGHT |
SIZE(M+1) NINIMUM AND BAXIMUN SIZES OF N OBSERVED SIZE CLASSES
SP(J) PERCENT OF J-SIZED PARTICLES THAT FALL WITH A STOKES VELOCITY
TMASS(I) TOTAL CALCULATED MASS AT HEIGHT I
TPART{1) TOTAL CALCULATED MUMBER OF PRINARY PARTICLES Al #EIGHT I
TRCL,K) CRULTSIAN KEGEWEL BETMEEMN JJANRD KkSSFEED RARTHOLES
USTAR(S) VECTOR OF SHEAR VELOCITIES USED
VEL(16,J} VECTOR OF SETTLING VELOCITIES FOR JFSGYEBD FARTCLESS; FURST ENTRY
IS THE STOKES VELOCITY, THE REST ARE USED TO DETERMINE THfE DISTRIBUTION
UELPC(16.J) PERCENTAGE OF J-SIZED PARTICLES FALLING AT EACH VELOCITY IEN
UEL
UT{(M) OBSERVED SEDIMENT MASS AT HEIGHT M
2C(I) HEIGHTS AT UHICH SEDIMENT CONCENTRATIONS ARE CALCULATED
IF(I) HEIGHTS AT UHICH FLUXES ARE CALCULATED

OO0 OOFTOOONOTNWMIDO OO0 MHOOOOTO000000000TOO0O0 OO0
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{ NON-DIMENSIONED VARIABLES IN COMMON

C CC CONVERGENCE CRITERIA

C DE TOTAL DEPTH OF FLOW

C EF EFFICIENCY OF PARTICLE COLLISIONS IM PRODUCING MEU PARTICLES

C IT NUMBER OFf ITERATIONS Of SUBROUTINE DIFADY BETWEEN CALLS TO SUBROUTINES
C  COLLID AND RUPTUR

C KO NUMBER OF HEIGHTS AT WHICH CALCULATIONS ARE MADE

¢ MAXINUM VALUE IS 13

C KR MAXIMUM NUMBER OF ITERATIONS

C KUS NUnBER OF VALUES OF USTAR SPECIFIED

C HAXINUM VALUE 1S 5

C KS INDEX OF MINIMUM SIZE CLASS USED IN THE CALCULATIONS

C NL NUnBER OF ITERATIONS BETUEEN PRINTOUTS

C NR NUnBER OF SETS OF OBSERVATIONS TO BE MODELED USING THE SAHE SET OF

C  CONTROL FARKAMETERS

c NS INDEx oF MAXIMUM SIZE CLASS usep IN THE CALCULATIONS

C NAXINUM VALUE 1S 38

C RHO DENSITY OF PRINARY PARTICLE

C RO RADIUS OF PRIMARY PARTICLE

C 5M STRENGTH MULTIPLIER

C T TIME STEP USED BETUEEN CALLS TO SUBROUTINE BIFADV

C TO BASIC TINE STEP SUPPLIED BY USER

C UK VON KARMANS CONSTANT

c xn excess Bass CRITERIA

C
C
C
C
C
o
o
C
¢
C
C
C

VARIABLES IN MAIN FROGRAN

IP NUNBER OF SETS fF CONTROL PARAMETERS IN INPUT FILE

PCONC(I,J) PREVIOUS VALUES OF SEDCON; USED FOR CONVERGENCE TEST

PSED(I,N) CALCULATED PARTICLE CONCENTRATIONS AT 1 HEIGHTS GROUPED INTO
M SIZE CLASSES CORRESPONDING TO THE OBSERVED SIZE CLASSES

DIMENSION tJSTAR(S),TPART(3IB), THASS(38),5EDCONC16,38),
1SIZE(38),5EDPAR(3SR, 8) 2CC19),2F(15) ,IHT (16} ,HT(13),
2UT(15), DBSEB(IS 38) ISR(38) HRR(38) HRL{3B 38) IRt(Sa a8) ,e{13),
46(135), SH(15) {13, 3B 38, 05(33 38), T5(38 38), BH(38 38)
4SP(38J UELPC(SB 16) UEL(38 14) ,SET(38)
COMMON 70,DE, SN, VK, CC EF, XN, RHD RO, KB, NG, KUS KR, KL, 1T ,NR, 45, T,
1USTAR, IRR,ICR,IDR,SEDCON, SIZE SEDPAR ZF ZC ML, NC IHT HT UT, éET
20BSED,I5R,HRK,HRC, IRC,DS,T5, BH b,0,6,5%H,5F, UEL UELPC
DIMENSION PCONC(13,38), PSED(!S 38)
READ(5,5535) 1P
5555 FORHAT(IZ)

DO 4 N=1,TF

READ(S,1111) T0,DE,SM,VK,CC,EF, XN, RHD, RO
1111 FORMAT(9(1X,F72.2))

READ(5,2222)KQ, NS KUS KR, NL, IT,NR, M5
2222 FORMATI(B(2X,Ié))

WRITE(4,24)
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24

3333
4444
6666
7777

4445
4446

25
23

12

999

FORMAT (1H#)

WRITE(4,3333) T0,DE,5M,VK,CC,EF, X4, RHO,RO
WRITE(6,4444) KG,NS,KUS,KR,NL,IT,NR,MS
FORMAT(1X,"INPUT DATA",9(FB.2,20))
FORMAT(1X,"INPUT DATA ",B(14,2X})
READ(5,46664) USTAR

FORNAT(SF6.3)

WRITECE,7777) (USTARIMO) ,MO=1,KUS)
FORMATC(1X,"SHEAR VELOCITIES = ",5¢F4.3,2X))
WRITE(4,4445)

FORNAT(IH )

FORNAT (1H#)

DE=DE+184.

CALL HEIGHT

WRITE{4,4446)

CALL PARPAR

URITECS,44464)

DO 3 IL=I,NR

CALL REID

URITE (4, 4445)

DO 2 K=1,KUS

T=TO/USTARCK)

IFCT.GT.150.) T=158.

WRITE(6,23) T

FORNAT(1X,12HTINE STEP = ,F8.2,BH SECONDS)
FORMAT(1H8,12HTIME STEP = ,F8.2,8H SECONDS)
WRITE(4,4446)

CALL FREG{USTAR(K))

MRITE(6,4446)

IRR=#

ICR=0

1bR=6

NCIT=1T

NCL=NL

DO 12 J=NS,NS

DO 12 L=1,KR

PCONCIL, J)=SEDCON(L, J)

CONTINUE

DO 1 I=f,kR

CALL DIFADV

IFCIDR.EQ. 1) GO TO 41

IFCI.NE.NCIT) 60 TO |1

NCIT=NCIT+IT

CALL COLLID

IF(ICR.EQ.1 ) GO TD 41

CALL RUPTUR

IF(IRR.EQ.1) 60 TO 40

15628

C CONVERGENCE TEST

DO 31 L=1,Kd

DO 31 J=W5,NS

IFCPCONCCL,J) .NE.B.) GO TO 35
IF{ABS(SEDCON(L, ) 3.GT.CC) IS58=]
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GO TO 36
395 IF(ABS((SEDCGN(L,J)-PCBNt(L,J))/PCENC(L,J)#ZC(LJ/(T*UK
t*USTAR(K))).BT.CC) I85=1
36 PCONC(L,J)=SEBCON(L,J)
30 CONTINUE
IF(155.EQ.1) GO TO 50
WRITE(4,184) I
188 FORMAT(1X,"STEADY-STATE AFTER ",I5," CYCLES®)
GO TO 60
58 IF(I.NE.NCL) GO TO 1
WRITE(4,52) 1
52 FORKAT(1X,"RESULTS AFTER *,I5, " CYCLES™)
THX=11148196.88
60 DO 61 L=1,K0
DO 4¢L)+SEDCONCL,J)¢SEDPAR(I,3)
THASS (L) =THASS (L) +THX$SENCONCL ,J )8 (SEDPAR(.J, 3¢ (1. -5P(J) ) #RO*+3+
18P (J)Y*SEDPAR{J, 1) %%3)
62 CONTINUE
NCI=HC+1
M=2
D0 78 J=MSG,NS
IF{SEDPARCI,2) BT SIZECH) ) M=+
IF{H.GT.NEI) GO TO 75
PSED(L,M-1)=PSED(L,#-1)+SEDCONCL, )
GO TO 70
75 CONTINUE
PSED(L,NCI)=FPSED(L,NCI)+SEDCORLL, )
M=NCI
70 CONTINUE
WRITEC6,208) ICIL),TFART(L), THASSIL)
200 FORMAT(IX,"HEIGHT =",F8.2,' (CM) TOTAL PRIMARY PARTICLES =",Ei2.4,
1" TOTAL NASS =",F6.3,"HB/L")
61 CONTINUE
WRITE(4,4445)
URITE(4,775) (SIZE(LA),LO=1,NCI)
775 FORMAT(1X,"PARTICLE CONCENTRATIONS FOR THE OBSERVED sjizES,”
1"SMALLEST FIRST",/,1X,2X,"MIN DIAN= * 15(1X,F7.3),/)
DO 778 L=1,Kd
MRITE(4,281) ZC(L),(PSED(L,J},J=1,N0ID
201 FORMAT(IX,"HT= ", 14(1X,F7.2)}
IF(THASS(L).LT.XM2> B0 TO 770
WRITE(6,86)
66 FORWAT(1X,"ERROR- MASS TOO GREAT™)
GO TO 2
778 CONTINUE
WRITE(6,4446)
65 NCL=NCL+NL
60 TO |
44 WRITE(&,454) 1,IBR,ICR,IRR
650 FORMAT{1X,"ERROR-NEEATIVE CONCENTRATION AFTER “',I3," CYCLES.",
1/, ERROR OCCURS IN THE SUBROUTINE UITH A VALUE 0F 1*,/,
2" DIFADY =v,I2," cOLLID =",12," RUFTUR =",I2)
WRITE (6,750)
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758 FORMAY{(1X,"CALC. SED. CONC. ,EACH COLUMN REPRESENTS A HEIGHT,
1 LOUEST AT LEFT, SMALLEST SIZE RANGE IS FIRST ROU."}
DO 42 L=M§,NS
WRITE(4,752) (SEDCON(J,L},J=1,KQ)

752 FORMATCIS(1X,F7.2)!

42 CONTINUE

Go To 2

CONTINUE

CONTINUE

CONTINUE

CONTINUE

STOP

END

SUBROGBTINE PARPAR

A w kg -

VARIABLES IN PARPAR/

S0 SUM OF RADII OF J AND K-SIZED PARTICLES
SEDINC INCREMENT BETUEEN VALUES OF SEDPAR(J,1)
SEDIN2 INCREMENT BETUEEN VALUES OF SEDPAK(J,2)

OO OO0 o

DIMENSION USTAR(S),TPART(38), TNASS(38),SELCONCI&,38),
1SIZ€(38),5EDPAR(38,8),2C(15),ZF(15), THTC18) ,HT{15),
2UT(15),0BSED(15,38),ISR(38) , HRR(38),HRC(38,38),IRC(38,38),0¢15),
66(15),5H(15),D(15,38,38),D5(38,38),T5(38,28),BH(38,38),
45P(38) ,VELPC(38,14),VEL{38,14) ,SET(38)

COMMON T0,DE,5H,VK,CC,EF ,XN,RHO, R0, KB, 45, KIS, KR, NL, IT,0R, M5, T,
1USTAR, IRR, ICR, IDR,SEDCON, SIZE,SEDPAR, 2F, 2C,NZ,NC , IMT , HT, WT, SET,
20BSED, ISR, HRR, HRC, IRC,D5,TS,BNH,D_Q, G SH,SP,VEL,VELPC

DATA BK/2.746E-12/

F=1.33333

RO=  RO/14886.

SEDINC=8.8802

SEDIN2=1.#004

SEDPAR(1, 1 )= . $28075

SEDPARCH,2)2.88082

SEDPAR(2,1)=0, 28815

SEDPAK (3,1)=0.0§33

SEDPAR(2,2)=6.6004

SEDPAR(3,2)=H . 4808

DO 4 J:4,38

SEDPARCJ,1)=SEDPAR(J-1, 1) +SEDING

SEDPAR(J,2)=SEDPAR (J~1,2) +SEDIND

4 CONTINUE
MRITE (&,11)
11 FORNAT(1X,"PRYSICAL PARAMETERS Of EACH GIZE CLASS*,/,2X,
t* WEAN RAD(CM}  NAX DIAN(CK) =PRI PART(MEAN) DENSITY",
2"(G/CC) STRENGTH(D/CH2) ST. VEL{(CH/S)  PRI. PART(MAX)",
3" SIZE™)

DO 2 J=1,38

SEDPAR{J,3)=(SEDPAR(J, 11 /R0)*+2,

SEDPAR(J,4)=(RHD-1.)*SEDPAR(J, 3)#(RO/SEDPAR(J, 1) )%s3 ¢l.1
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1
1)
C THI

CALL SHSTR(J)
SEDPQR(J,6)=SEDPAR(J,I)**2.!*1451B.*(SEBPﬁR(J,4)—1.0)

SEDPAR(J,7)=(SEDPAR(J,2)/{2.8¢R0) ) ¥%2.1
WRITE(4,19) (SEDPAR(J,L),L=1,7),)

CONTINUE

FORNAT(IH ,7(E15.6,1%),3X,13)

CALL FALVEL

DO 1 J=1,38

DO 1 K=J,38

GD=(SENPARCJ, 1 ) +SEDPARCK, 1)) 4428
BK(J,K)=BK*SD/(SEDPAR(, 1)#SEDPARIK, 1))

TS(J,K)=F #5D*#1.5

CONTINUE

FORMAT(1X,4(E28.8,2))

S SECTION DETERMINES THE SIZE OF DAUGHTER PARTICLES

CPRODUCED BY FLOC RUPTURE

20
15
12
C THI

ISR(1)=1

HRR(13=1.

ke 1

DO 12 L-2,NS

X=SEDPARC(L,3)/2.

