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A NUMERICAL MODEL OF COHESIVE SUSPENDED SEDIMENT DYNAMICS1

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 Smulchowski's geo-
metrical collision formulas. User-supplied  empirical constants
are necessary to determine the collison 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
(O'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 associated with
these materials, makes it extremely difficult to predict a priori their
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 aid 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

9 1 j-1
- = T oj $(i,j-i)di - oT p(i,j)di+jl Y(j,i)di - o] $ Y(i,j)di
at

(1) (2) (3) (4)

a+ &W + Ql + Sl - S2’ (1)
(5) (6) (7)

1
GLERL Contribution  No. 318.



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 Y(i,j) 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. In 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 collisions occur
due to each of these processes.

2k T (ri+ rj)2
SBM = 7 ri rj =i =j

$TS
= $ri + rj)3 ci ej

SDS = n(rf + rj)2 I Wi - Wj I ci cj

(2)

(3)

(4)

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 considerably 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
floes make it impossible to calculate hydrodynamic forces accurately.
Instead, an efficiency 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 ri and rj, different collision mechanisms will be domi-
nant. In general, Brownian motion is only important for very small par-
ticles (r < 1 nm), while for the larger particles commonly found in the
Great Lakes either turbulent shearing 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).
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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.

Gz =
y2

If a hydraulically  smooth boundary is assumed, then

us = u*(+ In (T)+ 5.5).

Differentiating  gives

du u*
-2
dz =z

(5)

(6)

(7)

Using the equations for open channel flow,

z
0

= p uh2 (1 - z/D), (8)

so the fluid shear can be specified completely if u*, z, and D are known.

GZ = yr

Similarly,  the turbulent diffusivity (Q) can be specified if u* is
known.

(9)

Q, = K u,(l - z/D) (10)
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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 invalid, 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 collisions due to turbulent shearing and dif-
ferential settling can be determined for any pair of particles by using
equations (3) and (4). For many particles, small mineral grains for
instance, Stokes' Law,

2
Wi = v (

ri2(Pi - Pfk

P )
9 (11)

accurately predicts the particle fall velocity (density pi = 2.5 mg nnne3).
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,

(12)

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, aggregation and
disaggregation  are important. In addition, the size-fall velocity 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; Rajihara, 1971; Rawana 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 velocities 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 collision 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 is 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 known. However, calculation of
the strength is impossible due to the complex composition of the aggregates
and the minimal amount known about the primary bonding mechanism, interpar-
title 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 pa
26.98

, (13)

where the aggregate strength (St) is in dynes per square centimeter and the
density in grams per cubic centimeter. Preliminary tests showed that equa-
tion (13) gave aggregate strengths 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 0.01. 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 contraction 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 either
erosion of small bits of the floe 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

S = 6.12 p x G r2. (14)

The stress per unit area is then

s = 6.12 u n G. (15)
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Using a quite different approach, Matsuo and Unno ( 1 9 8 1 )  determined that

S = 1.095 p n G. (1’5)

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 is 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 is also necessary to have a measure of particle size that is ~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 floes. This
means that total aggregate mass is not a conservative quantity. What is
conserved is the solid mass of the aggregates.

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

If the primary particles have a density par then the aggregate density is

P a  = (,I=O OS9 (PO - Pf) + Pf’

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
c o n t a i n . This latter is a conserved quantity that can be used in equation
(1).

3. IMPLEMENTATION OF THE MODEL

The program  c a l c u l a t e s  particle-size distributions for up to 38 size
classes at up to 15 elevations above the bottom. The upper boundary condi-
tion is t h a t , above the uppermost level at which calculations are made,
there is a constant sediment concentration. At the lower boundary there is
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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 concentrations at each height 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(1) < ZF(1). The precise values may be specified by the
user, but ZC(1) should be halfway between ZF(1 - 1) and ZF(1). 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: l-2 pm in dia-
meter, 2-4 pm, and then every 4 pm 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 deciding 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 is the mean of the size class gives the
number of new particles added to that size class. Only two particles may
collide at once and rupture is always into two equal-sized particles.

In addition to the initial concentrations, shear velocity, and heights
at which the fluxes and paticle concentrations are calculated, the user must
also specify both the collision efficiency (EF) and strength multiplier
(SW. Tests using data collected in Lake Michigan suggest that values of
approximately  0.50 and 0.01 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,
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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 "* increases both the shear, leading to the rupture of
smaller particles, and the diff"sivity, leading to a more uniform vertical
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 "* 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,  if 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

At < E
w (19)

and

(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. In 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 "*, which may be varied during a single run, the
divisio" by U* is done in the program. The user should determine a At such
that

p&J
At < 2K z (21)
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and enter this in the input data as TO. The program then divides TO by ox,
compares the result to 150 s, and uses the smaller value. If the values of
either AZ or W are changed, part of the main 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 iteration and the preceding one. Intermediate results are
printed out every NJ. iterations.

4. STRUCTURE OF THE MODEL

The program consists of a main 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 massages.

Subroutine HEIGHT reads in the user-supplied heights 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 velocities 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 cc-l). The rest of the particles fall at
various velocities up to 2500 pm 6-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 values 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 technique is
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used with alternating levels at which concentrations and fluxes are calcu-
lated.

Subroutine COLLID calculates the changes in particle concentration due
to interparticle 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
set 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-12
IP - the number of sets of control parameters to be read.

b. Card 2 - Format-9(1X,F7.2)
TO - basic time step (seconds).
DE - total depth of flow (meters).
SM - aggregate strength multiplier.
VK - van Karman's constant.
cc - convergence criteria (percent: 1 > cc > 0).
EF - efficiency of particle collisions (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 (microns).

C. 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 velocities 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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e.

f.

2.

Card 5 (and 6) - Format-10(2X,F5.2)
ZC(1) - heights at which sediment concentration calculations are

made (meters); maximum of 15.

Card 7 (and 8) - Format-10(2X,F5.2)
ZF(1) - heights at which flux calculations are made (meters);

maximum of 15; ZF(1) > ZC(I).

Card 9 (and 10,ll) - Format-13(1X,F4.2)
SP - percent of particles in each size class used in the calcula-

tions that fall with a Stokes' velocity (1 > SP > 0).

Observations

a. Card 12 - Format-A8,2(1X,I2)
TITLE - identification string.
NZ - number of heights at which observations were made; maximum is

15.
NC - number of size classes in which observations ware made;

maximum is 38.

b. 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 pm, only two alternatives
are permissible.
a. Size classes of l-2 pm and 2-4 pm; in this case

MS = 1.
b. A size class of 2-4 wm; 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 pm or greater, then MS equals the minimum size di-
vided by 4 plus 2; e.g., if the minimum size class is
8-16 pm, then MS = 4. The upper bound of the largest
size class does not necessarily have to set the value
of NS; this can be set to any value up to 38 (144 p).

b. 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-lOF8.2
OBSED - the observed particle concentration for each size

(particles par cubic centimeter;  smallest size first).
Note, only NC values are read.

11



c. Card 20 - Format-20(1X,12)
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 NX.)

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

a - reference elevation

c - particle concentration

D - total fluid depth

g - acceleration due to gravity

G - fluid shear

i,j - size class indices

k - Boltzman's constant

n - number of particles

Q - diffusivity

r - particle radius

" - kinematic viscosity

p - density

po- primary particle density

pa
- aggregate density

of
- fluid density

'0
- shear stress

$ - collison kernel

Y - rupture kernel

=0
- primary particle radius

S - shear stress

St - aggregate shear strength

T - temperature

At - time step

"2 - flow VelOcity  at height z

"* - shear velocity

W - particle fall velocity

s - elevation

As - change in elevation

SBM
- collision rate due to Brownian motion

SDS
- collision rate due to turbulent shearing

$TS - collision rate due to turbulent shearing

K - van Karman's constant

P - dynamic viscosity

15



Bppendix B--PROGRAM LISTING

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

PROGRAII COWCAL  (OUTPlJT,TfTPES,TAPE61
C
C
C DIKENSIONED ‘JARIABLES  Ill COHNON
C
C DW(J,K)  COLLISION KERNEL FOR BROWlAW  NOTION BETUEEN J AID K-SIZED PflRTICLES
C DLI,J,K)  TOTAL COLLISION KERNEL AT HEIGHT I BETUEEN J AND K-SIZED  PARTICLES
C DS(J.K)  COLLISION KERNEL FOR DIFFERENTIAL SETTLING BETUEEN J AND K-SIZED
C PARTICLES
C G(I) FLUID SHEAR AT HEIGHT I
C HRC(J,K)  NUKSER  OF PARTICLES FOFfHED  BY IHE COLLISION OF A J AND K-SIZED
C PARTICLE
C HRR(J)  NURBER OF PARTICLES FORKED BY THE RUPTURE OF fi J-SIZED PhRTICLE
C 1RCLJ.K)  SIZE OF PARTICLES RESULTING FRON COLLISION OF f9 J AID K-SIZED
C PARTICLE
C ISR(J) PARTICLE SIZE RESULTING FROQ RUPTURE OF A J-SIZED PARTICLE
C OBSED1L.K) OBSERVED PARTICLE CONCENTRATIONS AT L HEIGHTS III I SIZE CLASSES
C Q(I) DIFFUSIUITY  AT HEIGHT I
C SEDCON(1.J)  CALCULATED PARTICLE CONCENTRATIONS FOR J SIZE CLABSES  AT
C I HEIGHTS
C SEDPAR(38,N)  PHYSICAL PARAKETERS  OF PARIJCLES IN 38 SIZE CLASSES USED IN
C THE CALCULATIONS. FOR N EQUAL TO
C 1. KEAN RADIUS OF PARTICLES IN THE INTERVAL
C THE CALCULATIONS. FOR EACH SIZE CLASS, THE PROPERTIES ARE
C ASSIGNED AS FOLLOU. FOR N EQUAL TO
C 2. tlAXIflUFl  DIAHETER  OF PARTICLES IN THE INTERVAL
C 3. NUNDER  OF PRIMARY PARTICLES IN A PARTICLE YITH THE REIN RADIUS
C 4. DENSITY OF A PARTICLE UITH  THE MAN RADIUS
C 5. SHEAR STRENGTH OF A PARTICLE IJITD THE HEAN RADIUS
C 6. STOKES SETTLING VELOCITY OF A PARTICLE UJTH THE KEAN  RADIUS
C 7. HUNGER  OF PRIMARY PARTICLES IN A PARTICLE YITH THE NAXINUN  BIAKETER
C 8. PARTICLE CONCENTRATION AT THE UPPER BOUNDARY
i SET;;) MEAN SETTLING UELOCITY  OF J-SIZED PARTICLES
C SH(I) FLUID SHEAR STRESS AT HEIGHT I
C SIZE(H+l)  tlINIltUH  AND HAXIFKJK  SIZES OF II OBSERVED SIZE CLASSES
C SP(J) PERCENT OF J-SIZED PARTICLES THAT FALL UITH A STOKES VELOCITY
C TtiASSfI)  TOTAL CALCULATED HASS AT HEIGHT I
C TPART(I1  TOTAL CALCULATED NUKBER  OF PRIIIARY PARTICLES Al #EIGHT I
C TS(J,K)  COLLISION KERNEL DETUEEN J AND K-SIZED PARTICLESE 1St.I.K)  rXlll~SION  KERNEL RETUEEN  J AND K-SIZED PARTICLES
C USTAR  VECTOR OF SHEAR VELOCITIES USEB1
C UEL(16,J)  VECTOR OF SETTLING VELOCITIES FOR J-SIZED PARTICLES; FIRST ENTRYI-GIZED PARTICLES; FIRST ENTRY
C IS THE STOKES VELOCITY, THE REST ARE USED TO DETERMINE THE DISTRIBUTIONE THE DISTRIBUTION
C UELPC(16.J) PERCENTAGE OF J-SIZED PARTICLES FALLING AT EACH VELOCITY INJELOCITY  IN
C UEL '
C UT(R) OBSERVED SEDIMENT MASS AT HEIGHT H
C ZCLI) HEIGHTS AT UHICH SEDINENT  COSCENTRATIONS ARE CALCULATED
C ZF(I) HEIGHTS AT UHICH FLUXES ARE CALCULATED
C
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C NON-DIHENSIONED  VARIABLES IN CDMOK
C CC CONVERGENCE CRITERIA
C DE TOTAL DEPTH OF FLOU
C EF EFFICIENCY OF PARTICLE COLLISIONS II PRODUCING KEY PARTICLES
C IT NUMBER Of ITERATIONS Of SUBROUTINE DIFADU  BETWEEN Cf+LLS TO SUBROUTINES
C COLLID AND RUPTUR
C KO NUtlBER  OF HEIGHTS AT UHICH CALCULATIONS ARE MADE
C nAXInUn  VALUE IS 15
C KR nAXInUn NUMBER OF IIERATIONS
C KUS NUnBER OF VALUES OF USTAR  SPECIFIED
C KAXInUn  VALUE IS 5
C KS INDEX OF HINItiUH  SIZE CLASS USED IN THE CALCULATIONS
C NL NUnBER OF ITERATIONS BETUEEN PRINTOUTS
C NR NUnBER OF SETS OF OBSERVATIOKS  TO BE MODELED USING THE SAHE SET OF
C CONTROL PARAnETERS
c Ks INDEX OF nAxInun SIZE c~bss  USED IN THE ClLCULlTIOWS
C tlAXIWUl4 VALUE IS 38
C RHO DENSITY OF PRIMRY PARTICLE
C RO RADIUS OF PRIllARY  PARTICLE
C Sn STRENGTH MULTIPLIER
C T TItlE STEP USED BETUEEN CALLS TO SUBROUTINE DIFADU
C TO BASIC TInE STEP SUPPLIED BY USER
C UK !JON KARnANS  CONSTANT
c xn EXCESS BASS CRITERIA
C
C
C
C VARIABLES IN HAIN  PROGRAH
C IP NUnBER OF SETS Of CONTROL PARAMTERS  IN INPUT FILE
C PCONC(I,Jt  PREVIOUS VALUES OF SEDCON; USED FOR CONVERGENCE TEST
C PSED(I,n)  CALCULATED PARTICLE CONCENTRATIONS AT I HEIGHTS GROUPED INTO
C n SIZE CLASSES CORRESPONDING TO THE OBSERVED SIZE CLASSES
C
C
C
C

