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MANAGEMENT PERSPECTIVE 

Knowledge on the settling characteristics of fine grained sediment is important for 

the design and operation of reservoirs and settling ponds. The computer model described 

in this manual is a comprehensive model of fine sediment settling as it accounts for the 
flocculation process, hitherto neglected. Using this model, it is possible to make realistic 
predictions ofsettling times in a variety of settling ponds such as storrnwater management 

ponds, mine tailings ponds etc... Use of ponds to trap contaminated fine sediments from 
agriculture and other sources as an option to manage contaminated sediment can be 
evaluated using this model.



SOMMAIRE A L’INTENTION DE LA DIRECTION _ 

Il est important dc connaitre les caractéristiques de décantation des sédiments de 

faible granulométrie en vue de la conception de réservoirs et d’étangs dc décantation et 

de leur fonctionnement . Le modéle informatique décrit dams le présent manuel est un 

modéle polyvalent dc décantation des sédiments de faible granulométrie étant donné qu’il 

tient compte du processus de floculation, négligé jusqu’ici. Ce mocléle permet de faire 

des prévisions réalistes du temps de décantation dans différents étangs de décantation, 

comme des étangs de gestion des eaux pluviales, des étangs dc résidus miniers, etc... 
L’uti_lisation de ces étangs pour piéger des sédiments contaminés de faible granulométrie 

d’origine agricole et d’ autres sources comme moyen de gestion des sédiments contaminés 
peut étre évaluée £1 l’aide dc ce modéle.

’



ABSTRACT 

A computer model called FLOCSETL capable of predicting the settling 

characteristics of fine grained sediment in water columns i_s described in this manual. The 

model considers the flocculation process explicitly and hence is capable of making 

realistic predictions of fine sediment settling. The details of the model, including the 

mathematical basis, programme structure, input data requirements and a practical 

application are outlined in this report so as to make it a self contained user guide for the 

model.
'



RESUME 

Un modéle infonnatique appelé FLOCSETL permettant de prévoir les 

caractéristiques de décantation de sédiments de faible granulométrie danstdes colonnes 

d’eau est décrit dans le présent manuel. Le modéle tient compte du processus de 

floculation explicitement, et permet de faire des prévisions réalistes concernant la 

décantation des sédiments de faible granulométrie. On trouvera dans le présent rapport 
les détails du modele, incluant la base mathématique, la structure du programme, les 

exigences au niveau des données d’entrée et une application pratique-. Il constituera donc 

an guide d’utilisation complet du modéle.



INTRODUCTION 

FLOCSETL is a computer model developed at the Rivers Research Branch of the 
National Water Research Institute at Burlington, Ontario, Canada and it. is capable of 

predicting the settling characteristics of fine-grained sediments in water columns. The 
model takes into account the interaction among particles (i.e. flocculation) due to 

differential settling of various size fractions of the sediment and the Brownian Motion. 
The model, therefore, is useful for such practical problems as predicting sedimentation 
rates in lakes, reservoirs and settling ponds including stormwater management ponds for 
control of urban runoff and mine tailings ponds to control mine effluents. The model can 
also be used to interpret results from Bottom Withdrawal Tubes oflen used for size 
analysis of sediment samples. In this manual, the details of the model are outlined giving 
special emphasis on the practical aspects of the model’s use so that it can serve as a guide 
for potential users of the model. In section 2, the mathematical basis of the model is 

briefly described. In section 3, the input data requirements and the program structure are 
outlined. In section 4, an example of the model application is shown, The program 
listing, a test data set and a sample output are given in the appendices. 

2.0: MATHEMATICAL BASIS OF FLOCSETL 

The model is based on a mathematical formulation proposed by Krishnappan 
(1990) in which the motion of the sediment particles during settling is considered in two 
stages, namely, a settling stage and a flocculation stage. These two stages are assumed 
to occur alternatively over a fixed time interval. The details of the two stages are as 
follows. ‘

.
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2.1: Settling Stage 

The settling stage of the sediment motion is analyzed using the one-dimensional 

unsteady diffusion-advection equation which is: 

6C,‘ 86,, 8 8C,‘ ——- ——- = -— D-—— 1 

where Ck is the volumetric concentration of sediment of kth size fraction and wk i_s the 
associated fall velocity. D is the vertical turbulent diffusion coefficient, t is time; and 

z is the vertical distance from the water surface (see Fig. 1 for the definition of the co- 

ordinate system). 

Equation (1) expresses the mass balance of settling particles by accounting for the 

settling flux and the diffusive flux due to turbulence and/or molecular diffusion. 

The boundary and initial conditions used are as follows: 
At the water surface (z=0)_ 

At the water surface, it is assumed that there i_s no net transfer of sediment across 
the boundary. Therefore, the turbulent diffusive flux is equal to the settling flux. i.e. 

ac, 
Wk Ck " 

At the bed (z=h) 
At the bed, it is assumed that sediment settling to the bed remains at the bed and '
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Figure 1. SCHEMATIC REPRESENTATION OF 
SEDIMENT SETTLING COLUMN WITH 
THE BOUNDARY AND INITIAL CONDITIONS
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it is not resuspended due to turbulence. Therefore, the turbulent diffusive flux is zero. 

1.6. ' ‘ 

ac n-1-0 3 
az 

() 

It should be noted here. that the model FLOCSETL can be easily modified to account for 
sediment resuspension. In fact, this has been done in at subsequent model called 

RIVFLOC (see Krishnappan-, 1991) which deals with the transport of flocculated sediment 
under shear flow conditions of rivers and estuaries. 

Initial att:0 
At time t=0, the concentration distribution over the depth is assumed to be known. 

1.8. 

At :=-0; ck -= c,1" for 0sz<h (4) 

where Ck“ is a known function of z. 

Before solving Equation (1), it was brought to the standard advection-diffusion equation 
by expanding the RHS and bringing the (GD/dz) term to the LHS. The form of the 
equation becomes:



i

s 

' ac ac atc |;_ 1: Flu”? Dal’ ('5) 

where V,‘ stands for: 

6D V; “ (wk “' 

Solution Procedure: 

Equation (5) can be solved analytically for some special cases (Vt, D and initial 
concentration distributions are constants or simple functions of z). In the present model, 

since the settling component has to be linked with a flocculation component, a numerical 
solution of the equation is sought. A number of numerical schemes have been developed 
for solving the unsteady convective-diffusive transport equations (see Damotharan et al., 
1981). In this work, a numerical scheme proposed by Stone and Brain (1963) and 
described in Lau and Krishnappan (1981) was adopted. According to this scheme, 
Equation (5) is discretized as follows: .

\
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irgrc -c,,)1+9<c -¢ >+m<¢,, ,-C. ,>1+ 
At i+lj 2 id]-1 11-1 ~ + 1+ 1+

V 
T:[a(Cr;+1'Ct)*%(Ci1' cu-1)*b(cz+i,y+1'Cr+1J)"' 

Du 
Cu-1)"' 

(Cr+11+1 '2Cr+1J*Cr+11-1)] (7) 

The grid system employed in the numerical procedure is shown in Fig. 2. The 
subscript k referring to the size fraction is dropped for clarity. Equation (7) is valid for 

a particular size fraction. The coefficients g, 6/2 and m are weighting factors used in the 
discritization of" the derivative (6C/6t). Likewise, the coefficients a, 2/2, b and d are 
weighting factors for the derivative (BC/62). These weighting factors have to satisfy the 

following two conditions: 

s + -3 +m - 1 <8) 

a+-§+b+d-=1 (9) 

For discretizjng the second derivative (62C/6’), the Crank-Nicolson approximation was 
used.
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Fig.2 GRID SYSTEM FOR THE NUMERICAL SCHEME



Stone and Brian (1963) had optimized this numerical scheme for numerical 

dispersion and oscillation and obtained the following values for the weighting factors: 

g-2/3;;-m=-1/s;a-b-a-e/2-%r (10) 

The above values of the weighting factors were obtained for the case where V and 
D are constants. However, Stone and Brian recommended the use of these values even 
for the case where V and D could be variables. 

Expanding Equation (7) for all nodal points along the z axis and for two 
consecutive time steps, a system of algebraic equations that is expressible as a tri-diagonal 

matrix equation can be obtained, With the two boundaryicond_itions_, i.e., Equations (2) 
and (3), the number of algebraic "equations matches the number of unknown 
concentrations and hence knowing the concentration distribution at time t, the distribution 
at time t+At can be obtained by solving the following tri-diagonal matrix equation:



- 

where 

ql —u1 
- _ Cum — _ 

S1
_ 

“P2 qz “"2 S2 

—p3 q3 -u3 C:+1,a S-3 

ll In-1 CBLM4 SM_1 

an - CI4-1,” SM 
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' “J - A + nu; - V, lb (i-2,3...M—1) (11¢) 
At 2(Az)= J Az 

1 1 
’q1 
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0 SM -= ACLM4 + m) + DW -1: + Vi“ 1!-E ('6/2-0)] + 
Ar (Az)’ 7 

cwrfi - ow T11; - ml K15 <6/2 - an (110 

The solution of the matrix equation was obtained by the use of the Gauss-Seidal method 

(see Smith, 1965) of successive substitutions. A brief account of the method is given 
below. 

The algebraic equations are: 

q1"Cz+1,1 " "1 ct+1.2 " S1 

' Pg C1+1,1 + 41 Cl+l,2 ' "2 Cm; ° S2 

“Pu Ci+1,M-1 * qu Ci+1,M V 

' SM (12) 

From the first equation, Ci+1’o‘is calculated in terms of CM2. Substituting this in the 

second equation, CM; can be calculated in terms of C-M3 and the process can be 

continued until the Mth equation is reached which gives the 'vall'i_e of CMM Knowing 
CMM from the M“ equation, the values CMM1, CHM, etc. can be computed by backward 
substitutions. The algorithm for such a scheme can be written as follows;
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“1“‘11 

E1! S‘ 

a -' - P‘ u 
1 qr T 1"-1 

"

1 

E: " Si * Sm 
at-1 

. 

EM 
Ci,+1.M

"
u 

'1 
(i =2,3...M) (13) 

1 t . cw i=- (E1 + uj cw“) (1 = M-1, M—2..~.1) 

In FLOCSETL, the above algorithm is implemented 

2.2: Flocculation Stage 

in a subroutine called ARIS. 

The flocculation stage of the sediment motion is modelled in FLOCSETL using 
f h f the number of particles the Coagulation equation which expresses the rate o c ange o 

per unit fluid volume in a particular size class, i, as:
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— - Na.» K0.» Ncm + 
6: ,.1 

— E K(i-id) N(ii=*iJ) N(i,t) (14) IQ»-I 

T Ill 

where N(i,t) and ‘N(_j,_t) are the number concentrations of size classes i and j respectively 
at time t, and K('i,j) is the collision frequency function which is a measure of the 
probability that a particle of size i collides with a particle of size j in unit time (see 

Valionlis and List (1984)). The first term on the right-hand side of the above coagulation 
equation describes the reduction in the number of particles in size class i by the 
flocculation between particles of class i and all other particles. The second term on the 
right.-hand side of the coagulation equation gives the generation of new particles in size 
class i by the flocculation of pairs of particles in smaller size classds. In this process it 

is assumed that the volume of the sediment particles is conserved. In other words, if ri 

and ri are the radii of particles of size classes i and j, then the radius, r; of the particle 

formed by flocculation of i and j class particles is given by 

r? + r; - r3 (15) 

The collision frequency function, K(i,j), takes d_ifferent functional forrns, depending 
on the collision mechanism that is responsible for bringing particles to close proximity. 
Various collision mechanisms for which the col_li_sion frequency functions have already 
been derived are (1) Brownian Motion, (2) laminar or turbulent fluid-shear, (3) particle 
inertia in turbulent flows, and (4) differential settling of sediment mixtures. The forms 
of the functions are tabulated in Pearson et a'l (1984).
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For the problem of sediment motion in settling ponds, the Brownian Motion and 

the differential settling mechanisms are considered. The form of the function for the two 
mechanisms are as follows: ' 

(1) Brownian Motion: 

_ _ Z LT (r‘_+rj)2 
1<,,<-.0 3 H 

———m <16) 

(2) Differential Settling: 

K» <~> - (%) W 1 fr-'21 <1» 

where K i_s the Boltzmann constant, T is the absolute temperature in okelv-in, ,u is the 
fluid viscosity, g is the acceleration due to gravity and v is the fluid kinematic viscosity. 