DO 20 .J=K,N5
IF(X.GT.SEDPARCI, 7)) BO TO 20
ISR(L)=J

HRR(L)=SEDPAR (L, 3)/SEDPAR(S,3)
GO TO 15

CONTINUE

K=J

CONTINUE
S SECTION DETERMINES THE SIZE OF DAUGHTERS

CPRODUCED BY FLOC COLLISION

75

70

68

55
51

DO 58 J=1,NS
DO 55 K=1,.
X=SEDPAR(J, ) +SEDPAR(K, D)
DO 60 L=J,NS
IFCX.6T,SEDPARCL,7)) 60 TU 70
HRC{J,K)=X/SEDPARCL,3)
IRC(J,K)=L
60 TO 55
IFCLLEQ.NSY 6D TO 75
CONTINUE
CONTINUE
CONTINUE
RETURN
END
SUBROUTINE FREG(US)
DINENSIGN USTAR(S),TPART(38),TMASS(38),SEDCON(16,38),
161ZE(38),5EDPAR(38,8),ZC(15),ZF(15),IHT(16) ,HI(13),
EUT(IS),OBSED(IS,EB),ISR(38),HRR(3B),HRB(38,30),IRC(3B,38),9(15),
46(15),5H(15),0(15,38,38),D5(38,38),T5(38,38),BN138,38),
45pP(38),VELPC(38,16),VEL(3B,16) ,5ET(38)
COMNON TU,DE,SH,UK,CC,EF,IH,RRD,RB,XO,NS,KUS,KR,NL,IT,NR,HS,T,
1USTAR,IRR,ICR,IDR,SEBCUN,SIZE,SEDPAR,ZF,ZC,NZ,NC,IHT,HT,UT, SET,
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C

OO

20BSED, ISR, HRR, HRC, IRC,DS,TS,BN,D,8,6,5H,5P, VEL ,VELPC
DO 10 I=t,K@
G(1)=UK*US*(1.-2F (I)/DE}*ZF(I)
B{I)=SART(US*+3/ (. AH&6¢ZL 1)+ (1, ~ICCI)/BED))
SH(I)=6(1)*.8918
DO 1 J=HS,NS
DO 1 K=, N8
DI, J, K =BM(J, K)+DS(J, K) 4TSI, K16 (1)
DUIL,K, )=D(1,J,K)
| CONTINUE
18 CONTINUE
WRITE(6,88) us
48 FORKATCIX,"SHEAR VELOCITY = “,FB.4," CA/S")
NRITE(6,62)

62 FORMAT(1X,2X,"HEIGHT (FLUX)*,5X, "BIFFUSIVITI",
13X, "HEIGHT (CON) ", 5X, "FLUID SHEAR",
14X,"SHEAR STRESS™)

DO 88 I=i K0

WRITECS,61) ZF(I),0¢I),20CT),6C1),8HCD)
61 FORMAT(Z(1X,E15.8))
88 CONTINUE

RETURN

END

SUBROUTINE HEIGHT

READ IN HEIGHTS IN METERS
DIMENSION USTAR(S),TPARYT(38),TMASS{(38),5EDCON(16,38),

1SIZE(38),SEDPAR(38,8),2C(15),ZF(15), INTI14),HI (15),
24T(15),0BSEB(15,38),ISR(38) , HRR(38) ,HRC (38, 38),IRC(38,38),0¢15),
46(15),5H(15),D¢15,38,38),D5(38,38),75(38,38) ,BA (38,38,
45P(38),VELPC(38,14),VEL(38,16) ,SET(38)

COMNON TO,DE,SH,VK,CC,EF ,XM,RHO,RD,KD,NS KUS, KR, KL, IT,HR,M5,T,
JUSTAR, IRR, ICR, 1DR,SEDCON, S1ZE,SEBPAR, ZF, ZC,NZ ,NC, IHT 0T, WT, SET,
20BSED, ISR, HRR, HRC, IRC,DS, TS, BN, D,8,6,5H,5P,VEL,VELPC

READ(S,1) (ZC{1),I1=1,KQ)

READ(S,1) (ZF{I),I=1,KQ}

| FORMAT(18(2X,F5.2))

DO 10 I=1,KQ

ZC(1)=ICITI*19 .

IF(D) =IF{ 1) *10F .

18 CONTINUE

URITE(S,2)

2 FORMAT(1X,"CORC. LEVELS ARE (IN M)

WRITE(4,3) (ZC(I),I=t,KD)

3 FORMAT(1X,18(F8.2,2X))

WRITE(6,4)

4 FORMATC(1X,*FLUX LEVELS ARECINCN)")

WRITE(6,3) (ZFCI),I=1,KED)

RETURN

END

SUBROUTINE FALVEL

VARIABLES IN FALVEL
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C FACT(2,2) FARAMETERS USE6 TO CALCULATE AGGREGATE SETTLING VELOCITIES
C MEAN(2) MEAN AGGREGATE VELOCITIES FOR EACH SUBPOPULATION
C PC(2) PERCENTAGE OF AGGREGATES IN EACH SUBFPOPULATION

SIGMA(2) STANDARD DEVIATION OF VELOCITIES FOR EACH SUBPOPULATION

PARTICLE SIZE. THE FIRST VALUE 1S THE STOKES VALUE, THE REST ARE
THE PERCENT THAT FALL AT THE RATES CALCULATED FROM HAWLEY(19%82)

DIMENSION USTAR(5),TPART(38),THASS(38),SEDCON(16,38),
1SI1ZE(38),5EDPAR(38,8),2C(15),ZF(15),IHTC18),HT(15),
2WT(15),0BSED(15,38),15R(38) ,HRR(38) ,HRL(38,38), IRC(38,38) 81D,
66(15),8H(15),D(15,38,38),D5(38,38),75(38,38) ,BM(38,38),
ASP(38) ,VELPC(38,14),VEL(38,14) ,SET(38)

CONNON TO,DE,SH,VK,CC,EF XM, RO, R0, KGNS, KUS , KR, AL, 1T, HR, M5, T,
{USTAR, IRR, ICR, 1DR,SEDCON,S1ZE,SEDPAR, ZF ,Z€,NZ,NC, THT HT,MT, SET,
20BSED, ISR, HRR, HRC, IRC,DS,TS,BN,D,0,G,5H,5P, VEL ,VELPC

REAL MEAN(2)

DIMENSION FACT(2,2),PRECI4),P(16),VELT(14),
1SIGMA(2),Y(16),PC(2)

DATA FALT,SIGNA,PC/1.483,9.138,.389,.693,.01,.0874,.9,.1/

DATA VELT/8.,.81,.82,.83,.04,.85,.86,.987,.08,.09,.1,.13,.16,
1.19,.22,.25/

READ (5,1) (SP(JJ), J=HS,NS)

1 FORMAT(13(1X,F4.2))

NRITE(6,2)

2 FORMAT(1X,*PCT OF NATERYAL VHICH NAVE STOKES VELOCITY IN EACH",

1" SIZE CLASS,BHALLEST FIRST"™)

NRITE(4,1)(SP(JJ), JJ=HS,NS)

DO 9 J=AS,NS

DO 9 K=MS,NS

DS(J,K)=8.

9 CONTINUE

DO 14 K=H5,NS

DO 8 J=1,16

PRE(J) =4,

B COATINUE

IF(SF(K).LT.1.8) GO TO 15

DO 13 122,14

VEL (K, 1) =VELT(I)

VELPL (K, 1),

13 GCONTINUE

VEL(K,1)2SEDPARCK,4)

VELPC{K,1)=1.

GO TO 14

15 CONTINUE

X=SEDPAR(K,1 )+24 .

DO 18 J=1,2

NEAN(J)=FACT(J, 1 ) #X$+FACT(J,2) /18.

DO 19 I=1,16

Y(I)=(VELT(1}~NEAN{J))/SIEHACSH)

CALL HDNOR(Y(I),P(I))

PRE(1)=FRE(I}+P(I)+PC(J)

C
C
C
C THIS CALCULATES THE DISTRIBUTION OF FALL VELOEITIES FOR EACH
C
C
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19 CONTINUE
18 CONTINUE
VELPCIK, 11=5P{K)
7Z=1./(1.-PREC1))
DO 65 I=1,15
P{I)=(PRE{T+1)-PRE(1))#1Z
65 CONTINUE
D0 20 I=2,1é
VELPC (K, I)=(1.~SP(K))#P(I-1)
20 CONTINUE
VELIK, 1) =SEDPAR(K, )
DO 12 I=2,11
VEL (K, T =VELT( 1) - . §95
12 CONTINUE
DO 133 I=12,16
VEL{K, T} =VELT(I) ~. 815
133 CONTINUE
1§ CONTINUE
D0 31 L=NS,NS
DO 35 J=M§,NS
DO 48 I=1,1é
DO 45 k=1,16
BS(L,J)=BS(L, Jr+{SEDPAR(L , 1 J4SEDPAR(, 1)) sk23 .1 415024+
1ABS(VEL(L,I)-VEL(J,K) }#VELPC(L, I} $VELPCIJ,K)
45 CONTINUE
48 CONTINUE
35 CONTINUE
3@ CONTINUE
DO 188 L=M§,N5
SET(LY=SEDPARCL,6)#SP (L)
DO 288 1=2,16
SET(L)=SET(L)+VEL (L, T1#VELPCCL, )
268 CONTINUE
168 CONTINUE
MRITE(G,98)
98 FORMAT(1X,"AVERABE FALL VELOCITY FOR EACH SIZE CLASS, SHALLEST"
1" FIRST™)
WRITE(4,99) (SET(L),L=NS,NS)
99 FORKAT({@(1X,F18.8))
RETURN
END
SUBROUTINE READ

VARIABLES IN READ
TITLE- ORSERVATION IDENTIFICATION STRING

Lo I w0 o T e IO i O O |

THIS READS IN THE OBSERVATIONS
DINENSION USTAR(S),TPART(38), THASS (38),SEBCONI16,38),
1§17E(38),SEDPAR(38,81,ZC(15),ZF¢15) , INT(14),HT (15},
24T(15),0BSED(15,38),1SR(38) ,HRR(38) ,HRL (38,38), IRC(38,38),815),
4G(15),SH(15),0(15,38,38),D5(38,38),T5(38,38),BM(36,38),
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O0OO0OO0

4SP(38),VELPC(38,14),VEL(38,16) ,SET(3B)

COMMON TO,DE,SM,VK,CC,EF ,XM,RHO,RG,KQ,NS ,KUS , KR, AL, 1T, R, M5, T,
1USTAR,IRK,ICR,IDR,SEDCON,S1ZE,SEDPAR, 2F,ZC, NZ NG, INT,HT, VT, SET,
20BSED, ISR, HRR,HRC,IRC,D5,T5,BN,D,0,6,5H,5P,VEL ,VELPC

READ(S,111) TITLE,NZ,NC

NCI=NCH1

WRITE(,181) TITLE,NI,NC

192 FORMAT(1X,AB)

READ(S,2) (SIZE(K),K=1,MCI)

WRITE(4,202) (SIZE(K),K=1,NCI)

WURITE(S,%7)

97 FORMAT(1H )

DO 288 L=1,NI

REAB(S,3) HT (L), WTIL)

READ(5,44) C(DBSED(L,X),K=1,NC)

WRITE(4,38) HRT(L),¥T(L}

WRITE(H,40) {DBSED(L,K),K=1,NL)

268 CONTINUE
WRITE{(&,97)
111 FDRMATCAS,201X,12))
2 FORKATC21(1X,F3.81)
3 FORMAT(2<(F6.2,1X)1)
44 FORMAT(1GFB.2)
181 FORKATC(1H!I ,A8," NUMBER OF UBS. HIS.=",12," NUMBER OF SIZES =",I12}
262 FORMAT(1X,"MIN AND MAXDIAM. OF SIZE CLASSES (MICROKS)",/,21F4.0)
49 FORMAT(1X,"PART/CL PER SIZE CLASS-SMALLEST FIRST",/,1X,
115¢(F6&.8,2X),/7,1X,15(F4,8,2X))
38 FORMAT(tX,"HEIGHT(M) =",F8.2, "HEIGHT (M§/L) =",F&4.2)

CALL CURVE

RETURN

END

SUBROUTINE CURVE

DINENSION PSt14,38)

DIMENSION USTARIS), TPART(38),THASSE(38) ,SEDCONIYS, 3B,
1SIZE(38),SEDPAR(38,B),ZC415),ZF(15),INT(14),HT(1D),
24T{15),0BSED(15,38),I5R{387 ,HRR(38) ,ARC(36,38),IRC(38,38),Q(157,
&6(15),5H(15),D(15,38,38),05(38,38),75(38,38),BNK(38,38),
ASP(38),VELPC(38,14),VEL(3B,16) ,SET(38)

CONMON TO,DE,SK,VK,CC,EF XM, RNO,RO,KQ,N5,¥US KR NL,IT,HR, 45,1,
1USTAR,IRR, ICR,IDR,SEDCON,51ZE,SEDPAR,ZF,2C,NZ NC, INT,HT,UT, SET,
20BSED, ISR, HRR,HRC,IRC,DS,TS,BM,D,2,6,5H,5P, VEL ,VELFL

IF SIZE CLASSES LT 4-8 MILRONS IRE USED, THE CORRESPONDING OBSERVED
VALUES RUST BE GIVEN EXPLICITLY. THE ONLY PERRISSIBLE SIZE RANGES
LESS THAN 4 MICRONS

ARE 1-2 AND 2-4 MICRONS OR 2-4 MICRONRS ONLY. ALL BTHER SIZzE

RANGES RUST HAVE BOUNDS EXACTLY DIVISIBLEBY 4.