DIMENSION lJSTARL5l,TPART(38),TNASS(38),5tDCOY(16,3B~,
1SIZE~38t,SEDPAR~38,Gt,ZC~l5t,ZF~lSt,IHT~l6t,HT~l5~,
2UT~lJl,OBSED~l5,38t,ISR~3G~,HRR~3G~,HRC~3E,3~~,IRC~3B,38t,G~l5l,
6G~l5t,SH~l5t,D~l5,3G,3Gl,DS~3G,3Gt,TS~3G,3Gt,Bn~38,38~,
4SP(38t,UELPC(38,16),UEL(3B,16)  ,SET(3Gt
COnnoN TO,DE,Sn,VK,CC,EF,XN,RHO,RO,KP,rS,KUS,KR,KL,IT,NR,NS,T,
1USTAR,IRR,ICR,IDR,SEDCON,SIZE,SEDPAR,ZF,ZC,HZ,NC,IIIT,HT,YT,  SET,
2OBSED,ISR,HRR,HRC,IRC,DS,TS,Bn,D,O,G,SH,SP,UEL,VEL~~
DIHENSION PC0NC(15,38t1PSED(15,38)
READ(5,5555) IP

5555 FORKAT
DO 4 N=l,IP
READ(S,llll)  TO,DE,SH,Kt:,CC,EF,XN,RHO,RO

1111 FORnAT(9llX,F7.2t)
READ(J,2222)KQ,NS,KUS,KR,WL,IT,NR,HS

2222 fORnAT(G(ZX,I6tI
URITE(6,24)
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24

3333
4444

6666

7777

4445
4446

FORtIlT (IHI)
WRIlE(6,3333) TO,DE,SH,VK,CC,EF,XH,RNO,RO
URITE(6,4444)  KQ,NS,KUS,KR,WL,Il,WR,t4S
FORlMT(lX,"INPUT  DATA',9(F8.2,2X))
FORtlAT(lX,"INPUT  DATA ',G(I6,2X))
RELD(5,6666) USTAR
FORllAT(JF6.31
WRITE(6,7777) ~USTAR~tiO),HO=I,KUS)
FORtlAT(lX,"SHEAR  VELOCITIES = ',5(F6.3,2X))
URITE(6,4445)
FORMT(lH )
FORilAT(IHI)
DE:DE*lS0.
CALL HEIGHT
WRITEt6,4446)
GILL PARPIR
YRITE(b,4446)
DO 3 IL=l,NR
CALL REID
YRITE(6,4445)
DO 2 K=l ,t:US
T=TO/USTAR(K)
IF(l.GT.lSB.) T:lS0.
URITE(6,23)  T

25 FORKAT(IX,12HTIllE  STEP = ,FS.Z,GN  SECONDS)
23 FORNAT~lH#.12HTINE  STEP = ,F8.2,GH  SECONDS)

URITE(6,44id)
CALL FREQ(USTAR(K))
URITEf6,4446)
IRR=I
ICR=B
IDR-0
NCIT=IT
NCL=NL
DO 12 J=llS,NS
DO 12 L=l,KP
PCONC(L,J)=SEDCUN(L,J)

12 CONTINUE
DO 1 I=I,KR
CfiLL  DIFADV

999 IF(IDR.EO.1) GO IO 41
IF(I.llE.NCIT)  60 TO I
NCIT=NCIT+IT
CALL COLLID
IF(ICR.EQ.l ) GO TO 41
CALL RUPTUR
IF(IRR.EQ.1) 60 TO 40
ISS=I

C CONVERGENCE TEST
DO 31 L=t,KO
DO 31 J=KG,NS
IF(PCONC(L,J).NE.B.)  GO TO 35
IF(ABS(SEDCON(L,J)).GT.CC)  IGS=l
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GO TO 36
35 IF~ABS~~SEDCON~L,J~-PCONC~L,J~)/PCONC~L.J~*ZClL~/~T*UK

I*USTAR(K))).GT.CC)  ISS-1
36 PCONCTL,J)=SEDCON(L,J)
30 CONTINUE

IFII5S.EP.I)  GO TO 50
URITE(6,lGG) I

100 FORMATllX,"5lEADY-STATE  AFTER ",15,'  CYCLFG')
GO TO 60

50 IF(I.NE.NCL) GO TO 1
URITE(6,52) I

52 FORKAT(lX,"RESULTS  AFTER ‘,15, ’ CYCLES”)
TKX=lli00i00.00

60 DO 61 L=l,KO
DO 6(L)tSEDCOK(L,J)*SEDPAR(J,3)
TKASS(Ll=T~ASS(L)+TKXtSEDCON(L,J):(SEDPIIR(J,3)*(1.-SP(J)):*RO*:~3+
lSP(J)tSEDPARTJ,1)**3)

62

75

70

CONTINUE
NCI=NC+l
tl=Z
DO 78 J=fiS,NS
IF(SEDPAR(J,2).6T.SIZEon'ncl
IF(W.GT.NCI)  GO TO 75
PSED(L,N-l)=PSEIlTL,H-lMEDCON(L,J)
GO TO 70
CONTINUE
PSEDlL,NCI)=PSEQ(L,NCI)+GEDCON~L,J)
ff=NCI
CONTINUE
YRITE(6,2#0) ZC(L),lPIRT(L),TKnSS(L)

200 FORKAT(1X,"HEIGHT  =",FG.Z, " tCN, TOTAL PRIHCIRY PARTICLES =",El2.6,
1" TOTAL KASS =",F6.3,"KG/L")

61 CONTINUE
URITE(6,4445)
URITE(6,775)  (SIZETLP),L'2=l,NCI)

775 FORKAT(lX,"PARTICLE  CONCENTRATION5 FOR THE OBSERVED  SIZES,”
1"SKALLEST FIRST",/,lX,ZX,"KIN  DIAlI= ".15(1X,F7.5),1)
DO 778 L=l,KO
URITE(6,201) ZC(L),(PSEDLL,J),J=l,NCI)
FORKAT(lX,"HT=  ',16(lX,F7.2))
IF(TilASS(L).LT.Xtf)  60 TO 770

201

66

778

65

URITE(6,66)
FORDAT(1X,"ERROR-  NASS  TOO GREAT')
GO TO 2
CONTINUE
WRITET6,4446)
NCL:NCL.+NL
60 TO 1

I# URIlE(6,6SG) I,IDR,ICR,IRR
650 FORKATTlX,"ERROR-NEGATIVE  CONCENTRAIION  AFTER ",x5,*  CYCLES.",

l/," ERROR OCCURS IN THE SUBROUTINE UITH A VALUE OF I',/,
2" DIFADV =",I2,"  COLLID =",12," RUPTUR =',I21
URITE  (6,750)

19



758 FORRAT(lX,"CALC.  SED. CONC. ,EACH COLUMN REPRESENTS A HEIGHT,
1 LOUEST AT LEFT, SKALLEST  SIZE RANGE IS FIRST ROY.')
DO 42 L=NS,NS
URITE(6,752)  (SEDCONlJ,Ll,J=l,KW

752 FORKAT(15(1X,F7.2)1
42 CONTINUE

GO 102
1 CONTINUE
2 CONTINUE
3 CONTINUE
4 CONTINUE

STOP
END
SUUROUTINE  PARPAR

C
C
C VARI14BLES  IN PARPAR/
C SD SIJH  Of RADII  OF J AND K-SIZED  PARTICLES
C SEDINC INCREMENT BETUEEN VALUES OF SEDPARIJ,ll
C SEDIN2 INCREMENT BETUEEN VALUES OF SEDPAR(J,Z)
C
C

DIKENSION  UST6R(5),TPART(3B),TilASSf3B),SEOCON~l6,36~,
1SIZE~38~,SEDPAR~38,8l,ZC~l5~,ZF~i5~,IHT~l6~,HTllS~,
2UT~15~,OBSED~15,38~,ISR~38~,HRR~38~,HRCi36,38l,IRC~3~,38~,~~l5~,
6G(15),SH(lJ),D~l5,38,38),DS~38,38),TS(38,38~,BM~38,3B~,
4SP(38l,UELPC(38,16),UEL(38,16)  ,SET(381
COHKON TO,DE,Sn,UK,CC,EF,XH,RHO,RO,KO,IS,KUS,KR,NL,IT,N~,~S,T,
lUSTAR,IRR,ICR,IDR,SEDCON,SIZE,SEDPAR,ZF,ZC,NZ,NC,IHT,HT,~r,  SET,
20BSED,ISR,HRR,HRC,IRC,DS,TS,Bfl  D Q G SH,SP,'JEL,VELPCI , I ,
DATA BK/2.76E-12/
F=l.33333
RO- RO/lDBBB.
SEDINC=B.BIBZ
SEDINZ=l.B014
SEDPAR(l,l)=.B0#075
SEDPAR(1,2)-.BBB02
SEDPAR(2,1)=0.0B0lS
SEDPAR(3,1)=0.0103
SEDPAR(2,2)'0.#004
SEDPAR(3,2)=D.BDBB
DO 4 J-4,38
SfDPAR(J,I)-SEDPAR(J-1,lltSEDINC
SEDPAR(J,2)=SEDPAR(J-1,2)*GEDIN2

4 CONTINUE
URIrE l6,ll)

11 FORBATIlX,'PHY!3ICAL  PARAMETERS Of EACH SIZE ELASS',/,ZX,
1" KEAN  RAD(Cli1 KAX DIAtl(Ctl,  =PRI PART(llEIN1  DENSITY',
2"(G/CC) STRENGTH(D/CRZ)  ST. UEL(Cfl/S) PRI. PARTlll6Xl",
3" SIZE")
DO 2 J=1,38
SEDPAR(J,3)=(SEDP6RlJ,ll/RO)**2.1
SEDPARlJ,4l=lRHO-l.l+SEDPARlJ,3l~~RO/6EDPAR~J,l~~:~*3  tl.l
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CALL SHSTR(J)
SEDPAR(J,6):.SEDPAR(J,l)**2.I:cl4518.1(SE~P6R(J,4)-1.B)
SEDPIR(J,7).(SEDPIR(J,2)/(2.~*RO))t*2.1
URITE(6,11l(SEDPAR(J,L),Lil,7),J

2 CONTINUE
I# FORNATllH ,7(E15,6,1X),3X,I31

CALL FAL'JEL
DO 1 J=1,38
DO 1 K=J,38
SD=ISf~PAR~J,l~+SEDPAR~Y,I))*+2.~
BN(J,K)=BKtSD/(SEDPAR~J,ll~SEQPAR~C,1))
TS(J,K)=F tSDWl.5

1 CONTINUE
901 FORMAT(lX,4(E28.8,2X)l

C THIS SECTION DETERMINES THE SIZE OF DAUGHTER PARTICLES
CPRODUCED BY FLOC RUPTURE

ISR(l)=l
HRR(l)=l.
t:= 1
DO I2 L-2,NS
X=SEDPARIL,3)/2.
DO 20 J=t:,NS
IF(X.GT.SEIJPAR(J,I)l  60 TO 20
ISR(L)=J
HHR(l).!;EDPAR(L,3)/GEDPAHLJ,3)

GO TO 15
20 CONTINUE
15 K=J
12 CONTINUE

C THIS SECTIGN  DETERMINES THE SIZE OF DAUGHTERS
CPRODUCED BY FLOC COLLISION

DO 58 J=l,NS
DO 55 K=l,J
X=SEDPAR(J,3)+GEIlPARiK.3)
DO 60 L=J,NS
IF(X.GT.GEDPAR(L,7))  60 TU 70

75 HRC(J,K)=X/SEDPAR(L,3)
IRC(J;Kl=L
60 TO 55

70 IF(L.EQ.NS) 60 TO 75
WCONTINUE
55 CONTINIJE
51 CONTINUE

RETURN
END
SUBRGUTINE  FREP(US1
DINENSIGN UST~R~S~,TPARTi3S~.T~llSS~3Gl.SEDCON~16,38~,
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20BSED,ISR,HRR,HRC,IRC,DS,TS,BN,D,O,G,SH,SP,UEL,VElPC

1
IV

60

62

DO 10 I=l,KQ
Q(I)=UK*US*(l.-ZF(I)/DE)*Zf(I)
G~I~=SORT~US*r3/~,066tZC~I~*~l.-ZC~I~/DE~~l
SH(I)=G(I)*.#?lG
DO 1 J=NS,NS
DO 1 K-J,NS
DLI,J,K)=BH(J,K)+DS(J,e)+TS(JIH)*6(1)
OlI,K,J)=O(I,J,K)
CONTINUE
CONTINUE
lJRZlE(6,61)  us
FORNAT(lX,"SHEAR  VELOCITY : ",f8.4," CN/G"I
URITE(6,62)
FORNAT(1X,2X,"tfEIGHT~FLUX)~,SX,"DIfFUSIVITT",
l3X,"HEIGHT(CON)',SX,"FLUID  SHEAR",
14X,"SHEAR  STRESS")

61
88

Ii 80 I=1 ,KO
URITE(6,ll) ZF~I~,P~II,ZC~I~,6~I~,SH~I~
FORNAT(7tlX,ElS.G))
CONTINUE
RETURN
END
SUBROUTINE HEIGHT

C READ IN HEIGHTS IN METERS
OItlENSIOW  USTAR(S),TPART(38),THASS(3B),SEDCON(16,38),
lSIZE~38~,SEDPAR~38,S~,ZC(1S~,ZF~lS~,IHT~l6~,HT~lS~,
2UT~15~,0BSE0~15,38~,1SR~38~,HRR~3B~,HRC~38,3G~,1RC~3G,36~,0~15~,
6G~15~,SH~15~,0~15,38,38~,D5~38,38~,75~3S,38~,BN~36,36~,
4SP13E),UELPC(38,16),UEL(3G,lb)  ,SET(38)
CONNON TO,DE,SN,UK,CC,EF,WH,RHO,RO,KO,NS,~US,KR,NL,Il,NR,HS,T,
1USTAR,IRR,ICR,IDR,SEDCON,SIZE,SEDPAR,ZF,ZC,NZ,NC,INT,UT,UT,  SET,
20BSED,ISR,HRR,HRC,IRC,OS,TS,GN,D,O,G,SH,SP,UEL,UELPC
READ(S,l) (ZC(I),I=l,KQ)
REAO(S,l) (Zf(I),I=l,KW