_The effective collision function K=(i,j) is determined from Heubsch (1967) as: 

K,,(iJ') - K,,(iJ) + Kd,(iJ') (13)
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The solution of equation (14) in continuous radius space is tedious because of the 
wide range of particle sizes normally found in natural systems. Therefore, a simplified 

solution procedure proposed by Yue and Deepak (1979) is used in the present model. 
Accordingly, the continuous radius space is discretized into a set-of discrete size ranges 

r, -= r, 
2“-1)/1* (i=-1,2,3...M) (19) 

Each range is treated as a bin containing particles of certain size range, r1 is the 

geometric mean radius of particles of first bin and there are M bins altogether. The above 
transformation in radius space implies that the volume of the mean particle in bin i is 

twice that of a particle in the preceding bin (particles are assumed to be spiracle). Each 
bin is assumed to contain particles with volumes ranging from (Vi-0.5AVi) to (V i+0.5AVi) 
where AVi=(2iV1/3). Table 1 summarizes the discretization of particle size ranges. 

When particles in bin i collide and flocculate with particles in bin j (j<i), the 

newly formed particles will fit into bins i and i+1. The proportion in which the new 
particles are allocated to bin i and bin i+1 is calculated by the equation of conservation 
of mass before and after flocculation. For example, if Ni; is the total number of newly 
formed particles and N, and Ny are numbers going to bins i and i+'1 respectively, then 
the conservation of mass states that;
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Tuna 1. Discretizafion of particle size mnge 1 1 
' ‘ 

, -| 1:- I '|I—| 1 
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pNflVi + PNUW palvxvi + palvyvhl

N 
i.e. I’,+_I§=-I’,——*+I’,+jEZ- 

NU NU 
or: Vi + VJ -= Vifb + VM (1-fa) (20) 

where fa is the fraction going to bin i and (1-fij) is the fraction going to bin i+1_. Fig 3 

shows this particle allocation schematically. 

Using eqn.(20), eqn.(14) is rewritten as: 

AN . .
t = - 1<,<=.n1v.1v, + £3 1:,1<,<».n1v.1v,

+ 

Z <1-f,-,-> Kc-1.0 N.--1 N, <21) 
1<1-1 - 

Applying equation (21) for each bin, the change in the particle size distribution can be 
computed over a time interval of At. In FLOCSETL, the above procedure is coded as a 

subroutine called FLOC.

V
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3.0 Program Structure and Input >Data,Requirements 

The computer code for FLOCSETL is listed in Appendix A. The program is 
arranged in sections. In section A, all the input data are read in. The input data 
arrangement is given in Table 2 and the meaning of all the variables used are given at the 

beginning of the programme listing. In section B, the values of the variables at the 

computational grid points are interpolated using the input values which correspond to the 

measurement locations in the vertical. 

The interpolations are done linearly and the computations are carried out in a 

subroutine called SEEK. In section C, the weight_ing coefficients for the numerical 

scheme to solve eqn.(1) are specified, In section D, the input values of the variables and 

the interpolated values at the computational grid points are printed out. In section E, the 

elements of the tri-diagonal matrix are evaluated according to equation (11). In section 

F, the simultaneous equations resulting from the cl_iscretiz_ation of equation (1) are solved 

to complete the settling phase of the sediment motion for each size fraction. The 
procedure is repeated for all size fractions to complete the settling phase computations for 

one time step. Knowing the concentration of sediment fractions at the end of the settling 
phase, the flocculation module, subroutine FLOC, is employed to calculate the changes 
in size distribution due to flocculation during the same time step. 

The computations for the next time step are carried out using the size distribution 
from subroutine FLOC as initial conditions for the settling phase. The process is repeated 
for all time steps until the desired time step is reached. The results are written out at 
specified time steps according to the formats specified in section G. User specified input, 

output files are opened in a subroutine called TAPEIO. The model is compiled using the 
l_BM Professional Fortran compiler for PC. At the execution of the program, the model 
prompts the user for names of the input data file where input data are coded according 
to Table 2 and the output file where the output from the model is written.



21 TABLE 2: Input data arrangement 

Record No. Name of variables Format 

1 M, N, I-ll-I, NSTEP, NI, NSS, NFLOC, ALPHA, T (215, F8.3, 415, 2F10.3) 

2 STEP (ISTEP), lST'EP=1, NSTEP (10F8.1) 

3 ZM(L), L=1,Nl (11F7.3) 

4 DM(L), L=i, NI (8F9.2) 

5 SS‘(ISS), NAK2M(lSS) (F9.2, I5) 

6 CONCM(ISS,1,L), 1,=1, NI (111=7.3) 

7 lAK2M(lSS,l), l=1, NAK2M(l-SS) (1115) 

s AK2M(1SS. I, L). L=1, NI (111-74) 

Notes: 1) Records 5-8 are repeated for all size fractions. 

2) Record 8 is repeated for all size fractions and for all locations at wliich the 

source/sink term specified. 

3) lf there is no source/sink term, records 7 and 8 are omitted.
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4.0 An example of M0del..AQplicati0n 

The model was verified using a set of laboratory data collected by Kranck (1980) 
and the complete comparison of model predictions with the experimental data is given in 

Krishnappan (1990). Here, a comparison with a single run is made to demonstrate the 
use of the modeland to provide a test data and sample output which could serve as a 

guide for implementation of the model in other computer installations. 

Kranck measured settling of sediment mixtures in still water under unflocculated 

and flocculated state. The sediment used was a glacial marine clay collected from the 
Miramichi River near Sillikers in New Brun_swick_. For single grain settling, a 2% 
(NaPO,)6 dispersant solution was used as the settling medium. For floc settling, a 3% salt 
solution was used. The experimental procedure consisted of suspending the sediment in 
a 150mm diameter and 170mm tall glass bottle by turning the bottle end over end a few 
times and let the sediment settle. During the test, sediment samples were drawn at a 

distance of 150mm from the surface at different times over a period of 5 days and the 
samples were analyzed for total concentration and grain size distribution of the primary 
particles. The size distributions ‘were measured using a Coulter Counter which is not 
capable measuring the size distribution of sediment flocs.. 

The input data corresponding to run no. 4 (see Krishnappan (1990)) is shown in 
Appendix B and the model output corresponding to this input data is shown in Appendix 
C. A plot of concentration vs time is shown in Fig. 4. Both the model prediction and 
the measured data are shown in this figure. It can be seen that the model is able to

t 

predict the sudden drop of concentration around 1000secs due to flocculation reasonably 
well. The traditional settling models without considering the flocculation process will not 
be able to predict this sudden drop. The model can also be run for primary particles by 
suppressing the flocculation module. The fall velocity of the primary particles and the 
flocculated particles is computed using the Stokes Law with a correction factor. For 
further details on model calibration, reference to Krishnappan (1990) is recommended.
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Summag 

A computer model to predict settling and flocculation of fine-grained sediment in 
water columns (FLOCSETL) is described in this user mvanuvahl, Details of mathematical 

basis, programme structure, input data requirements and a practical use of the model are 
outlined, The model runs on a PC and is compiled using IBM Professional Fortran. The 
listing of the programme, a test data set and a sample output are also included in this 
mannual.



25 

- 

i REFERENCES 
Dharnotharan, S., Gulliver, J.S. and Stefan, I-l.G. 1981. Unsteady one-dimensional 

settling of suspended sediment. Water Resources, Research. 17(14):1125-1132. 

Huebsch, I.O. 1967. Relative motion and coagulation of particles in a turbulent gas. 
. USNRDL-TR-67-49. U.S. Naval Rediological Defence Laboratory, San Francisco, 

California, 94 pp. 

Kranck, K; 1980. Experiments on the significance of" flocculation in the settling of fine- 
grained sediments in still water. Canadian Journal of Earth Sciences. Vol. 71, 
517-1526. ‘ 

Krishnappan, B.G. 1990. Modelling of settling and flocculation of fine sediments in still 
water. Canadian Journal of Civil Engineering. Vol. 17, No. 5:763-770. 

Krishnappan, B.G. 1991. Modelling Of Cohesive Sediment Transport. In Proceedings 
of the International Symposium on the Transport of Suspended Sediment and Its 
Mathematical Modelling. Florence, Italy, Sept. 2-5, 1991. pp. 433-448. 

Lau, Y.L. and Krishnappan, B.G. 1981. Modelling Transverse Mising in Natural Streams. 
Journal of Hydraulics Division, ASCE, Vol. 197, No. HY2. ' 

Pearson, H.J., Valioulis, I.A. and List, E.J. 1984. Monte Carlo simulation of coagulation 
in discrete particle size distributions: Pan I. Brownian Motion and Fluid 
Shearing. Journal of Fluid Mechanics. 143:367-385. 

Smith, G.D. 1_965. Numerical solution of partial differential equations. Oxford 
, University Press. Osford, United Kingdom. 

Stone, H.L. and Brian, P.L.T. 1963. Numerical solution of convective transport problems. 
American Institue of Chemical Engineering Joumal. 9:681-688’. 

Valionlis, I.A. and List, E.J. 1984. numerical evaluation of the stochastic completeness 
of the kinetic coagulation equation. Journal of Atmospheric Sciences. 
41(16):2516-2529.

. 

Yue, G.K. and _Deepak, A. 1,979. Modelling Coagulation-sedimentation effects on 
transmission of visible/IR laser beams in aerosol media. Applied Optics. 
18(23):3918-3925.





27 

APPENDIX A 
(Progam listing)



D DIMENSIONING THE VARIABLES 

' 28 
PROGRAM GRAND 

OOOOOOOOOOQOOOOODOOOOOGO 

GOO 

I 

I 

I 

I 

I 

I 

I 

I 

N 

Z2! 

I 
I 

SE 

I 

I 

I 

I 

I 

I 

I 

I 

on 

no 

no 

no 

on 

00 

on 

on 

00 

no 

| 

| 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

II- 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I

I 

I I I I I I I II I II I. 

II- 

I I I I I I II I. I II I I I II I I I I .l II I I I “I II 
INTRODUCTION 

******************* 
* FLOCSETL '* 
* * 
******************* 

THE FOLLOWING IS A LIST OF INPUT PARAMETERS 
NUMBER OF GRID POINTS IN THE VERTICAL. 
NUMBER OF TIME STEPS. 

HH THE TIME STEP IN SECONDS.
A NI THE NUMBER OF POINTS OF MEASUREMENT OVER THE VERTICAL 

NAK2M: NUMBER OF GRID POINTS WHERE THERE IS A NON-ZERO 
SOURCE*SINK TERM. 

