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"Transverse Dispersion in Meandering Channels" 

B;G. Krishnappan and Y.L. Lau 

The transverse dispersion process in meandering channels has been studied 

in the Hydraulics Laboratory of CCIW and a detailed description of they 

study is presented in this report. Using the theory of dimensions, it-has 

been established that the dimensionless dispersion coefficient in the trans-. 

verse direction in meandering channels is 5 function of the friction factor, 

meander amplitude to width ratio and the width to hydraulic radius ratio.’ 

An attempt is made to establish the functional relationship by measuring 

the dispersion coefficients for various values of the above-mentioned para- 
' . meters. -The meandering channels used for this "study had "realistic bottom _A 

configurations which resulted from the scouring and deposition of the sand 

forming the bottom of the channels in contrast to the rigid bottom channels 

used in the existing studies. The dispersion coefficients were evaluated 

using the Generalized Change of Moment Method, proposed by Holley, with the
' 

measured values of the flow depth, velocity and the concentration of salt 

solutionjwhich is used as a tracer solution in the present study. A num- 

erical method has been developed in this study to predict the concentration 

distribution of a pollutant which is injected continuously in a meandering 

channel.



“La dispersion transversale dans les meandres” 

B.G. Krishnappan et Y.L. Lau 

RESUME 

On a €tudi€'dans la laboratoire hydraulique du Centre canadien des 

eaux intérieures la méthode de dispersion transversale dans les méandres 

et nous présentons dans ce rapport une description détaillée de cette étude.‘ 

En se fondant sur la thébrie des dimensions, il a été établi que le coe- 

fficient de dispersion sans dimension dans la direction transversale des 

méandres est fonction du facteur de frottement, du rapport de liamplitude 

des méandres 3 la largeur et du rapport de la largeur au rayon hydraulique. 

On essaie d'établir la relation fonctionnelle en mesurant les coefficients 

de dispersion pour les différentes valeurs des paramétres susmentionnés; 

‘Les méandres utilises pour cette.étude avaient des configurations de fond 

réalistes qui provenaient de l'affouillement et des dépotsi de sable formant 

le fond des méandres en opposition avec les meandres S fond rigides utilisés 

dans les études dé]$‘existantes. Les coefficients de dispersion ont été 

éValués, en utilisant la "Generalized Change_of Moment Method” proposée par 

Holley, 5 l‘aide des valeurs mesurées de la profondeur de l'éEoulement, de
. 

la velocité} et de la concentration de la solution saline, utilisée dans la 

présente étude commeltraceur.' On a elabore dans la présente etude une_méthode 

numérique afin de prévoir la distribution de la concentration des charges de 

pollution injectées continuellement dans les fiéandres.
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INTRODUCTIQM 

when a pollutant is discharged into a natural stream, it gets 

transported by the flow velocities: while being transported it also spreads 

_along the vertical, lateral and longitudinal directions simultaneously; due 

to the turbulence present in the natural stream.‘ The rates of spreading in ,' 

these mutually perpendicular directions depend upon the characteristics of 

the flow and the flow geometry;- A quantitative knowledge on these rates of 

spreading of a pollutant in a natural stream is an essential management tool 

to-decide upon the amount of pollutant that can be discharged into the stream 

without violating certain established water quality criteria. At present, 

such a knowledge is limited only to very simple flow geometries, and its 

application to field problems is often associated with many uncertainties- 

The object of the research outlined in the present report is to expand the 

knowledge on the spreading rate in the transverse direction in flow geo; 

metries more closer to those of the natural streams. . 

Natural streams usually meandeg setting up transverse currents 

which move towards the inner bank at the bottom and towards the outer 

bank at the top. As a consequence, erosion of sediments occur at the out- 

side of the meander, and deposition on the inside. Therefore, the flow 

cross-sections vary along the length of the_stream and the spreading rates 

in such flows will certainly be different from the simpler cases, wherein 

the flow geometry is the same throughout the length. 

So far, there is no study found in the literature which dealt 
J. 

with such a flow geometry in the laboratory." Hence, the present research 

Y~ Chang (1). (I971); -H.B. Fisher.(2 ), (1969);_and Engman (3_), (1974) 
studied lateral spreading processes in meandering channels in the lab-‘ 
oratory; but the bottom of the channel is flat and hence the transverse 
currents are not stronger and are notlrepresentative of the real situation.



is undertaken to systematically study the lateral spreading processes in 

meandering channels having realistic bottom configurations. In section l,v= 

? the theoretical background and the planning of the experiments are outlined. 

in section 2, the experimental set up and procedure are described. Section7 

3 contains the results and a numerical procedure to predict the concen; 

tration distribution of a pollutant in a meandering channel. 

l. iTheoretical Background 

’ a. General 

The transport of a neutrally buoyant pollutant can be described 

by the general diffusion equation (in Cartesian co-ordinate system):' 

uraw 

.3 

-ac »+ .2 u;3c _. . 
' 5? ‘=1 5?; .7" “l ‘ §;i[ 57} J 

where the dimensionless volumetric concentration C is a function of space 

(xi, i?i,2,3) and time t. The above equation is derived by considering 

the conservation of mass principle for the pollutant. (See w.w. Sayre (4)). 

The terms under the sigma sign on the left hand side of Equation (l) rep- 

resent the convective transport of the pollutant due to the time average 

velocity components U3, whereas, the terms with the bracket on the right 

hand side give the transport of the pollutant due to the fluctuating velocity 

and concentration fields. The transport due to the fluctuating velocity 

and concentration fields is assumed to be proportional to the concentration 

gradient (BC/8x3), and the proportionality constant si is the turbulent 

diffusion coefficient in the ith direction. In other words, ei is given 

by:
I 

e‘ = -ui' c’ //BC/Bx: . . . . . ... . ) . . . . . . . . . (2)



where U; is the fluctuating component of the velocity in the ith 

direction and C’ is the fluctuating part of the concentration C. 