1 FORNAT(1#(2X,F5.2)1
DO 10 I=I,KQ
ZClI)=ZCII):*l06.
ZF(I)=ZFLZ)*l06.

10 CONTINUE

2 FORHAT(lX,"CONC. LEVELS 0RE (IN CM)')
URITE(6,3) (ZC(I),I=l,KP)

3 FORNAT(lX,10lFB.Z,2XI)
URITE(6,4)

4 FORHAT~lX;FLUX  LEVELS ARE (IN CH)“l
URITEt6,3) (ZF(I),I=l,KP1
RETURN
END
SUBROUTINE FALVEL

C
C VARIfTBLES  IN FALVEL
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C FACT(2,2)  PIRANETERS  USE6 TO CALCULATE AGGREGATE SETTLING VELOCITIES
C tiEAN(2)  MEAN AGGREGATE VELOCITIES FOR EACH SUBPOPULITIUN
C PC(2)  PERCENTAGE OF AGGREGATES IN EACH SU6POPULITION
C SIGM(2)  STANDARD DEVIATION OF VELOCITIES FOR EACH SUEPOPULATION
C
C
C THIS CALCULITES THE DISTRIBUTION OF FALL VELOCITIE8 FOR EMH
C PARTICLE SIZE. THE FIRST VALUE IS THE STOKES VALUE, TIE REST ARE
C THE PERCENT THAT FALL AT THE RATES CALCULATED FROM HAlJLEY(1982)

DIMENSION USTAR(5t,TPART(38t,TNASS(38t,SEDCON(16,3Elt,
lSIZE~38t,SEDPAR~38,8~,ZC~l5t,ZF~l5~,IHl~l6~,Hl~l5~,
2UT~15t,OBSED~15,38t,ISR~38t,HRR~38),HRC~3~,3B~,IRC~~B,38J,O~lS~,
6G(lS),SH(15),D(15,38,38),DS(38,38t,TS~38,38t,B~~3B,3Et,
4SP(38t,UELPC(38,16t,UEL(38,16)  ,SET(38)
CONNON TO,DE,SN,UK,CC,EF,X~,RNO,RO,KO,NS,KUS,KR,NL,IT,NR,~S,T,
1USTAR,IRR,ICR,IDR,SEDCON,8IZE,SEDPAR,ZF,ZC,NZ,NC,IHT,HT,UT,  SET,
20BSED,ISR,HRR,HRC,IRC,DS,TS,BN,D,Q,G,SH,SP,UEL,UELPC
REAL NEAN(2t
DItlENSION  FACT(2,2),PRE(16t,P(l6t,VELT(16),
lSIGNA(2),Y(16),PC(2)
DATA FACT,SIGNA,PC/l.483,9.136,.369,.693,.01,.8874,.9,.1I
DATA UELTfB.,. Pl,.02,.B3,.04,.B5,.06,.17,.fl3,.K9,.1,.13,.16,
1.19,.22,.25/
READ (5,l) (SP(JJt,JJ=NS,NSt

1 FORNAT(13(1X,F4.2))
URITEt6,Zt

2 FORMlTllX;PCT  OF MTERIAL  YHICH NAVE STOKES VELOCITY IW EACH",
1" SIZE CLASS,SNALLEST  FIRST")
URITE(6,1t(SP(JJ),JJ=NS)
DO 9 J=NS,NS
DO 9 H=MS,NS
DS(J,Kt=B.

9 CONTINUE
DO II K=HS,NS
DO 8 J=1,16
PREtJI=B.

B CONTINUES
ZF(SP(K1.LT1.0)  GO TO 15
DO 13 I-2,16
VEL(K,I):=VELr(I)
UELPC(K,I)=Y.

13 CONrZWUE
VEL(K,I)-SEDPAR(K,6)
UELPC(K,ll=l.
GO TO II

15 CONTINUE
X=SEDPAR(K,l  )*a#.
DO 18 J:1,2
tiEANLJI=FACT(J,lt*X:*FACT(J,2) /II.
DO 19 1=1,16
Y(It=(UELT(I)-NEIN(Jt)/SIGnA(J)
CALL liDNOR~Y(I),P(I)l
PRE(It=PRE(IJ+P(I)*PC(Jt

23



19
18

65

20

12

133
l#

CONTINUE
CONTINUE
VELPCtE,ll=SPlK)
ZZ=I./(l.-PAE(l))
DO 65 X=1,15
P(Il=(PRELItl)-PRE(I))rlZ
CONTINUE
DO 20 1=2,16
VELPC(K,I)=(l.-SP(K))(P(I-I)
CONTINUE
VELIC,'l)=SEDPAR4K,LT
DO 12 f=Z,ll
VEL.(H,It=YELT(I)-.(85
CONTINUE
DO 133 1=12,16
VEL(C,I)=UELTLI)-.@lS
CONTINUE
CONTINUE
DO 31 L=llS,NS
DO 35 J=MS,NS
DO 40 I=l,'lb
DO 45 K=1,16
DG~L,Jl=DS~L,J~+~SEDPARLL,l~+SEDPAH~J,l~~::r2*3.1415926*
lAEStVEL(L.I)-VEL(J,K))rVELPC(L,I)*VELPC4J,MT

45 CONTINUE
40 CONTINUE
35 CONTINUE
38 CONTINUE

DO 118 L=HS,NS
SET(l)'SEDPnR(L,6)*SP[L)
DO 280 I-2,16
SET(L)-SET(L)tVEL(L,IJ:*UELPC(t,I)

208 CONTINUE
100 CONTINUE

WRITE(6,98)
98 FORMAT(lX,'AUERA6E  FALL VELOCITY FOR EACH  SIZE CLASS, !SHI$LLEST"

1" FIRST")
URITE(b,99) (SET(LT,L=NS,NS)

99 FORHAT(18(1X,F10.8))
RETURN
END
SUBROUTINE READ

VARIABLES IN READ
TITLE- OBSERUATION  IDENTIFICATION STRZNG
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I

4SP(381,UELPC(38,16),UEL(3S,l6)  ,SET(38)
COMON TO,DE,S~,UK,CC,fF,XH,RNO,RO,KO,NS,KUS,KR,HL,If,NR,NS,f,
lUSTAR,IRR,ICR,IDR,SEDCON,SIZE,SEDPAR,ZF,ZC,NZ,NC,IHT,HT,NT,  SET,
20BSED,ISR,HRR,HRC,IRC,DS,TS,BN,D,O,G,SH,SP,UEL,UElFC
READ(S,lll) TITLE,NZ,NC
NCI=NCtl
URITEf6,101)  TITLE,NZ,KC

162 FORHAT(lX,fW)
READfS,2) (SIZE(K),K=I,KCI)
URITE(6,212) fSIZE(K),K=l,NCI)
URITE(6,97)

97 FORNAT(lH )
DO 218 L=l,NZ
REfTB(S,J)  HT(l),lJTiL)
READ(5,44)  (OBSED(L,K),K=l,NC)
URITE(6,30  HTfLl,YT(Ll
URITE(6,4@1 lODSED(L,K),K=l,NC)

288 CONTINUE
URITE16,97)

111 FORNAT(A8,2flW,I2J)
2 FORtlAT(ZltlX,F3.0))
3 FORtlAT(21f6.2,1X)I
44 FORflAT(I0f8.2T

181 FORliAT(lH1,A8," NUNIER OF OAS. HTS.=",I2,"  NUNGER OF SIZES =',12)
2#2 FORWAT(lX,"WIN  AND MAX  DIAW. OF SIZE CLMSES  (fiICROKS1",/,21F4.K)
4# FORNAT(lX,"PART/CC  PER SIZE CLASS-SRALLEST  FIRST",I,lX,

llS(F6.1,2X),/,lX,lS(F6.1,2X11
38 FORflAT~lX,"HEI6HT(H)  =",f8.2,"DEIGHT  (NW.) =*,F6.21

CALL CURVE
RETURN
END
SIJDROUTINE  CURVE
DIHEllS1OR  PSllbJG)
DI~ENSIOW  USTAR15~,TPART~38~,l~ASS~38~,SEPCDN116,38~,
lSIZE~3G~,SEDPAR~38,8)1ZC~15~,ZF~l5~,IHT~l6~,HT~lS~,
2UT~1S~,OBSED~15,38~,ISR~38l,HRR~38~,WRC~3~,3~~,IRC~3A,36~,O~lS~,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
4SP~3G),UELPCl38,161,UEL(3B,l6~  ,SET(38)
CONRON TO,DE,SW,UK,CC,EF,Xfl,RWO,RO,K~,NS,KUS,KR,NL,IT,KR,NS,f,
lUSTAR,IRR,ICR,IDR,SEDCON,SIZE,SEDPAR,ZF,ZC,NZ,NC,IHT,HT,UT,  SET,
20BSED,ISR,HRR,HRC,IRC,DS,TS,BR,D,O,G,SH,SP,UEL,UELPC

C IF SIZE CLASSES LT 4-8 )IICRONS  IRE USED, THE CORRESPOKDIND  OBSERVED
C VALUES RUST BE GIVEN EXPLICITLY. THE ONLY PERRISSIBLE SIZE RANGES
C LESS THAN 4 MICRONS
C ARE l-2 AND 2-4 HICRONS OR 2-4 RICRORS ONLY. ALL DTHER  SIZE
C RANGES RUST HAVE BOUNDS EXACTLY DIVISIBLE  BY 4.

LS=2
IJ=3
If(HS.6E.31  60 TO 10
DO 1 L=l,NZ
If(MS.ElT.2)  60 TO 5
PS(L,l)=OBSED(L,l)
PS(L,21=OBSEO(L,2J
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LSD4
GO TO 1

5 PS(L,P)=OBSED(L,l)
999 FORllATllX,Fl0.4,13)

LS=3
1 CONTINUE

II CONTINUE
NCI=NC+l
DO 21 K=LS,NCI

NI=lSIZE(K)-SIZE(K-I))/I

11

22

25

12

21

35

50

60

97

70

98

IFINI.LE.l) GO TO 25
00 22 I=l,NI
DO 11 L=l,NZ
PSiL,IJ)=UBSEDiL,K-l)/wI
CONTINUE
IJ=IJ+l
CONTINUE
60 TO 28
CONTINUE
DO 12 L=l,NZ
PSlL,IJ)=OR!SEDlL,K-11
CONTINUE
IJ=IJ*l
CONTINUE
DO 35 K=IJ,NS
DO 35 L=l,NZ
FS~L,KI;B.
CONTINUE
KPX-KP+l
READl5,1101 IHT
DO 51 J-NS,NS
DO 51 K=l,KQ
SEDCIJN(K,J)=PS(IHT(KI,J)
CONTINUE
DO 60 I=l,h'Q
lJRITEl6,510)  ZClX1,HTIIHT~I~~,YTlIHTO~
CONTINUE
URITEl6,97)
FORMATllN 1
URITE X6,41 lZC(L),L=l,KP)
DO 78 J=tlS,NG
URITE(6,B) (SEDCONlI,J),I=l,KP),J
SEDPARlJ,8)=PS(IHT~KPI),JI
CONTINUE
YRITE(6,PGI HT(IHT(KQI)),WTiIHT(KPI))
FORllATllX,'  TOP BOUNDARY CUNC. EQUALS  TNClT OF OBSERVED WLUES AT',

lF8.2,"  N UITH A UEIGHT OF ",F8.2," GO/L")
180 FORllAT(20llX,I2)I
4 FORllAT(IX,'OBSERVED  SED. CONC. '&LUEG  ARE MSIGNED AG INITIAL",
1" VALUES IN THE FOLLOUING UAY"./."  8llALLEST SIZE CLASS IS THE ",
+FIRST ROU THE LOUEST ELEVATION  is THE FIRST coLuw,
3/,lX,lS(F7.2,1X), ' =HT",/,lX,120X,"SIZEmI

581 FORGAT(lX,"HT.  =",F8.2," DATA FROS ',f8.2," ti UT. IN HO/L  =',

26



lF6.3)
8 FORKAT(lX,lS(F7.2,1X),2X,I2)

DO 686 il=l,NCI
SIZE(H)~SIZE(il)IlAflV8.