IAKZM: THE GRID POINTS WHERE THERE IS‘A NON-ZERO SOURCE—SINK TERM 
MEASURED DEPTH IN METERS. 
VERTICAL DISTANCE (FROM FREE SURFACE) OF LOCATIONS WHERE 
MEASURED DATA ARE SPECIFIED. 

Z_ » VERTICAL DISTANCE CO-ORDINATE. 
AK2 SOURCE-SINK TERM SPECIFIED AS CONCENTRATION PER UNIT TIME. 
CONC DEPTH AVERAGE VOLUMETRIC CONCENTRATION OFIA TRACER. 
V : COMPUTED FALL VELOCITY AT GRID POINTS. 
D VERTICAL EXCHANGE COEFFICIENT AT GRID POINTS 

DIMENSION P(81),Q(81),R(8l),S(8l),W(8l),X(8l),P1(8l), 
$STEP(81) 
nzmsnsxon V(20,81),D(8l)(DM(81)1C0NCM(20,2,81),CONC(20,2,81) DIMENSION ZM(81),Z(81),AK2(20,20,81),AK2M(20,20,81); 
$IAK2M(20,20),AAK2(20,81),NAK2M(20),NIAK2M(20) 
nxmmnsxon SS(20),VS(20),AKS(20),AN(20),TOTC(81) REAL KT 
DIMENSION CAV1(Z0),CAV2(20),PV(20),BK(20,20),F(20,20), 
1PN(20),PNN(20,20),BCON(20)

C 
C A

. 

call tapeio 
_

' 

nn?n? I

I 

I 

I 

I

I 

I 

I 

I 

I 

I

I 

I 

I 

I 

I 

I

I 

I 

I 

I 

I 

I

I 

I 

I 

I 

I 

I

I 

I

I I I I

~

I I II I II I I II I I I I I I I II I I I I II I I I II I II |. I IIII I I

. 

I I I IILI 
SECTION A : READ INPUT DATA 

READ (60,490,END=10000) M,N,HH,NSTEP,NI,NSS,NFLOC, ALPHA 10000 Ml = M-1 
N11 = NI—l 
no 50 Iss=1,Nss 
NIAK2M(ISS) = 1 
IAK2M(ISS,l) = 0 

50 CONTINUE 
READ (60,500,END=l0001) (STEP(ISTEP),ISTEP=l,NSTEP) 

10001 ISTEP = 1 “



29 
READ (s0,530,EnD#10002) (ZM(L),L=1,NI) 

10002 an a ZM(NI)—ZM(l) READ (60,538,END=10003) (DM(L),L=1,NI) 
10003 DO 90 ISS=1,NSS 

READ (60,539,END=10004) ss(Iss),nAK2M(Iss) m4 READ (60,530,END=l0005) (CONC-M(ISS,1,L),L=1,NI) 
5 IF (NAK2M(iss).EQ.0) so T0 10 

READ (60,520,END=10006)(IAK2M(ISS,I),I=1,NAK2M(ISS)) 
10006 DO 60 I=1,NAK2M(ISS) 

_ 

"

_ READ (60,535,END= 60) (AK2M(ISS,I,L),L=1,NI) 
60 CONTINUE 
70 CONTINUE 

SS(ISS)=SS(ISS)*l.0E+06
V vsgxss) = (9.81*1.65)/(18.0*1.E—6)*SS(ISS)**2*(1.0E-12)* 

1ALPnA 
90 CONTINUE 

CAVM = 0.0 
KT = 0.0 
DO 95 J=1,M 

TOTC(J) = 0.0 
95 CONTINUE

I I, I II I I II I II I I II I I I I II I I I I III ;I.III

_ 

I I I I I I 
_I 

I I

- 

I II I. I II I1 I.I I I I II 
SECTION B : TO INTERPOLATE THE HYDRAULIC DATA 

AT INTERVALS OF AK. 

AK = HM/Ml 
DO 100 J=l,M . 

> 
Z(J)=(J—1)*AK+ZM(1) 

0 CONTINUE " 

Do 115 ISS=1,NSS 
CONC(ISS,l,1)=CONCM(ISS,1,1) 
CONG(ISS,l,M)=CONCM(ISS,1,NI) 
D0 110 I=1,NAK2M(ISS) 
AK2(ISS,i,1)=AK2M(ISS,I,1) 
AK2(ISS,I,M)=AK2M(ISS,I,NI) 

110 CONTINUE 
115 CONTINUE 

D(1)=DM(l) 
D(M)=DM(NI) 

Do 150 J=2,M1 
, 

Do 140 L=1,n11 
IF (Z(J).GE.ZM(L).AND.Z(J).LT.ZM(L+1)) so TO 120 so TO 140 

120 LL = L 
LU = L+1 
Do 135 ISS=1,NSS 

Do 130 I=1,NAK2M(ISS) 
cALL SEEK (AK2(ISS,I,J),AK2M(ISS,I,LL),AK2M(ISS,I,LU), 

$ Z(J),ZM(LL),ZM(LU)) 
130 CONTINUE - 

CALL SEEK (CONC(IS$,1,J),CONCM(ISS,1,LL),CONCM(ISS,1,LU) ‘S Z(J),ZM(LL),ZM(LU)) 
CONTINUE 
cALL SEEK (D(J),DM(LL),DM(LU),Z(J),ZM(LL),ZM(LU)) 140 CONTINUE

. 

150 CONTINUE ‘



GOOD 

OOOOOO 

c_

C 

1000 

155 
158 

160 

30 

SECTION C : WEIGHTING COEFFICIENTS OF NUMERICAL METHOD 

e = 2./3. 
TH 1./3. 

1./6. 
0.25 
0.50 
0.25 
0.25 

EM 
AE 
EP = 
BE 
DE = 

' SECTION D 3 PRINTOUT OF INPUT DATA ' 

WRITE(*,1000) 
FORMAT(1X,’THE COMPUTATIONS ARE IN PROGRESS’) 
DO 158 ISS=1,NSS 

DO 155 J=l,M 
-V(ISS,J) = VS(ISS) 

CONTINUE I 

CONTINUE 
IF (0.EQ.1) GO TO 200 
WRITE 61,540) 
WRITE 61,590) 
WRITE 61,390 
WRITE 61,600 
WRITE 61,420’ 
WRITE (61,450 
WRITE (61,460 
WRITE (61,540 

(61,550 
(61,660 

WRITE (61,510) HM 
DO 178 ISS=1,NSS' '

' 

WRITE (61,512) SS(ISS) 
WRITE (61,515) 
WRITE (61,517) 
DO 160 L-f-»l,NI 
WRITE (61,518) ZM(L),CONCM(ISS,l,L),DM(L) CONTINUE 

IF (NAK2M(ISS).EQ.0) GO TO 175 
WRITE (61,540) 
WRITE (61,582) 
WRITE (61,660) 
WRITE (61,575) 
WRITE (61,535) (ZM(L),L=1,NI) 
WRITEv(61,660) 
DO 170 I=1,NAK2M(ISS) 

T = (IAK2M(ISS,I)—1)*HH 
WRITE (61,570) T 
WRITE (61,535) (AK2M(ISS,I,L),L;1,NI) WRITE (61,660) 

11.

Y

( 

EH23 

Cd 

(I 

‘I. 

41 

‘Y 

WRITE 
WRITE



C
C 

OOOQOOOOQ 

Q2 

170 CONTINUE 
175 CONTINUE 
178 CONTINUE 

WRITE (61,540) 
WRITE (61,560) 
no 198 ISS=1,NSS 
WRITE (61,512) SS(ISS) 
WRITE (61,516) 
WRITE (61,565) 

WRITE (61,51 
CONTINUE 
IF (NAK2M(ISS] 

180 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
no 190 I=1,NAK 
T = (IAK2M(ISS 
WRITE (61,570‘ 
WRITE (61,535 
WRITE (61,660 
CONTINUE 
CONTINUE 

190 " 

195
, 

198 CONTINUE 

( 

K 
‘Y

t 

M
I 

1

K
1

1 

DO 180 J=1,M 

61,540] 
61,660] 
61,652] 
61,660] 
61,580] 
61,535] 
61,660]

F 

WRITE (61,540) 

SECTION E]: EVALUATION OF THE COEFFICIENTS OF 

THE ELEMENTS OF THE TRI-DIAGONAL MATRIX ‘P -Q,-R 

9) Z(J),CONC(ISS,1,J),V(ISS,J),D(J) 

31 

).EQ.0) so To 195~ 

(Z(J),J=1,M) ~ 

2M(ISS) 
II)-1)*HH
T) 

) (AK2(ISS,I,J),J=1,M)
) 

THE TRI-DIAGONAL MATRIX 

Q-VALUES ARE THE DIAGONAL-ELEMENTS. 
R-VALUES ARE THE UPPER DIAGONAL P-VALUES ARE THE LOWER DIAGONAL 

200 CONTINUE 
no 282 ISS=1,NSS 

no 270 J=1,M 
P1(J) = CONC(ISS,1,J) TOTC(J) = TOTC(J) + CONC(ISS,1,J) 270 CONTINUE 

SUM1=0.00 
no 280 J=1,M1 

SUM1 = SUM1+(Pl(J)+P1(J+1))*AK/2.0 280 CONTINUE 
CAV1(ISS)=SUM1/HM 

CAVM=SUM 

SUM=SUM+CAV1(ISS) 
BCON(ISS)=CONC(ISS,1,M) 

CONTINUE 
WRITE (61,730) KT



EC

C
C
C 

Q1 
283 

284 

285 

288 

290 

O»

C 
C
C 

OCUO 

310

$ 

WRITE (61,533) (TOTC(J),J=l,M) 
WRITE (61,620) KT,CAVM 

WRITE(61,624) 
WRITE(61,622) 
no 361 Iss=1,nss 
WRITE(61,623) SS(ISS),BCON(ISS) 
CONTINUE 

DO 360 I=1,N 
DO 283 J=1,M 

TOTG(J) = 0.0 
CONTINUE 
FLUX = 0.0 
no 350 ISS=1,NSS 

DO 284 J=l,M 
AAK2(IsS,J) = 0-0 

CONTINUE 
IF (I.NE.IAK2M(ISS,NIAK2M(ISS))) G0 T0 288 
no 285 J=l,M I 

AAK2(ISS,J) = AK2(Iss,NIAK2M(Iss),J) 
CONTINUE 
NIAK2M(ISS) = NIAK2M(ISS) + 1 
CONTINUE 

32 

GENERAL DEFINITION OF THE COEFFICIENTS. 
DO 290 J=2,Ml 
conwxnun 
W 1“- w 2 ( J 

- 
( ) 

W(M) = W(M1) 
no 300 J=2,M 
CONTINUE 
no 310 J=2,Ml 

(-TH/(2.0*HH))+(D(J)/(2.0*AK**2))+(W(J)*DE/AK) 
(—EM/HH)+(D(J)/(2.0*AK**2))-(W(J)*BE/AK) 
(c0Nc(Iss,1,J-1)#((TH/(2.0*nn))+(D(J)/(2.0* 

AK**2))+(W(J)*EP/(2.0*AK))))+(CONC(ISS,1,J)*((G/HH)— 

P(J) 
R(J) 
5(3) 

CONTINUE 

W(J) = V(ISS,J)-((D(J+1)—D(J-1))/(2.0*AK)) 

Q(J) = (G/HH)+(D(J)/AK**2)+(W(J)*(DE-BE)/AK) 

(n(J)/(AK**2))-(W(J)*((EP/2)-AE)/AK)))+(coWc(Iss,1,J+1)* 
((EM/HH)+(D(J)/(2-°*AK**2))'(W(J)*AE/AK)))+AAK2(I$$,J) 

DEFINITION OF THE COEFFICIENTS AT BOUNDARIES. 