The assumption expressed by Equation (2) is a result of 

an anology with the Boussinesq eddy viscosity concept which expresses- 

the turbulent momentum transfer in terms ofta coefficient, often called 
"kinematic eddy viscosity”, AT in the ith direction as:

i 

. 

Ti "J 
axi .v 

The velocity components U‘ and the turbulent diffusion coefficients 

8; appearing in Equation (1) are, in general, functions of both 

.space (xi, i=l,2,3) and time t, and would depend_on the turbulent 

flow regime, the bottom roughness and the geometry of the flow 

boundaries. The knowledge on the functions, expressing the depen- 

dence of Ui and Si with ihfi abovefmentioned characteristic parameters 

of the flow, isla prerequisite to solving Equation (1) and obtaining 
the concentration distribution 0 for a given set of initial and 

boundary.conditions. 
,

. 

The analytical methods to evaluate these functions are available only 
for very simple flow configurations and also are not complete. ’There- 

fore, these functions have to be determined only empirically, with the 
aid of experiments,.either in the laboratory or in the field,

I 

In order to express bi and E‘ as dimensionless parameters which would 
greatly simplify the bulk of the experimental work and aid in the 
experimental planning, Equation (l) is made dimensionless using a ‘ 

typical length and a typical velocity characterizing the flow field
\ 

as follows. 

"*"‘jf 
. a . _ H . . 

A =-ui'u.



Since the absolute size of a flow can be specified by a flow depth 

h at a typical cross-section, and since the velocities Ui and Ui, are prop- 

ortlonal to the shear velocity v*, both h and v* are used as the typical 

length and the typical velocity, respectively. Expressing the dimensionless 

co-ordinates as: 

€.=:L 
h _ 

. . . ._. . . . . . . . . . (hip 

and ' 

H 

6:- = _£gi 

the dimensionless form of Equation (l) becomes: 

3 
. 

3__ 
V

‘ 

§_C_ + ;;_ 3C 
] 

= _'c1_’[_e_i_3C] ....(5)_ 
ae '1. 

\7:'.:.. 3‘; ~ '1 
agi hv*T; . '_ 

Equation (5) indicates that for a given geometry of the flow, 

the distrubition of concentration C in space and time is dependent on-the 

_f0]l9Wlng;dlm§n$iOnless%quantities;_A 

U4. Va 0 0 v n o 0 0 0 0 u o 0 o o 

which are themselves functions of the dimensionless combination determining 

the flow phenomenon. 

If the geometry of the flow boundaries is specified, then the 

turbulence structure of the flow can be defined by the following charac- 

teristic parameters:



‘where p and u are the density and the absolute viscosity of the fluid 

respectively, and ks is the height of the equivalent sand roughness of the 

boundaries.. The dimensionless combinations that can be formed out of these 

parameters.are: 

pvgh (Reynolds Number) and k (Relative Roughness) . . . . (8) 

and hence the dimensionless velocities (Ui/v*) and the dimensionless 

diffusion coefficients (ei/hv*) (which could vary with space and time) 

must be certain functions of the dimensionless combinations (8) and of 

Q and 6. 

i.e. u. = -¢‘Ui(o\_gh:k5;~€1;£2;-€339) 
V; “ ". .........(9) 
S “' 0 § I O. 
-.i— 

" 
.4, 6"(m)*h; -".s' 51’ £2’ gs’ 6) 

hv* u 77' -

' 

In the case of a meandering channel with meander length A, meander 

amplitude H,and vdth a rectangular cross-section whose width is B (see-Fig. l), 

the additional dimensionless geometric parameters become: 

A; ‘I E 2 I I I 
/O 

C I O I. 
-C 

C O O O I I U I C I C C 

h h. 

‘and the dimensionless velocities and dimensionless diffusion coefficients 

for the meandering channels can be expressed as:



Ciircular bend 

Straight reach 

F|?G.1 CONFIGURATION OF MEANDERING CHANNEL 
AND'THE MEANDERING CO-ORDINATES.



-U_i'_ = 
( 

D\)*I':l 9 9 3- ll. ; E. 9 E1 ; £2 9 E3 9 

v* 1, h h h h 

5i = "’e- “*5 
; 

ks 
; A ; H ; B ; ‘E ; E ;' E; 9 — ' r 1? T.‘ I 1 2 3

a 

hv* V 

‘ “V 

The above expressions give the complete set of dimensionless parameters 

influencing the diffusion processes in meandering channels. In natural 

streams where the width of the stream is often large compared to the depth 

of the stream, the concentration distribution of the pollutant along the 

depth becomes uniform long before the same happens along the width. Therefore, 

it is customary to consider only the depth average values of the velocities 

and diffusion coefficients which become:

~ = 5u;(ov,h.ks;;'._.B;a1.:3,e) 
v,,' ‘:1’ B‘ h h 

-'-‘A "’€i (F’\’_*h ; ; ;: ; 5, ; ‘£5 ; 9}) 
-—_*;"’* _u h h h h . 