L§=2

I4=3

IF¢(M5.6E.3)60 TO 10
DO 1 L=1,NI

IF(M5.EQ.2) 60 Th 5
FPS(L,1)=0BSED(L,1)
PS(L,21=0BSED(L,2)
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L5=4
60 TO 1
5 PS(L,2)=0BSEDIL, 1)
999 FORMAT(1X,FI#.4,13)
L§=3
1 CONTINUE
18 CONTINUE
NCI=NC#+1
D0 21 K=L8,NCI
NI=(STZE(K)-SIZE(K~1))/4
IFINI.LE.1) GO TO 23
B0 22 1=1,NI
DO 11 L=t,NZ
PS(L,1J)=0BSEDIL,K-1)/01
11 CONTINUE
[J=14+1
22 CONTINUE
60 TO 28
25 CONTINUE
DO 12 L=1,NZ
PS{L,1J)=0BSEDLL,K-1)
12 CONTINUE
TJ=1J+1
28 CONTINUE
10 35 K=1J,NS
06 35 L=1,NZ
FS(L, k)=,
35 CONTINUE
KRT=Ka+1
READ{S, 1#6) IHT
DO 5§ J=KS,NS
DO 5# K=1,KQ
SEDCONCK, 1) =PSCIHT (KD, )
58 CONTINUE
DO 60 I=1,KQ
WRITE(4,500) ZC(D) ,HTIIHTCII ) UT(IHT(I))
&8 CONTINUE
WRITE(4,97)
97 FORMAT(IH )
WRITE (6,4) (ZCCL),L=1,KQ)
DO 78 J=MS,NS
WRITECH,B8) (SEBCONCI,J),I=1,K0),J
SEDPAR{J,8)=PSCIHT(KQI) ,J)
70 CONTINUE
URITE(,98) HTIINT(KQI)),UTCIAT(KAI))
98 FORMAT(1X,” TOP BOUNDARY CUNC. EQUALS THAT OF OBSERVED VALUES aT",
tFB.2," M WITH A UEIGHT OF "“,F8.2," MG/L")
168 FORMAT(28¢1X,12))

4 FORMAT(1X,"OBSERVED SED. CONC. VALUES ARE ASSIGHEB 45 INITIAL™,
1" VALUES IN THE FOLLOUING UM“,'./_." SMALLEST SIZE CLASS IS THE *,
2"FIRST ROV Tve LOWEST ELEVATION IS THE rirsT COLUMN",
3/,1X,15(F7.2,1X)," =NT",/,1X,128X,"SIZE")

S§9 FORNAT(1X,"HT. =",F8.2," DATA FRON ",F8.2," M UT. IN NG/L =",
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1F6.3)

8 FORNAT(1X,15(F7.2,1X),2X,12)
DO 689 M=1,NCI
SIZE(N)=SIZECH)/ 10849,

488 CONTINUE
RETURM
END
SUBROUTINE DIFADV

VARIABLES IN DIFADV
FLUX(I) SEDIMENT FLUX CALCULATED AT HEIGHT |

OOO(-)(')(')O

CALCULATES VERTICAL TRANSPORT

DINENSION FLUX(28,38)

DINENSION USTAR(5),TPART(3B),THASS(38),5EDCON(16,38),
1SIZE(38),SEDPAR(38,8),ZC(15),ZF119), IHTC16) ,HT(15),
24T(15),0BSED(15,38), 1SR(38) ,HRR (38), HRE (38,38), IRC(38,38) ,B<15),
66(15),5H(15),D(15,38,38), DS(38,38),T5(38, 38) , BM(38, 381,
4SP(38),VELPC(38, 16), VEL (38,16 ,SET(38)

COMNON 10, DE ,SH, VK, CC,EF, XN, RHO, RO, KA NS, KUS ,KR ,NL, IT,NR, S, T,
1USTAR, IRR, ICR, IDR, SEDCON, SIZE, SEDPAR, ZF , 2C,NZ,NC , THT  HT T, SET,
20BSED, ISR, HRR, HRC, IRC, DS, 15, BN, T, 0,6, 5H, 5P, VEL , VELPC

DO 1 L=NS,NS

FLUX(KR,L)=R(K0)#%(SEDPAR(L,B)-SEDCONIKR,L)) /(2. #(ZF (KQ)-IC(KR) )+
1SEDPAR(L,B)  *SET(L)

KaL=KQ-1

DO 2 I=1,K6L

FLUX(I,L) =G 1) +{SEDCONII+1 ,L)~SEDCON(I,L) )/ (ZC(T+3)-IC(I1)+
1SEDCON(I+1,L)*SET(L)

2 CONTINUE
SEDCON(1,L)=8EDCONCT , L)+TeFLUX(T, L)/ (ZF(1)+.5)

DO 3 K=2,Kd

SEDCON(K,L)= SEDCONCK,L)+T# (FLUX(K,L)=FLUX(K-1,L)1/( (ZF(K)-
1ZF (K-1)))

IF(SEDCON(K,L).LT.8.) IDR=1

3 CONTINUE
1 CONTINUE

RETURN

END

SUBROUTINE CBLLID

C CALCULATES CHANGES IN PARTICLE SIZE DUE TO COLLISION

DIMENSION TX(38),TL(38) ,CH(14,38,38)

DINENSION USTAR(S),TPART(38),TMASS(38),SEDCON(16,38),
1SIZE(38),SEDPAR(38,8),2C(15),ZF(15), INT(16) HT(15),
24T(15),0BSED(15,38), ISR(38), HRR(38), HRC(38,38) , IRT(38,38),0(15),
4G(15),8H(15),D15,38,38), DS(38,38),15(38,38) , BN (38,38),
ASP(38),VELPC(38,16),VEL(38,16) ,SET(38)

COMMON TO,BE,SH,VK, CC, EF , XM, RHO, RO, K, NS , KUS KR, NL, IT, AR, M8, T,
1USTAR, IRR, ICR, IDR, SEDCON, S1ZE, SEDPAR, ZF , 2C, NZ ,AC, IHT, uT, U, SET,
20BSED, ISR, KRR, HRT , IRC, DS, TS , B, B, 0,6, 5K, 5P, YEL ,VELPC

DO 1 J=HS,NS
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DO 1 K=H5,NS

DO 11 I=1,KQ

§C=SEDCON(I,J) #SEBCON(I,K)

CH(I,J,K)=D(1,J,K)eTS0*ITSEF

11 CONTINUE
1 CONTINUE

DO 13 1=1,K8

DO 2 J=#5,NS

TX{Ji=4.

TLC ) =8,

2 CONTINUE

D0 3 J=MS,NS

DO 4 K=HS,.J

TN=1.

IFCKLEQL) TN=§.3

KRX=IR(J,K)

TXCERYD = TXCKRYD+CH(I , J ,K)#HRL ¢, K)*TN

TL(JY=TL{J)+CHCT, J,K)}*TN

TL(K)=TL(K)+CH{ T, J,K)*TN

4 CONTINUE
3 CONTINUE
DO 5 J=K§,NE
GEDCONCI,J)=SEDCONCT, D)#TX(JI-TLIJ)
5 CONTINUE
13 CONTINUE

DO 84 I=1,Ka

DO BB L=M§,NS

IF{SEDCON(TI,L).LT.8.) I{R=1

8¢ CONTINUE
RETURN
END
SUBROUTINE RUPTUR

BIMENSION USTARCS),TPART(38), THASS(38),SEDCON(14,38),
1SI2E(38),5EDPAR(38,8), ZC($5),ZF(15), IHT(lél RT(15),
2870135), DBSEB(!S 38) ISR(SB) HRR(3B) HRC(38,38), IRC(38,38) Je(15),
6G{13), SH(IS) D13, 33 3g), BS(38 38}, TS(SB 38) BH(38 38!,
49?(38) UELPC(38 18), UEL(38 14) ,SET(38)

COMMON T10,DE,SH, VK, CC EF ,XM,RHO,R0,KQ,NS ,KUS, KR,NL,IT,NR, M5, T,
1USTAR, IRR, ICR InR SEDBON SIZE SEDPAR, ZF,IC,NZ, nc IHT HT UT, ST,
20BSED, ISR, HRR, HRC, IRC,BS,T5,BH,D,0,6,5H,5P, UEL VELPT

C CALCULATES CHANGES INSIZE DUE TO PARTICLE RUﬁfUﬁé

DIMENSION TX{(38)

DO 1 I=1,KB

DO 6 L=M§,NS

TX(L)=8.

6 CONTINUE

DO 3 L=S,kS

IF (SEDPARIL,S) .6T.8HCD)) Gil TO 3

KRX=ISR{L)

SEDCON(I,L)=8.

TXIKRX) =TX(KRX)+SEDCON(I,L) *HRR{L)

3 CONTINUE
DO 8 L=HS,N5
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SEDCONCI,L)=SEDCONCI,L)#TX(L)
G CONTINUE
I CONTINUE

o 2 I=1,Kd

DO 2 L=M8 NS

IF(SEDCON( T, L) .LT.F.) JRR=!

2 CONTINUE

RETURN

END

SUBROUTINE SHSTR(J)

DINENSION USTARCS),TPART{38),THASS(38),SEDCON(14,38),
151ZE(38),SEDPAR(38,8),2C(15),2F(15), IHI(I&) HT(1S>,
2UT{15), DBSED(IS 33) ISR(SB) HRR(3B) HMRC(38,38),IRC(38,38),0(I5),
66(15),8H(152,D013, 39 38y, DS(3B 38}, TS(38 3g, BM(.‘SB 38),
4SP(38) UELPC(SB 14}, UEL(38 16) ,SET(38)

COMMON TO,DE,SH,VK, cc EF , XN RHU,RB KQ,NS,KUS , KR,NL,IT,NR, M5, 7,
1USTAR,IRR,ICR,IDR,SEDCON,SIZE,SEDPAR, ZF zc NZ IC IHT HT UT, SET
20BSED, ISR, HRR,HRC, IRC,DS,T5,B4,D,0,6,5H,5P, UEL vELPc ’

SEDFAR(J,3)= SEBPQR(J 4)**26 98*5 94#SM

RETURN

END
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Appendix C--SAMPLE INPUT DECK
el
id. 98 15.49 F. 11 f.48 1.11 0.50 5.01 2.65 2.75
15 38 2 48 24 12 I 2
LA108 §.1589
0.14 9.4 1.00 1.70 2.61 3.70 5.01 4.48 8.13 19.04
12.85 14.25 16.65 24.48 25.01
#.28 1.70 1.31 2.11 3.10 4.30 ¥.7¢ 7.26 9.01 11.10
13.18 13.486 17.91 22.11 27.91
1.80 6.890 6.70 80.640.500.48 .39 0.20 .15 0.19 2.1 1.10 8.4
#.88 a.00 0.00 0.00 0.00 0.00 0.00
6.9
ST.GHHDN 7 12
2 4 8 12 {6 20 24 28 32 48 A48 56 64
1.68 3.75
2953.11 1344.80 &46D.60 330.48 147.844 94,01 58.64 38.04 21.01
2.08 1.00

2.60 3.25
3661.0890 1318.9F 574.8¢ 26510 123.01 646.01 42.01 28.#8 12.10
1.00
5.50 2.8
2742.08 1093.86 491.88 182.89 88.01 53.01 36.01 25.01 8.10
§.080
18.68 2.70
2391.88 749.11 281.80 125.00 62.10 37.10 26.01 9.9 7.10
¢.868
Ib.65 2.50
2441.10 B847.94 298.890 119.01 5. 94 33.01 25.01 19.00 Gu.09
0.00
25.00 1.30