.5135? 

P-'*\ 

I-l

M U). § I-' \ 

P(M) : 
3(1) a 

(AK**2))+(W(1)*((EP/2.0)-AE)/AK) 
S(M) = (CQNC(ISS,l,M—1)* 
*(W(M)*((EP/2-°)*AE)/AK 
(AK**2))-(W(M)*((EP/2.0 
OUTPUT OF COEFFICIENTS FOR I= 

/'\ 

A-\/% 

'6 

l'\ 

—(TH*V(ISS,l)*AK/D(1)) 
AK))+(W(l)*(DEf(1+(2.0 
(TH/2.0)+EM)/HH)+(D(1) 

-((TH/2.0)+EM)/HH)+(D(M) 

)/HH)+((D(1)/AK**2)+ 
*V(ISS,1)*AK/D(1)))-BE)/AK) 
/(AK**2))+(W(1)*(DE-BE)/AK) 
/(AK**2))+(W(M)*(DE-BE)/AK) 

H CONC(ISS,l,l)*(((G—(TH*V(ISS,1)*AK/D(1)))/HH)-((D(l) 
/AK**2)+(V(ISS,l)/AK))-(W(1)*((EP/2.0)*(l+(V(ISS,1)*AK*2.0/ 
D(1)))-AE)/AK))+CONG(ISS,1,2)*((((TH/2.0)+EM)/HH)+(D(1)/ 

s/_ 

IF (I.NE.1) so TO 315 _ 

WRITE (61,583) 

r\ 

5&1;-\ 
-|-‘ax 

-r/\ 

(TH/ 
)+AAK2(ISS,l) 

2.0)+EM)/HH)+(D(M)/(AK**2)) 
CONC(ISS,1,M)*((G/HH)-(D(M)/ 
/AK)))+AAK2(Iss,M)

1



GOOD 

OOOOOOOOO 

Q2 

DO 317 J=l,M 
WRITE (51,535) J,W(J):P(J),Q(J)rR(J),$(J) 

U) 17 CONTINUE 
WRITE (61,540) $5 CONTINUE 

SECTION F : SOLUTION DERIVATION 

I THE SOLUTION OF THE SIMULTANEOUS EQUATIONS USING ARIS 
TO GET THE CONC VALUES AT THE NEW SECTION 

L = M 

33 

CALL ARIS (P,Q,R,S,L,X) 
no 330 J=l,M 

CONC(ISS,2,J) 
CONC(ISS,l,J) CONC(ISS,2,J) 

X(J) 

\ 
Pl(J) = CONC(ISS,2,J) 
TOTC(J) = TOTC(J)+CONC(ISS,2,J) 

330 CONTINUE“ 
SUM1 = 0.00 
DO 340 J=l,M1 

SUM1 = SUM1+(Pl(J)+P1(J+l))*AK/2 0 
340 CONTINUE 

CAVl(ISS)=SUM1/HM 
BCON(ISS)=CONC(ISS,1,M) 

O0 U1 C CONTINUE 
SUM=0.00 
no 351 ISS=1,NSS 
suM=suM+cAv1(1ss) 

351 conwxmun 
CAVMl=SUM 
IF(NFLOC.NE.l) so mo 354 CALL Fnoc(Nss,nn,nM,ss,cAv1;cAv2) 
no 352 ISS=1,NSS 
no 353 J=l,M 
coNc(Iss,1,J)=coNc(I$s,1,J)*cAv2(Iss)/cAv1(1ss) 

353 CONTINUE ‘ 

352 CONTINUE
k SUM=0.00 

no 355 ISS=1,NSS 
SUM=SUM+CAV2(ISS) 

355 CONTINUE 
CAVM2=SUM 

354 CONTINUE 
KT = KT+HH 
IF (KT.LT.STEP(ISTEP)) GO TO 360 
WRITE (61,730) KT 
WRITE (61,533) (TOTC(J),J=l,M) 
WRITE(6l,620) KT,CAVMl 

WRITE(61,622) 
no 362 ISS=1,NSS 
CONTINUE 
IF(NFLOO.NE@1) GO TO 370 
WRITE(61,625) 

WRITE(61,623) SS(ISS),BCON(ISS)



DO 371 I 
wRITE(61 

34 
ss=1,Nss 
,626) ss(Iss),cAv1(Iss),cAv2(Iss) 

371 CONTINUE 
I WRITE(6l,62l) CAVM2 

ISTEP = ISTEP +1 60 CONTINUE A 

IF (ISTEPoGTiNSTEP) ISTEP=NSTEP 
360 CONTINUE 

STOP 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I

I 

I 

I 

I 

I 

I 

I 

I 

I 

I:

I 

I‘ 

I I I I I I I I I I I II II III IIIIIII I I I IIIII I I I I I I I I I I II III I I I I I I III
S 

390 FORMAT 1 

420 FORMAT 1 $'AXIS',I 
430 FORMAT 1 

ECTION G : FORMATS 

[lHO,’CHARACTERISTICS OF GRID SYSTEM’) 
1H ,’THE NUMBER OF GRID POINTS OVER THE VERTICAL ’, 
5) 
1H ,'THE DISTANCE BETWEEN GRID POINTS',F10.3, 

$’ IN METERS’) 
450 FORMAT 1 460 FORMAT 1 $'POINTS 
470 FORMAT 1 

480 
490 
500 
510 

FORMAT 
FORMAT 
FORMAT 1 

FORMAT
I

I

1 

FORMAT
1 

512
1 

5 FORMAT 1 $’EXCH co 
5 FORMAT 1 

$EXCH COE 
FORMAT 1 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

Y

I 

517 
518 
519 
520 
525 
530 
533 
535 
537 
538 
539 
540 
550 
560 
565 
570 
575 
580 
582 
583 

550 
610 
620 

I

Y 

1

1 I

Y

1 

1 

I

V

1

I

Y

1 

1
I 

1
I 

1
: 

1 

v

I

1

1

1

1

1 

1 

1

1

1 

1
V 

1
Y

1 

lHO,'THE NUMBER OF GRID POINTS ON THE TIME AXIS’,I5) 
1HO,'THE INTERVAL, IN SECONDS, BETWEEN ', 
ON THE TIME AXIS',F8.2) 

1H )
_ 

BZ,2I5,F8.3,4I5,F10.3) 
BZ,10F8.l) 
1x,'DEPTn AT THE REFERENCE SECTION’,F7.4,’M’) 
1X,//,lX,'GRAIN SIZE DIAMETER IS ’,E9.2,’MICRONS’) 
1X,'POSITION coNcENTRATIoN MEAN vERT ', 
EFF’) - 

1X,’POSITION coNcENTRATIoN FALL VELOCITY MEAN VERT 
FF’)

_ 

1x,’ zM (M)’,6X,'CONCM',13X,’DM (M**2/S)') 
1X,F7.3,4X,F7.3,7X,E9.2) 
1X,F7.3,4X,F7.3,7X,E9.2,7X,E9.2) 
Dz,11Is) 
11F7.2) - 

BZ,11F7.3)1 
1X,10F8.2) ~ 

BZ,11F7,4) 
11F7.5) 
BZ,8F9.2) 
BZ,F9.2,I5) 
(1H1) ' 

‘ 

I I 1x, SPECIFIED DATA ) lX,'COMPUTED DATA AT GRID POINT LOCATIONS’) 
1x,’ z (M)',7x,'coNc',14x,'v (M/S)',l5X,'D (M**2/S)') 1X,’AT T=’,F9.1,' SECONDS’) 
1X,’POSITION ZM’) ‘ 

1X,'POSITION z’) 
1X,’SPECIFIED VALUES OF SOURCE—SINK TERM’) 
8x, Iwllgx! IPIIQXI IQIIQXI IRIIQX’ rs!) 
1X,'J=',I5,/,1X,5F10.4,/) 
1H0,6lX,10('*’),/,62X,’* REPORT *',/,62x,10('*')) 
1H ,31('-')) 
1X,'TOTAL FLUX AT T= 0.00 IS ’,F9.2,//) 
1x,/,1x,'AvERe coNc AT T=’,F8.2,' IS’,F9.2,//) 

1H ,'PREDICTION IN THE REGION BETWEEN THE CROSS SECTIONS , sI5,'-',I1> 
1 
‘V

1



35 
621 FORMAT(lX,/,lX,’TOTAL couc AFTER FLOCCULATION’,F9.2,//) 
622 FORMAT(lX,‘GRAIN-SIZE',l0X,'CONC AT SAM.LOCATION',//) 
623 FORMAT(F10.3,10X,F10.3) 
624 FORMAT(1X,'GRAIN SIZE DISTRIBUTION AT T=0.00 IS’,//) ' ’ 

1//) ~ 

6 FORMAT(F10.3,10X,Fl0.3,l0X,F10.3)
_ 652 FORMAT (1x,'vALuEs 0F sounca-sxnx TERM AT GRID-LocAT1ons') 

660 FORMAT (lH0) A 

730 FORMAT (1X,’AT T=',F8.2,’,THE TOTAL CONCENTRATIONS ARE, ', 
$’STARTING FROM THE SURFACE:’,/) 

140 FORMAT (13 ,'FLUX AT VARIOUS SECTIONS’) 
750 FORMAT (1X,Fl4.3,15X,Fl0.4) 

END 

Q5 FORMAT(1X, ‘GRAIN SIZE DISTRIBUTION BEFORE AND AFTER FLOCCULATION',



GOOD 

GOO

C 

110 

36 

SECTION H : SUBROUTINE TO SOLVE EQUATIONS. 

SUBROUTINE ARIS 
THIS SUBROUTINE SOLVES THE SIMULTANEOUS EQUATIONS USING GAUSS 
ELIMINATION METHOD ~ 

SUBROUTINE ARIS (A,B,C,D,N,X) 
DIMENSION A(63),B(63),C(63),D(63),X(63),ALPHA(63),S(63) 
ALPHA(1) = B(l) 
DO lOO.I=2!N 

IF (ALPHA(I—l).EQ.O) WRITE (61,130) 
O0 ALPHA(1) = B(I)-(A(I)*C(I*1)/ALPHA(I—1)) 

S(l) = D(1) Y 

no 110 I=2,N
> IF (ALPHA(I—l).EQ.0) WRITE (61,130) 

S(I) = D(I)+(A(I)*S(I-1)/ALPHA(I-1)) 
IF (ALPHA(N).EQ.0) WRITE (61,130) 
X(N) = S(N)/ALPHA(N) 
N1 = N—l 
DO 120 I=2,N 

II = N1+2-I 
IF (ALPHA(II).EQ.0) WRITE (61,130) 

120 X(II) = (S(II)+C(II)*X(II+1))/ALPHA(II) 
RETURN 

130 FORMAT (1X,’DIVISION BY ZERO IN ARISS') 
END I



GOO

C
1

C 

’ 37 

SECTION I : SUBROUTINE TO INTERPOLATE HYDRAULIC VALUES 

SUBROUTINE SEEK (Z,Al,A2,Y,D1,D2) 
IF ((D2—D1).EQ.0) wnxma (61,100) 
z = A1+((A2—A1)/(D2—D1))*(Y-D1) 
RETURN 

O0 FORMAT (1X,’DIVISION BY ZERO IN SEEK’) 
END



OODO

C
C 

OOOOO 

OCIOO 

OOOC) 

OOOOO 

OQOOO 

38 
u SECTION J :SUBROUTINE TO CALCULATE FLOCCULATION 

sunnoumzun FLOC(NSS,HH,HM,SS,CAV1,CAV2)
_ DIMENSION SS(20),CAVl(20),CAV2(20),V(20),BK(20,20),F(20,20), 