. . (i = l,3) . . . . . . . . . . (l2) 

The €;'s are called "dispersion coefficients” to distinguish the time and 

the space-averaging procedures. If the flow is steady and the pollutant 
‘is injected continuously, then both the velocities and the concentration 

distribution will be independent of 6 which implies that the dispersion 

coefficients are also independent of 6 and hence 6 can be left out in the 

Equation (12),



In the present research, in addition to considering only the steady 

flows with continuous injection of the pollutants. attention will be focusedf 

only to rough turbulent flows (since the flow in almost any river is rough 

turbulent) and for those values of the ratio A/B which are predominant in_" 

inature. For rough turbulent flows, the Reynolds Number pv*h/u, is no longer 

la governing parameter and for natural rivers, the meander length A and the - 

‘channel width B are not exactly independent. As can be seen from Fig. 2*; 

the points corresponding to both field and laboratory data can be regarded 

as scattered between the straight lines implying, 

. ... . . (13) 

respectively. This scatter is due to the differences in the value of the 

Reynolds Number, pv*hA1, and_the line (A/B = 2n) corresponds to the rough 

turbulent flow conditions. Hence, for the rough turbulent flow case; 

. . . . . . . . . . . . . . . .’. (lh)

/ 

Therefore, for the case of steady, rough turbulent flows with the meandering 

configurations satisfying Equation (lh), and with the continuous injection 

of the pollutants, Equation (l2) becomes: 

* . 

Fig. 2 is originally Fig. 7:lh in the book of M.S. Yalin, “Mechanics of 
Sediment Transport”, Pergamon Press, l972.
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In the case of rough turbulent flow; the friction factor, f,(Darcy- Weisbach) 

is'a unique function of ks/h and hence, can be substituted in Equation (I5) as: 

flffl II 
:10: T1ITJi_(f;E_; ;E1;€.3) 

(i=i~.3) . . .(I6) 

I 

— ‘Pei (f; ; ;‘c's1.;- E3) 
*

. 

Equation (I6) indicates that at a given location in the flow (i.e. for given 

3' 

m‘ 4.1 I 
:r|cn 

values of %_andg3) both the dimensionless velocities and dispersion coef- 

ficients are functions of three independent dimensionless variables namely, 

the friction factor f, the amplitude to depth ratios H/h, and the width to 

depth ratio- B/h. The forms of the functions Ebi and fiéi haVe t0 be deter‘ 

mined from the experimental measurements of the velocities U; and the dis- 

Perslon Coefficients 8i for various values of these governing parameters. 

No special mention has to be made on the measurement of the flow velocities;» 

but the measurement of dispersion coefficient warrants a detailed description, 

since there is no one standard method of measurement and it depends on the 

definition of the dispersion coefficient itself. The details of the exper- 

imental determination of the dispersion coefficients ;}jis taken up in the 

following subsection.

io
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. ' b. Evaluation of the dispersion coefficients ei 

A co-ordinate system suitable for the description of the flows 

in meandering channels is defined as follows. Referring to-fig. l, x is 

measured along the centre line of the meandering channel which is assumed 

to consist of circular bends of radius of curvature rc connected by straight 

reaches with the circular bends alternating with the straight reachesi. y 

.is measured along the vertical and zuis measured perpendicular to both x 

and y, from the centre line. This system of co-ordinates is the same as 

the one used by Y. Chang (l), (l97l). In this system of co-ordinates, 

*'Equation (l) becomes: 

gg + I 3 
‘c U + §_i c v + I 3 h c 

at Fi""5?() 3‘/( ) F1'Tz'(‘w)
1 

I 

.3_.(h1,€z’..3_C_ J... E’. (€'x3_° ‘+ .3__(€y2C_ 4-,» 1.. 
‘hi az 32 

hf 
. ax 

lax 
ay 3Y 

. . . . . . . . . . . . . (l7) 

where hl is the metric coefficient given by, 

l + Z/PC V 

V 

for the bend curving to the right 

‘ 
I 

h1 = I. 
V 

for straight reach 

1 ‘ Z/Tc for the bend curving to the left 

....i........(l3).' 

u, v and w are the velocity components in x, y and z~dlrections, respectively 
. 

- 

' 9 

h - . .. ,_ . . W efeasa Ex. 8y. and £2 are the diffusion coefficients along the same directions.

ll



When Equation (I7) is integrated along y from the bottom to the free surface 

of the flow, the depth average version of Equation (17) results which is: 

“ '76) 3 h if‘ =1 a(hE at‘) + a(hhE.1'at;'.) 

..........-.._..(19)+«c' 
Vwhere U, W} C, e and E; are the depth average quantities;_ - x 
The dispersion coefficients E; and'Ez now represent, 

Ex = (u c’ - u’ c’)/gg 
3x: 

...(2o) 
and 5 = (w"C" - we’) /35 Z 32 

ll 

W = + W" 
o o o o '0 o 

-o 
n 0 o 0 0 n o o )

> 

and C = E + C" 

Note that the terms uffi" and w"C" are assumed to be proportional to the" 
concentration gradients §_l: and §_E: , respectively, analogous ‘to the - 

3x 32 “ 

»terms u’ C‘ and w'C' (see Equation (2)).V 

For the case of a continuous injection of the pollutant 3E73t 
becomes zero and the diffusion flux (E; BE/Bx) becomes negligible in com- 

parison with the convective flux (Elf) and hence the Equation (19) can 
be simplified as: 

at 

lhe details 07 the derivation of Equation (l9) from Equation (I7) can be found in E.R. Holley (5), (I971). 12 .



a ChUE)}a,(hhEE) =» is hggfi) 5; j 

‘ 5; 1 az 1 az 

. . . . . . ._. . . . . . . . . . (22)
" 

iEquation (22) is used to evaluate the dispersion coefficient E2 using the 

"generaliied change of moment” method proposed by E;R. Holley (5) (l97l). 
I 

According to this method, Equation (22) is multiplied by 22 and is inte- 

grated across the width of the channel, i.e7 

+-B/2 . 

_ 

. + 3/2 

I" ”8;f (h z,2. dz + 
I §___ (h hwf) 22 dz 

X ' 
' 32 1 

-%Bl2 - B/2 

+ B/2 
= 

[_ §__ (5 h E; g§_) 2’ dz . . . .'° . . ; (23) 
32 ' 1 '32

. 