6S0 CONTINUE
RETURN
END
SUDROUTIGE DIFADV

C
C
C VARIABLES IN DIFADV
C FLUX(I)  SEDIMENT FLUX
C
C

CMCULATED  AT HEIEHT  I

C CALCULATES VERTZCAL  TRANSPORT
DINENSION FLUX(2#,3H)
DIRENSION  UST~R~S),TP/IRT~38),THASSi3G),SEDCON~16,38),
lSIZE~38~,SEDPAR~38,8~,ZC~15~,ZF~15~,IHT~l6~,HT~lS~,
2UT~15~,OBSEO~15,38~,ISR~3G~,HRR~38~,HRC~38,38~,IRC~3~,38~,P~IS~,
6G~15~,SH~15~,D~15,3~,3E~,DS~38,38)ITS~3G,3~~,BH~3~,38~,
4SP(38),UELPC(38,16),UEL(38,16)  ,SETf38)
COHNON TO,DE,SK,UK,CC,EF,XG,RHO,RO,KO,NS,KUS,KR,NL,IT,NR,KS,T,
lUSTAR,IRR,ICR,IDR,SEDCON,SIZE,SfDPAR,ZF,ZC,NZ,NC,IHT,HT,MT,  SET,
2OBSED,ISR,HRR,HRC,IRC,OS,TS,BK,D,(l,G,SH,SP,UEL,VELPC
DO 1 L=KS,NS
FLUX~KQ,Lj=Q~KQ~*~SEOPAR~L,6~-SEDCON~KO,L~l/i2.~~Zf~KQ~-ZC~K~~~~~
lSEDPAR(L,G) *SET(L)
KQL=KO-1
DO 2 I=l,KPL
FLUX~I,L~.U~I~*~SEDCONII+I,L~-SEOCON~I,L~~/~ZC~Z*l~-ZC~I~~~
lSEDCON(I*l,L)*SET(L)

2 CONTINUE
SEOCON(1,L)=SEDCOY(1,L)+T:FLUXi1,L)/iZf(1)*.5)
DO 3 K=Z,KP
SEOCONfK,L)=  SEDCOY~K,L)+Tt(fLUX(K,Ll-FLUXIK-l,L)J/(  (ZffK)-
IZFtK-1)))
IF(SEDCON(K,L).LT.B.)  IDR=l

3 CONTINUE
1 CONTIlU.JE

RETURN
END
SUBROUTINE COLLID

C CALCULATES CHANGES IN PARTICLE SIZE DUE TO COLLISION
OIRENSION TX(3S),TL(38) ,CH(16,38,38)
LlIilENSION  USTAR(5),TPCIRT(36),TMSSf3D),SEDCON(l6,3H1,
1SIZE~38~,SEOPAR~38,E~,ZC~lS~,ZF~15~,IHT~l6~,HT~lS~,
2UT~15~,OBSEO~15,3S~,ISR~38)1HRR~3G~,HRCi36,38~,IRC~38,3A~,O~lS~,
6G~15~,SH~15~,D~15,38r38),DS~38,38~,TS~3~,3E~,BK~38,3~~,
4SP(3G),UELPC(38,16),UEL(38,16)  ,SET(3G)
COMON TO,BE,SK,UK,CC,Ef,X~,RHO,RO,KU,NS,KUS,KR,HL,IT,YR,~S,T,
lUSTAR,IRR,ICR,IDR,SEDCON,SIZE,SEOPAR,ZF,ZC,NZ,NC,IHT,HT,UT,  SET,
20BSEO,ISR,HRR,HRC,IRC,DS,TS,Bn,D,O,O,G,SH,SP,UEL,UELPC
DO 1 J=KS,NS
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DO I K=tlS,NS
DO 11 I=l,KP
SC=SEDCONII,J)*SEDCDNII,KJ
CH(I,J,K)=D(I,J,K)*T(SC*IT*EF

11 CONTINUE
1 CONTINUE
DO 13 Izl,KO
DO 2 J=flS,NS
TX(J)=B.
TL(J)sB.

2 CONTINUE
DO 3 J=HS,NS
DO 4 K=BS,J
TN=l.
1FcK.fO.J) TN=1.5
KRX=IRC(J,K)
TX(KRX).TX(KRK)tCH(I,J,K)*HRC(J,K):TI
TL(J)=TL(J)tCH(I,J,K)*TN
TL(K)=TL(K)tCH(I,J,K)*TW

4 CONTINUE
3 CONTINUE
DO 5 J=HS,NS
SEDCON(I,J).SEDCON(I,J)+TXlJ)-TLIJ)

5 CONTINUE
13 CONTINUE

DO 80 I=l,KP
DO 80 L:NS,NS
IFtSEDCON(I,L).LT.B.)  ICR’l

81 CONTINUE
RETURN
END
SUBROUTINE RUPTUR

DIRENSIUN UST0R(S),TPClRT~3B),TNC1SS~3B),SEOCON(16,38),
1SIZE~38~,SEDPAR~38,8~,ZC~lS~,ZF~lS~,IHl~l6l,HT~l5~,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
6G(lJ),SH~15),D~15,38,38),DS~38,3G),TS(38,3B~,B~~3B,30l,
4SP(38),VELPC(38,16),VEL(3B,l6)  ,SET(38)
CORNON TO,DE,SK,VK,CC,EF,XN,RHO,RO,KO,NS,KUS,KR~NL,IT,NR,RS,T,
lUSTAR,IRR,ICR,IDR,SEDCON,SIZE,SEDPAR,ZF,ZC,NZ,~C,IHT,Hl,UT,  SET,
20BSED,ISR,HRR,HRC,IRC,DS,TS,EH,D,O,G,SN,8P,VEL,UEtPC

C CALCULATES CHANGES IN SIZE DUE TO PARTICLE RUPTURE
DIKENSION  TX(38)
DO 1 I=l,KO
DO 6 L=NS,NS
TX(L)=B.

6 CONTINUE
DO 3 L=NS,NS
IF(SEBPARIL,5).6T.SH(I))  Gil TO 3
KRX=ISR(L)
SEDCON(I,L)=(.
TXLKRXl=TX(KRXTtSEDCDNtI,LT  *HRR(L)

3 CONTINUE
DO 8 L=HS,NS
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5EDCON(I,L)=SEDCON(I,t~+TX(L)
G CONTINUE
1 CONTINUE

DO 2 I=l,KP
DC! 2 L=HS,NS
IF(SEDCON(I,L).Ll.I.)  lRR=t

2 CONTINUE
RETURN
END
SUBROUTINE SHSTRtJI
DIHENSION UST~R(S),TPART(38),TIASS~38),SEDCON(l6,3~~,
1SIZE~3G~,SEDPAR~3G,8~,ZC~15~,ZF~15~,IHT~l6~,HT~lS~,
2UT~15~,0BSED~15,38~,ISR~3G~,HRR~38~,HRC~36,3G~,IRC~3~,3~~,O~~S~,
6G~15~,SH~15~,D~15,38,3G~,DS~38,3G~,TS~3G,3G~,GH~3S,3~~,
4SP(3G),VELPC~38,16),VEL(S8,0  ,SET(3G)
CORRON TO,DE,SN,VK,CC,EF,X~,RHO,RO,KO,NS,KUS,KR,NL,IT,NR,~S,T,
1USTAR,IRR,ICR,IDR,SEDCON,SIZE,SEDPAR,ZF,ZC,NZ,NC,INT,HT,UT,  SET,
20BSED,ISR,HRR,HRC,IRC,DS,TS,BM,D,G,G,SH,SP,VEL,UEtPC
SEDPAR(J,S)=SEDPAR(J,4T**26.9G*0.D4*SM
RETURN
END
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Appendix C--SAMPLE INPUT DECK
2

30.00 4S.O0 1.11 O.4B 1.11 0.50 5.01 2.65 0.75
15 38 2 48 24 12 I 2

.lO0  1.15111
0.14 O.4?  1.00 1.70 2.61 3.70 5.01 6.48 8.13 10.04
12.OJ 14.25 1 6 . 6 5  20.61 2 5 . 0 1
0.28  1.70 1.31 2.11 3.10 4.30 5.70 7.26 9.01 11.10

13.1O  15.4s 17.91 22.11 27.91
I.05 0.80  1.71 1.60 0 . 5 0  1.41 1.30 0 . 2 0 0.11 1.10 0.11 1.10 0.01
0.#0 a.00 0.00 0.00 0.00 0.00 0.00
5.m

ST.GHHDI( 7 12
2 4 8 12 16 20 24 28 32 41 49 56 64

58.0) 38.0O

42.01 28.O0

36.01 25.01

2 6 . 0 1 19.01

25.01 19.00

19.01 15.00

18.01 14.00

5.10 2.65
1 2

l.O# 3.75
2953.11 1344.81 660.10 33O.10 167.10 94.01

2.111 1.00
2 . 6 0 3.25

3881.01 131G.OO 574.11 2 6 5 . 1 0 1 2 3 . 0 1 66.01
1 . 0 0

5.50 2.8
2742.0O 1003.110 4Nl.OO 182.01 88.01 53.01
1.000
10.0s 2.70
2391.OO 749.11 2Gl.OO 125.00 6 2 . 1 0 3 7 . 1 0
0.150
l b . 6 5 2.50
2441.10 847.08 298.10 119.01 SS.BI 33.01

0.00
25.00 1.30
1532.00 427.11 1 6 7 . 0 0 78.00 41.10 26.01

B.B#
45.00 1.00
1 8 6 9 . 0 0 5 9 0 . 0 0 2 2 6 . 0 1 9 6 . 0 1 44.10 2s .I0
0.00

01 01 01 02 02 13 03 I4 04 I4 OS 05 OS  06 16 0 7
30.01 25.61 0.01 0.40 I.01 0.50

13 38 2 48 24 12

21.01 6.01

12.10 2.00

8.10 1 .I0

7.10 1.10

5.00 1.10

3.01 1.01

5.00

1.75

1.01

.105 0.15
0.14 0.49 1.00 1.71 2.611 3.70 5.10
12.05 14.25 1 6 . 6 5  2 0 . 0 0  2 5 . 0 0

6.48 1.13  10.01

7 . 2 6 9.10 11.010.28 5.70 1.30 2.11 3.10 4.30 5.70
13.10 15.41 17.91 22.111 27.90

1.0s 5.80 0.7O  0.60 0.50 0.40 0.30 0.20 0.11 0.11 0.10 0.11 1.10
0.00 0.a 0.00 0.00 0.00 0.00 0.00
0.00

ST.GH23fl  6 12
2 4 8 12 lb 21 24 28 32 41 48 56 64
1.00 3.3

2813.01 852.11 3OO.Ob 133.01 66.01 42.18 29.00 23.10 15.10
2.00 1.00

2 . 6 0 2.60
2428.10 6 7 2 . 0 0 2 4 4 . 0 0 lO9.OO Jb”O0 35.10 25.10 21.10 13.10

1.00 1.00
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?I.## 1.85
175O.M 511.11 210.M 116.11 59.10 41.01 29.01 23.01 15.01 4.11

1.01
111.111 1.91.
589.11 211.M 117.11 63.11 38.10 24.01 16.01 12.01 7.01 2.01

1.01
16.65 1.35
661.M 229.11 133.11 82.11 49.10 31.10 lP.@O 13.M 7.at 3.m

1.11 1.11
25.11 1.95
842.11 292.11 161.11 97.11 58.0I 37.81 25.m 19.01 7.01 3.11

1.01
01 91 II I2 12 03 13 #4 14 I4 15 15 15 #6 16 17
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Appendix W-SAMPLE OUTPUT

The following output was generated by the input file listed in appendix
C.
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USUT D1Th 38.00 xi.*8 .@I .a .,I .I* 1.18 1.15
llP”T Db,A !=d 38 2 4s 21 I2 I 2
SHUR  YELOCITIES  = .I‘) .,5,

COHC. LEVELS ME (I” C”1
11.1, 49.M 1‘8.1,  11&‘8 2d‘.B#

1215.11 1125.1, 1&&S.,, 2W1.1‘ 25‘1.M
FLUX  LEVELS IRE (1” C”I

28.1‘ 7‘.‘# 1N.M *I#.## 3,l.W
,3,*.,, 1311.1‘  In‘.,, 2211.H ?IPI.ea

318.L)‘ 511.11 b48.W lll.,B lW1.18

431.u 971.91  726.11 W8.8, I1W.M

IIEhW RIDCC”I
.X,#ME-#I
.IJ,I,IE-LI
.,l,,‘lE-13
.5,,#‘#E-‘I
.,,#I‘,L-I3
.W#‘IIF-l3
.III‘WE-I2
.,,,‘#‘F-#?

.1,?,,‘,E-l?

.I&,,I#L-I2

.21,‘,SF-#2

.201,1E-#2

.IB#II‘E-‘2

.321#,‘E-a*

.36‘1‘1E-‘2

.l,l,l,E-12

.WII‘,E-12

.18,,##L-I?

.5211*11-12

.%,‘,,L-I2

..MIIIIE-#2

,RI. P”RIaAY,
.1,51351-m
.714,9‘E+P,
.316277E+12

Sill

:

:

:
I
8

,:

::

i:
IJ
16
17

::
28
21

::
24
2%
z(,
21
28
27

:7

ii

::
24

i:,

STmu,H,D/CIZI  ST. YELCCWSI
.I,SIItE+lP
.11591X+15
.!11228E+lI
.,dblllE+,,
.87185X-ll
.S,P529f-,I
.,62413t-*,
.vld51L-,Z
.68985K-#1
.5,6111E-‘2
.llWZbE-‘2
.33,31X-‘2
.28Lv62E-12
.*51*41c-62

.!31715E-a1

.2BBB31E-(3

.dlP,i%E-13

.11859dL-.Z

.4,7*?2E-‘*

.IllbllF-‘2

.52618bE-12

.JB,BPBE-‘2

.637191E-82
.dP1,38E-12
.7,17‘3E-12
.BW,blf-12
.815588L-,2
.VJlbbE-B2
.W,11JF-I2
.1,1‘2‘E-,I
.,‘9913E-‘1
.115814E-l,
.,Z,,SSE-‘1

.,7141X+13

.Wl494C+‘3

.!2‘6111+‘4

.14481X+,4

.222,21E-02

.Z**lbbL-IZ

.18271X-W

.!68519E-11

.15&751L-,2

.,1688#E-‘2

.,181WE-12

.131278E-‘2

.,25,2X-,2

.,,P517E-‘2

.Ll‘,,‘E-62

.bBIII,E-‘2

.72‘W#E-12

.76,#1,E-42

.W,#,#E-12

.84,1OE-I?

.88#‘VE-a*

.PZW,‘E-I2

.Pb‘,,‘f-W

.!,‘,‘lE-l,

.,‘l,,lE-‘1

.I,B‘I,E-*l

.112#‘IE-ll

.116‘1‘L-#I

.1H‘WE-,I

.IZ,*l‘E-,f

.12811‘E-#I

.,1I#Llf-ll

.13MS‘E-‘1

.lm9181+l4

.33wm+14

.58,11x+14

.421JIw+M

.16,*24t+M

.ll,lld~+M

.W7171+14

.‘2‘8181+,4

.17141x+14

.73,47X+14

.1271!8E-‘1

.13371PE-‘1

.139125E-ll

.,IW6IE-l1

.It‘lSbf-*I

.,‘bb‘9E-‘2

.,‘3111L-42

.,,,m-l?
.191*1X+14

.ISIBIhE-*!