1PN(20),PNN(20,20) 

DC=0.l5OO 
BETA=l.OO 

comnuwn PARTICLE vonumns IN cunxc mxcnous 
no 10 1=1,uss 
v(1)=(4.o/3.o)*3.14*(ss(1)/2.o)**3 
conwrnun 

COMPUTE THE NUMBER OF PARTICLE IN EACH SIZE CLASS 
no 11 I=1,NSS 
PN(I)=CAV1(I)*1.0E-06*(3.14/4.0)*DC**2*HM/(V(I)*1.0E-18) 
conwinun - 

COMPUTE THE COLLISION FREQUENCY FUNCTION 

no 13 I=1,NSS 
no 13 J=1,NSS 
BK(I,J)=0.0436*9.81*1.65*(SS(I)+SS(J))**2* 
1ABS(SS(I)**2-SS(J)**2)*1.0E—18 

COMEUTE THE APPORTION FUNCTION 

no 14 I=2,NSS-1 ' ' 

NJ=I—l 
no 15 J=1,NJ 
F(I,J)=(V(I)+V(J)*V(I+1))/(V(I)-V(I+l)) 
CONTINUE 

COMQUTE THE NUMBER STATUS AFTER DELTAT SECONDS 

no 1s 1=2,uss-1 
NJ=I-1 
no 19 J=1,NJ 
PNN(I,J)=PN(I)*PN(J)*BK(I,J)*HH*BETA/(O.785*DC**2*HM) 
If(pnn(i,j)-qt-Pn(j)).pnn(I,j)=Pn(j)' 
PN(J)=PN(J)—PNN(I,J) 
IF(PN(J).LE.0) PN(J)=0 
PN(I)=PN(I)—PNN(I,J)+PNN(I,J)*F(I,J) 
IF(PN(I).LE.0) PN(I)=0



GOO 

19 
18D 

N39 
PN(I+1)=PN(I+1)+PNN(I,J)*(1.0-F(I,J)) 
IF(PN(I+l),LE.O) PN(I+1)=O 
CONTINUE 
CONTINUE 

COMPUTE NEW CONCENTRATION DISTRIBUTION 

no 21 I=1,NSS . 

CAV2(I)=PN(I)*V(I)*1.0E-12/(0.785*DC**2*HM) 
CONTINUE I

Y 

RETURN 
END
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c_--_-___9-_.-_-__- ----- --_ ------- _-pa ------------ -- 
c specification of input output files 
c 1 1 1 1 1 1 1 1 @ 1 Q 1 1 1 1 Q 1 1 1 1 1 1 1 1 1 1 Q Q $ 1 1 1 1 1 1 1 1 1 1 3 1 Q 11 

SUBROUTINE tapeIO C‘ CI-IARAC'I‘ER*12 FN1,fn2 
C . 

C INPUT FILES
C 

WRITE(*,2000) 
READ(*,1000)FN1 
write(*,2001) 
read(*,1000) fn2 

1000 FORMAT(A12) 
2000 FORMAT(' ENTER input data FILE NAME:’) 
2001 format(' Enter output filenamez’) 

0PEN(60,FILE=Fnl,STATUS=’OLD’)
C 
C OUTPUT FILES
C 

OPEN(61,FILE=fn2,STATUS=’NEW')
C
C 

RETURN 
END
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APPENDIX B 
(Input data)



16 4320 10.000 0 500 
170.0 480.0 680.0 1010.0 1350.0 1920.0 2 38 540 0 750 

10800.0 15300.0 21600 0 30420 0 43200 0 
0.000 0.075 0.150 

0E*05 3.40E—05 3.40E—05 
0 v.000088.000088.000 
1.262-06 0 
07.000 01.000 87.000 
1.592-06 0 

103.o0o103.00o1o3.000 
2.002-06 0 
113.00o113.000113.0o0 
2.52E—06 
122,000122.000122.oo0 
3.112-06 0 
133.0o0133.000133.000 
4.002-06 0 
14s.00o14s.0o014s.0oo 
5.042-06 0 
1a3.o001a3.0001a3.0o0 
6.352-06 0 
174.0o0174.0oo114.0o0 
0.002-os_ 0 

1s3.o001s3.000163.00o 
10.002-06 0 
171.0o0111.000171.0o0 
12.70E-06 0 
1s1.0o01s7.o0o157.00o 
16.002-06 0_ 
l47.000147.000147.000 

6E*06 0 
000128.000128.000 

2 .40E—06 0 
72.000 72.000 72.000 

32.00E*06 0 
01.350 01.350 01.350
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APPENDIX C 
(Sample output)



1
0 

OTCTEARISTVICS OF GRID SYSTEM 
NUMBER OF GRID POINTS OVER THE VERTICAL AXIS 16 

44 

OTHE NUMBER OF GRID POINTS ON THE TIME AXIS 4320 
OTHE INTERVAL, IN SECONDS, BETWEEN POINTS ON THE
1 
SPECIFIED DATA

0 
DEPTH AT THE REFERENCE SECTION 0.1500M 

GRAIN SIZE 
POSITION 
ZM (M) 
0.000 
0.075 
0.150 

GRAIN SIZE 
POSITION 
zM (M) 
0.000 
0.075. 
0.150 

IN SIZE 
TION 
(M) 

0.000 
0.075 
0.150 

GRAIN sIzE 
POSITION 
ZM (M) 
0.000 
0.075 
0.150 

GRAIN SIZE 
POSITION 
ZM (M) 
0.000 
0.075 
0.150 

IN SIZE 
ITION 

M (M) 
0.000 
0.075 

DIAMETER IS 0.10E+01MIcRoNs 
CONCENTRATION MEAN VERT EXCH COEFF 
coNcM DM (M**2/S) 
88.000 0.34E-04 
88.000 0.34E—04 
88.000 0.34E—04 

DIAMETER IS 0.13E+01MICRONS 
CONCENTRATION MEAN VERT EXCH COEFF 

CONCM DM (M**2/S) 
87.000 0.34E—04 
87.000 0.34E-O4 
87.000- 

M 

O.34E—04 

DIAMETER IS 0.16E+01MICRONS 
CONCENTRATION MAN VERT EXCH COEFF 

CONCM. DM (M**2/S) 
103.000 0.34E-04 
103.000 0.34E-04 
103.000 0.34E—04 

DIAMETER IS 0.20E+01MICRONS 
CONCENTRATION MEAN VERT EXCH COEFF CONCM " I DM (M**2/S) 
113.000 0.34E-04 
113.000 0.34E—04 
113.000 0.34E—04 

DIAMETER IS 0.25E+01MICRONS 
CONCENTRATION MEAN VERT EXCH COEFF coNcM DM (M**2/S) - 

122.000‘ 0.34E-04 
122.000 0.34E-04 
122.000 0.34E-04 

DIAMETER IS 0.32E+01MICRONS 
CONCENTRATION MAN VERT EXCH COEFF CONCM 

_ 

DM (M**2/S) 
133.000 0.34E-04 
133.000 0.34E—04 

**'k'k'*'k**‘k'k 
* REPORT * 

-********** 

TIME AXIS 10.00



0.150 

GRAIN SIZE 
TIoN 
(M) 

.000 
0.075 
0.150 

GRAIN SIZE 
POSITION 
ZM (M) 
0.000 
0.075 
0.150 

GRAIN SIZE 
POSITION 
zM (M) 
0.000 
0.075 
0.150 

GRAIN.SIZE 
POSITION 
ZM (M) 
0.000 
.075 
.150 

GRAIN SIZE 
POSITION 
ZM (M) 
0.000 
0.075 
0.150 

GRAIN SIZE 
POSITION 
zM (M) 
0.000 
0.075 
0.150 

GRAIN SIZE 
POSITION 
zM (M) 
0.000 
.075

' 

. 150 

GRAIN SIZE 

_ 

45 
133.000 0.342-04 

DIAMETER IS 0.40E+01MICRONS‘ 
coNcENTRATIoN MEAN VERT EXCH COEFF 

coNcM DM (M**2/S) 
145.000 0.34E—04 
145.000 0.34E-04 
145.000 0.34E—04 

DIAMETER IS 0.50E+01MIcRONs 
coNcENTRATIoN MEAN VERT EXCH COEFF 

c0NcM DM (M**2/S) 
183.000 0.34E-04 
183.000 0.34E-04 
183.000 0.34E—04 

DIAMETER IS 0.64E+0lMICRONS 
CONCENTRATION MEAN VERT EXCH COEFF 

CONCM5 DM (M**Z/S) 
174.000 0.34E-04 
174.000 0.34E-04 
174.000 0.34E-04 

DIAMETER IS 0.80E+01MICRONS 
CONCENTRATION MEAN VERT EXCH COEFF 

CONCM DM (M**2/S) 
163.000 0.34E-04 
163.000 0.34E-04 
163.000 0.34E—04 

DIAMETER IS 0.10E+02MICRONS 
CONCENTRATION MEAN VERT EXCH COEFF 

CONCM DM (M**2/S) 
171.000 0.34E—04 ' 

171.000 0.34E-04' 
171.000 0.34E-04 

DIAMETER IS 0.13E+o2MIcRoNs 
coNcENTRATIoN MEAN vERT EXCH COEFF 

coNcM DM (M**2/S) 
157.000 0.34E-04 
157.000 0.34E-04 
157.000 0.34E-04 

DIAMETER IS 0.16E+02MIcR0Ns 
CONCENTRATION MEAN VERT EXCH COEFF 
c0NcM DM (M**2/S) 

147.000 0.34E-04 
'147.000 0.34E—04 . 

147.000 0.34E-04 

DIAMETER IS 0.20E+02MICRONS



POSITION CONCENTRATION MEAN VERT EXCH COEFF 
ZM (M) CONCM A DM (M**2/S) 
0.000 128.000 0.34E-04 
0.075 128.000 ~ 0.34E-04 0150 128.000 0.34E-04 

GRAIN SIZE DIAMETER IS 0.25E+02MICRONS 
POSITION CONCENTRATION MEAN VERT EXCH COEFF 
zM (M) CONCM DM (M**2/S) 
0.000 72.000 0.34E-04 
0.075 72.000 0.34E-04 
0.150 72.000 0.34E-04 

GRAIN SIZE DIAMETER IS 0.32E+02MICRONS 
POSITION CONCENTRATION MEAN VERT EXCH COEFF 
zM (M) CONCM DM (M**2/S) 
0.000 1.350 0.34E—04 
0.150 1.350 0.34E-04 

COMPUTED DATA AT GRID POINT LOCATIONS 

GRAIN SIZE DIAMETER IS 0.10E+01MICRONS 
POSITION CONCENTRATION FALL VELOCITY MEAN VERT "EXCH COEFF 

V (M/S) z (M) 
0.000 
0.010 
0.020 
.030 
.040 

0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 

GRAIN SIZE DIAMETER IS _0.13E+01MICRONS 
POSITION CONCENTRATION FALL VELOCITY 
z (M) cone v (M/S) 0.000 
0.010 
0.020 
0.030 
0.040 
0.050 
.060 
.070 

0.080 
0.090 
0.100 

cone 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 
88.000 

87.000 
87.000 
87.000 
87.000 
87.000 
87.000 
87.000 
87.000 
87.000 
87.000 
87.000 

0.458-06 
0.458-06 
0.458-08 
0.458-08 
0.458-06 
0.458-08 
0.458-08 
0.458-08 
0.452-06 
0.458-08 
0.452-06 
0.458-08 
0.458-06 
0.458-08 
0.458-08 
O.45E—06 