- B/2 

where B is the width of the channel. Each term in Equation (23) will be 

evaluated individually. interchanging the order of integration and differ- 

entiation using Liebnitz Rule, the first term becomes: 

+ 8/2 -+ B/2 

J zL.(hEf) zzdz = g__ hU?:‘z=dz — 
ax ,. x 

' B/2 - B/2 

[hfifzz ‘gas - h_LiEz2 ads 
d 3' 

.--2:3/2 
X 

gaze-B/2
X 

13..



The terms in square brackets are zero since the flux (per unit width) 

h 5'5 at the edges of the channel are zero. 

The second integral is integrated by parts to yield: 

The terms in the square brackets are again zero since the lateral flux at the 

boundaries have to be zero. Integrating by parts, the integral on the right 

hand side of Equation (23) becomes:

N III to\N I cu\N 

0 ‘o u "a o u o u o 0 0 w 0 
3- 

o o 

since the diffusion fluxes h E; 35 /82 across the sides of the channel are

lfl



zero, the terms in the square brackets become zero. 

Substituting Equations (2h), (25) and (26) in Equation (23) and dividing 

. 
. . 32 __ 

- throughout by the total flux of the tracer h u C dz, we get: 
-B/2 

+3/2;. . 

' 

+3/2
_ 

_ 

hEEz2dz :3 h1h'v7Ezdz 

L —/2 _ 2 -B/2 
___ 

dx - 

+B/2 +B/2 
hEE dz hi? dz_ 

-B/2 -B/2 

+B/2 

J. h h E; §§: 2 dz 
1 32

_ 

---2 “B”, .._.........(27) 
~+B/2 

J 
‘I 

h FIE dz 

-B/2 

In order to evaluate E2 from Equation (27). its dependence on 2 has to be 

‘known. For example, if E? is independent of 2, then it can come out of the 

integral sign in Equation (27) and can be computed by knowing h, U} frand 
‘W, and using Equation (27). Since the dispersion coefficient can be normaflized 
‘ (made dimensionless) with a velocity and a length scale (see Equation (5)), 

.the following relations are possible for the dispersion coefficient 5;:

m
I 

ll i;‘f...;........(2_8)



T 

Choosing, for instance, the first relation of (28), (i.e. E; 

9_ 
dx 

' where 

02 

g(x) 

and ‘f1(k 

o2(x) - 9(x) 

+B[2 

f8/2 

the Equation (27) can be.expressed as: 

2 a f (x) 
1 1 

h J E 22 dz‘ 

V 

+B/2 

-B/2 

+B/2 

-B/2 

+B/2
f 

-B/2 

= a h V4)’
T 

1 A
I 

‘ . i 5 o . (30C) 

Therefore, knowing o2(x), g(x) and'f§x), the dimensionless dispersion coef- 

ficient ul can be evaluated from Equation (29). The term 02 is the variance 

of the distribution of the flux of the pollutant and it represents the total 

spread due to both the diffusion and the transverse velocity. The term g(x) 

léfi;



accounts for the spreading due to the transverse velocity and hence the 

difference (doz/dx - g(x)) represents the effects of just digpersion, 

A 

Aln order to evaluate o2(x), g(x) and f$x) (using Equations (30a)," 

i30b) and (30c), we have to know h, H} ER and'U. h, U and‘? can be measured 

and §7can be computed from the measured values of h and 3, using the flow 
' continuity equation. For the case of steady incompressible flow, the con- 

tinuity equation can be expressed as: 

. . . . . . . (31) _§_u_ + h _8_v + g__ (h w) = 0’ 
3x — 

_ 

1 ay 32 1 

Averaging Equation (3l) over the depth, we get: 

‘L + E-— = 0 c I _a I 0 0 0 0 o 0 u 0 

3x 
‘ 

32: 1'
- 

when the values of h and U are known, then the only unknown W in Equation (32) 

can be evaluated by solving Equation (32). 

The application of Equation (29) to evaluate ml requires the eval- 

uation of the derivative of U2 with respect to x, and if the variation of G2 

with x is not lineag which is perfectly possible due to the presence of the 

transverse velocity w, it is difficult to get an accurate evaluation of 
(doz/dx). This difficulty can be overcome by considering the integral version‘ 

_of Equation (29), namely, 

o2<><> — em + A, = zeal »=1<x) ... . (33)

x 
where G(x) = i g(x) dx



X 

F(x) =..If(x)dx ..'._...;.........(3l»b) 
1 X041 ' 

and Alis the constant of integration. xo in Equation 3k is the location of the‘ 

injection point. 

Therefore, by plotting a graph between {d2(x) - G(x)} vs F1(x) and measuring 

the slope of the line.the dimensionless dispersion can be"obtainedT "d '%‘“Q‘ ' 

‘It should be_noted that if the variation of the dispersion coefficient is fl°¥ 
H 

correctly represented, then the plot between {02(x) - G(x)}and F1(x) will_n0t be 

a straight line. But it is not certain whether the converse could be true 

uc, Prediction of Concentration distribution knowing the.dispersion_Coefficients: 

By measuring the dispersion coefficients E; and the velocities U'and 

W'for meandering channels with various values of the friction factor, amplitude 

to depth ratio and the width to depth ratio, it is at least theoretically pos- 

sible to construct the forms of the functions §L_ land 'G; of Equation (l6). 

Having known the forms of those functions, the prediction of concentration 

distribution of a pollutant in a meandering channel of a particular amplitude, 

width, flow depth and friction factor is possible by solving the Equation (22)’ 

with the appropriate values for 5;, h,U'and WI‘ Since it is not possible to 

_solve Equation Q20 analytically, a numerical procedure is outlined here for 

its solution. 