.IVP,Pf-II

.lb41,5E-48

.,7I,I1E-,l

.,l*wE-al

.,82153L-#I

.lBB638F-‘l

.,SlB11E-#I

.P72521E-#3

.slm,F-#3

.9234IPE-#S

.PIIP,JF-II

.882,8X-,1

.863772E-‘3

.8118#8E-‘3

.831,WE-II
.13?113~+,5
.,4419I+15
.1548&X+,5

.bPLwML-12 .!l‘,ML-‘1
.!I,II,E-l,
.IwI“E-*l

.Z,llblE-‘l

.2‘13,IE-#I
.111~~,E-12
.l,l,l#E-12

.,4,5?51P  .81216221
.81325123 .1&485758
.,7171887  .87814v31
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HE,GHT<II)  = I.I#YEIGW,  (IG/LI  = 3.73
PART/CC  PER SIZE CLASS-SHlLLEIT  FIRST
2953. ,314.  us. 318. 117.

“EIGHT~IO  = Z.*IYEI6”,  ,“G,Li = X.25
74. I&

61. 42.

53. 31.

37. 26.

33. *5.

21. 19.

21. 1).

38.

28.

23.

17.

19.

11.

14.

21.

12.

8.

7.

9.

1.

5.

2.

I.

8.

B.

1.

8.

1.

I.

8.

8.

LI.

1.

B.

1.

1.

2.

I.

7.

1.

t.

1.

PART/CC PER SIZE  CLASS-S”ALLLST  FlRST
3,81. 1318. 571. 265. 123.

HLIGHT~“,  = S.#‘YEI!3”,  ,HG,Lh  = 2.81
P4RTICC  PER SlZE CLAB!VS”ALLETT  FlRST
2742. 1813. 4.1. 112. 0s.

“FIQHTCIII = I,.IIYE1GHT  ,1101LI  = 2.71
PAR,,CC  PER SIZE  CLISS-SMLLEQT  FIRST
ZIP,. IIP. 281. 125. 62.

HEIGHTI”,  = ,1.*SYE*GHT (“WLI  = 2.5,
P4RTICC  PER SllE  CLASS-SIIALLEGT  FIRST

2441. 81,. 298. 119. 55.
HEIGHTS”,  = 2~.I‘“EIG”, (“01LI = 1.3‘
PARTlCC  PEP 5*x CLASS-LIIALLEST  FIRST

1532. 127. lb,. 78. Il.
HEIGHT~LII  = 45.11”EIGHT  1116/L)  = 1.11
PARTICC  PER L1ZE CLASS-SMLLEST  FIRS,

1869. 591. 226. 96. 44.

HT. = 11.1‘ DATA  FRO” I.‘, II VT.  I” “G/L  = 3 .751
HT. = 49.“ DIITl FRO” 1.11 II YT. II “G/L = 3.711
HT. = II‘.,, MT4 FRO” I.,‘ ” VT. IN P(E/L z 1.75,
HT. = 1n.1, DRTA  FRO” 2.6, )I UT.  IN “G/L = CL*51
HT. = 261.1,  DITA  FRO” 2.6‘ II UT.  II lGlL  = 3.218
HT.  = 371.1, DATA FRO” 5.)‘ II Y,. IN M/L = 2.888
HT. = 511.1,  DATA FRO” 5.M II Y,. IN ilv, z 1.181
HT. = 648.11 D4TA  FRO” 11.1‘  I( Y,. I I  IO/L = 2.781
HT. = 813.M DATA FRO” 11.1 I II Y,. IN K/L = 2.7w
HT. = l‘,,.“ DA,, FRO” 11.1‘  II Y,. IN M/L = 2.78‘
HT.  = 12,5.,‘  DATA  FRO” ,h.b, II YT. II IO/L = Z.IQ#
HT.  = ,425.“ DATA FRO” I6.M II YT. II lG,L  = X5‘@
HT. = lb65.11  DATA  FRO” lb .65  II UT.  IH Ml/L = t.sw
HT. = 21‘1.11  DATA FRO” 25.1‘  II YT. I N  “G/L = !.lB‘
HT. = 25‘1.1,  DATA FRO” 25.1‘  N YT. II IO/L = 1 . 3 ‘ 8

DBSERVEO  sm. cont. “lii”ES  ARE AESIGYEI  LG IlIlIlL VALUES  I ”  THE FOLL”YI”G  !a”
SllllLLES,  SIZE CLASS IS THE FlRf,  ROY THE LOYES,  ELEWTIOY  IS TIE FlRI,  CDLW”

,,.,I I?.,, 1m.o 171.1, 261.11 V‘.,‘ 511.11 b48.81 813.8, ,,‘1).,9 ,?81.,8 ,421.w 1161.18 21#‘.8‘ 2*1*.1* =YT
II.71

2953.1, 2951.1‘
295,.,‘ J‘B,.I,

3,BI.M 2742.M 2742.1‘ 2371.1, 239,.,, 2391.0 2411.1‘ 114,.#‘ 2441.81 ,JJZ.W lB?.va,111.M 1541.11 1344.0 ,S!G.#‘ 1318.11 1111.11 !113.,‘ 74P.ll IIP.‘, 747.1‘ 847.M 847.,# 847.10 427.11 127.w :
668.,, bbG.II db8.I‘ 514.11 574.1, ,,!.I‘ 4‘1.1‘ 281.11 281.1, 28,.,‘ 278.M 2W.#, :
118.,1 1 3 8 . 1 ‘  1JB.M 265.1‘ 182.1, 125.1,  125.M
167.M
s,.,,
58.11
38.1,
11.5‘
11.5‘
3.M
J.,,
I.#‘
1 .I#
.5,
.5‘

1.1‘
#.I‘
1.1,
1.1‘
1.1.
1.1,
1.1,
1.11
1.1,
1.11
1.11
1.M
‘.#,
1.M
#.#I

lb,.,, 167.11
P I . “  71.1,
58.M 58.11
18.1,  18.11

121.1,
66.M
4Z.M
28.41

88.0 62.M 62.11
51.1, 37.11 11.11
16.11 16.11 2b.M

265.0 ,BZ.l,
123.11 BB.‘,
6b.4, 51.11
42.1, 36.1,
28.0 2J.M

,.I#
,.I,
.5,
.5,

25.1,
4.1,
,.I,

.51

.5,
1.1)
1.11
1.1,
1.11
1.))
1.M
1.1,
1.1,
,.‘I
1.11
1.11
1.M
#.#I
1.11
, . I ‘
,.O
1.##
#.#I
,.I‘
1.11
1.1‘
1.1,

,P.‘I
3.5‘
3.5‘
.)I
.a

1.M
#.I‘
1.M
1.M
1.1‘
1.11
,.I#
,.,I
1.11
#.,I
1.1,
1.1,
,.I#
1.1,
1.11
,.I,
1.11
1.1,
1.11
1.11
1.11
‘.,I

125.1, ,19.#‘ ,lP.I‘
62.M 55.1‘ 35.8,
37.“ 31.11 ,J.,#
26.,‘ 25.11 2J.I#

IO.18 4
78.0‘ 5
41.8‘
16.1, ;

11.5‘
11.5‘
3.B‘
3.11
I.,‘
I .,I
.SI
.5,

1.1)
1.1,
n.0
,.,I
1.11
1.1,
,.I,
,.I,
1.1,
#.‘I
, . ‘ I
,.‘I
1.1‘
1.11
1.1‘
1.1,
1.M
1.0
1.m
1.11

11.5‘
1#.5‘
1.)‘
J.ll
,.I‘
I.,‘
.J‘
.51

,.,I
#.S‘
1.11
,.,a
1.1‘
1.11
1.11
1.1,
1.11
1.1,
1.1,
1.11
1.11
,.‘I
1.1,
,.*a
,.,I
,.I,
,.‘I

&.,I
b.‘,
I .I#
I .I#

.51

.JI
,.,I
#.,I
1.11
,.‘I
#.I#
1.11
#.I,
1.11
1.1,
1.u
,.#I
1.5‘
,.,I
1.M
1.1‘
1.1,
1.11
1.)‘
1.)‘
1.0
1.).

b.,,
b.,,
1 .o
1 .,I
3,
.51

1.1,
1.8,
,.,I
1.11
,.*t
1.11
1.11
1.1,
1.1,
1.1,
1.11
1.M
1.M
1.1‘
,.I#
,.I‘

le.‘,
3.51
3.5,
.5‘
.5#

1.11
1.1,
1.1,
1.11
1.11
1.11
1.H
‘.#I
#.,I
1.1‘
,.,I
1.1,
1.11
1.M
1.1,
1.1,
#.,I
1.11
1.1,
1.M
1.11
1.11

19.M l9.l‘
2.5‘ 2.5‘
2.51 2.5)
.J‘ .JI

1P.M
3.5‘
1.5‘
.5,
.5,

1.)‘
1.1,
,.I,
,.I,
1.)‘
1.11
1.u
1.1,
1.1,
1.1,
1.11
1.11
1.M
1.1‘
1.11
1.)‘
1.)‘
1.“
1.1‘
1.)‘
,.,I

:::
1.1,

17.101s.w :
1.5, 18
1.5, 11

.5‘
1.11
1.1‘
1.1‘
1.)‘
,.#I
1.)‘
,.I‘
,.I‘
1.1‘
1.1,
1.11
1.w
1.1,
1.11
1.11
1.11
1.11
1.1,
1.11
‘.,1
1.11
1.m
1.1‘
1.M
1.1‘

.5,
,.I‘
..,,
1.0
1.M
,.I,
1.1,
,.,I
,.I#
1.11
1.11
1.)‘
1.)‘
1.11
1.1‘
1.1‘
1.11
1.1‘
1.H
1.M
,.I‘
,.,I
1.1‘
#.I‘
1.G‘
I.##

1PB.W ld7.W
IlS.18 7G.W
35.8, 41.81
35.8, 16.pB
25.88
1P.W
2.50
2.m

.!51

.J,
‘.I@
‘.lS
1.18
‘.W
‘.#I
I.00
,.,o
1.18
1.18
4.0,
I.@,
I.‘P
1.18
I.W
1.18
‘.@I

:::
I.‘P
1.10
1.1,
,.#I
I.%4
1.18
1.18

19.M
11.##

I .I#
1.50

.51

.I#
1.18
1.U
1.11
0.81

Z
1.18
1.18
8.8‘
#.@I
8.M
,.,*
‘A#
‘.W
B.0‘
B.0‘
*.1*
1.u
‘.#B
@.I?,
8.8‘

:::
,.#D
1.11

.51 1*

.,I II
‘.W 1‘
‘.,I! II
8.8‘ 16
8.1‘ 17
8.U 11
a.18 I,
1.18 2‘
#.I# 21
8.8, 22
8.## 21
1.1, 24
1.18 2s
‘.,# 2‘
%I‘ *7
8.81 m

1.11
1.1,
1.1,
#.I,
‘.‘I
1.11
‘.,I
‘.I)
1.M
1.M
1.1‘
1.U
1.M
,.,I
,.,I
,.I‘
#.,I
1.11
1.11
1.1.
#.I#
,.I,

1.u 2)
1.18 31
‘.W 31
,.B‘ 32
B.0‘ 13
11.1, 34
#.,I 35
1.11 3,
1.18 57
‘.*I 18

1.1,
#.,I
1.1‘
1.m

1.)‘
#..I
,.I‘
,.I‘
,.I‘

1.1,
#.I#.  .

,.‘I 1.11
1.w 1.M. __ _ _.

‘31
1.M. _.

1.1‘
1.1‘_ ._1.w



TM SW = 131.1,  JECOWDS

SHEAR  “ELOEITI  = .!,‘# C”/I
HEIOHT,FL”X,  DlFF”Sl”lTY
.Z*,,,‘I#L+l* .1!11‘311f+‘,
.7‘I‘I‘wE+lZ .I1SdllllE+,t
.1J,‘,‘,,E+,I  .5149777*t+,1
.Zl#‘.W,E+#3 .8#‘8,1,‘E+‘,
.ll,‘,l,,E+,3 .IIJIJII8E+‘2
.ll“,ll,E+‘3 .tJJJblllf+l2
.v####“E+‘3 .tPPIZWIE+‘*
.126##1“E+13 .2135488‘E+12
.P,,,,,‘,EW .288#‘#‘K+*2
.II,,,I“E+‘l .33244444E+#2
.,3,,‘,‘#E+‘l  .37145778E+,2
.151,11‘*E+ll .4‘517lllE*#t
. I7W‘,I‘E+ll .ll,l~,i,F+12
.**,,‘M‘E+,l  .44985778~+12
.21Pl,,‘,E+,l .124181#lE+I*

FLUI, IHtAI SnEhR smtss

RESULTS AFTER 48 cv
“EIGHT = 11.1, (E”)
YFICUI  i 4S.l. ,C”,_ . _
“LlEHT  = 1‘1.11  lC”l
“ElOHT  = 111.1‘  CC”)
“ElOHT  - 261.11  (C”)
“LIGHT = 111.1‘  lC”l
HEIGHT  = w.11 CC”)
“EIGHT  - m.,, IC”)
HLWH, = 81J.S‘  CC”1
YFl!?YT  i 1111.11  IC”)

TOTAL
TOill
TOTAL
TOTAL
TOTI),
TOTN
TOTAL
TOTAL
TOT4L
TOT&L
TDTRL
TOilll
TOTAL

.._._... ~~~
“EIGHT  = 1215.11  (CIO
“FIOHT  - 1125.1,  ICI0
“LIGHT = Ibb5.W CC”)
“ElOHT  = 2111.1,  CC”1
HEIDHT  = 150.1#  IC”)

.m

.*2

.#I
,‘I
.I1

35



PARTICLE CONCEYTRATlGNS  FOR THE 01SER”ED  SIZES,S”ALLESI  FLRGT
“IN DIM=  .#1,2#  .,‘#,‘ .,*1*, .*#I*, .11,6,  .BBm .,824‘  .1828‘  .W328 .*,,m .8#4W