1532.00 427.11 167.00 78.00 41.09 26.90 19.01 15.00 3.0
B.89

45.00 1.00
1869.00 590.00 226.01 96.01 44.10 23.6¢ 18.080 14.00 5.00
g.99

#1 61 01 02 02 63 03 94 04 4 #5 05 #5 85 #6 07
3¢.08 25.64 0.01 0.40 .M 0.50 J.00 2.65 §.73
13 38 2 48 24 12 1 2
188 #.15
0.14 0.49 1.00 1.7 2.49 3.70 S8 6.48 8.13 10.01
12.05 14.25 16.65 20.00 25.00
0.28 5.70 1.30 2.11 3.10 4.30 5.70 7.26 9.10 11.01
13.10 15.41 17.91 22.111 27.90
1.8 5.80 #.780.60 0.50 0.40 0.30 0.20 0.11 @.1% 0.10 0.11 #.998
0.00 4.48 0.00 0.00 0.00 0.00 0.00
0.00
5T.GH23H8 12
2 4 8 12 Ib 20 24 28 32 44 48 56 64

1.00 3.3
2813.88 852.11 389.98 133.01 66.01 2.4 29.00 23.10 13.#9
2.00 1.00
2.60 2.60
2428.88 672.00 244.00 189.#8 Sh.80 3.8 25.10 24.008 13.10
1.00 1.00

30

6.08

2.00

1 .09

1.10

1.40

1.01

1.01

i.019

3.01



9.6
1754
1

1.08
5

16.6
660.99
t.489
25.11
842.99
1.01

1.85
511.11

1.91.
281,84

1.35
229.11
1.11

8.93
292.11

210.89

117.11

133.684

161.11

116.11

63.11

8z.8¢

97.11

59.10

38.10

49.10

38.94

44 .24

24.01

31.10

37.81

g1 61 91 92 12 B3 83 64 14 14 85 15 #5 86 B 17

31

29.01

16.94

19.00

25.04

23.01

12.01

13.90

19.01

15.01

7.01

.08

7.01

4.11

2.04

3.0

3.11



Appendix D--SAMPLE OUTPUT

The following output was generated by the input file listed in appendix
C.
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INPUT DATA  18.00 4590 3 At At

INPUT DATR 15 38 2 48 24 12
SHEAR VELOCITIES = 188 158

conc. LEVELS are crucws

14.09 49,09 16618 178.50 268 .09 376,04
1295.00  1425.00  14645.98  2009.88  2580.84
FLux LEVELS are (s chs

20,98 76.89 13050 208,09 3090 434.00
131998  t549.88  1796.80  22te.48  2799.0¢

PHYSICAL PARANETERS OF EACH SIZE CLASS

HEAN RAD(CH) HAX DIAM(CM} =PRI PART(NEAN) DENSITY(G/CL)

14 i.ne

548,04 b48. 002

s18.89 726.11

SHIBIE-#4 299998E-84 AHRIRSER] L263000E+R] T BSNVIES ST
JISERMIE-83 ABSIHIE-§3 JA28TITEHD] JABE4Z1E+BE 1 BSTAZE+ES
IMHME-§] L B3792E+82 BEFELIR)) JTARZ2BE+82
SHISIE-§3 LS37299E482 129929E+81 A46731E+90
HOMNE-3 . LTH8912E483 A22183E400 _B7ABS2E-T1
FASIIE-1] JZ2A0R09E-02 LIBAGZIEHE] JA17829E+01 .319529E-41
JISISE-92 L24B009E-02 .281382E+#3 L1471 4E+80 LEZA43E-20
AIRGE-#2 2B8008E-82 L3PP425E 491 JAT2662E4+81 99765LE-02
JASMIFIE-$2 320989E-82 B R R1E] k) 132640 AB9B52E-82
A78008E-92 ~3FINIE-§2 JHIREIELES JAP9F4GE+R CS14474E-82
<198009E-92 SARIISIE-92 LBB84653E+@3 198978E+81 A0BY24E-82
J21J0G8E-§2 AADDENE-92 AITERAE R4 . THB223E+H1 J337INVE-B2
L2308480E-02 ABIRANE-02 L1I2434E 464 LE7377E400 J206F42E-F2
25080 NE-02 S2089ME-02 137778E+04 LAPPI2FEHT L 258048E-82
270600E-82 Se0ENE-02 - 1BSASAE+M4 - 186359E+0) 222023E-42
J29RF0RE-92 JADRGOIE-§2 J2TSABSEHIA ASA1SHE+HD .289164E-92
3V HINRE-82 SAFAGNE-#2 J2A7BPAE+EA LP5792E400 182715E-92
LYIPNIRE-02 LGBSISRE-82 LZ82651E+84 145475+ 1 4850FE-82
J359090E-62 .726480E-92 J317B28E484 L ETIIEHE LI58751E-82
L37P04BE-92 _FAIRSNE-92 LI59414E+84 JAEAFIREL R L1440B8E-§2
LIFRGPRE-D2 .89ddNIE-12 ABTA27E+NA A7 VIE+ BT .13B468E-#2
A BISSE-2 BABOISE-92 A45B79E+IA THASEIE+FT JA31278E-82
AIMIMIE-92 .808509E-82 LARITH2EHIA AFATTAEHE L 125822E-82
ASEIPFE-#2 S20409L-92 4Z214BE+IA JAe41HEHRI JLISSA7E-82
JA7BO6RE-92 FRP8EE-92 J393967E+04 L 1#3982E+M JI4221E-82
JATIBIIE-82 Lt EFISE-$1 H4BII1E+04 JAPIBISEFI 118434692
L519889E-82 LHOARIE-S1 JBS129E404 L1I3700E+01 LABGEHTE-S2
S348H0E-02 L1908 90E-0 J7EA45IE+H4 LAB3S74E+0 JA§3171E-42
SSE408E-02 112880E-01 LB262F1E+E4 L1 H3457E+81 19p858E-92
LSPBG00E-02 L116848E-01 JBIDESIE+B4 L 18334BE481 L 97I524E-83
598000E-42 20600~ JTS7S4BE+4 183243E+M1 ~PAEBRIE-83
S18809E-92 A20608E-81 JAH269BE+ES AP31SHE+I 923429E-83
OIRPRIE-92 . 12B408E-81 A G9897E+05 ABIBSRE+H JFIISESE-#3
LAOFIE-92 L1 IZ2889E-81 JA17352E+05 1 §2975E+81 _BB2HBIE-#$3
A70989E-82 136089881 J125863E+05 1H2B7AE+91 B63772E-83
ATEOEIE-RT L1498 89E-81 LI3BTEHES JAF2BIFEHI LB44BHBE~H2
L1988 0E-82 HAAPSIE-§1 L1 41258E+83 LAB2747E4+41 _831948E-03-
J730890E-FA .1 4BP#FE-91. AR 44EHES L192479E4+0) B14371E-83

PCT OF MATERIAL UHICK KAVE STOKES VELOCITY IN EACH SIZE CLASS,SHALLEST FIRST
1.0 .B# .78 .68 .59 .4¢ 30 .20 .19 i@ .19 .8 B.HH
.90 0.08 ¢.08 9.89 9.90 .08 9.00 9,08 .90 2,05 £.09 $.00 V.40

P.29 #.00 #.99 5.99 D.02 0.63 9.9 0,90 0.00 §.80 4. N0
AVERAGE FALL VELGCITY FOR EACH S[ZE LLASS, SMALLEST FIRST

1.15 75

B13.00 1900 .90

5.1 1199.49

STRENGTH(D/EX2) ST. VEL (CH/S)

13474583
. 288B33E-93
.619128E-03
A BESTAE-#2
87237E-42
207384E-#2
L2585t NE-#2
L31RE59E-42
L343419E-R2
L417272E-92
A7 1691E-§2
WI26485E-F2
.5B1B7BE-#2
J43779IE-02
.4T4138E-02
7II963E-92
.BHERSPE-42
LB4558BE-#2
J923458E-82
L9816735E-82
o 1HAE2IE-§1
AFITRIE-§1
115B14E-#t
121733E-01
.12771BE-91
LE33789E-91
39725E~81
NAS744E-B1T
151826E-91
LIS790FE-1
«164015E-01
A28145E-01
176287E-91
«1B2453E-81
. 18B63BE-F1
J1P4B41E-H]
W201962E-§1
L2873 E-91

_B0028883 .O0477494 .9@B62034 01391755 .G1704086 _#2308019 01862576 B3NGB  yapnesse
CBASETIAA  LBAGTHE7T 85312594 .@5479509 85662377 .#5B72989 06052989 94192611 53125723
CBeB6R7E4  .B6B34915 .PETEB74R .BPEB1287 87295684 L H7357712 . #PS20979 W7663727 gpr7sEey
97984295 .9012274% .08271247 88493285 .8B495291 .PO51B4TS .98419542

15T.GKHDM WUMBER OF QBS. HTS.= 7 NUMBER OF SIZES =12
MIN AND MAX DIAN. OF SIZE CLASSES (HICRONS)
2. 4. B. 120 15, 20, 24, 28, 320 4¢. 4B. §4. 84,

33

PRI. PART{NAX)
. 145335E - 81
L 7BATFAEIF1
.3346277E4+92
FRFTSIE
L1401563EH3
L23INEHIS
23377%4E+13
ALHETIBE+IS
LA1EB50E+03

LT7I407E+B3
.B7494E+83
AZBETIE+IA

L A4BISEHE4
L7123

2B
2313BIE+
216AFEAEHN

3BI9IBE+I4
-139318E+04
L3801 17E+14
AZIZABEHIS
LA69D24E+M4
SH17154E+84
347757 EHIA
4248188 +84
L676407E+I4
TIATTEHA

LIF3O5PE+R4
.838136E+H4

9237838404
37194BE+H14
1B6286E+HES
A135P2E+05
~121175E+80
L129015EH5
SNI7TISE+ID

RELLIL 2] ]
S ISAPB4E+HIS

4284228
446485718
.B7874%354

SIZE

8 OO=~s Ox CA &» Gl B3 —



HEIGHTCH) = | FBUEIGHT (NG/L) = 3.73
ParT/tC PER SIZECLASS-SMALLESTFIRST

2953. 1344, 648, 338, 117. §4,
HEIGHT(H} =  2.6BWEIGHT (HG/L} = 3.25
PART/CC PERS1ZE CLASS-SMALLEST FIRST

8. 1318, 574, 285, 123. &b,
HEIGHT{K) = 5.MUEIGHT (M6/L} = 2.81
PaRT/CC PER S1ZECLASS-SMALLEST FIRST

2742, 1893, as1. 162, 88, 53.
HEIGHT(H) =  1#.99UEIGHT (H6/L) = 2.71
PART/CL PER S1ZECLASS-SMALLEST FIRST
2391, 749. 281, 125. 62. 37.
HEIGHT(M) =  14.4SHEIGHT (WG/L) = 2.58
FarT/CC PER S1ZECLASS-SMALLEST FIRST

2441, g47. 298, 1y, 55. 13,
HEIGHT(N) =  25.@8NEIGHT (MG/L} = 1.36
PART/CC PER SIZE CLASS-SHALLEST FIRST

1532, 427, 167. 8. 4. 4.
HREIGHT{M) = AS.WOUEIGHT (ME/L) = 1.488
ParT/CC PER s12E CLASS-SMALLEST FIRST

184%. 598. 224 96 4, 25,
HT. =t4.89 paTé FRO” , OMUT.IN NG/L

l.
HT. = 49. 88 pa14a FRO” t
HT. =196.08 DATA FRON 1.
HT. =170.00 0414 FRO” 2
HT. =2é68.49 0414 FRO”

o4 K uT. || W6

asnur. IN MeseL=
L4 K WT. IN MG/ =
2.6 wur.mus/L= 3.218

. 3.
£ 3

38.

42

3é.

26.

25,

1.

Hr.= 371.1, pata FRO” s.enur. IN 6/ 2.888

HT.=500.88 DATA rron
HT. = s45.60 0474 FRO”
HT. =g13.04 DATA Fro
HT. =1889.88 baTA FRON
HT. = 1285.88 BATA FROM
H1.21425.8¢ DATA FRO”
HT. =1645.09 bata FRO”
HT. =2080.14 DATA FRO”
HT. =2584.9¢ DATA FRO"

5.08 N UT. IN ME/L =
19,98 0 W1, || wGiL
19.0 F W WT. IN NG/L
1. 060 uT. IN HesL = 2 78‘
16.43% B WF. IN AG/L =

16.65 N WT. IR NG/L =
Ib.65 #ut. IN ME/L = 2.3
2s.08 K ut. | N NGrL = t.308
25.08 K WT. LN NG/L =

[ H

2.800
2 ’ﬂl

2.504
2.500

1.3'8

d8.

8.

25,

15.

.