0.71E-06 
0.71E-06 
0.71E-06 
0.71E-06 
0.71E-06 
0.71E-06 
0.71E*06 
0.71E-06 
0.71E-06 
0.71E-06 

0.348-04 
0.348-04 
0.348-04 
0.342-04 
0.348-04 
0.342-04 
0.348-04 
0.348-04 
0.342-04 
0.342-04 
0.340-04 
0.342-04 
0.34E—04 
0.340-04 
0.34E—04 
0.348-04 

MEAN VERT "EXCH COEFF 
0.348-04 
0.342-04 
0.348-04 
0.34E—04 
0.348-04 
0.342-04 
0.342-04 
0.348-04 
0.342-04 
0.342-04 
0.348-04 

D (M**2/S) 

D (M**2/S)



0.110 
0.120 
0.130 
0.140 

1‘lIy15O 
GRAIN SIZE 
POSITION 
z (M) 
0.000 
0.010 
0.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.000 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 

GRAIN SIZE 
POSITION 
z (M) 

.000 

.010 

.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 

GRAIN SIZE 
POSITION 
z (M) 
0.000 
0.010 
0.020 

030 
040 

..050 
0.060 
0.070 

07.000 
07.000 
07.000 
07.000 
87.000 

DIAMETER IS 0.l6E+01MICRONSA 
CONCENTRATION FALL VELOCITY 

v (M/S) cone 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
100.000 
103.000 
103.000 
103.000 

DIAMETER IS 0.20E+01MICRONS 
CONCENTRATION FALL VELOCITY 

" V (M/S) conc 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 
113.000 

DIAMETER IS 0.25E+01MICRONS 
CONCENTRATION FALL VELOCITY 

V (M/S) CONC 
122.000 
122.000 
122.000 
122.000 
122.000 
122.000 
122.000 
122.000 

0.710-00 
0.710-00 
O.71E—06 
0.710-06 
0.71E-06 

0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 
0.11E-05 

0.l8E-05 
0.18E-05 
0.l8E-05 
0.l8E*05 
0.18E-05 
0.l8E-05 
0.18E-05 
0.18E-05 
0.18E+05 
0.18E—05 
0.18E-05 
0.18E-05 
0.l8E-05 
0.18E-05 
0.l8E-05 

0.29E—05 
0.29E-05 
0.29E-05 
0.29E-05 
0.29E—05 
0.29E—05 
0.29E-05 
0.29E-05 

0.34E-04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 

MEAN VERT "EXCH COEFF 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E-04 

MEAN VERT "EXCH COEFF 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E-O4 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 

MEAN VERT "EXCH COEFF 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E—04 
"0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 

D (M**2/S) 

D (M**2/S) 

D (M**2/S)



0.080 
0.090 
0.100 
0.110 
.120 
130 

.140 
0.150 

GRAIN SIZE 
POSITION 
z (M) 
0 000 
0.010 
0.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 

IN SIZE 
OTION 
(M) 

0.000 
0.010 
0.020 
0.030 
0.040 
0.050 
0.060 I 

0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 

GRAIN SIZE 
POSITION 

(M)
' 

000 
.010 

0.020 
0.030 
0.040 

122.000 
122.000 
122.000 
122.000 
122.000 
122.000 
122.000 
122.000 

DIAMETER IS 0.32E+01MICRONS 
CONCENTRATION FALL VELOCITY 

V (M/S) couc 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 
133.000 

DIAMETER IS 0.40E+01MICRONS 
CONCENTRATION FALL VELOCITY 

v (M/S) CONC 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 
145.000 

DIAMETER Is 0.50E+01MIGRONS 
CONCENTRATION FALL VELOCITY 

v (M/S) conc 
103.000 
103.000 
103.000 
103.000 
183.000 

0.290-05 
0.290-05 
0.292-05 
0.29E+05 
0.292-05 
0.292-05 
0.29E-05 
0.29E-05 

0.45E-05 
0.45E-05 
0.45E-05 
0.45E-05 
0.45E-05 
0.45E-05 
0.45EP05 
0.45E-05 
0.45E-05 

0.45EP05 
0.45E-05 
0.45E-05 

0.122-05 
0.122-0s 
0.120-0s 
0.122-05 
0.720-05 
0.12E—0s 
0.125-05 
0.122-05 
0.122-os 
0.72E—05 
0.122-05 
0.122-05 
0.722-05 
0.12E~0s 
0.72E—05 
0.72E-05 

0.11E-04 
0.11E—04 
0.11E-04 
0.l1E-04 
0.11E—04 

0.34E-04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E-04 
0.340-04 
0.34E-04 

MEAN VERT "EXCH COEFF 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E“04 
0.34E-04 
0.34E-04 
0.34E-04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E*04 
0.34E—04 
0.34E—04 

MEAN VERT "EXCH COEFF 
0.34E-04 
0.34E-04 
0.34E*04 
0.34E-04 
0.34Ev04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E-04 

MEAN VERT "EXCH COEFF 
0.34E~04 
10.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 

D (M**2/S) 

0 (M**2/S) 

0 (m**2/s)



0.050 
0.060 
0.070 
0.080 

090 
100 
.110 

0.120 
0.130 
0.140 
0.150 

GRAIN SIZE 
POSITION 
z (M) 
0.000 
0.010 
0.020 
0.030 
0.040 
0.050 
0.050 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 

‘IIYISO 

GRAIN SIZE 
POSITION 
z (M) 
0.000 
0.010 
0.020 
0.030 
0.040 
0.050 . 

0.060 
0.070 
0.000 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 

N SIZE 
“TION 

z (M) 
0.000 
0.010 

103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 
103.000 

DIAMETER IS 0.64E+01MICRONS 
CONCENTRATION FALL VELOCITY 

V (M/S) couc 
174.000 
174.000 
174.000 
174.000 
174.000 
174.000 
174.000 
174-000 
174.000 
174.000 
174.000 
174.000 
174.000 
174.000 
174.000 
174.000 

DIAMETER IS 0.80E+01MICRONS 
CONCENTRATION FALL VELOCITY 

V (M/S) CONC 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 
163.000 

DIAMETER IS 0.10E+02MICRONS 
CONCENTRATION FALL VELOCITY 

CONC - V (M/S) 
171.000 
171.000 

0.11E-04 
0.1lE-04 
0.11E—04 
0.l1E—04 
0.11E-04 
0.11E-04 
0.11E—04 
0.11E—04 
0.11E—04 
0.llE-04 
0.llE-04 

0.18E-04 
0.l8E-04 
0.18E-Q4 
0.18E-04 
0.18E-04 
0.18E-04 
0.18E-04 
0.18E-04 
0.l3E-04 
0.13E-04 
0.18E*04 
0.l8E-04 
0.18E-04 
0.18E-04 
0.l8E-04 
0.l8E-04 

0.29E-04 
0.29E-04 
0.29E—04 
0.29E—04 
0.29E—04 
0.29E-04 
0.29E-04 
0.29E-04 
0.29E-04 
0.29E—04 
0.29E-04 
0.29E-04 
0.29E—04 
0.290-04 
0.29E-04 
0o29E-04 

0.46E—04 
0.46E-04 

0.34E~04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E-04 

MEAN VERT "EXCH COEFF 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.340-04 
0.340-04 
0.340-04 
0.340-04 
0.34E—04 
0.340-04 
0.340-04 
0.340-04 
0.340-04 
0.340-04 
0.340-04 
0.340-04 

MEAN VERT "EXCH COEFF 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
-0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 

MEAN VERT "EXCH COEFF 
0.34E—04 
0.34E—04 

D (M**2/S) 

n (M**2/S) 

0 (M**2/S)



0.020 
0.030 
0.040 
0.050 
“.060 
070 
.080 

0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 

GRAIN SIZE 
POSITION 
z (M) 
0.000 
0.010 
0.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 

120 
130 
.140 

0.150 

GRAIN SIZE 
POSITION 
z (M) 
0.000 
0.010 
0.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
.140 
150 

GRAIN SIZE 
POSITION 

171.000 
171,000 
171.000 
171.000 
171.000 
171.000 
171.000 
171.000 
171.000 
171.000 
171.000 
171.000 
171.000 
171.000 

DIAMETER Is 0.13E+02MICRONS 
CONCENTRATION FALL VELOCITY 

v (M/S) CONC 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 
157.000 

DIAMETER IS 0.16E+02MICRONS 
CONCENTRATION FALL VELOCITY 

v (M/S) couc 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 
147.000 

DIAMETER IS 0.20E+02MICRONS
_ CONCENTRATION FALL VELOCITY MEAN VERT "EXCH COEFF 

0.46E-04 
0.46E-04 
0.46E-04 
0.46E-04 
0.46E-04 
0.46E-04 
0.46E—04 
0.46E—04 
0.46E-04 
0.46E-04 
0.46E—04 
0.46E-04 
0.46E—04 
0.46E-04 

0.73E-04 
Q.73E-Q4 
0.73E-04 
0.73E-04 
0.73E-04 
0.73E-04 
0.73E-04 
0.73E-04 
0.73E-04 
0.73E-04 
0.73E-04 
0.73E-04 
0.73E-04 
Q.73E-O4 
O.73E-O4 

0.120-03 
0.l2E-03 
0.120-03 
0.12E—03 
0.120-03 
0.120-03 
0.12E—03 
0.12E-03 
0.12E—03 
O.l2E—03 
0.l2E—03 
0.12E-03 
0.12E-03 
0.12E-03 
0.12E—03 
0.12E-03 

0.34E~04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 

MEAN VERT "EXCH COEFF 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E—04 
0 0 

0.34E—04 
0.34E-04 
0.34E-04 
0.34E-04 

MEAN VERT "EXCH COEFF 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E-04 

D (M**2/S) 

D (M**2/S)



z (M) 
0.000 
0.010 
0.020 

030 
040 
.050 

0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 

GRAIN SIZE 
POSITION 
Z (M) , 

0.000 
0.010 
0.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 

090 
.100 
.110 

0.120 
0.130 
0.140 
0.150 

GRAIN SIZE DIAMETER IS 0.32E+02MICRONS 
POSITION CONCENTRATION ' FALL VELOCITY 

v (M/S) z (M) 
0.000 
0.010 
0.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
.110 
120 
.130 

0.140 
0.150

l 

CONC 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 
128.000 

DIAMETER IS 0.25E+02MICRONS 
CONCENTRATION FALL VELOCITY 

couc v (M/S) 
72.000 
72.000 
72.000 
72.000 
72.000 
72.000 
-72.000 
72.000 
72.000 
72.000 
72.000 
72.000 
72.000 
72.000 
72.000 
72.000 

CONC 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 
1.350 

V (M/S) 
0.102-03 
0.1aE—03 
0.102-03 
0.182-03 
0.18E-03 
0.18E—03 
0.182-03 
0.l8E-03 
0.18E+03 
0.18E—03 
0.182-03 
0.18E-03 
0.18E—03 
0.102-03 
0.18E-03 
0.18E-03 

0.292-03 
0.292-03 
o.29n-03 
0.29E-03 
0.290-03 
0.29E—03 
0.29E-03 
0.292-03 
0.29E-03 
0.292-03 
0.292-03 
0.292-03 
0.292-03 
0.290-03 
0.29s-03 
0.292-03 

0.46E-03 
0.46E—03 
0.46E-03 
0.46E403 
0.46E—03 
0.46E-03 
0.46E—03 
0.46E—03 
0.46E-03 
0.46E—03 
0.46E—03 
0.46E-03 
0.46E—03 
0.46E—03 
0.46E-03 
0.46E—03 