Using Flow Continuity Equation (32), Equation (22) can be expressed as} 

h E_§_E_+hCi§_E_ = §__ hhsaif ....(3S) 
Bx 1 32 32 1 3 53

1%



- Expanding the RHS and rearranging terms, Equation (35) can be written as: 

aEi+ va'c‘ = .0326 
. . . . . . . . . ...A..(36)‘ 

where V and D are given by:

W 
cflzl cl|—- 

:- 

Q’ 

r‘3:’| 
.4 N 

. . . . . . . . (37) 

cila- 

0-! on 
NI 

Following the discretization procedure recommended by H.L. Stone and P.L_.T. Brian 

(6) (I963), Equation (35_) can ‘be expressed in finite-difference form as: 

[ 
'9(°i+1,j -ci,j) * __:.A(ci+l,j-I 

‘ 
C2,}-1'5’) * ‘" (°'i+1,.j+1 - °i,j+1) 1. 

Ax 

.-v.. '.. -._v..'. .'i..-_.. - - “g 
i-.4[ ""(°u.J+I Cid’) ” 

5;’-(°-.J °s.J-I) ‘” °(°i+1.j+I °i+I,5) 
Az - 

" " (°t+1,j ' °i+1,j—1) ‘ 
'33,; [Cid-l,J'+l '-2"°a+1»,j * °i+1,j-1 
2(Az)2



For an optimum numerical solution without numerical oscillations and dl5Per5i°nv 

Stone and Brian recommend the following values for 6 and e, with c — e/2 ,‘ 

a== d and mi= QV2. 

.....'..............(I+o) 

Therefore, the numerical Values of the weighting coefficients become: 

2 1 9”?’ g=T"=7} .‘...........(ln) 
a=c=d=-'1’:-; 

Knowing the concentration distribution at a station, say i, and using the no 
flux boundary conditions across the sidevwalls, the expanded version of Equation 
(38) can be solved for the concentration distributions at subsequent stations 
i+l, i+2, etc, by inverting the following matrix: 

I F -_ . g fi -r C. 5 qz 2 |-I-1,2 2 

- 1 

g 
-r E. H st" pa . qa ‘3 |+1.? 3 

- -r .e P“ an V.“ cm,” _ 5 
‘ \ |-"\ 

| 
—- 'l’ 

\ \ ‘ .4
: ‘ '\ ' \ '
I ,

. 

\ .\ \ I

: . \ \ ‘\ 
:

u \\ \ \ 1
I 

\ \ \ 
‘

' 

\ \ ' 
\ \ '

9 \ \ '
I 

.\ _'_ I 

‘_ ‘ 
C_+] 5.2:. 

Pm qm 
J 

I ,m_ m 
. J . ‘ 

C I U C C O I O I D C I I C O



where qj =. gL_ + Di,j j__ + Vi,j j__ (d ' C) (5=2.m) 
' Ax A22 A2 

“J 
‘ '% 213? 

* °-.1 “ Vi.J%'z-'-‘d "°‘3’”" 

rj = -% + om. £52 
- vi”. _1_2_.c (j=2,m-I) 

and 
' 

Sj = E’i’J._1 (pj +_Kex_) + Em. qj - 
_i_;_g'oi,5 + 

YALLJL 
(d-c) 

_ 

_ Z 

'+Ei,J.+] (Vj + 2.0 
_ 

‘ 

(j=2,m) 

The coefficients Vi] and Dij (given by Equation (37)) can be evaluated using 

the measured values of E, h-and E; and the computed values of W (see Eqn. (32)); 

The listing_of a computer programme to predict the concentration distributions 

of a tracer injected continuously in meandering channels using the measured 

values of E; h and E2 is given in Appendix A.
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2. Experimental Set up and Procedure 

As indicated in the last section, the object of the experimental 

programme of the present research is to determine the form of the function 

T€_ for meandering channels with realistic bottom configurations. The mean- 
, 

, . 

dering configurations chosen for the present experiments are shown in Fig. 3 

The width of the channel is kept constant at 30 cm. The centre line of the 

channels are sine curves which can be approximated by circular arcs and‘ 

straight reaches as shown in Fig, 3 . The amplitude of meander H, varied 

from 30 cm to ISO cm, whereas the wave length of meander X, remained constant A 

at l.83 m to satisfy the condition expressed by Equation (lh) between A and 

B. These channels were built one at a time on a sloping table measuring 

15.25 m x 2.h4 m.‘ The slope of the top surface of the table, in the long- 

itudinal direction is 1% while the same in the transverse direction is 0%. 

The general view of the whole set up with a meandering channel of amplitude 

30 cm is schematically shown in Fig. 4 . 

Water from the constant head tank of the laboratory flows through 

an inlet pipe and a diffuser into a head tank containing vertical baffles
A 

and smoothly enters into the meandering channel. At the downstream end 

of the channel, water passes through a tail gate down to a collecting 4’ 

chamber at the end of which there is a V notch weir to measure the flow 

rate. Water flows through the notch to the sump from where it is pumped 

to the head tank again. The flow rate is contnolled by a flow control 

valve at the inlet pipe and a rough estimate of the flow rate is made 

using an anubar flow meter mounted in the inlet pipe. 
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The vertical sides of the meandering channels are-made up of galvanized sheet 

metal while the bottom of the channel is covered with loose ottawa sand. The 

sand is initially molded evenly across the channel to a desired longitudinal 

slope and the equilibrium bed form, corresponding to a particular flow rate 

is achieved by letting the flow scour its own bed. A vibratory sand feeder 

is used to feed the sand at the upstream end to compensate for the amount of 

sediment transported by the flow to the downstream collecting chamber. with 

the flow rate kept constant, the equilibrium bed is formed usually after six 

to seven hours. Equilibrium bed is said to have formed when the configura- 

tions of the flow cross sections at corresponding sections of the various 

meandering cycles are nearly identical. Once the equilibrium bed is formed, 

water is drained away carefully without disturbing the bed forms and the bed 

is solidified using the procedure suggested by M, B. Khalil (7) (i972). 