DBSERVED SED. CONC. VALUES ARE ASSIGNES AS INITIAL VALUES |7 THE FOLLOWING WAY
sNALLEST §1ZE CLASS IS tHe F1r5T ROY THE LOVEST ELEVATION IS THE FIRST COLUMN
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13¢.89 138.1° 338.98 265.24265.0
167,86 167.00 167.60 123.M 123.08
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TIME STEP =

15@.44 SECONDS

SHEAR VELOLITY = 1080 CH/S
RETGHT{FLUX) DIFFUSIVITY  HEIGHT(CON) FLUID
LZSAMOBAREHE2  L111ZB3NIEST  JARIHIBEE+R2 .r|92§g=3%+ae k"??ﬁl%igig%—li
ROEORIBEMIZ . 275SAAMAE+ET  JATIRSAMIE+E2  .5BAAI320E-41  [S3EI2MIGE-92
JIEIEIREHIT SHA9777BE+M JHI2BSIA1E-F1 . 3790678E-92
J2UHER0RREES  _DUSGRIBEES1 JIIRI9952E-9) 29342515692
JIIRSROROESE3 . 11S4577BE+g2  L2609NF9E+E3  24983209E-61  .217443B4E-P2
CISHSA4A4E+H?  L37ORRAEIEE3  LZNISMI2E-3 (Z03ITATIE-2
C1O9I2084E+82  SERBERRRECES  (193GAI7E-@1  L12776Y94E-82
L7OGDBOBEED3  243S4BRSE+E2  JAADFORGNE+RT  1733ARABE-@1 L 15912454E-92
POROROFOELE]  _20DREAGOEE2 L B13MOBME+ET  (ISEI7B9VE-P1  .14SIGM31E-02
LIZ2A4444E+92 LIA8385H1E-M1 L13438144E-22
L37145778E482 L137438B1E-#1  .12616883E-02
LISASBESPESEA L ABSIFITIE+82 . 14250800E+04  ,13#8279BE-01  1201IM9E-R
C17OIBPREETEA  _A3119111E+82 L 146SHE9BE+I4  L1264S120E-11 NISTISRGE-N2
J22108B9E 04 L A49BS77OE+E2  JZOEORABIEHIA (1224744901 _11243158E-02
J279UGRORESRA A2APREBEE+E2  L2SREPMMBOC+E  (12247449E-0T  1124313BE-#2
RESULTS AFTER 24 CYCLES
HEIGHT =  14.88 (CN! TOTAL PRINARY PARTILLES = ,173458E+@s TOTAL NASS = 4,8508G/L
HEIGHT =  49.89 (CH} TOTAL PRINARY PARTICLES = .284826E+96 TOTAL NASS = 4,128AG/L
HEIGHT = 186.89 (CH) TOTAL PRINARY PARTICLES = .18A44BE+H6 TOTAL MASS = 3.593M6/L
HEIGHT = 17§.88 (CH) TOTAL PRINARY PARTICLES = .147223E+#6 TOTAL HASS = J.174ME/L
HEIGHT = 246.88 (CH) TOTAL PRINARY PARTICLES = .152722E+86 TOTAL MASS = 2.044M6/L
HEIGHT = 376.88 (CM) 74TAL PRIMARY PARTICLES = .139138E+#6 TOTAL MASS = 2.3FING/L
HEIGHT = 50¢.88 (CM) TOTAL PRINARY PARTICLES = .127219€+86 TOTAL MASS = 2.357NG/L
HEIGHT = &46.88 (CN) TOTAL PRINARY PARTICLES = .117254E+86 TOTAL WASS = 2.145NG/L
HEIGHT = B813.88 (C¥) TOTAL PRIMARY PARTICLES = .189298E+86 TOTAL WNASS = 2,8130G/L
HEIGHT = 18d€.98 (CH) TOTAL PRINARY PARTICLES = .182742E+#6 TOTAL KASS = 1,B8BNG/L
HEIGHT = 12d5.88 (CM) TOTAL PRINARY PARTICLES = .920781E+85 TOTAL HASS = 1.782M6/L
HEIGHT = 1425.88 (CH) TOTAL PRINARY PARTICLES = .91434BE+#5 TOTAL MASS = 1.67BME/L
HEIGHT = 1445.84 (CH) TOTAL PRIMARY PARTICLES = .853714E+95 TOTAL MASS = 1.369ME/L
WEIGHT = 2898.88 (CH} TOTAL PRIKARY PARTICLES = .77B347E+#5 TOTAL MASS = 1.435KG/L
HEIGHT = 256@.88 (CH? TOTAL PRINARY PARTICLES = .72482PE+35 TOTAL MASS = 1,3398G/L
PARTICLE CONCENTRATIONS FOR THE OBSERVED SIZES,SHALLEST FIRST
WIK DIAN=  .86820 68940 .990B9 99129 .08 L0020 .F0244 10281 40320
WY 1488 2419.48 1233.43 657,28 348.73 267.23 174,34 4. 44 0.
WTs  49.98 2541.14 115368 545.67 278.79 152,33 11401 67.82 4476 0.M
W= 198.99 2575.45 18B9.41 565.12 237.5¢ 123.38 986,59 S0.54  33.48 22,33
W= 178.88 2577.36 1637.48 458,24 208.53 105.35 71.11  42.64  22.93  18.48
WT=  268.49 2553.83 975.68 417.29 186.39 92.49  41.14 37.80 25.84 15,22
WT=  370.08 2587.86 917.58 379.68 167.86 B2.38 53,89 3419 2043 1.7
HT=  SPB.08 2050,12 B&1.34 3A3.64 150,25 73.84 4807 31,27 21,47 1275
W=  548.89 2389.82 B13.46 317,39 135,29 44.93 43.54 28,94 26.25 11.40
WT=  B13.88 2331.98 775.15 295.41 125.19 &1.41 39.74 27.10 19.31 1R.29
WT= (89888 2271.95 744,33 276.87 114,76 Se.5¢ 37.45 25,38 10.53 2.13
HT= 1295.08 2199.55 713.93 243.19 148,89 53.28 34.48 24.28 17.84 8.48
HT= 1425.88 2192.49 675.03 247.27 192.98 49.95 32.5% 23.k 17, 7.49
WT= 1665.89 1974.8% 622,44 228,67 95.28 46.92 3054 21.B1  14.39 6,94
HT= 2896.08 1798,36 546.37 204.21 87,13 4155 28,41 203 1545 6.23
Wi= 258088 1656.43 #92.61 189.65 B2.95 41,36 26,48 1882 14.43 5.81
RESULTS AFTER 48 CV CLES
HEIGHT = 14.89 (CM}  TOTAL PRINARY PARTICLES = .172110E+#4 TOTAL MASS = 3, 628MG/L
WEIRHT = 49.#8 (CM)  TOTAL PRINARY PARTICLES = .181641E+@s TOTAL NASS = 3. 64BHG/L
WEIGHT = 1#6.68 (CN) TOTAL PRINARY PARTICLES = .147523E+#4 TOTAL NASS - 3.22M6/L
HEIGHT = 178.#8 (CM) ToTaL PRINARY PARTICLES = .152#33E+dé TOTAL MASS - 2.067H6/L
WEIGHT = 268.99 (CH) TOTAL PRIMARY PARTICLES = .141B62E+#4 TOTAL MASS = 2. 628M5/L
HEIGHT = (CM)  TQTAL PRIWARY PARTICLES = ,P319BE+#6 TOTAL MASS © 2.428KG/L
HEIGHT = (CH} TOTAL . PRINARY PARVICLES = .123224E+06 TOTAL HASS = 2.24406/L
HELGHT = (CM)  TOTAL . PRINARY PARTICLES = .113285E+66 TOTAL NASS = 2,@924G/L
WEISHT = B13.88 (CN) TOTAL . PRINARY PARTICLES = L1#B158E+#6 TOTAL NASS = 1.959NG/L
HEIGHT = 1a#9.88 (CH) TOTAL . PRINARY PARTICLES = .161441E+#6 TOTAL NASS = 1.B3BME/L
WEIGHT = 1245.89 (CH} TOTaL . PRINARY PARTICLES = ,95435ZE+#S TOTAL MASI = 1.730M8/1
WEIGHT = 1425.89 (CH} TOTAL . PRINARY PARTICLES = .7#2863E+85 TOTAL MASS » 1.434M6/L
HEIGHT = 1645.88 (CM) TpTAL . PRINARY PARTICLES = .853942E+d5 TOTAL HASS = 1.548MG/L
HEIGHT = 2688.#3 (CH) TOTAL . PRINARY PARTICLES = .890697E+85 TOTAL MASS = 1.456K0/L
HEIGKT = 25#9.98 (CH} TOTAL . PRIMARY PARTICLES = .757418E+#5 TOTAL NASS = 1.385KG/L
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PARTICLE concextrations FOR THE OBSERVED SIZES, SKALLESY FIRST

WIN DIaN= .69928 .#604F 04988 80120 #0140 09200 40245 3188 .#O320
HT= t4. 08 2119,33 104735 55444 289.16 188.54 1747 .00 5.8 4.
HT=  49.8 2223.27 976.32 475.27 229.4% 131,83 11a.51 6213 41,22  a.m
BT= 180,88 225761 922.48 424,94 195.36 104.34 Ba.17  46.86  IF.44 22,71
W= 17¢.08 2271.18 @79.47 3BB.S8 172.74 98,88 79.95 39.49  25.77  19.44
HT=  246.89 2274.3) §42.99 359.48 15623 8128 39.83 3541 2325 17.99
KT=  378.98 2256.78 817.36 334.648 t43.68 72.46 5273 3237 2155 1657
NT= S#9.#8 223161 774.85 11265 t31.97 6624 4742 29,92 k.24 15.19
HT=  448.99 2196.18 7 4 2 . 1 2 293.94 122,45 61,13 43.29  27.94 19.1%  13.%4
HT= 813.989 215132 7111, 275.44 w1447 1683  39.v4 2622 1.3z 1271
WT= 1089.88 2995.3% 479,54 259.83 1#6.24 53.88 3718 24.723 175, 1165
HT= 1205.99 2829.22 447.33 243.97 108,25 49,83  34.45  23.41 14,83  14.49
HT= 1425.08 195527 s14.48 21121 PAG7T 17.1' 32.58 2225 16.t%  9.84
HT=  1465.08 1826.146 581.66 217.78 89.97 44.80 38.76 2!1.18 15.58  9.47
HT= 2808.88 1779.23 543.45 284.4% 65,51 42.56 28.79 20.08 14.8%  B.23
HT= 258#.00 1712.82 528,44 199.24 B4,.45 41.33  26.82 1B.76 1418  7.23
TINE STEF =  156.8¢ SECONDS
SHEAR VELOGITY = 1580 CM/5

HEIGHT [FLUX) DIFFUSIVITY  HEJGHT(CON) FIUIP SMEAR SHEAR STRESS

J208NOBRRENZ 14495467401 L LARSRROIEHE2 23475847000 . 15429627E-21

ERNEERELRY AL3A446TECD)  AVEFPSSRELEZ  10773100E438  .TRBY7ISEE-02

CIIOBRGRRE+EI  75746607E+01 1 @FOONNSEHE3  (7SBATABSE-l 69461799 1E-87

2UBNENEESI 1 ZE1200E482 | J5BEA9EYIE-B] . SIBIISHE-G2

LITRBORFIEN]  (1731B647E+82 . 240F0890E+I3 L A7917%18E-G1  .AIFEBEALE-D2

LAIPNOORIETD3  _23I34447E+02  LIPOBRQBCHEI L ABEG97ARE-#T  .37362ISIE-02

LS79G0906E+0T 798684000482 SESHEPESECET L ISS7SSZAE-61 . F2638421E-01

JT26BGPOFEHET 345123206482 LA4BIPNSUEET  31BA4S79E-§1 . 29233415E-92

LPORRBRORELET  L43280800E+F7  .G1ISESERE+EI  .29059335E-#1  .26478478(-92

CUIBRABBRESEY . ADBLALETELED L VORBBRRESIA (248924 M4E-§1 24487 447E-47

JI3VG0900E+@4 L 5571B647E4Z L (2BSEPRRE+EE L 252491226-11 23178494612

JISAQEGREESGA L GGT7BASVE+E? L 1425FOOFELRE L 2493483SE-41 . 22063795642

A79000REPA 6A47BGSTEYE2 L 16GSFRFEE+E4  .23157884E-11  .212582436-92

J22100000E+84  L6747B46TED? L 2P0BERQNE+B4  225BB88PE-H1 L 2GASSPIRE-42

J27TORBARELG4  $T412080E+02 L 2SOPIEIELRA  (22590900E-31 . 2$SSSOASE-4D
RESULTS AFTER 24 CYLLES
HEIGHT = 14.#8 (CK) TOTAL FRIMARY PARTICLES = .1@D71SE+04 TOTAL MASS = 1.987RG/L
HEIGHT = 49.98 (CN) TOTAL PRIMARY PARTIGLES = .133453E+856 TOTAL HASS = 2,743MG/L
HEIGHT = 146,86 (CH) TOTAL PRIMARY PARTICLES = .11S954E¢#6 TOTAL NASS = 2,352MG/L
HEIGHT = 178,99 (CK) TOTAL PREIMARY PARTICLES = .114998E+#6 TOTAL NASS = 2,28ING/L
FEIAMI,.z J4S a8 _(TM) TOTAL PRIMARY PARTICLES = .112424E+86 TOTAL NASS = 2.175ME/L
HEIGHT = 379.#8 (CH) TOTAL PRIMARY FARTICLES = ,{f1é7#E+#6 TOTAL MASS = 7.183ME/L