0.34E-04 
0.34E-04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E—04 
0.34E—04 

MEAN VERT "EXCH COEFF 
0.342-04 
0.342-04 
0.34m-04 
0.342-04 
0.34m-04 
0.342-04 
0.340-04 
0.342-04 
0.34E—04 
0.343-04 
0.34E-04 
0.34s-04 
0.342-04 
0.342-04 
0.34E-04 
0.34E-04 

MEAN VERT "EXCH COEFF 
0.34E*04 
0.34E-04 
0.34E-04 
0.34E*04 
0.34E-04 
Q.34E-04 
0.34E-04 
0.34E-04 
0.34E—04 
0.34E-04 
0.34E-04 

0.34E-04 
0.34E-04 
0.34E-Q4 
0.34E-04 

D (M**2/S) 

D (M**2/S) 

n (M**2/S)



AT T= 0.00,THE TOTAL CONCENTRATIONS ARE, STARTING FROM THE SURFACE 
1987.35 1987.35 1987.35 1987.35 1987.35 1987.35 1987 35 1987 35 1987 35 1987 3 

A 

52 

1987.35 1987.35 1987.35 1987.35 1987.35 1987.35 

“G CONC AT T= 0.00 IS 1987.35 

GRAIN SIZE DISTRIBUTION AT T=0.00 IS 

GRAIN-SIZE CONC AT SAM.LOCATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 
16.000 
20.160 
25.400 

AT T= 170.00,THE TOTAL CONCENTRATIONS ARE, STARTING FROM THE SURFACE 
32.000 

06.03 780.86 850.26 936.58 1-016.92 1097.56 1176 89 1253 36 1326 01 1393 7 

88.000 
87.000 

103.000 
113.000 
122.000 
133.000 
145.000 
183.000 
174.000 
163.000 
171.000 
157.000 
147.000 
128.000 
72.000 
1.350 

55 25 1509.22 1554.21 1588.64 1610.83 1618.91 
AVERG CONC AT T= 170.00 IS 1246.85 

GRAIN—SIZE 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 
16.000 
20.160 

.400 
2.000 
N SIZE F“?! 

I 4.700 
4.410 
4.922 
5.090 
5.154 
5.289 
5.445 
6.426 
6.681 
7.090 
8.662 

12.363 
22.qa3 
49.663 

109.134 
1361.794 

DISTRIBUTION BEFORE 

CONC AT SAM.LOCATION 

AND AFTER FLOCCULATION



1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 
16.000 
20.160 
25.400 
32.000 

4.698 
4.408 
4.918 
5.084 
5.144 
5.273 
5.419 
6.378 
6.601 
6.955 
8.403 

11.788 
20.467 
44.055 
90.435 

1016.828 
TOTAL CONC AFTER FLOCCULATION 

AT T= 480.00,THE TOTAL CONCENTRATIONS ARE, STARTING FROM THE SURFACE 
213.65 237.55 263.51 289.11 315.74 342.06 41 7 44 

53 
4.418 
4.140 
4.612 
4.759 
4.806 
4.916 
5.038 
5.911 
6.105 
6.421 
7.749 
10.896 
19.084 
41.835 
87.788 

1028.374 
1246.85 " 

463.35 482.27 498.17 510.41 518.33 521.22 
AVERG CONC AT T= 480.00 IS 394.07 

GRAIN-SIZE CONC AT SAM.LOCATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

,10.080 
12.700 
16.000 
20.160 
25.400 
32.000 

GRAIN SIZE DISTRIBUTION BEFORE AND AFTER FLOCCULATION 

1.000 
1.260 
1.590 
2.000 
2.520 
.170 

4.000 
5.040 
6.350 
8.000 

1.727 
1.585 
1.725 
1.734 
1.696 
1.673 
1.642 
1.822 
1.807 
1.816 

' 2.087 
2.885 
5.290 
13.450 
32.058 

448.220 

1.727 
1.585 
1.724 
1.732 
1.693 
1.668 
1.634 
1.807 
1.783 
1.778 

1.698 
1.558 
1.694 
1.701 
1.662 
1.637 
1.602 
1.771 
1.746 
1.741



10.080 
12.700 
16.000 
20.160 
5.400 
2.000 

2.019 
2.737 
4.870 
11.816 
26.218 

329.279 
TOTAL CONC AFTER FLOCCULATION 

AT T= 680.00,THE TOTAL CONCENTRATIONS ARE, STARTING FROM THE SURFACE 
106.62 118.00 129.91 141.96 154.27 166.54 2 1 21 

54 
1.975 
2.679 
4.776 
11.638 
25.990 

330.199 
394.07 

222.79 231.56 238.91 244.58 248.24 249.57 
AVERG CONC AT T= 680.00 IS 190.62 

GRAIN-SIZE CONC AT SAM.LOCATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 
0.080 
2.700 
16.000 
20.160 
25.400 
32.000 

GRAIN SIZE DISTRIBUTION BEFORE AND AFTER FLOCCULATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 
16.000 
20.160 
25.400 

“ID2.000 
T TAL con 

1.336 
1.219 

. 1.318 
1.315 
1.275 
1.245 

' 1.206 
1.314 
1-283 
1.264 
1.410 
1.883 
3.321 
8.064 

17.470 
204.654 

1.336 
" 1.219 

1.311 
1.313 
1.212 
1.241 
1.199 
1.303 
1.266 
1.231 
1.364 
1.101 
3.051 
1.003 

14.286 
150.331 

C AFTER FLOCCULATION 

1.323 
1.201 
1.304 
1.300 
1.259 
1.221 
1.106 
1.288 
1.251 
1.223 
1.340 
1.166 
3.024 
1.022 
14.215 

150.615 
190.62



AT T= 1o1o.00,mnE TOTAL CONCENTRATIONS ARE, STARTING FROM THE SURFACE 
39.70 43.15 46.60 50.12 53.67 57.23 60.74 45 7 

55 

73.37 75.87 77.96 79.57 80.61 80.99 

afi CONC AT T= 1010.00 IS 64.10 

GRAIN—SIZE CONC AT SAM.LOCATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 
16.000 
20.160 
25.400 
32.000 

GRAIN SIZE DISTRIBUTION BEFORE AND AFTER FLOCCULATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
0.000 

10.000 
12.700 

~ 16.000 
20.160 
25.400 
32.000

5

4 

1.065 
0.966 
1.038 
1.029 
0.990 
0.958 
0.916 
0.980 
0.943 
0.907 
0.972 
1.225 
1.976 
4.181 
7.209 
5.632 

1.065 
0.966 
1.038 
1.028 
0.988 
0.954 
0.912 
0.972 
0.931 
0.888 
0.940 
1.162 
1.819 
3.673 
5.895 
0.867 

TOTAL CONC AFTER FLOCCULATION 

AT T= 1350.00,THE TOTAL CONCENTRATIONS ARE, STARTING FROM THE SURFACE 
19.41 20.45 21.51 22.59 23.66 24.73 25.78 26.80 27.78 2 

1.060 
0.961 
1.032 
1.023 
0.903 
0.949 
0.907 
0.967 
0.926 
0.003 
0.936 
1.156 
1.011 
3.650 
5.005 

I 40.960 
64.10 

29.52 30.25 30.06 31.33 31.63 31.74 

'0 couc AT 'r.= 1350.00 IS 26.74 

GRAIN*SIZE CONC AT SAM.LOCATION



1.000 
1-260 
1.590 
2.000 
2.520 
3.170 
4.000 I 

5.040 
6.350 
8.000 
10.080 
12.700 
16.000 
20.160 
25.400 
32.000 1 

GRAIN SIZE DISTRIBUTION BEFORE AND AFTER FLOCCULATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
2.700 
6.000 ' 

20.150 
25.400 
32.000 1 

TOTAL CONC AFTER FLOCCULATION 

AT T= 1920.00,THE TOTAL CONCENTRATIONS ARE, STARTING FROM THE SURFACE 
10.78 11.00 11.21 
12.72 12.85 12.96 

AVERG CONC AT T= 1920.00 

GRAIN-SIZE CONC 

1.000 
1.260 
1.590 ‘ 

2.000 
2.520

I 

3.110 
4.000 
5.040 
6.350 

56 

0.941 
0.851 
0.911 
0.900 
0.862 
0.829 
0.788 
0.832 
0.793 
0.748 
0.774 
0.917 
1.336 
2.379 
3.170 
4.705 I 

0.941 
0.850 
0.910 
0.899 
0.860 
0.827 
0.784 
0.826 
0.782 
0.733 
0.748 
0.870 
1.230 
2.090 
2.593 
0.802 

26.74 

11.43 
13.03 13.09 

IS 12.20 

AT SAM.LOCATION 

0.841 
0.758 
0.808 
0.796 
0.759 
0.727 
0.686 
0.713 
0.671 

0.938 
0.848 
0.908 
0.896 
0.858 
0.824 
0.782 
0.823 

0.731 
0.746 
0.868 
1.227 
2.086 
2.594 
10.833 

11.64 11.05 12.04 12. 
13.10 

23 12 5



4 

0.000 
10.080 
12.700 
16.000 
0.160 
5.400 
2.000 

GRAIN SIZE 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 
16.000 
20.160 
25.400 
32.000 

DISTRIBUTION 

0.616 
0.603 
0.647 
0.790 
1.043 
0.927 
1.718 

57 

BEFORE AND AFTER FLOCCULATION 

0.841 
0.757 
0.808 
0.795 
0.758 
0.725 
0.682 
0.707 
0.662 
0.603 
0.583 
0.614 
0.728 
0.916 
0.758 
1.262 

TOTAL CONC AFTER FLOCCULATION 

0.840 
0.756, 
0.807 
0.794 
0.756 
0.724 
0.681 
0.707 
0.661 
0.603 
0.583 
0.614 
0.728 
0.916 
0.761 
1.269 

12.20
_ 

AT T= 2700.00,THE TOTAL CONCENTRATIONS ARE,_STARTING FROM THE SURFACE: 
'8.09 8.16 8.22 8.29 8.35 

8.63 8.66 8.69 8.70 8.71 
8.41 8.46 8.51 8.55 
8.72 

AVERG CONC AT T= 2700.00 IS 8.49 

GRAIN~SIZE 

. 1.000 
1.260 
1.590 
2.000 
2.520 
3.110 
4.000 
5.040 
6.350 
0.000 
10.080 
12.700 
16.000 
20.160 
5.400 
2.000 

G IN SIZE 

CONC AT SAM.LOCATION 

DISTRIBUTION 

0.773 
0.693 
0.738 
0.724 
0.689 
0.657 
0.616 
0.630 
0.583 
0.518 
0.472 
0.446 
0.433 
0.390 
0.222 
0.135 
BEFOR E AND AFTER FLOCCULATION



1.000 
1.260 
1.590 
2.000 
2.520 03.170 
4.000 
5.040 
6.350 
8.000 
10.080 
12.700 
16.000 
20.160 
25.400 
32.000 

0.712 
0.693 
0.131 
0.123 
0.600 
0.612 
0.624 
0.515 
0.501 
0.456 
0.423 
0.390 
0.343 
0.102 
0.099 

TOTAL CONC AFTER FLOCCULATION 8.49 

AT T= 3840.00,THE TOTAL CONCENTRATIONS ARE, 
6.69 6.73 6.76 6.79 6.81 
6.93 6.94 6.95 6.96 6.97 

AVERG CONC AT T= 3840.00 IS 6.87 

GRAIN-SIZE CONC AT SAM.LOCATION 

1.000 
1.260 ‘ 

1.590 
2.000 
2.520 
3.110 
4.000 
5.040 
6.350 
0.000 

10.000 ' 

12.100 
16.000 
20.160 
25.400 
32.000 

GRAIN SIZE DISTRIBUTION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

0.114 
0.630 
0.611 
0.663 
0.629 
0.590 
0.555 
0.555 
0.502 
0.426 
0.353 
0.201 
0.204 
0.110 
0.043 
0.011 

0.112 
0.692 
0.131 
0.123 
0.601 
0.655 
0.612 
0.624 . 