According to this procedure, the sand bed is allowed to dry until its 

water content is about l0% of the total volume and a resin commercially 

known as ”Aerolite” mixed with equal weight of water is sprayed evenly foll- 

owed by a coat of dilute solution of formic acid, known as the “Gardener 

G.P.X“. The resin and the formic acid react chemically and a hard crust is 

formed on the top surface of the sand bed without altering the roughness char- 

acteristics of the sand bed. For full details of this solidifying procedure, 

reference should be made to the original paper by Khalil (7) (i972). 

The presence.of the secondary currents due to the bends in the 

channel causes the erosion of sand on the outside of the bend and deposition 

on the inside and hence the flow cross-sections exhibit a large variation of _‘ 

flow depth across the channel. The variation of flow depths at certain sec- 

tions (near the bends) is as high as 700% and this in.turn causes an enhanced 

secondary current.. Such a variation of flow depths in a cross section is not 

"noticed in the existing works on the dispersion studies in meandering channels.



As indicated in the Introduction, experimental flumes of Y. Chang 

( l) (l97l), H.B; Fisher ( 2) (1969) and P. Engman ( 3)(I974) had flat rigid 

bottoms and hence, the variation of flow depth across a section is only due. 

to superelevation, which is only of the order of a few percent and Chang 

completely neglected it. Hence, the secondary currents present in these 

channels are not realistic and hence dispersion processes governed by these 

secondary currents do not correspond to those in nature. To the authors'a“ 

knowledge, the present experimental set up is the only one so far to properly 

reproduce the variation of depth in a laboratory flume designed for the dis- 

persion studies. 

The bottom profile and the water level elevations at various locations 

across the flume at a particular section were measured using a point gauge 

which facilitated the determination of the flow cross-sectional area A, 

wetted perimeter P, the hydraulic radius R,and the flow depth has a function 

of 2 at that section. The longitudinal velocity component was measured by 

aligning a pitot tube tip parallel to the x-axis at a particular section 

and at various locations along y- and z-axes, respectively, which allowed 

the determination of the depth average longitudinal velocity component 

ulas a function 2. Knowing h and E, the depth average transverse velocity 

Component Q; is computed using the finite difference form of Equation (32). 

For the concentration measurements, saltcsolution was used ;d 

as the tracer. It W65 mixed'with methonal“fo-make it neutrélly buoyant 

The concentration of the tracer solution is 62.5 gm/litre. It has been 

injected continuously at a point in the flow with the same velocity as the 
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flow from a constant head injection apparatus. Fig.5 shows schematically 

the arrangements of the constant head injection apparatus. The constant 

flow rate coming out of the orifice freely falls into a cylinder which is 

connected to the discharge nozzle in the flow by a tygon tube." The velocity 

of the tracer at the exit of the nozzle was:adjusted to.mat¢h the ve]°¢ity 

of the fluid surrounding the nozzle by controlling the flow rate of the 

tracer from the tank. This could be achieVed,by either varying the postion 

of thehollow air vent tube or by varying the opening of the orifice. The 

constancy of the tracer flow rate could be checked by the constancy in the 

established tracer level in the cylinder. 

The concentration of the salt-methonal mixture was measured using 

a single electrode conductivity probe of the type used by R.S. McQuivey 5 

T.N. Keefer ( 3) (i972). This probe operates on the principles that when‘ 

a large and a small electrode are immersed in an electrolyte solution, 

the resistance between the two will be governed by the volume elements ad- 

jacent to the small electrode. This theorywas proposed by C.H. Gibson 8 

W.H. Schwarz ( 9) (I963). The construction details, the bridge circuit3i 

to be used in.conjunction with this probe, the calibration and the oper- 

ational details are explained in a laboratory report by F. Dunnett (lo) (I975), 

The concentration of the salt=methonal mixture was measurédpby 
using the conductivity probes at the same locations where the longitudinal 

velocity com onent was . d. ' 

' ~ ~ * 
. 

7‘ ' 

VP measure and an average value over the depth C computed, 
Knowing h, u, w and C, the dispersion coefficient E can be determined as ,2 

> >

3 

indicated earlier in Section lb. 
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it should be noted that for the determination of E2, in addition to_ 

knowing h, E} J and E, the variation of E2 with 2 should also be known. 

At the present state of knowledge, a theoretical prediction of the var- 

iation of E; with z is not possible and hence, it is customary to make — 

certain assumptions regarding the dependence of E2 on 2. Equation (28) 

expresses four of such possible relationsffor.§z. :The first relation 

states that the variation of E; along 2 is identical with that of h, 

whereas, the fourth relation indicates that the variation of E; is 

identical with that of U: In the second relation, the variation of E; . 

is assumed to be the same as that of the product of h and U. in the 

third relation, 52 is assumed to be constant across the width of the channel 

Depending on the assumption used for the variation of E;, a different 

dimensionless dispersion coefficient will result for the same flow con-h 

ditions. ‘The difference results from the fact that the expression for 

fi(x) in Equation (29) will be different for different expressions of 

E2. The superiority of one assumption over-the other can be ascertained 

from the linearity of the plots between V{02(x) - G(x)} and Fi(x). 

The hydraulic conditions of the flows tested in this experimental 

programme are summarized in Table i. For each flow condition, the flow cross- 

sections, the_velocity and concentration distributions are shown in Figs; 6 

- to l2. The data from which these figures were plotted are given in Appendix B. 

The evaluation of the dispersion coefficient E2 is carried out using these 

measured data as follows. 

The values of o2(x) and G(x) as given by Equations (30a) and 

(Ska), respectively, remain the same for all the assumptions regarding 

the variation of E; with z. The values of Fi(x), on the other hand, 
29 "
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EA§LE_l SUMMARY OF HYDRAULIC DATA 

Run No. ‘H/B 
. 