HEIGHT = 50808 108) ToTaL PRINARY PARTICLES =.199%ade+86 TOTAL MASS = 2. 436M6/L
HEIGHT = 448,88 (CM) TOTAL PRINARY PARTICLES = 1#5842E+8#6 TDTAL MASS = 1.932IMG/L
HEIGHT = 813§ (CN} TOTAL PRINARY PARTICLES = .102018E+86 T QT AL MASS = 1,8488B/L
HEIGHT = 188,86 (CH) TOTAL PRIMARY PARTICLES =.981t17E+43 TOTAL nass =1.7720G/L
HEIGHT = 1205.49 cch) TOTAL rrINaRY PARTICLES = .736878E+95 TOTAL NASS = 1.487NG/L
HEIGHT 1425, 08 (CN) TOTAL prinarY PARTICLES =.8798453€¢#5 TOTAL KASS = 1.413M6/L
HEIGHT = 1845,88 (CH) TOTAL PRINARY PARTICLES =.ga8t9ak+85 TOTAL MASS=1.545H6/L
“EIGHT = 2608.99 «cty TOTAL prinart PARTICLES = .817478e+85 TOTAL MASS =1.474M6/1

HEIGHT = 258&.#8 (CN) TOTAL PRINARY PARTICLES = ,778574E+B3 TOTAL MASS = 1.413MG/L
paRTICLE CONCENTRATIONS FOR 1ie OBSERVED 512E8,SHALLEST FIRSY

KIN DIAM= #8070 98649 .00084 80128 Q1140 .Q6206 @024 .08280 . #0324
HT= t4.08 169930 896,74 454,91 222,74 142 .89 4.8 #.5¥ .0 1.58
HT= 2929.71 B37.89 397.39 1084.50 189.30 94,87 54.99 6.0 0.98
HT= 2048.18 790.4¢ 342,97 163.8¢6 99,77 7428 1152 0.8 4.4
HT= 2#43.63 767.11 337.2, 11761 8122 s4.19 37.4¢ 18.55 4.8
HT= 2641.21 73P.84 314,12 135.39  71.87 5712 1366 1876  @.:2
HT= 2032.30 714.64 297.91 $25.48 45,46 5152 w9 188, 14.22
HT= 2016.31 &78.3a 2B1.61 117.13 6131 4683 z8.69  i8.51 1456
HI= 1993.29 666.7, 266.93 (116,88 5612 42,72 24,84 17.96 [4.37
RT= 1963.88 043.65 25362 11384 52.84 39.48 25,29 31 1384
WT= 192766  420.34 241,21 98.38  A¥.44  34.91  23.92  té.64 13,87
HT= 1285.00 1887.88 S97.88 23013 9371 4713 3119 2273 1603 1222
Hl= 2178 15.4% 11,37
Hiz=  §435. 08 WOmLG SRNNLE WE wane seBh peae 2879 1.0 1153
HT= 5%!! L88 1740.64 548.26 I65.B6 BA.BF 41,98 29,13 19.7% (4.3 9,48
KT= 11.1, 1744.77 536.19 205.3% 8563 1146 2715 18.74 14.82 7.9
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RESULTS AFTER 4@ CYCLES
1.798M6/1

HEIGHT = 14.08 (CH) TOTAL PRIMARY PARTICLES = .912134E+63 TOTAL HASS =

HEIGHT =  49.88 (CM} TOTAL PRINARY PARTICLES = .119742E+84 TOTAL MASS s 2 4ASIME/L
MEIGHT = 180,44 (CN} TOTAL PRINARY PARTICLES = .184293E+B6 TOTAL MASS = 2.111AG/L
HEIGHT = 174,88 (CN) TOTAL PRINARY PARTICLES = .1#2827E+#4 TOTAL NASS = 2.04306/L
HEIGHT = (CN} TOTAL PRINARY PARTICLES = .1#1237E+8& TOTAL NASS = 1.939MG/L
HEIGHT = (CH) TOTAL PRIMARY PARTICLES = .t#1220E+86 TOTAL NASE = 3,912MG/L
HEIGHT = (CH) TOTAL PRINARY PARTICLES = ,1##951E+F6 TOTAL MASS = 1.97348/L
HEIGHT = (CH) TOTAL PRINARY PARTICLES = ,97B154E+#S TOTAL MASS = 1. 08046/
HEIGHT = {CH} TOTAL PRIMARY PARTICLES = .964434E+85 TOTAL MAGE 2 1, 75746 /L
HEIBHT = (CH) TOTAL PRIMARY PARTICLES = .P41912E+#5 TOTAL MASS = T.474MG/L
HEIGKT = {CK) TOTAL PRINARY PARTICLES = .P1#482E+#3 TOTAL MASS = 1.43MUG/L
HEIGHT = 1427.08 (CN) TOTAL PRINARY PARTIULES = .BBSANECHS Tatal WASS = 1.579WG/L
HEISHT = 15665.88 {CN) TOTAL PRINARY PARTICLES = .B3SBP4E+85 TOTAL NASS = 1.5270G/L
HEIGHT = 2F89.80 (CA) TOTAL PRINARY PARTICLES = .821385E+F) TOTAL HASS = 1.471MG/L
HEIGHT = 23584.#8 (LN} TOTAL PRINARY PARTICLES = .785374E+#3 TOTAL MNASS = 1.421M6/L

PARTICLE CONCENTRATIONS FOR THE 0BSERVED S1ZES, SHALLEST FIRET
HT=IN DI4.80 1863.42 813,95 410,35 2Q10F 184148 00280 04200 Jieyy 90320 ,@8406 .90461 #0361 . HOIAE

HT=  49.09 1884.16 755.85 356,94 145.45 o915 '/'7'6!8 gt :':2 g-::’ ‘:-:: a0 :-::

HT=  (96.88 1887.9% 719.25 325.8% 14511 @3.14  44.25

M e s wee 3300 1SR 7z S5 S vew e eee ee oa 0

- 269.99 1879.31 06681 285.22 124.61 45.35 51.6. 31.84 15.47 112 o8 .91 81 :-;‘:

e Ty s BRE ey 1R ws oo 504 i5.99 113 w8 4. 088 B0

s : : 68 256.96 1564 ss.a8  aa25 2744 gs.22 1334 %:Ig 1§09 1.5 8.88

=, . L 4 108 1.9 448
1335“ '{%%%ﬁ R A 1452«éss.z7 Wk wsl  wmmy BDUY BUsw nans S92 8@ 8.08 @8

HT® 573.76 2 $1.31 .
HT= 1285.88 1773.78 55895 218.25 a.#s :::’5 g:?: 12)%13 :ggf %11% g:: '.f; 2::: :::;

HT=  {425.49 1752.48 545.31 211.88

HT=  1665.98 173461 538.41 207.18 335’? :1;3};% if;i 29.38 ,'::: ﬁ%g :;; :3 :';: ;'::
HT= 2080.40 1724.39 51885 21156 83.1, 41.98 29,16 19.52 14.14 18.14 1.9 77 e ‘o8
WP 2589.99 1735.98 535.15 205.92 85,21 4193 272.25 1553 13.85 817  2.84 e ee ='w

INPUT DATA  30.84 25.99 . .41 N1l .58 5.01 2.61 75
1kPuT DATA 13 i 2 48 24 12 2
sueak VELOCITIES =.188 158 ’
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CONC. LEVELS ARE (IN CH)

14. 08 49.908 19409 179.04
t205.08  1425.80 144508
FLUX LEVELS ARE (IN CH!}

895 9.4 138.14 21498
131604 134009 1790.0%

PHYSICAL PARANETERS OF EACH SIZE CLASS
BEAN RAD{CN) NAX DIANC(CH)

240,089

HE.H

=PRI PARTIMEAR)} DENSITY(&/LC}

379.60

130,48

319,48

57610

48,19

726,99

ASSIEHE?
JTESPAZE+PS
L 149228E+02
AGSTTIE+IE
B74B32E-Ft
L319529E-F¢
LJS2443E-N

997651E-82
.4BYE52E-02

S16474E-92
- 4089246E-82
.337347E-82
<286962E-82
2T0H40E-92

«222423E-42
M1 SSE-§2
L182713E-82
1 68397E-12
136731E-12
. 144880E-02
. 13B4BBE-02
.131270E-92
L125622E-42
LA19547E-82
JAZ2E-B2
HIHA3SE-D2
ARGSITE-H2
1B 7HE-#2
. 180858E-92
J§72524E-03
.F44B81E-93
LF2I429E-83
941705E-43
.BA2083E-#3
.863772E-03
-B44808E-H3
LB31H48E-03
LB14371E-83

TIEAMIE-T4 L20HINE- 14 AAFORPE BT J265048E+H)
LISPRNNE-#3 AMIIIE-§3 LA28789E+H1 .1BB421E+M
LOBINNNE-§3 L1B3792E482 J473R4E+HI
A 20080E-92 L537IEH2 L129920E+81
N SAFRRE-92 LIBETTI2E+93 L1221836+41
RITIITIZ 208048E-82 LIB4S21E+83 L117629E+81
JA18088E-82 L 245889E-82 .281382E+43 U1A718E+ B
.2B5999E-§2 ~ITP62SE+03 L 1126626+
L I2496HE-02 339713E483 11328400
7N PSIEHE3 J1H9946E+00
BBS4IIE+S3 L1H879BE+HH
AIFABE+ M J188223E+81
JAIZATHEHES J1ETS?7ECN
J520800E-92 157779E404 VIZH29E4N
SSE090E-12 - 1BIASAE+04 196559E+0
L21SABFE+I4 NS 13PE+H
L3IMIE-92 LSAFFMIE-F2 <247874E+M4 L 185792E+41
L33E009E-42 LGBI0MIE-$2 J262451E+84 L HISAZSEH
720989682 J17824E+ 64 LIPS133E+H
SSTA4AELE4 JABA939E+N
SARTA27E+EA JHHPTIEHD
J4IH9E-92 ~A43B7E+I4 S IRASRIE+N
LASINNIE-42 .BBIPISE-92 4927826404 TH4314E 61
ASEMIIE-02 LI2ZORNIE-92 S4214BE+04 L0 E+H
ATES00E-82 LOSIRIE-$T S93987E4M4 qp1982E+H!
ATHIIE-§? ARERRE-D1 «64B311E+M4 L183836E+#1
JS1E088E -2 AS4FME-H <75129E+H4 JI37REE+BI
.SIFNSSE-$2 .1 8E0ME-H1 L764433E 44 J1B3S74E4M
.S50409E-92 12000881 LB28ITEIE L1B3457€+01
JS74000E-92 A 18MIE-01 +870453C+04 L183348E+81
SOSHMEE-12 120 EF0E-91 F57548E+04 L183245E+41
JHTHERRE-B2 JI24998L -1 1B2690E+45 ANSIEH
L128H99E-01 L 189897E445 N9IFSPE+E1
LGSEIE-02 .1 32009E-§1 1173526485 LA9297SE+HS
L67800RE-12 1 3488HE-91 L125043E485 LTA2894E+M
LGIHINIE-S2 I AIMFE-§) L133ATIELNS L182817E+M
LA AAFORE-D1 A1 25BE4ES 1827476401
L1ABFOSE-H AA97ASE+S JNEZ2679E481

PCT DF MATERIAL WHICH HAVE STOKES VELOCITY IN EACH SIZE CLASS,SNALLEST FIRET
1.68 .88 .78 48 .59 .44 38 .28 18 18 18 18 .08

.08 .85 600 0. 00 5 05 .00 .50 0.00 0.8 500 6.0 F .0 110
.05 F.R5 000 A 0 .00 A O .0 A9 0. 00 §.00 .00
AVERAGE FALL VELOCITY FOR EACH SIZE CLASS, SMALLEST FIRST

LBEP28883 (89477494 B9862034 M13IH175S  LO17RGEBE L 92I08HT
LB4587364 94594879 . . .
86468704 .iéBSéglﬁ .:331532: .=g;§fgg; .:332%212 _:?Sé??f;
97986295 L98122785 98271257 .#6483285 90495291 98518495
IST.GH23N NUNBER OF OBS. HTS.= & NUMBER OF SIZES =12
MIN AND MAX DIAM, DF SIZE CLASSES (HICRONS)
2. 4. B, 12. 14, 28, 24. 28, 32. 49, 4b. Di. &4,
HEIGHT(M) = | @WEIGHT (AG/L) = 35.30
PART/CC PER SIZE CLASS-SMALLEST FIRST
2813. B52. 308. 133, 6. §2, 29, M 15
HEIGHT{N) =  2.4BHEIGHT (NG/L) = 2.48
PART/CC PER SIZE CLASS-SMALLEST FIRST
2428, 472, 244, 199. 56. s, 25. 21. 13.
HEIGHT(H? =  S.ABUEIGHT (KG/L} = 1.83
PART/CC PIR 581, SITE CLASS-SMALLEST 19, 144, FIRSTSS, 4,. 29, 23. 5.
RETGAT(M) = 1. FBNEIGRT (NG/L) = .94
PART/CC PER SIZE CLASS-SMALLEST FIRST
589, M. 187, 43. 38. 24, 1é4 12. 7
HEIGHT(N) =  16.45MEIGHT (MG/L} = .35
PART/CT PER SIZE CLASS-SMALLEST FIRST
650, 229, 133. B2. 49, 3. 19. 13. 7
HEIGHT(M} =  25.MOMEEGHT (MG/L} = .73
PART/CC PER SIZE CLASS-SMALLEST FIRST
942, 292. 161, 97. 58. 37. 25, 19. 7

38

1399  48i. 00

He.81  1118.00

STRENGTH(3/CM2) SI. VEL{CA/S)

L13A745E-03
.2BBBIIE-#3
L619126E-43
1 08596E-82
L157237E-92

L 2873MAE-
.2585'| -'l?2

S J19659E-02
-J63419E-02
17292882
A7 E-P2
L926484E-92
.361996E-92
.437793E-02
.894138E-92
7543E-R2
.BaBRsHE-D2
.8855BBE-92
JH2INESE-9E
L981473E-92
« 1 H4R28E-81
A #9FR3E-H
L1 1SB14E-#1
L121753E-H1
.12771BE-#!
L133749E-01
.139725€E-N
H45784E-81
L151826E-01
L157949E-01
L S4#13E-T
A7HAE-N
A76287E-H1
L 182453E-H
.19B3BE-F1
L1F4841E-01
J29t62e-01
L2873NE-11

H2842576 . B3444303 L H495159F
LHSES2Y8% L M8192411 04325723
7520979 L B7663727 4717587
43410542

. te

3. 1

4, f.