HTi 14.M 2119.13 1,47.n 554.44 ?BP.lb 181.56 174.7‘ 1.11 1.1, 1.0 #.I‘ 8.1‘
w= 4P.L‘ 2223.27 776.32 475.27 229.4s 131.8, 111.51 62.13 41.22 1.)‘ 1.11
“Ti 111.1, 2257.61 S22.46 424.94 ,PS.II 116.14 B&.,7 46.U 31.4, 22.71
H,i 171.11 2271.18 877.4, 188.5‘ 172.7, PI.8‘ 71.85 3P.69 25.77 IP.64
H,= Z&6.,‘ 2271.3, 842.19 359.48 156.23 81.28 39.83 35.41 23.25 17.W
“Ti m.11 2256.78 817.36 114.68 141.18 72.46 52.73 32.37 21.55 16.57
HT= 5w.1, 2231.61 774.15 112.65 131.97 66.24 47.42 2P.92 **.*, IS.,?
“T= b,G.#I  II%.,8 7 4 2 . 1 2  293.,1  IZZ*,J bI.I, 43.2s 27.w IS.19  11.9,
“T= 813.11 2151.32 711.1, *75.,, 114.1, 16.83 39.94 26.22 18.12 12.71
“T= 1#1,.#1 IW5.39 diP.51 259.13 1‘1.14 x3.16 37.18 21.7, 17.5, 11.65
“T= 1215.M 2129.2: d47.33 213.9, I,,.25 49.81 34.65 23.41 16.83 1,.&Y
HT= 1125.11 1955.27 bl4.d‘ 211.21 P4.67 17.1‘ 32.58 22.25 ,&.I9 9.84

‘.‘1
1.13
5.72
5.6,
5.23
4.17
4.3‘
3.87
3.48
3.15
2.85
2.52
2.E

9.8,
, .B,
1.18

.14

.PL
92
.*4
.76
.‘7
.S?
32
.,J
.,G
.2‘

.I561 u/s
D,FF”SIV,TI HFIOHTICDW7 FlUID  SYEM  GUEIR  GTRISI

.I*bPS41IE+,l .,,,*‘IIIL+I* .2#115847E1G, .,,419627E-0,

.41316667E+,1  .,Pl‘,‘#,E+,* .1I771IwE+~ .%GV151E-82

.157466‘71+,1 .1,‘II,,,Et,l .758474BSf-81  .6,~2,WlE-82

.1211*M,E+‘2 .17##‘1‘,E+,3  .5864,6Y5E-#I .5,G,2151E-@*

.l7,lBbdlE+12 .*L,IImL+#1 .47~,7916E-81 .4WW‘4LE-I2
.23131~61L+#* .311‘,‘1,E+‘3 .11699741E-#I .3,3‘216,E-s*
.*wb8*“~+** .~“,‘,“L+‘3  .J5575621E-‘I .12618428-m
.3653232‘E+** .MGl@u,E+‘3 .3,B,,b79E-‘l .*92*341zE-82
.132#81wE+1* .8131m,E+13 .29159335E-11 .*.5‘?147#t-82
.4P8**4~lL+,: .I#LIII,*E+II .21BPZdl,f--I, .*4*81417f-,2
.55718*d?E+l*  .1*151wK+*l  .25249122E-l, .23,,16W-12
.bundb?E+B* .11251111E+ll .24‘3,d35E-l1 .22161715I-12
.*4biGbm+12  .,bbSIuIE+#l .*31571m-,, .2,?5121%-12
.d,liBbd:E+l: .2611wllE+ll .22511#,1E-‘1  .21655Bllf-12
.6361*oIE+1*  .25#*1*11E+l, .225‘11M-#I .2,6154?11E-‘2

,,.. “... _ _.... . ._..._  ~~~...  ~~~ ~~~~
HEIGHT  i m.,,  (C”, TO,RL  sRI”MT P,RTICLES  = .,lld,,E*‘6 TOT*‘ “ML = ,.l#,MWL
HEIGHT = 511.1,  lC”l TOTRL  PRl”ARl  PARTICLES = .owIIE+lb TOTAL MS9 / 2.L31IL
“Ella, i 648.,‘  CC”)  TGTAL  PRIMRI  PI)RTICLES a .,‘w*E+‘6  TDTlL  tin : l.P32)(GIL
HEIGHT  i 813.1,  ,C”,  TO,, PR,“,R, PAR,,CLES  = .1#2,tBLt,b TOTAL Pm.5 = ,.Gb*Xcm
HElO”, = 1m.1,  CC”>  TDTAL  PR,“AR”  PAR71CLES * .PB,1,7E+l, TOTAL 1615  = ,.,7Z”G/L
HEIGHT = 1**5.,,  CC”) TOTAL PRI”,R”  PARTICLES r .nbl,8E+,S  TOTAL  MIS = 1.6171WL
“EIGHT  = 1,2,,,#  Ice>  TOTAL PRIMRI  PARTICLES * .WML,E‘15  TOTRL  IMS = ,.dlnwL
“ElGH,  = 1665.,‘  CC”1  ,O,lL  PRIMR,  PARTICLES = .86,,P,L1‘5  TOTAL “ASS  : l.l4lillA
“EIGHT = 2‘#~.,, (C)I,  TOTAL PRIIIAR, PARTICLES * .8176,8E1‘5  TOTAL N,GI : !.174M/L
“LIGHT = 2w.1, ,Clll TOTAL  PR,“,R”  PRRTlCLfS  I .,78v,L+,5  TOTcaL  nm = I.I,Ii%,L

PARTICLE  CONCEYTR~T1OHS  FOR THE OBSERVED SIIES,S”.4LLESI  lIW
“I” Nil”=

“7;
.,‘,2, .,m,, .11,*, .,,I21 .81118 y,”

r,.,, ,PPS.J,  BP8.14 ,54.P,  2.77.74  1 4 2 . 8 9
“T= I?.‘, 2129.71 837.89  397.39  IGb.5,  1w.31 Pi87
“T= 1‘1.1, 214‘.18 798.,6 162.PI 163.61 91.77 74.21
HT= 17B.1, 2W3.63 761.,, 337.2, 117.61 81.22 bl.,P
“T= 261.1, 2‘11.2, 73P.84 31*.t* 135.17 It.87 57.12
HT= ,,,.,# 2‘32.3, 711.61 297.P1 125.48 65.U 51.52
HT= J,,.,, 2,16.3, bSl.,b 281.6, 117.11 61.31 46.83
HT= 648.11 ,W,.ZP 666.7, Zbb.73 111.11 56.12 ‘2.92
HT= B,,.,, 1963.8‘ 643.65 253.62 113.84 52.bl lP.bB
“7; 1111.11 ,727.&6 621.3, 241.21 W.38 IP.d, %.?I._.... ..~ ~~.
“Ti 12e.1, 1.981.16 JS7.8, 2JI.IJ 93.71 11.13 31.19

i:. = 1425.1,1665.1‘ ,845.W  1w1.15 576.73  J58.43 22n.62  212.81 89.76  87.17 45.N  43.45 32.65  M.77
“,= Z,,‘,,‘  17~1.6,  5W.26 215.86  84.81 4I.W 27.ll
H,= 2511.1, ,,,,.7, 5J*.IP 2IJ.JP 85.63 II.46 27.15

36

.8,241
,.,I

54.w
11.52
37.U
13.66
u.9,
28.69
26.84
25.29
22.92
22.73
21 .I#
2n.n
17.79
IS.74

.oL?28LI  .#812,
#.I, #.‘S
1.W I.,,
1.)‘ 1.1,

18.55 1.11
18.76 8.12
18.8, 14.22
,B.JI 14.56
17.96 ,I.JP
17.31 13.84
lh.b, 11.17
IL,3 12.22
IJ.47 11.17
15.11 11.53
14.5‘ 9.48
11.12 7.76

.#@,*I
,.‘I
,.I#
1.1‘
#.‘I
1.1,
1.1‘
3.28
3.48
4.87
4.83
4.57
4.25
3.85
3.11
2.49

BIJ‘I .8‘648
e.00
8.8,
8.8‘
1.10
,.M
I.#‘
.,I
.,I
.12
.I#
.tw
.87
.#6
.‘5
.*I

1.18
@.@a
B.B‘
B.‘G
‘.#B
B.,B
8.8,
.I,
.I,
.#I
.m
.a
.,I
.,B
.BB

.ww A‘561
8.81 I.BI
1.18 G.P#
1.19 1.10
8.11 ‘.@a
&PI *.fd
,.a il.*,
‘.,B 1.18
,.,a ,.‘8
&I‘ B.ll

.52 B.B‘

.54 ,.*I

.,6

.71

.61
.31

1.18
I.&l
LI.BI
*.a

.w6u
8.9,
8.1
1.W
1.m
*.Gll
8.G‘
*.,*
1.18
GALI
1.1
0.w
1.18
#.#P
1.1‘
*.I?,



PMTlCLL COYCLYTRA,,G”E  FOR THE DISLRVED  BIZLS,OI(ILLEST  FlRU
“I” DIM= .,,1*1 .w,,, .,,,8, .‘,,l‘ .‘G168HT= I,.,, ,BbJ.dl 813.95 ,,,.a 2‘3.11 131.48 .y; . .o:‘,; . .‘:“;:

HT= 4?.#1 ,BB,.lb 755.85 356.74 165.45 W.,J 77.68 51.18
.y; A

1.1,HT= 111.1‘ I8W.W llS.25 325.89 145.11 83.14 d,.lJ ,,.&A 1.u ,.I‘“7, 111.11 ,885.,7 dP1.81 313.24 131.14 12.75 56.72 ,5.2# 11.87 1.mHT= 261.11 1877.31 666.81 2BJ.12 lZl.bl 15.36 51.6, 11.84 11.0 1.12HP In.,, IBb?.,, 645.43 l,,.!l 112.19 59.78 47.69 29.4, 15.99 Il.13HT= s,,.,, ,BJ5.,, 625.68 256.96 1‘5.64 55.4‘ 11.25 27.44 16.22 13.u
11:.  . 618.0813.M ,837.W  lBIB.ZB 611.12  591.15 245.44  235.27 11,.#4  95.34 JI.88  49.12 41.23  38.W 25.79 21.39 16.17 ,5.74 13.71  13.GHP l,,‘.“ 1796.29 513.76 226.1‘ PI.11 46.&l 36.11 21.15 15.6‘ 11.11“,= 1M5.1, ,713.n 558.95 218.25 88.,5 M.65 31.18 2z.v 15.21 12.15“T= ,,25.,, 1752.18 516.1, 211.88 85.58 43.13 32.u 21.18 11.84 12.15HT= ,bbS.,‘ 1734.61 53b.41 211.1, 83.91 Il.99 31.81 11.38 14.31 11.26H,i l‘,‘.“ ,,2*.,7 518.85 211.56 83.1, 4l.M 1P.52 11.1, I#.14“T= 25‘1.1, ll1J.W 515.11 215.w 85.21 41.13

;;w;
18.6, 13.8s 8.17

,“P”T DATA 3G.M 25.1, .‘I .I# .,I
*“PUT DATA 13 18 1 48 24 ‘2
SHEAR  VELOCITIES = .!M ,151

.51 %*I 2.61
, 2

.1‘,1‘  .omGI
B.‘P &PI
1.11 1.1,
1.11
1.)‘
8.10
‘.I,
3.M
3.43
5.12
5.,9
5.1,
l.7,
,.52
3.91
2.84

1.18
1.11
1.11
# .R
I.,@
‘.I@
*.I,
.J,
.‘2
.92
.w
.77
.w

.)5

.‘G,M
*.*,
B.L)‘
1.18
#.#I
8.1,
8.1,
1.18
l.#B
s/at
G.8,
1.B‘
1.10
1.811
e.r,
B.1

.‘OM#
#..I
&,I
8.11
I.IP
#.I‘
1.1
1.w
,.I#
,.#G
Lx*,
0.w
1.11
GAB
e.r,
1.1,

37



PHISICAL  PhRMETERE  OF  EACH  SIX CLASS
“EM RAD,C”I “AX  01R”~C”~ SPRI  ,wrltm,~ IEISITI(vcCI
.,J‘,llt-,, .2,I‘,‘F-94 .,,,,IIEW .*6w‘E+#l
.IS,‘l‘E-93 .,lll‘lE-13 .42*7‘*E+‘1 .,w*,E+,l
.I‘,‘,IE-‘J .8,1,‘,E-‘3 .,BI,P*E+1* .147384E.‘1
.SI,,,,E-91 .12,,1#2-12 .537**,t+12 .1****,E+ll
.71‘,,IE-II .,~I‘,‘L-I2 .,‘8912f’ll .l**,‘Jf*ll
.P,,‘l,E-13 .2,,W‘E-92 .184621E+*3 .,,7~2,El,l
.,l#,,LE-‘2 .*,‘,*‘E-‘* .,l,,lbEW
.lJ‘.‘lL-12 .ZB‘,I‘E-‘2 .!126&*E+‘l
.IwII,c-,* .32,,1‘1-12 .1,1132E+ll
.l,I,I,E-,* .U.,#,E-12 .,,,*,bf+l,
.,,,,,‘E-92 .,#‘,llE-*2 .,,l*PBE+*1
.*l,#‘N-** .l,#,#lE-‘2 .l,B223El#l
.*3#“,E-#* .W#‘,i-‘2 .tm77Ew
.IJI,I,E-(2 .52,1,,f-12 .,w#**E+ll
.27#,,,E-‘2 .56,,,#~-92 .1,651*1+11
.29‘,l‘E-‘2 .6##‘,,E-92 .1,&,5,f+,l
.I,l,‘,E-92 .64‘,1‘L-‘2 .,rve?r+~f
.JUl,lf-‘2 .68,**,E-‘* .1,5475EW
.3J‘#‘lE-I2 .72W‘,E-I? .,,51*3Et‘l
.III,,,E-92 .76,1,,L-92 .I‘,*uE+,l
.J,,I,,F-I2 .8,,*,lt-‘* .t#,lllE+‘l
.,,,,,IE-92 .G,*#‘,E-12 .,,,J‘x+,l
.,3,‘UE-12 .88#,,#E-12 .1‘43,4~+‘1
.mwm-12 .921M,F-92 .,,,,,lEtll
.47#‘1‘E-,2 .,6*‘1,E-#* .,,,*~*E+#~
.,P,,#,E-‘2 .,,,,,lF-91 .,,f*lbEW
.JI#w‘E-L* .,l,‘,lE-91 .,,S7.‘Et‘l
.53‘,1‘E-‘2 .,,B,,W‘l .t#SJ74l+ll
.55,‘111-12 .,12,‘lf-‘1 .,‘,457L~ll
.J,,‘##F-,* .,lb,llL-‘1 .,‘J,,GE+,l
.59,W,F-I2 .12#‘1,L-91 .,‘3*4SE+ll. .a.