Average Hydraulic Average. flow Average shear B»/R 8 
‘ Radius R in cm velocity U velocity v_._ 

In cm/s in cm/S 
" .u2 

1 
I 

1.0 2.85 ‘26.3 3.75 . 10.5 .162 

2 2.0 1.89 26.8 3.07 15.9. .105 

3 2.0 _3.951 31.1 11.1111 7.6 .163 

1. 2.0 2.91 30.1 11.85 10.2 .208 

5 13.0 3.311" 27.8 5.12 
, 
9.0 .271 

6 3.0 2.59 22.53 _. 3.111 11.6 ‘.156 

7 5.0 43.01 32.1 3.61 10.15 .101
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. V 
. 

. 

A. 

+B/2 

. 
_ 

_depend on the assumption used to describe 32. Equation (30c) gives the 

value of fi(x) when 32 is expressed by the first of the four poss_ibilities~ 

expressed by Equation (28) and Equation (33) then gives the value of the 

dimensionless dispersion coefficient Oil. The values of ff(x) for the 

remaining expressions of 82 become: 

+B/2 _ _-- 
I hh2u3Czdz 

-3/2 .f2(x) ~= ...V.....|(lll-I) 

+B/2 

I huC dz 

5'2‘ 

f3(x) =_ 3” - .i 
. . . . (us) 

+B/2
4 

j. 
h u E dz 

-B/2 

+B/2 _ «_ 
h h H u 3C 2 dz 

-B/2 
1 5; 

'fu(x) ?* 
. . . . . . . . (h6)u 

+B/2 _..
' 

h u C dz 
-B/2 

. and the corresponding dimensionless dispe-rsion coefficients ((1., i=2,3 ll) 
. 

I 
— ’ 

are evaluated using Equation (33) with appropriate values of F.(xA)l. A
I 

computer program as 'tt 
i‘ 

I 
2

. e w WI‘! en to eva 5J§te'O (X), G(x) and Fi (x) usmg



the trapezoidal rule for the integrations. A listing of the programme is 

given in Appendix C. The values of og(X). G(X) afld Fi(X) for all the 'U"5 
are tabulated in Appendix D. 

The plots between {q2(X) - G(x)} and Fi(x) for various assumptions 
of E2 and for various runs are shown in Figures (l3 to l9) and the resulting 
dimensionless dispersion coefficients as are summarized Table 2. A full 
discussion of the results of the present experiments will be taken up next 
in the following section. 
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SUMMARY OF MEASURED DIMENSIONLESS DISPERSION COEFFICIENTS l’.‘.'E_2. 

Run No. H/B ‘B/R f = :2 = '52 ‘ 
32. 

‘t 

= E2 T E T5,‘ T5 

1 1.0 10.5 .162 .075 .020 .0211 .0035 

2 2.0 15.9 1.105 .075 .028 .0131 .0018 

3 2.0 7.6 .163 .100 .025 .01 110 .0035, 

"11 "2.0 10.2 .208‘ .163 .055 .-0186 .0060‘ 

5 
I 

3.0 91.0 .271 .22-5 .056 .0125 .0032 

6 3.0 11.6 
A 

.156 .200 
5 

.0115 .0093 .001-0 

.7 5.0 
' 

10.0 .101 .131 .028 .0062 .0008



3. Discussion of Results 

a. Flow cross-sections: 

Figs. 6a to l2a depict the flow cross-sections at various, 

locations along the channel for all the runs. It can be seen from these 

‘figures that the flow cross-sections vary along the length of the channel 

in a cyclic manner. As indicated earlier, the channel is deeper in the 

outside of the bends and shallower inside, and hence the deeper and 

shallower portions interchange gradually. Because of this gradual inter- 

change of the deeper and shallower portions, there are sections along the 

channel where the bottom is almost flat. (See Sections l and 9 in Fig. 6a). 

It can also be noted from the cross-sections for various values of H/B, 

the meander amplitude to channel width ratio, that as H/B increases, 

the deeper portions are confined to sections close to the curved portions 

of the channel only and the length of the channel where the bottom is 

more or less flat becomes considerably larger compared to the channels 

with lower H/B ratios. 

b. Velocity Distribution: 

The depth average velocity vectors at various locations along the 

channel for all the runs are shown in Figs. 6b to l2b. As indicated earlier, 

the depth average transverse velocity components were determined from the depth 
average continuity equation using the measured values of the longitudinal 

velocity components and the depths. It can be seen from these figures that 
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the transverse velocity components'are larger in sections near the bends, 

and hence, in channels with higher values of H/B, the convective transport 

due to the transverse velocity components are considerably larger in the. 

bends, than in the straight reaches. 

It should be pointed out here that the measurements were carried 

in stations, four or five meandering cycles downstream, thereby pro- 

viding enough distance for the flow to stabilize. It was noticed that the 

velocity and cross-sectional distributions were similar in sections separated 

by one meandering wavelength, when the-flow is fully stabilized. 

c. Concentration distributions: 

The measured concentration distributions are shown in Fig. 6c to 

l2c for all the runs. .The location of the injection of the tracer soiution 

is shown by a cross X in these figures. The tip of the injection unit is 

aligned with the direction of the flow at the injection point in order to 

minimize the initial mixing. it can be seen from these figures that:the 

concentration distributions become very nearly uniform within one meandering 

cycle. 