2. 8.

3. 1.

3. .

PRI. PART(MAX) SIIE

L 143335E~#1 1
L7843Y4E+1 2
LIBZIPEHI2 3
7879120 +#2 4

. JA414SE4R3 5
L2331 E+#3 ‘
L 3377940403 e
AGITIBEH3 i
LTHASPE+ED !
JTP1497E443 1
L Y87454E+83 11
N ZBBIELH 12
L144113E+ 84 13
J171I2IE000 14
2001 72E+84 15
L23138IEH4 14
26AE4E+04 17
J30093BE+14 8
L3313iBEvi4 1§
JIBINIPE+A 26
A2IIABEHIA 2
AGTDIAE+44 22
5171546484 2
LS&7757E+4 24
. 620BIBE+I4 25
A7EAITEHI4 24
.734477E+04 27
7958570 +04 28
JASHISIE+H4 29
217830444 3
JHFHIIHBE 4 u
NBH24LEHS 32
1135926485 33
211 75EHS 3
L 29B1SEHS 35
A37113E+5 3
L185449E+5 37
S1S4G04E+IS k]
.84284228

.B44B5756

.@7874954



OBSERVED SED. CONC. VALUES ARE ASSIGNED AS TAITIAL VALUES

HT. =  14.88 DATA FRON 1.64
HY. = A%.M8 DATA FRON 1.48
HT. = 1#0.84 DATA FROM 1.0¢
HT. = 170.94 DaTA FRON 2.40
HT. = 258.8F DATA FRON 2.40
HT. = 378.88 DATA FROM 5.8
HT. = 588.09 DATA FROM 3.1
BT, = &4B.#F DATA FRON 14. 44
HY, = 813.8F BATA FRON 19. 40
HT. = 1964.#4 DATA FRON 14.58
HT. = 1205.48 DaThA FROA 14.45
HT, = 1425.40 DATA FROM 14.83
HT. = 1545.4% DATA FROK 16,45

IN He/L
iN M5/L
IN HG/L
IN Me/L
In MG/t
IN KG/L
I Mi/L
IN MG/L
UT. IN NG/L
UT. IN HE/L
NT. IN NG/L
UT. IN MG/L
UT. IN MG/L

uT.
WT.
uT.
uT.
ur.
4T,
WT.
ur.

A XXX XXEEXEEETE

SWALLEST SIZE CLASS IS THE FIRST ROW THE LOWEST

14.00 4909
2813.49 2813.M
852.68 B52.M
30000 30998
133.08 13390
b4, G600
42,60 42,08
9.0 9.0
3.4 3.8
75 7.50
751 2.
2.8 2.M
2.0 21,
.98 1,89
LM 1.
.59 .58
.59 .59
.4 1.0
0.0 1.0
. B0
.95 .M
N’

1.99

1.6

f.09

.0

1.0

.0

b0

$.08

N ]]

(W]

£.00

(N

0.9

0.9

1.6

.41 i.m

TOP BOUNDARY CONC. EQUALS THAT

3.398
3.548
3,398
1.421
2,481
1,838
1.850
84
789
988
354
358
158

nHw = v s b= Y

IN THE FOLLOWING WAY

ELEVATION IS THE FIRST COLUNN

18800 170,09 258.08 370.90 584.08 648.91
201368 242680 2420.99 175805 175600 589.48
§52.98 &72.08F 672.04 SM.05 SH.H 2.0
0499 24498 2%4.80 210,88 216.88 107.8¢0
133,08 V89,06 18908 18588 s1.09
66.111 S.e00 5698  TO.68 38.90
2,88 3549 5.AF 6.0 24,79
a8 I5.00 5.8 2.8 Zo.ed 161,
23.06 20.96 28.80 23,08 2311 i1.e
5, &35  &54  7.50 7.58 .5,
7.54 5.9 6.5F 7.51 7.50 3.5,
2.6 159 .56 2.1 M LM
.08 150 1.56 2. 2.H LB
i1.09 .58 .58 .50 .50 .59
1.8 .58 .50
.58 .58
.59 .51
.98 A
.44 B0
t.H N
.99 §.04
.00 LM
.35 0.M4
(AT R
. 5.0
. LM
0.9
¢
5.0
5.0
1.9
s
$.08
.0
1.44
.90 .
¢.08 . . .
j.00  fam_ B9 0.0 1.1 a0
OF OBSERVED vaLtues AT

39

813.91 1949, 94

SEY.00 589,06
.00 28160
187.95 18780
$3.98  43.09
SAELLA I )
AN IR
16.60" 1600
12.00 12,9
.58 3.9
1.5 3.58
1.65 1.8
1.0 1.
.54

.58

105

)

'XT]

500

5.9

.0

%)

X7)

'R

.99

9.9

500

X

'X])

0.0

§.00

1.0

1.9

X7

.88

.00 §.M
008 LM

25. 88 # UITH a VEIBHT OF

1IE STEP = 150.48 SECONDS
SHEAR VELOCITY = 1868 CH/S
HETGHT (FLUX) BIFFUSIVITY  HEIGHT(COR) FLUID SHEAR  SHEMR STRESS
LZESRBRROELAZ L L197ASAIERT  1ASBRIRSEE2  1BFHISTAEDS  19044345E-01
L27216B00E481  ASSREIMIE+E2  SERR1273E-@1  S4714FE-82
LAT29SRERE+DY 1 SORGRBIEE3 . 41866667E-81 |, 3RZSORGIE-D2
JZ1IBRPBRE+ET L 76TAARISEE] L 1709BSREHIT  I2433T41E-81  .2¥773024E-82
JIISHERONE+ET L 1HBS24SELR2  ZAUREBRBEMEZ  24747531E-81  D4S554233E-02
JNA241460E482 L S7RE0GISEHI3 22993428681  21107947E-87
JSPAGPSNEET L 174B1580E+82  SOSAGEISEEI  20412415E-91  L1EPIESFVE-@2
J726800E+E3 298 067BAE4E2  LGABBESRSEEI L 1B6331SSE-H1 L EF1IS2ILE-92
LSPNRRISEET L 2IS4REINE+2  (D1ZHOBSREE3  (17429746E-81  L160Q#SISE-02
LHIBESERIEFRE L 2464ROINE+IZ L \BORIBRREEA  14566667E-61 . 15190G09E-B2
J24OAZ40BECEZ L 120SH9PE40A  1434SZAE-61 L 1SIOEGIIE-#2
JASABSRIPEIY D36SAABEE+ED L 1AZSSSRE+IA  14492357E-01 L 15139903E-42
I79FORIERE 2EI3AABBE+RZ . 166SEMBEE+EA 17311872E-1 L 15EY229BE-02

(205.00 1421506 14463.99

46808 46000
229.949 22%.48
133.94 133,09
N T
q%:::i W
) 31.08
3.0 e e
19.68 -
131, 11.¢8
.58 351
3.58 3.58
1.5 .50
1.5 1.5
.51 .58
.58 .5f
.58
.58
[N/
.9
[N ]]

5 MESL

46449
225. 08
133.4
a2.¢
19,08
3i.19
19.94

13.04
1.50
3.5,
1.50
1.9

.58

-1
1)

.12
198
e. o
1.§8
é.9
i.08
2.88
2.0
§.i9
2.04
1.90
a.9%
[
8.00
.09

5 - b?g SernTERESED

o

LBl R Neol - BN X _N--E N N N N-B_B K I

= o-
%2



1973036464

ATA7FRELES ToraL pass
D782 486
JFO7AR2EHHS
931329E+85
BOILTAEHET

L 7341SHE+ES

LOFI255E+03

SOTEISAEHRD

L67541BE+8Y

J7HR1SSEHDT

= J74279E+05

JTA2H77EHES

TOTAL KASS
TOTAL BASS
TOTAL MASS
TOTAL MASS
TOTAL MASS
TOTAL MASS
TOTAL NASS
TOTAL NASS
TOTAL nASS
TOTAL MASS
TGTAL MASS
TOTAL MASS

RESULTS AFTER 24 CYCLES
HEIGHT = 14,88 (CH} TOTAL PRINARY PARTICLES
HEIGHT = (CH} TOTAL PRINARY PARTICLES
HEIGHT = (CH} TOTAL PRIMARY PARTICLES
HEIGHT = 17F.88 (CM) TOTAL PRINARY PARTICLES
HEIGHT = 246.88 (CH) TOTAL PRIMARY PARTICLES
HEIGHT = 370.88 (CM) TOTAL PRINARY PARTICLES
HEIGHT = S#6.88 (LK) TOTAL PRIWARY PARTICLES
HEIGHT = &48.88 (CN) TOTAL PRINARY PARTICLES
HEIGHT = B13.84 (CH) TOTAL PRINARY PARTICLES
HEIBHT = .68 (CH) TOTAL PRIMARY PARTICLES
HEIBHT = (CH} TDTAL PRIMARY PARTICLES
HEIGHT = (CM) TOTAL PRIMARY PARTICLES
HEIGHT = (CH) TOTALPREMARY PARTICLES
PARTICLE CONCENTRATIDNS FGR THE DBSERVEP SIZES,SMALLEST FIRST
NIN DIAN= .#0028 20848 #9838 4121
HT= 14.98 2284.71 785.8% 333.42 177.85
HT= 49,00 2225.25 7#5.35 288 41 135.37
Hi= 18088 2144.0% 439.768 244,18 114.89
HT=  178.80 1998.84 576.16 228,47 182.4§
HI=  248.68 1799.55 514,36 198.63  93.54
HT=  379.08 1569.83 442,21 177,95 84,28
HT=  SEO.0F 1385.45 375.09 158.4%  79.87
HT=  g48.99 1056.79 315,27 a1.85  74.880
HT= 813,89 §73.26 268.73 129.74 71.76
HT= 1RE#.0¢ 739.21 238,18 123.20 70.%7
HF= 12@5.#8 475.97 225,97 122.93 72.74
HT= 1425.88 471.44 229,37 127.94  76.4%
HT= t645.08 718.4% 247.79 138,37 63.1#
RESULTS AFTER 46 [YCLES
HEIGHT =  14.90 (CH) TOTAL PRINARY PARTICLES
HEIGKT =  49.08 (CH) TOTAL PRINARY PARTICLES
HEIGHT = 184.0F (CH) TOTAL PRINARY PARTICLES
WEIGKT = 178.8F (CH) TOFAL PRIMARY PARTICLES
HEIGHT = 24#.99 (CN) TOTAL PRIMARY PARTICLES
HEIGHT = 370.80 (CN) TOTAL PRIMARY PARTICLES
HEISHT = S#8.94 (CN} TOTAL PRINARY FARTICLES
HEIBHT = 448,08 (CN) TOTAL PRINARY PARTICLES
KEIGHT = @13.#F (TN} TOTAL PRIMARY PARTICLES
HEIGKT = 1#88.8F (CN) TOTAL PRINARY PARTILLES
WEIGHT = t2@5.680 (CK) TOTAL PRINARY PARTICLES
HEIGHT = 1425.89 (CK} TOTAL PRINARY PARTICLES
HEIGHT = 1445,84 (CM} TOTAL PRIMARY PARTICLES

PARTICLE CONCENTRATIONS FOR

THE CBSERVED SIZES,SMALLEST FIRST

HIN DIAM= 08928 30049 .00989 001720
HT= 14,98 1776.29 52.53 383.83 167.78
HT= 49,98 178919 S85.43 258.63 127.34
Wi=  190.89 1734.90 533.15 219.19 184.81
HT=  17d.90 1643.98 483,27 1%4.38  94.13
HT=  248.08 1519.66 43B.84 177.93 B3.36
Hi=  374.99 1373.59 393,35 1462.46 79.43
HT= Sed.88 1217.19 349.96 149.26 74.98
HT=  &4B.#8 19465.45 I11.09 134,35 71.94
HY=  @i3.8¢ 930.77 278.77 138.41 74.28
HT= topd.e0 828.44 254.34 125.74 7805
HT= 1285.98 74%.42 249,89 124.97  71.43
W= 1425.98 722,32 239.86 128.82 75.38
Hf= 1645.48 744.84 253.32 138.358 82.17

TIME STEP =  158.8# SECONDS

SHEAR VELOCITY = L1968 CH/S
REIGHT (FLUX) DIFFUSIVITY  HEIGHT(CON)
L2890 08E+E2 L T441TBARESN SASDEEMIE B2
HSSIRSEE2 A8 24HRE ) ATIRFREAEE2
JAAMEMEEELET L7 ITAAGIRESD) RETTIILE 1SS X
CZISSMESELET L V1S41686E+82  1708UMIEHD
CJISBOIRFELET L 14293508E402 L 250ENITIEHD]
AZIHEMHEI3 213624898402 3700M000E+ 03
SPAREROIEET L 26A02480E+82  SHREARSELIS
J26H0E+93  JIIPIMITEELEZ S4B IRIRSEE]
SHSERIREESRT (JATSRMINE+I2  BISRSHSHELED
JITARIERRE+IA  JHRSHGUE+I2  _tENMIISIEEA
AZIOGRIRELRA T7AITSAIEHEY 1 29348FHERA
JASASENSE+RA JSABISRIE+EZ L LA2SHIFRECMA
A7YIRIRNELRL (THTEIGAEECD2 1 4A5FRFIE+ES

= 2.1040G/L
2.232MG/L
2.80IMG/L
1.011H8/L
1. 485ME/L
1.35IM6/L
1.42900/L,

1.2518G/L
1.217RG/L
1.233IM6 7L
1.292M6 /1
1. 3BME/L

.
.
4
x
= 1.32406/L
.
.