0.515 
0.501 
0.451 
0.423 
0.399 
0.344 
0.103 
0.100 

STARTING FROM THE SURFACE: 
6.84 6.86 6.88 6.90 
6.97 ' 

BEFORE AND AFTER FLOCCULATION 

0.714 
0.638 
0.677 
0.662 
0.628 
0.596 
0.552 
0.550 
0.495 
0.417 

0.714 
0.638 
0.676 
0.662 
0.627 
0.595 
0.551 
0.550 
0.495 
0.417 '



10.080 
12.700 
16.000 
20.160 
5.400 
2.000 

0.341 
0.266 
0.188 
0.104 
0.035 
0.008 

TOTAL CONC AFTER FLOCCULATION 

AT T= 5400.00,THE TOTAL CONCENTRATIONS ARE, 
5.72 5.74 5.76 5.78 5.79 
5.86 5.87 5.87 5.88 5.88 

6.87 

AVERG CONC AT T= 5400.00 IS 5.83 

GRAINPSIZE CONC AT SAM.LOCATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.110 
4.000 
5.040 
6.350 
0.000 
0.080 
2.700 ' 

16.000 
20.160 
25.400 
32.000 

GRAIN SIZE DTSTRIBUTION 

1.000 
1.260 ‘ 

1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 
16.000 
20.160 
25.400 
2 000 

AL CONC AFTER FLOCCULATION 

0.661 
0.588 
0.622 
0.607 
0.574 
0.542 
0.497 
0.483 
0.423 
0.338 
0.249 
0.163 
0.087 
0.034 
0.008 
0.002 

0.341 
0.267 
0.188 
0.104 
0.036 
0.009 

STARTING FROM THE SURFACE: 
5.81 5.82 5.83 5.84 
5.88 

BEFORE AND AFTER FLOCCULATION 

0.661 
0.500 
0.621 
0.601 
0.513 
0.540 
0.495 
0.419 
0.410 
0.331 
0.241 
0.154 
0.000 
0.029 
0.001 
0 001 

5.83 

0.661 
0.501 
0.621 
0.606 
0.512 
0.540 
0.495 
0.419 
0.410 
0.331 
0.241 
0.155 
0.000 
0.030 
0.001 
0.001



AT 0r= 75'00.00,‘I'H-E TOTAL CONCENTRATIONS ARE, STARTING FROM 'TH.E>sURFAcE= 
4.93 4.94 4.95 4.96 4.97 4.90 4.99 5.00 5.00 
5.01 5.02 5.02 5.02 5.03 5.03 - " 

' 1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 
10.080 
12.700 
16.000 
20.160 
25.400 
32.000 

GRAIN SIZE DISTRIBUTION 

1.000 
1.260 
1.590 ‘ 

2.000 
2.520 
3.110 
4.000 
5.040 
6.350 
0.000 

10.000 
12.100 ' 

16.000 
20.160 
25.400 
32.000 

0.610 
0.539 
0.568 
0.553 
0.520 
0.488 
0.440 
0.412 
0.345 
0.255 
0.164 
0.087 
0.035 
0.010 
0.002 
0.000 

‘<6 conc AT 'r= 7500.00 IS I 4.99 

GRAIN-SIZE conc AT SAM.LOCATION - 

BEFORE AND AFTER FLOCCULATION 

0.609 
0.539 
0.567 
0.552 
0.519 
0.486 
0.438 
0.408 
0.340 
0.250 
0.158 
0.082 
0.032 
0.009 
0.002 
0.000 

TOTAL CONC AFTER FLOCCULATION 

AT T=10800.00,THE TOTAL CONCENTRATIONS ARE, 
4.12 4.13 4.14 4.15 4.15 
4.18 4.18 4.18 4.19 4.19 

GRAIN-SIZE CONC AT SAM.LOCATION 

4.99 

'6 couc AT -r=10000.00 IS 4.16 

0.609 
0.539 
0.567 
0.552 
0.519 
0.406 
0.430 
0.400 
0.340 
0.250 
0.159 
0.002 
0.032 
0.009 
0.002 
0.000 

STARTING FROM THE SURFACE: 
4.16 4.16 4.17 4.17 
4.19



1.000 
1.260 
1.590 
2.000 ‘-2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.000 
12.700 
16.000 
20.160 
25.400 
32.000 

GRAIN SIZE DISTRIBUTION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

_ 

10.080 
2.700 
6.000 ' 

20.160 
25.400 
32.000 

0.552 
0.484 
0.507 
0.491 
0.458 
0.424 
0.372 

0.256 
0.169 
0.091 
0.030 
0.012 
0.002 
0.000 
0.000 
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BEFORE AND AFTER FLOCCULATION 

0.552 
0-434 
0.506 
0.491 
0.457 
0.423 
0.370 
0.326 
0.253 
0.166 
0.000 
0.036 
0.011 
0.002 
0.000 
0.000 

TOTAL CONC AFTER FLOCCULATION 

0.551 
0.404 
0.506 
0.491 
0.457 
0.423 
0.370 
0.326 
0.253 
0.166 
0.008 
0.036 
0.011 
0.002 
0.000 
0.000 

4.16 

AT ‘I'=15300-.00,THE~ TO'I!AL CONCENTRATIONS ARE, STARTING FROM THE SURFACE: 
3.42 3.42 3.43 3.43 3.43 
3.45 3.45 3.46 3.46 3.46 

3.44 3.44 3.45 3.45 
3.46 

AVERG CONC AT T=15300.00 IS 3.44 

GRAIN-SIZE CONC AT SAM.LOCATION 

1.000 
1.260 
1.590 
2.000 
.520 

4.000 
5.040 
6.350 

0.496 
0.431 
0.448 
0.431 
0.397 
0.360 
0.304 
0.249 
0.l76



0.000 
10.080 
12.700 
16.000 
0.160 
5.400 
2.000 

GRAIN SIZE 

1.000 
1.260 
1.590 
2-000 
2.520 
3.170 
4.000 
5.040 
6.350 
0.000 

10.000 
12.100 
16.000 
20.160 
25.400 

' 32.000 
TOTAL CONO 

AT T=21600.00,THE TOTAL CONCENTRATIONS ARE, 
Q2... 

2.80 

62 
0.101 
0.045 
0.015 
0.004 
0.001 
0.000 
0.000 

DISTRIBUTION BEFORE AND AFTER FLOCCULATION 

0.496 
0.431 
0.448 
0.431 
0.396 
0.359 
0.303 
0.247 
0.173 
0.099 
0.044 
0.014 
0.003 
0.001 
0.000 
0.000 

AFTER FLOCCULATION 3.44 

2.78 2.78 2.79 2.79 
2.80 2.80 2.80 2.80 

AVERG CONC AT T=21600.00 IS 2.80 

GRAIN-SIZE 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 
16.000 
20.160 
5.400 
.000 

.;N SIZE 

CONC AT SAM.LOCATION 

' 0.441 
0.379 
0.390 
0.371 
0.335 
0.295 
0.235 
0.174 

' 0.108 
0.052 
0.019 
0.005 
0.001 
0.000 
0.000 . 

0.000 

0.496 
0.431 
0.447 
0.431 
0.396 
0.359 
0.303 
0.247 
0.113 I 

0.099 
0.044 
0.014 
0.003 
0.001 
0.000 
0.000 

STARTING FROM THE SURFACE: 
2.79 2.79 2.80 2.80 
2.80 

DISTRIBUTION BEFORE AND AFTER FLOCCULATION



1.000 
1.260 
1.590 
2.000 
2.520 '3.110 
4.000 
5.040 
6.350 
8.000 

10.080 
12.700 I

. 

16.000 
20.160 
25.400 
32.000 

0.441 
0.310 
0.309 
0.311 
0.335 
0.294 
0.234 
0.113 
0.106 
0.051 
0.010 
0.005 
0.001 
0.000 
0.000 
0.000 

TOTAL CONC AFTER FLOCCULATION 2.80 

AT T=30420.00,THE TOTAL CONCENTRATIONS ARE, 
2.21 2.21 2.22 2.22 2.22 
2.23 2.23 2.23 2.23 2.23 

AVERG CONC AT T=30420.00 IS 2.22 

GRAIN-SIZE CONC AT SAM.LOCATION 

1.000
. 

1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 

_ 8.000 
10.080 ' 

12.700 
16.000 
20.160 
25.400 
32.000 

GRAIN SIZE DISTRIBUTION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

0.389 
0.328 
0.333 
0.312 
0.273 
0.229 
0.169 
0.109 
0.057 
0.022 
0.006 
0.001 
0.000 
0.000 
0.000 
0.000 

0.441 
0.310 
0.309 
0.311 
0.335 
0.294 
0.234 
0.113 - 

0.106 
0.051 
0.010 
0.005 
0.001 
0.000 
0.000 
0.000 

STARTING FROM THE SURFACE: 
2.22 2.22 2.22 2.23 
2.23 

BEFORE AND AFTER FLOCCULATION 

0.309 
0.320 
0.333 
0.311 
0.213 
0.220 
0.100 
0.100 
0.056. 
0.022 

0.389 
0.328 
0.333 
0.311 
0.273 
0.228 
0.168 
0.108 
0.056 
0.022 '



10.080 
12.700 
16.000 
20.160 
5.400 
2.000 

0.006 
0.001 
0.000 
0.000 
0.000 
0.000 

TOTAL CONC AFTER FLOCCULATION 

AT T=43200.00,THE TOTAL CONCENTRATIONS ARE, 
1.71 1.71 1.71 1.71 1.71 
1.72 1.72 1.72 1.72 1.72 

2.22 

AVERG CONC AT T=43200.00 IS 1.71 

GRAIN-SIZE CONC AT SAM.LOCATION 

1.000 
1.260 
1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
2.700 ' 

16.000 
20.160 
25.400 
32.000 A 

GRAIN SIZE DISTRIBUTION 

1.000 
1.280 - 

1.590 
2.000 
2.520 
3.170 
4.000 
5.040 
6.350 
8.000 

10.080 
12.100 
16.000 
20.160 
25.400 
2 000 

THAI.’ couc AFTER FLOCCULATION 

0.338 
0.278 
0.276 
0.252 
0.211 
0.184 
0.101 
0.058 
0.024 
0.007 
0.002 
0.000 
0.000 
0.000 
0.000 
0.000 

0.006 
0.001 
0.000 
0.000 
0.000 
0.000 

STARTING FROM THE SURFACE: 
1.71 1.71 1.71 1.72 
1.72 

BEFORE AND AFTER FLOOCULATION 

0.338 
0.278 
0.276 
0.251 
0.210 
0.163 
0.107 
0.058 
0.024 
0.007 
0.002 
0.000 
0.000 
0.000 
0.000 
0 000 

1.71 

0.338 
0.278 
0.276 
0.251 
0.210 
0.163 
0.107 
0.058 
0.024 
0.007 
0.002 
0.000 
0.000 
0.000 
0.000 
0.000