,,RI*G,“~,,tl42~  ST.  “2LICI4)
.,#5l,lE+,* .II47,JE-l3
.,,w*E+,S .288*3X-13
.14,22*1+12 .*,,12&-,3
.,bb7lll+~‘ .,,BW&E-‘2
.874B52f-*l .1W237L-12
.,,9529E-‘1 .2,71#6E-‘2
.,42,,3E-,I
.P,lll,E-‘2

.222,23E-I2

.2,1,1&E-‘2

.,8271X-‘2

.16*w*E-I*
.156711E-12
.l,bB8,L-l?
.,384WE-12
.,,127~E-,*
.12W22E-12
.,,9547E-a*
.,1,72,L-‘2
.,,,,UE-I2
.t,bdl*E-‘*
.1‘3171E-‘2
.,,,#68E-I2
.,72524E-11

.6,,,,,L-92 .I*,.,.~-11 .,d15,t+#l

.*,‘,,‘E-** .12rJ,,#E-91 .1,1‘J*Etll

.61,,‘1F-I* .,lZ,ME-‘1 .117352E+#J .,IZP7SEW

.671‘#,E-12 .15&,‘,E-91 .1*51aE+,5 .1,2894E+,l

.69,,,*E-12 .,,,##,L-‘1 .,13,11E+#S .,,281*E+,l .8468,8E-‘3

.,UBBIL-13

.923Wf-.3

.*,1*,x-1s

.WWSF-93

.863772E-‘3

.,,‘#,,E-12 .,44,,Wll .,,!*58L+l5 .,*27,7E+ll .811,,*E-,3

.71,#,,L-12 .,,8‘,‘E-,I .,,,714~+,J .l‘*b7*E+.l .Blbl7lL-,S
PC, OF “ATERI1L  ““IN “WE STOKES  YELOCI,,  I” EACH Ll7.f  CLASS,S”ALLEST  FIRST
1.1, .8‘ .I‘ .A, .5, .,I .3, .2, .,I .,I .I# .I‘ #.I#
1.1. ,.,I  1.1, 1.1, 1.1‘ a.,, ,.‘I 1.1, ,.‘I 1.1‘ ,.a, ‘.*I 9.18
1.1, ‘.,I ,.,I 1.1, 1.1, ,.,, 1.1, 9.9, 1.1, ‘.B‘ 9.90
IVERAOE  FALL  Y~LOC,,,  FOR FACH 5,x CLRES,  ,pIIUWT lIlST

.,‘12888S  .“,,,,,,  .‘,862,,, .,!1‘175J  .m7,*w .,2wG8)1*  .‘2161576  .81446381  ::;:;;y: :zygg

.,,5,716,  .,,6,,8,, .‘53125,,  .,547‘58,  .IJ&b2377  .,58729.‘  .S6‘52989 mm;;; I.‘b668,G,  .#6856,,5 .,d,6876,  .,,,8,282 ,,72,56,, .,7357712 .171*1*7* .,7775817 .*m74*J4

.,,98b295  .,81227,5 .,**,,*o  .,81,3285 .,8495291 .#8518695 .m41*54*
,ST.6”23” “““BFR  OF OK. Hfs.=  6 “““BER OF BllfS 112
“I” ano “AX DM”. OF six CLASSES ,“ICRD”GI

2. 4. 8. (2. ,d. 2,. 24. 28. 32. 18. 4,. 5‘. 44.
“EIGHT,“~  = ,.,‘YE,GHT CIIG/L,  = 3.30
P.w,,CC  PER E,If  CLASS-SIIRLLEIT  FIR51

ZBIJ. 852. 11,. 133. Lb.
“f,G”T(“)  = Z.b‘YLIGHT  (“O/L,  = 2.M
PAR,,CC  PER SllL CUSS-SWLLLST  FIRST

2128. 672. 211.  199. 56.
HEIGHTllll  = *.,‘“ElGHT I”G/LP = 1.85
W”” PER  51,. SlZE CLASS-ERALLEST  21,.  06. flRST 59.
HEIG”T,“I  = ,,.,,YEIGHT (“WLI  = .w
PART/CC  PER SIZE CLASS-SIALLEST  FIRST

58,. z,,. 117. a.
HEIOHT~IO  = ,b.LJ”E16”,  <“O/L) = 38:35
PARTICC  PER S,X CLASS-S”,LLEST  FIRST

66,. 22,. 113.  82. 49.
HFIG”,,“~  = ZS.,,“ElG”T  (“G/L1 = .*5
,AR,,CC  PER 51x cuss-SIALLEST  FlRCT

842. 292. lb,. 97. 58.

12.

31.

4,.

24.

31.

37.

29.

21.

29.

I&

19.

25.

?I.

2,.

23.

$2.

11.

l,.

38

15.

13.

1.5.

7.

7.

7.

1.

3.

4.

2.

3.

3.

2.

1.

1.

I.

I.

1.

1.

1.

1.

B.

1.

1.



42.0
29.M
21.1.
7.5,
7.51
2.11
2.61
1.6‘
I.,‘
.51
.*a

1.61
1.1.
1.))
1.1‘
,.#I
, . ‘ I
1.1,
1.1,
#.I‘
#.,I
1.1.
#.I.
..I,
a.,,
,.‘I
1.1.
1.1,
1.1‘
1.)‘
,.I,

Lb..,
42.1,
2P.II
21.1#
7.3,
7.31
2.N
2.1,
I .o
I.,‘
.5‘
.JI

1.11
,.,I
1.0
I.,,
1.u
1.11
1.11
1.1,
1.61
1.1,
4.6,
,.,I
,.,L
1.11
1.1,
‘.I,
#.,I
,.#I
1.1‘
1.11

56.W
15.11
25.6,
11.1‘
6.5,

66.11
42.1‘
2P.I‘
21.1,
7.5,
7.51
2.‘)
2.1‘
1.M
1.6,
.,,
.5,

,.I,
,.I,
1.w
1.11
1.11
1.M
#.I‘
1.11
1.11
#.I,
#.#I
1.1‘
1.1,
1.1,
,.,I
L.6,

__. _ _
2J.l‘ 29.61
2,.#1

1.1.
1.1,
,.#I

6.3,
1.5,
1.5,
.5‘
.51
.a
.51

1.11
,.,I
1.1,
1.)‘
1.1,
,.I,
#.,I
1.11
I.,‘
I.,,
1.w
1.6‘
I.,,
1.11
#.I‘
1.1,
1.1‘
1.11
1.M

6.51
6.51
I.51
1.5‘
.5‘
.51
.5@
.5#

1.1,
#.#I
#.‘I
1.M
1.11
1.1‘
1.11
1.1,
1.1,
a.,,
#.‘I
1.11
1.11
1.m
#.,I
,.,*
,.I#
1.1,
,.I,

15.1‘
7.51
7.51
2.1‘
2.)‘
.)I
.51

,.I#
1.1,
1.1,
,.#I
1.M
1.11
,.I,
‘.I#
1.1‘
1.11
1.11
..I,
,.#,
1.1‘
a.**
1.11
#.#I
,.,I
‘.,I
1.11

16.1,
12.11
3.5,
3.5,
,.,I
t .‘I
.$I
.51

‘.,I
,.,I
1.1‘
1.M
1.1,
,.‘I
,.I#
1.1‘
1.)‘
,.I‘
1.1,
1.1,
,.I‘
1.11
1.11
,.I,
1.11
,.,I
,.I‘

38.61
24.1‘
16.M
12.11
3.5,
1.51
1.1‘
I.‘,
.$I
.a

#.#I
,.,I
,.,I
1.“
1.11
1.1,
#.I,
,.,I
1.11
1.11
1.11
#.I,
,.1‘
1.)‘
,.#I
1.11
,.,I
1.1)

11.18
3.51
,.I#
I.56
t.5,

.SB

82.1,
4S.6‘
I, .#I
19.11
13.1,
3.3,
3.5‘
,.5,
1.3,
.51
.5‘
.SI
.5‘

,.‘I
1.1,
1.1,
,.I‘
,.#I
1.m
1.11
,.,I
1.1‘
‘.,‘
1.H
,.#I
,.#I
1.1‘
#.I‘
,.#I
1.11
1.11
1.1)

.51

.I*

.51
1.w
8.M
#.@I
1.18
P.BI
8.18
B.0‘
1.18
8.11
,.a
I.‘#
B. @I
1.m
8.8‘
1.10
1.1‘
1.~1
1.18

1.41
1.11

,.I#
1.1,

1.11
1.11

1.1,
1.1,
1.M

29.11
23.11
7.5,
7.5,
2.M
2.M
.JI
.J‘

1.w
1.)‘
#.#I
1.1‘
1.M
1.1‘
6.0
#.#I
1.11
1.11
1.1,
#.#I
1.w
1.11
1.1,
1.M
#.I#
1.1‘
,.‘I
1.11
,.o
1.M
1.1‘

1.11
,.I#
1.1,

24.M
16.1,
11.1,
1.5,
3.5,
I.,‘
1.11

.SL

.f‘
1.M
#.,I
1.11
1.11
1.1,
#.I#
,.,I
‘.,1
‘.#I
1.11
1.11
1.0
1.1‘
1.11
1.11
1.11
L..,
1.11
1.1,
1.M
1.11
1.1‘

,.11
1.1‘
1.1,
,.I, #.,I

,.I‘“.,.‘I 0.11 1.11 #.,, 1.1,
TOP  sO”nOlRl  cow.  EWALS  THAT OF WSERVEO  VALUES AT 25.M II UlT” h “EIGHT  OF

IIM STEP = 151.1,  SECONDS

&PI
1.18
&8,

.,a M/L

ll.B,
1.58
3.5,
1.w
1 .JI
.I#
.3,
.s*
.J,

hi+‘
1.18
8.8‘
1.10
8.8,
1.18
*.*1
,.*1
I.BI
I.#,
1.18
&*I
,.,a
8.81
,A,
I.00
8.81
1.18
8.0,
‘.I@
*.*I

1.M
1.w
B. w
l.‘G
1.11
,.m
G.GG
B.0‘
1.11
I.*‘
1.10
8.81
‘.B‘
B.(w
8.81
0.M
B.0,
1.18
0.m
1.m
a.81
1.0‘
I.08
I.BI
#.#G
B.P,
,.,a
&PI
,.*1
B.BB
8.8‘
1.11
8.1,
1.10
8.1,
1.w
8.08

SHUR  “LLO‘lTT  = .I,‘, cws
HEIGHTIFLUX~ DIFFUGIVIIY  “~IWI~COI~ FLUID  SHIm 5lcaR  SING9
.28‘1‘.‘1~+12 .I1IIIJLl~+ll .I,‘I‘,,‘L+#2 .I,P11571E+*‘ .1,814315E-11
.,,,,I,I*E+,Z .272,6,‘,E+‘l .,P‘#‘,L*L.II .5891,27SE-81 .51iwlJ‘PE-82
.,1#‘IW#E+IJ .,PZP~‘I#L~Il .,,ll‘ll#E+13 .,,*66*67E-m .3,21G‘PLE-82
.Z,#I,I‘IE+lS .76944,l‘E+ll .IIII“‘,E+~3 .3*4u361E-G1 .2,77312‘E-82
.31‘#‘11,E+‘3 .,,8*11,‘E+62 .Idl#,l*lF+l3 .2674753,E-*1 .24554231E-82
.,3‘##‘#,F+‘l .!42416,1E+** .17L‘#lwE+13 .2297342*1-m .?,1,7~67E-m
.57,1*‘11F+‘l .,7b‘lb‘lE+‘Z .5,1,1‘#‘L+ll .21,12,15E-#I .,,71GJwE-B*
.726‘,IwE+13 .2,**6784E+*2 .64Gt““E+lS .,B6331SJE-,l .171152JLE-G2
.P“,‘,,#E.‘3 .Il‘l,‘llE+n .BIHI#‘,E~‘l .1742976bE-‘1 .,6‘8,*1~-02
.,l‘,‘,“E+‘, .2464,l,lE+I2 .,‘,,IM,L*l4 .,6666*67E-‘l .,51GLBllt-8*
.13,,,#“E+‘l .*IPIZ,IK+II .,215#1‘1E+ll .,61,1524E-‘l .15,P‘6ll~-‘Z
.tJI‘II,#E+l4 .*36544,,E+12 .,1ZS,“,L+l4 .lb,P2357F-ll .1513,9131-12
.!79‘1##,E+14 .2‘JlwlE+#Z .,bbSI#~‘L+‘4 .17111812E-ll .151922mf-12
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RUULTI  AfTER
“LIGHT  = 14.m
“FIGHT = 49.1,
HEIGHT  = 111.1.
HEIGHT  = 171.1,
HElGHT = 261.19
“FlGHT  = 171.1‘
HElO”,  - J,‘.,‘
HElO”,  c 648.1‘
HEW”,  * 813.99
MIGHT  = ,#I#.‘,
HElGHT = 1215.1,
HElGHT = 1425.,‘
HElli”,  = 1bbJ.I‘

24 Cl
,C”)

‘CLEL
TOTAL
TOTAL
TOTAL
TGTll
TOT&
TOTAL

PRMARY
PRIIIMT
9RI”AR”
PRIMRT
PRIRART
PRIMI”
PRI”lRl
PRlMRT
PRlMR”
PR,“LRT
PRIMRT
PI1I”RRT

Ki1M17

PIRIICLCG
PARTICLES
PRRTlCLEE
PARTICLES
PARTICLES
PARTXLLI
9lRT1CLES
PARTICLFS
9ARTICILS
PARTICLES

lOTAL
TGTA‘
,0,6x
TOTAL
TOTAL
TOTAL
TOTAL
TOTllL
TOTAL
TOTAL
TOTAL
TDTlL
TOTAL

IaS =
lA,S =
“MS /
ws, .
nrsr =
MS6  *
w16G :
1MS  =
#AK =
IASG =
“AlS =
nm9 =
“A51  c