L0148 29218 .OINE 90288 a1y
199,47 91,47 6.0 5. T g 44
76.9%  SB.46  37.97 1083 o,
42.86 43,24 29.48  23.05 (5 op
55.36 38,71 25.B6 19.B3 4 oo
SHBF 3499 20.7% 1883 3033
4735 3246 2216 16.83 4339
4498 38048 2078 15.37 g
A3.99 28,98 19.48 1428 00y,
A2.11 268,15 18.68 13.58 g 5
42.25 28,14 1B.A3 1317 g5,
43.64  29.01  1B.BB 1343 p'xs
46,14 30,65 20,80 1436 goy
49.97 3587 2.97 1688 go
2 L 103496E+94 TOTAL WASS = 2,15BME/L
= L1#8372E+85 TOTAL KASS = 2,1660G/L
= .997742E+05 TDTAL BASS = 1.BESNG/L
= .9#9870E+85 TOTAL RASS = 1.688MG/t
= .B65227E+#5 TOTAL NASS = 1.37IMB/L
= .@1B93TE+BS TOTAL MASS = 1.480MB/L
= .779163E+85 TOTAL MASS = 1.3B7MG/L
= J7A7449E+0S TOTAL MASS = 1.327MG/L
= L J2A778E485 TOTALyagc = 1.287WG/L
=, 712599E+95 TOTAL wasg = 1.271#G/L
=_712542E+95 TOTAL pass = 1.284KG/L
= .724847E+85 TOTAL Kass = 1-327HE/L
= 756610E+#5 TOTAL magy = 1-108MB/L
M0168 20290 09243 30288 09320
11.48 182,91 0.90  0.48  9.08
77.54 44.B4  34.67 20,51 0.
01.99  4B.E5 2605 21,83 14.58
53,31 49.67 2438 17.9F 13,8
48.97 3500 22,28 14.25 12.58
44.77 3705 20,93 15,17 12.m
42,68 38.21  19.96  14.40 11,42
41.5¢ 29,13 19,36 13.8%  14.86
41,12 28.48  19.9% 13,47 10,39
A1.51 28.81  19.21 13,76 18.03
A2.B6  29.59 19.78 14,25 9.7?
45.35  31.93  20.85 15,19 9.59
4906  I1.2B  22.47 15,62 B.89
FLUID GHEAR  SHEAR STRESS
JNISYSSERBE  ,1B452477E-1
L1RBZRESSE+OF  ,FY3IS4ANE-G2

76546554E-81
59583089E-3
A9138392E-H1
WA2241824E-01
LI73S0090E-41
L34231291E-01
L32828523E-11
CJB618422E-11
I P459E-H
WIW2FBITAE-TT
318039 IRE-ST

40

GI2§9737E-92
JSHE9BFIIE-2
A3 149997E-02
.38777811E-02
»34425000E-82
LITA24320E-82
27374842002
L281878%5E-02
27557843612
«27813925E-92
29194 G15E-02

1.1
2.83
4.34
1.2%
.9
3.74
1.58
3.52
3,33
I.41
3.49

16404
f.00
f.
1.9
3.88
.74
4.58
4.78
4,48
4.58
4,45
4.33
4.18
3.99

JSEE
§.04
1.5@
1.18
2.0

67
1.7%
1.28
1.28
1.27
1.24
1.27
1.27
1.24

-§04EF
[ Y 5]
b 6G
é.0F
0.81

)
1.43
1.53
1.50
1.5Y
1.37
f.54
1.47
1,35

Jd3sF
2.0
b0
§.1¢
b0
2.9
2.9

»23
.44
.32
oot
-41
34
37

-2 aF
é.60
1.9¢
119
a.9¢
.o
1.04

.32
o7
-3
&1
« 94
A7

31

N L
a.a
a.50
b. 40
é.10
-]
2.0
¥.re
.40

13
A4
12

Ag4r
é.91
1.9
§. 19
0.68
0.9
@.48
b.§0
G.49

.12
A9
7
14
83



RESULTS AFTER

HEIGHT «  14.1' ttm)
HEIGHT =  49.88 (CW)
HEIGHT = 18488 (CH)
HEIGHT = 178,88 (CN)
HEIGHT = 268.84 (CN}
HEIGHT = 378.4% (CH)
HEIGHT = 588.8F (CH)
HEIGHT = &48.8F (CH)
HEISHT . 813.M (&)

HEISHT = 1BE0.08 ¢
HEIBHT = 12°F.I°
HEIGHT = 1425.85
HEIGHT = 14645.09 ¢

)

(M)
(Ch)

(4. }]

24 CYCLES

TOTAL erImary
TOTAL PRINARY
TOTAL rrINaRY
TOTAL PRIMARY
TOTAL PRINARY
TOTAL PRINARY
TOTAL PprInary
TOTAL PRIMARY
TOTAL PRINARY
TOTAL erinary
TOTAL PRINARY
TOTAL rrInarY
TOTAL PRINARY

PARTILLES
PARTICLES
PARTICLES
PARTICLES
PARTICLES
PARTICLES
PARTICLES

PARTICLES
PARTICLES
PARTICLES
PARTIELES
PARTICLES
PARTICLES

-617518E+05 TOTAL
-BIFIIAE+ET TOTAL
L679318E+T TOTAL
LAF971SEHES TOTAL
.6PH2BSE+ET TOTAL
L698174E+83 TOTAL
+673871E4+83 TOTAL

A7161SE+RS TOTAL
JAB5SH4EES TOTAL
L6P1682E+FS TOTAL
7HSTAIEHHS TOTAL
7167478485 TOTAL

PARTICLE CONCENTRATIONS FOR THE OBSERVED SI1ZES,SNALLEST FIRST

WIN DIAN=
HTs
HTa s

3658 WG
"

.24

HT= 1 141114
HT= 178,08 1358.34
HI= 240.9% 1289.42
HT=  378.0F 1208.39
Hre

== 338,48 1#37.32
HT=  BI13.0F 94B.11
Hez  ypge. gp 874.32
LIE] 81%.28
RT= 1425.88 786.13

1665.88

548 . MIFBR  4H1 29
RS MBNLE L
44283 192,84 yB.88
412,34 177.97 88,32
383.51 144.12  gi1.48
I55.35F 153.1F 74.49
MAME MY 73013
283.30 131.7% .92,
244.88 128.85 7508
257.08  IRE nanu
263.47 1.3 a2.97

RESULTS AFTER 48 CYCLES

F14p

e
59.68
52.58

47.74
a4

g
At.11
.64
DALE
49.77

29208

K 3TRY
3.5

RN N
45.17
39.54 24,89
35.93  22.19
33 2t.42

WHILR
29.77
29.84
i
33,65

29.28
19.87

19.5%
HAHR]
22.8%

MASS
NASS
KASS
KASS
HAGS
HASS
MASS
J6B1328E+85 TOTAL MASS
KASS
NASE
HASS
HASS
MASS

1.21946/L
1.664KG/L
1.4190G/L
1.3934G/L
1.348H6/L
1.321H6/1
1.273M6/L
1.2744B/L
1.25806/L
1.28246/L
1.38106/L
1 .142mi2L
| L384ME/L

mom N RN owu oo H

NNy 30
. 0
12.99 (9 ]
13.41 5.28
13.7% 19,84

LR
14,12
14,39
14,93
15.74
16.74

[LAATRI
11.81
t4.0¢
19.47
?.9¢9
9.32

HEIGHT =  14.48 (CH) TOTAL PRINARY PARTICLES = ,575424E+#5 TOTAL MASS * T.149M6/L
HEIGHT =  49.48 {(CM) TOTAL PRINARY PARTICLES = ,757329E+85 TOTAL MASS = 1.567ME/L
HEIGHT = 1#9.48 (CH} TOTAL PRINARY PARTICLES = .456273E+63 TOTAL MASS = 1.343MG/L
HEIGHT = 174.#8 (CM) TOTAL PRIKARY PARTICLES = _§54851E+85 TOTAL NASS = 1.315AG/L
HEIGHT = 258.88 (CN) TOTAL PRIMARY PARTICLES = _452398E+#5 TOTAL HASS = 1.27B#G/L
HEIGHT = 378.88 (CH} TOTAL PRINARY PARTICLES = .645713E+B5 TOTAL NASS = 1.2758G/L
HEIGHT = SAF.#8 (CH} TOTAL PRINARY PARTICLES = ,454920E+85 TOTAL NASS = 1.247M6/L
HEIGHT = 448.#9 (CA} TOTAL PRIMARY PARTICLES = .672367E+85 TOTAL NASS = |.284ME/L
HEIGHT = §13.08 (CM) TOTAL PRINARY PARTICLES = .4721BYE+#3 TOTAL MASS = 1,262ME/L
HEIGHT = 1d#§.08 (CH) TOTAL PRINARY PARTICLES = .48%1OBE+FS TOTAL MASS r 1.291MG/L
HEIGHT = 12#5.8F (CN) TOTAL PRINARY PARTICLES = .498927E+83 TOTAL MASE = 1.315MG/L
HEIGHT = 1425.89 (CN) TOTAL PRIMARY PARTICLES = .714940E+#5 TOTAL MASS = 1.356MG/L
PARTICLE CONCEMTRATIDNS FOR THE DBSERVED SIZES,SHALLEST FIRST

WIN DIAK= .BOBZ8 9848 . D9BF 80126 FB14E .09200 90240 40180 D320
T R N S T S R
HT= 10840 1220.78 389.43 17B.86 93,43 SB.71 H1.55 7743 6.08 808
Lo Ao B S L AL

x . 45. A9 154, 78.78 . 47 i
HT=  374.80 1896.89 327.97 146.27 74.58 :i_§? i;_:s §$;;§ :;':; ;_ii
HT= 30898 V041,18 30995 139.60  70.71 42,43 31.70  28.72  11.15 19.87
HT=:  saB.66 985.16 29378 13056 7087 414 3098 2038 1346 10,49
RT=  813.00 931,30 28681 131,07 49,55  A1.24 3051 26.32 1418 18.98
HT= t#Se.08 B81.57 269.99 129.68  76.27 41,93 38.56 20.54  14.50  11.08
HT= 1285.80 B4).7F 262.58 138.62 72,49  43.35 3.1 2185 15.21  18.77
Hi= (425,08 B813.77 241.43 134,54 74,51 45.91 32,20 21.88 1482 18,27
HT= 1645.99 B#7.62 287.89 142.47  p3.¢9 49,86  33.93  23.94 17.18  9.49
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-$i4dt

.gfane
9.4
1.0
6.00
1.9
1.9
6.
.04
2.29
2.44
3.89
4.6
3.93
2.38

. 08484
1.49
f.19
.15
a.24
§.9¥
1.18
1.19
2.2
a2.9§
1.1
1.18
a.1
2.0

A1480
1.§8
a.94
.04
§.§2
1.18
2.
é.9
1.99
1.18
.4
4.4
§.01
§.40

183464
a.94
LK
1.9
8.9
2.9
1.4
1.46
§.0f
e.q
[
1.42
). 98
8.0

-Hb4b
0.9
1.10
)18
2.04

a.99
1.49
2.99
g.0
g.80
§.9¢
g.19
8.0

L0440
1.49
.18
2.0
.89
1.4
g.1e
e.49
a.91
1.18
[ [}
g.00
a.09
2.94