Z.,,4”G/L
2.2UflGIL
2.881110/L
l.,l,il,/L
1 .&GJtG,L
1 .IJ,“L/L
1.4291lvL
,.324IG,L
,..211”G1L
1.21910,L
,.231R/L
1.292twL
I .,G,“,R

,C”I
,C”I
(CM>
CC”)
,cIo
(431
,C”,
IC”,
,CIo
,C”)
CC”)
CC”,

TOTAL
TGT4L
TOTAL
TOTAL
TOT&L PhRTICLES

PIRTlCLLI
PIRTIELES

TOTAL
TOT&L

JW29
1.11

PlRTlCLf  COYEE”TRATIDYS  FOR  THE OBOER
“l” 0,411:  .,,,*, .,,*41  .‘1#81

HT= 11.1, 22‘4.7, 785.89 338.62
“T= 19.M 2225.25 715.35 281.11
w= l‘,.,‘ *,14.,*  639.7‘  246.18
HT= l,‘.‘, 1998.81 576.16 221.67
HT= 261.1,  ,,,P.,S  5,‘.lb  lPB.bl
HT= m.1, 1561.83 442.21 177.95
HT= 5‘1.1‘ 1395.45 375.0 158.49“T= 6,8.,, ,,6*.7* 315.27 141.85
HT= 813.1, 873.26 268.73 129.71H,= ,,w.,, 739.21 238.18 123.29“T= 1215.9‘ 675.97 225.97 IZZ.93H,= ,,*5.,, 671.14 229.LI 127.94
H,= 1665.1, 718.69 247.79 138.37

.,Y,B
L-.G,
0.18
,.‘I
&I@
8.9,
0.1‘
I.,*
1.91
72
.I,
.12
.a

1.11
1J.W
11.32
lJ.11
12.3,
Tl.18
11.14

9.31
8.76
B.53
B.5‘
8.52

RESULTS
HEIGHT =
“ElGHT =
“Em, =

“EIGHT  =
HEIGHT  =
HEUHT  =
HEIS”,  =
“EIGHT  =
WLlGHT  =
HEIGHT  =
HElO”, =
HEIGHT  =
“LIOHT  =

RFTER
14.1,
49.9,

1‘1.1‘
l,,.,‘
26,.,,
371.19
5,,.,,
648.1,
811.,‘
l,‘,.,‘
1215.1,
1425.1,
1bbJ.M

48 C’
CC”,
CC”,
,C”)
IC”)
CC”)
,C”,
IC”,
,C”l
,C”l
CC”)
CC”)
IC”,
CC”,

‘ICLES
TOTAL
TOTAL
TOTAL
TOTAL
TOTM
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTlll

PRl”lR”
PRIIItlR”
PRI”hRT
PRIMR”
PRIllAR”
PRIMR”
PRllfART
PRl”lRY
PRIMR”
PRMIRT
PRMARY
PRIMRY
PRIMRT

TOTAL
TOlRL

#AIS
MIS
IWG
“ASS
nrsr

.71259,t+*5  ToTa

.7,21~*F+O  TOTM

.,*bwEt,J  TOTAL

.75dll,E1‘5  TOTAL

.,‘40,
1.11

.,B,G‘
‘.‘B

.,816‘
8.8,

.,*441
8.8,_...

I.,, ,.I@ 9.98 9.w
‘.W
&GE
I.#‘
8.18
,.1*
8.90

.1*

.19

.17

.I4

..I

9.9,
3.16
4.7,
4.8‘
4.78
4.68
4.56
4.15
4.11
4.18
3.9,

8.9‘
a.*,
2,

I .a3
1.13
1.59
1.5,
I .17
1.14
1.47
1.31

,.,B
8.8,
l.0,
,.#I
.n
.W
.&I
.6!
.,A
.47
.J,

,,“E STEP  = 159.M SECONDS

SHEAR  YELGClTT  = .15‘1 m/5
HEIGHTLFLUX,  DIFFUSIYIT” HEIGHTLEOI~ FL”,0  S”EAl S”ERR  SlRtSI
.**,,I‘,,F+‘* .,ldllGuE+ll .,,‘,‘l,*~+L* .*,,,,PJIE+B* .184l2‘77E-@I
.,‘.‘,,,,E+II .4‘8*4‘,,~+ll .IP,,‘I‘*E+‘* .1,82,B55E+o‘ .,Ki,JM,E-L12
.,3,‘,,,‘E+,,  .739,4‘,,~+ll .,‘,‘,,‘,L+ll .7E45554E-81 .7,2‘*737E-G*
.*,‘,,#,‘E+,I .,,J,,*#*E+~* .1,,II,,,E+ll .5*J8SBBPE-81 .54m3‘19E-LI2
.31‘#‘#,,L+lS .l~**U,,E+,2 .**,‘,‘*,E+13 .49118152E-‘1 .4~1,9,~7E-~2
.43,#‘#‘1E*13 .*,3d*l,,E+** .37#,,*#1E+13 .4**416*4f-l1 .,8777G11E-82
.57,,w‘#E+‘3 .264,*4‘,E+‘* .5,‘,‘*,,c+11 .175‘,,,,t-l1 .144*JB*~E-**
.,*b,O,*E+,l .I‘PI,,7~E+‘* .b,B,,II‘E+lJ .3,*31*Plt-‘l .,1421325f-BZ
.P,*‘,lllL+*3 .3,Jl),MlE+** .813,***‘E+‘l .32‘2#525I-91 .29194842~-‘2
.II,‘,‘,*F+*4 .,~Pb,l*,E+,* .,,,,,,‘,E.‘l .3,.3,8d22E-91 .2*1ww5~-,2
.,S,,*‘*LE+*4 .,74r3&,,F+,1 .,*,J‘,‘,E+,4 .3,,,9459E-II .275578,3~-92
.154,,*WE+*4 .,5481b,,E+‘* .,,*J”,‘,E+l4 .3,298394E-91 .278119251-92
.,7P,,,~LE+u .J‘J‘lb,l~+,* .l*bS‘I‘IE+‘l .,,8,3*3*E-,l .*,19bBlbE-,Z
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REEULTS  AFTIF
HEIGHT ‘ 14.1‘
“En”, = IP.,,
HEIGHT  = 1‘1.1,
HFIWT = 17B.M
“EIBHT = 26S.11
“FIGHT  = 3n.1,
HEIGHT  = W‘..‘
HLNHT  = 648.M
HElGHT  . 813.M
HEIGHT = l,‘,.,‘
HE,GHT  ? 12‘f.I‘
HEX”,  = 142S.M
“FIGHT  = lU5.1‘

24 El,
(C”I
(MI
GC”l
CC”1
It”,
,C”l
CC”)
,C”,
CL”,
(WI
<Ml
,C”I
,C”,

CLEL
TOTAL PRIlllRY
TOTAL  PRI”A1”
TOTAL PRIIIAR”
TOTAL  PRlMRT
TOTlL  PRlMR”
TOTlL  PRIMRT
TOTAL ?RI”AR”
TDT&  PRMART
TOTAL  PRIMR”
TOTAL PI1I”MT
TOTAL  PRIMRT
TOTAL PRIMRT
TOTAL  PRIMR”

PlRTIILtG
PIRTICLEJ
PlRTICUS
WRTICLLS
MRTICLLS
PMTICLES
PARTICLE9
PlRTlCLES
PIRTlCLES
PlRTlCLES
PMTICLES
PARTILLLS
PlRTlCLLS

TOTAL
TDTpll
TDTA
TOTM
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TGTAL

Ml60  =
IASS =
“MS =
Bp1SS  .
“As51  .
I4151  .
MGI  =
t4w =
lALG =
“AL6  =
1(1*5 =
llMG =
fim s

1 .ZIPIG/L
,..4‘4lG/L
,.4191G/L
I .393”611
I .14#l4II1
1.321li6,l
1.271twL
1,274”WL
1.*1810/L
1.21216,L
1.3Bl”WL
1 .I42twL
I .IWU/L

.,,,#I
1.1‘
1.)‘
1.1,
1.1,
,.‘I
1.11
1.11
2.49

PARTICLE  CG”CE”,RA,,OYS FOR  THE OBhERVLD E12EG,S”ALLEGI  FIRSI
“I” MM= .,w*,  .1.‘4,  .11‘81 .,,,  I# .,*11, .81200

;:.  * ,,.,‘IP.‘, 14lS.98  1444.42 517.95  474.25 248.18  213.58 139.51  112.38 P,.II  71.19 55.15  ,.,I .*:‘;;  3r:rt .y; ,:,s .y; itrHT= l,,.,, ,,l,.lb 142.13 192.8, ;?A; 59.66 If.!7 27.51 1.)‘ 1.w
HT= 171.11  1158.lb  4,z.u  177.w 52.5‘ 3P.S
HTi *u.,*  1289.42  m3.51 1u.12 St:68  47.71  3s.w

24.w 12.w #.#I
**.,e 13.4, 5.28HT= 3n.1, 1218.39 151.15 15l.,P 7d.H 44.55

y; 11.32
11.12 13.79 11.16

::. , 5.1.M 1121.19 328.4,  3,,.,6 144.16  116.83 71.15&,a.,‘ 1,31.32 42.51  41.H 2,.28 14.82  13.u (l.72  11.11w= 811.1, MB.,, 283.3, 111.7, ;;.;; . 41.11
“T= 1,,1.## 874.12 26&.81 128.85 7..28 4t.u

y; y; 14.12 11.11
t9.99 14.39 11.8,k = 1215.1‘ 819.28 257.18

1425.1‘ 788.78 235.32
119.11  112.83 72.28  76.2, 43.14  15.73 W.45  31.7, 21.56 21.5, 14.91 11.47“,I=

1665.11
788.13 263.17 141.1, 82.87 IP.,, 13.65 22.83 y; y;

RESULTS AFTER  48 CTCLLS
“EIGHT  = 11.1,  IC”, ,O,lL PRIMR, PARTICLES  = .575624L+#5  TOTAL MG~  . !.l49pITII
“EIGHT  = 1P.M  ,C”,  TOTAL PR,“lR” PARTlCLEE  = .75,32PE+‘J  TOT,L  nrss : I.IdlHWL
HEIGHT  = lW.1,  (C”, TOTAL  P#,“AR, PARTlCLES  = .bSd27SE~IJ  TOTAL ML36  = 1.34311611.
HEIGHT  = 171.M  CC”) TOTAL  PRIMR” PARTICLES  = .6J,GS,E+‘J  TOTAL MIS = 1.31510/L
HElO”, = 261.M (‘“1 TGThL  PRIMR” PARTICLES  = .652~PBE+,5 TDTAL IPIES = ,.ZIG”GIL
HElGHT  = v,.,,  CC”,  ,G,,L  PRIMR” PMflCLES = .66571x*,5  TOTAL  IA15 = 1.27mvL
HEIGHT  = 511.11  IC”, TGTllL  PMMR”  PllRTlCLES  - .d5,P*BE+,S  TOTAL MASS : 1.247bwL
HElO”, i 618.1,  ,C”,  ,O,*L  PRIMR,  PARTICLES  = .67*36PE+#5 TOT&L wss * I.2mwL
“EIGHT  i 813.1,  If”) TOT&L  PR,“AR,  PlRTlCLES  = .67*1wE+lJ  TOThL  nlsr  = 1.262twL
“EIGHT  i ,,,‘.,,  ,C”I TOTN  PRlllAR,  PARTICLES  = .68P1#8E+‘5  TOTAL nrsr  j 1.291lwL
HElGH,  = 12‘5.1‘  ,c*, TOTRL  PRIIIAR,  PARTICLES  = .b~w*7E+‘~  TOTAL MSS = 1.11511WL
HL,GH,  i ,,*5.,,  CC”) ,O,M PRIIIAR” PARTICLES  = .7,494‘E+#5  TOTAL “MS = l.JldlGlL
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PARTlCLF  CGICE”,RA,IO”S  FOR THE DBS~R”LD  812ES,S”LLLEGT  FIRST
“,” DIRW .,,,*,  .,,,,, .,‘18‘ .#112‘ .;;I;: .m: .g’;;  .y; .y;

HT- ,,.,, I243.97  ,JZ.B1 228.17  112.61  .
. .“T= IP.“ ,*4,.2, 415.23 196.22 IN.71 69.76 IP.P# il, 1.1‘ 1.MHT= I‘,.,, 1221.78 389.61 178.M 73.41 58.71 I, .JS II.41 1.1‘ #.,IHT= 171.1, 1188.27 367.58 1*4.w 84.78 51.81 17.23 24.17 11.82 1.1,

“T= 261.M llIS.P, 347.19 154.58 II.29 14.67 **.,* 11.67HP ,,‘.,, 1196.11 327.PI 116.27
y;

44.31 12.95 21.37 12.u
;.::

.“T= 5w.1, 1141.16 ,W.?$ 1JS.M 71.71 u.43 11.71 M.72 13.15 11.17HT= 648.11 P85.lb 293.78 111.56 ,,.#I 41.41 31.P‘ 2,.18 11.66 ,#.A7HT= 8,J.M 931.51 281.11 111.17 dP.Sd 41.24 11.51 21.32 11.11 ll.78“Ti ,,‘,.,, 881.5, 269.#7 129.68 71.27 41.83 JL.56 21.54 14.59 11.1,“Ti ,215.M 811.7‘ 262.58 ,S,.bZ 72.47 43.35 11.11 21.15 15.21 I,.,,
H,i ,,25.,‘ 815.77 261.b3 114.54 ,b.l, 45.PI 32.21 21.88 1n.27
H,= 1665.1, 817.62 267.W 112.47 8S.M IP.88 15.93 21.16
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