The large convective transport due to the transverse velocity 

components in the bends, is responsible for such rapid mixing in meandering 

channels and hence, the variation of the cross-sectional shapes along the 

length of the stream which_gives rise to the transverse velocity components, 

in addition to the curvature of the bands, is a major governing factor for 

"the mixing of the pollutants in natural streams.
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d. Determination of ,t,h,e.,dispejrsion coefficients 

As indicated earlier, in Section 2b, the effects of the transverse 

velocity components (G(x))_were subtracted from the total spread of the. 

tracer flux (o2(x)) and a dispersion coefficient was defined to account for 

the turbulence and variation of the transverse velocity over the depth of 

the flow which had to be determined from the experimental measurement of 

flow cross-sections, velocity and concentration distributions with some - 

assumptions for the variation of dispersion coefficient across the width 

of the channel. Figs. l3 to l9 give the graphs between 
[ 
o2(x) r G(x)] 

and F,r(x) for all ‘runs, which facilitate the de«ter‘m'ination of the dis-
' 

persion coefficients. lnfthese figures, straight lines are drawn through 

the experimental points whose slopes are equal to two times the dimensionless 

dispersion coefficients ai. For each run, there are four lines, each re- 

sulting from a particular assumption for the variation of the dispersion 

Acoefficient with z. It has been mentioned earlier that_if the variation 

of E; with z is correctly represented, then the graph between[4U2(x) - G(x)] 

and Fi(x) should be a straight line, and this fact can be used as an in- 

dicator for establishing the superiority of one assumption over the other. 

By-looking at Figs. l3 to 19, it can be concluded that the scatter of the 

experimental points from the straight lines drawn through the points is 

of the same order of magnitude for all the graphs and hence, it is not 

possible to say from these figures as to which expression of Ez.represents"’ 

the true variation of E; with z.
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e. Determination of the function W;
2 

The object of the present research is to establish the form of
l 

the function E; which inditates the dependence of the dispersion coefficient E .

.

z 
E’ on the hydraulic characteristics of the flow and flow geometry. Referring Z . 

to Equation (16), for a particular assumption of the variation of E; with z, 

the dimensionless dispersion coefficient (.3;/hv*) is expressed as a 

function fggz) of the friction factor f, the amplitude to depth, and the 
width to depth ratio. This can be written in a different but equivalent 
form as: 

(1
“ 

In Figs. 20 to 23, the values of mi P10tted against H/B. ax 3PP€3T5 t° 

increase slightly with H/B, whereas, as-and-aniare decreasing 
as H/B increases. Values for a2 rexhibit rather large scatter and it is 

difficult to infer how it should vary with H/B. The absolute values of 

egsin all cases increases with increasing values of H, even though the 
rate of increase decreases as H becomes larger and larger. No attempt 
has been made to establish the effect of f and B/R on ai's since there 

are not enough experimental points. B/R values for the experimental data 
vary from 7.6 to 15.9, where the values of f range from ).iOl to 0.27]. 
Even though both f and B/R have influence over the mixing processes, it 

was felt that the effects of H/B would be considerably larger than those 
of f and B/R. Indeed, the variation of H/B alters the distributions of 
the transverse velocity components in the vertical, which alters the 
differential convection andzconsequently, the dispersion coefficient. 

Referring to Figs¢ 20 to 23, aaexhibits the ieast.amount of 
scatter of the experimental points. It should be noted that Q 
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from the assumption that the transverse dispersion coefficient 2; is con- 

stant across the width of the channel. Since it is difficult to establish 

the variations of E; with z from the Figs. 13 to l9, and since as yields 

a better co-relation with H/B, than the other dimensionless dispersion 

coefficients, it can be concluded that for all practical purposes, the 

transverse dispersion coefficient E; can be assumed to be constant across 

the width of the meandering channel. At this point, it is interesting to 

refer to_the work of F. M. Holly, Jr. and D. B. Simons (ll) (I975) who 

measured dispersion in trapezoidal channels and obtained values of E; by 

simulation. They also found best agreement between simulated and7 

measured concentration when E; was assumed to be constant across the 

channel. Another advantage in treating E;=as independent of 2 lies in the 

fact that the computation of the dispersion coefficient, using the general- 

ized change of moment method, is relatively simpler. 

Knowing the variation of a3 as a function of H/B, given in 

Fig. 22, and knowing the initial and boundary conditions, the concentration 

distribution of a pollutant in meandering channels can be predicted using 

the numerical method described earlier in Section Zc. Using the concentra- 

tion distribtuion measured at the first section as the initial condition and 

using the measured value of as the concentration distribution at the remain- 

ing sections were predicted for all the runs as shown in Figs. 6c to l2c. 

It can be seen from these figures that a reasonable agreement exists between 

the measurement and the predictions.‘
V 

I 

In most of the existing studies on the measurement of the trans- 
Verse dispersion coefficient E;, it is customary to lump the convective 
transport due to the time average transverse velocity W together with the 
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dispersive transport and calculate an overall dispersion coefficient. An 

_inspection of the values of G(x) in tables in Appendix D which represent the 

cumulative effect of transverse velocity W'aiohg the length of the channel, 

indicates that both O2(x) and G(x) are of the same order of magnitude. 

This implies that the magnitude of the convective transport is of the same 

order of magnitude as the dispersive transport and is one reason why field 

measurements all reported much larger values of transverse dispersion than 

flume values. Lumping the convective transport and dispersive transport 

together has the following disadvantages. First of all, by lumping the 

convective transport with the dispersive transport and calculating the 

dispersion coefficient it is implicitly assumed that the convective trans- 

port can be given by a gradient type expression similar to egn. (20). At’ 

present it is not possible to say whether it is so. Secondly, the convective 

transport changes its direction along the length of the channel, sometimes
I 

acting in the direction of the dispersive transport and sometimes in the 

opposite direction. inclusion of convective transport with the dispersive 

transport, therefore would result in a large scatter in Figs. (l3 to l9), 

thereby making it difficult to evaluate a reliable value for the dispersion 

coefficient. lFor'these reasons, in the present research the effect of 

transverse velocity is subtracted from the total spread and hence the re- 

sulting dispersion coefficient accounts for only the turbulent diffusion and 
the differential convection which, at the present state of knowledge, are 

not possible to predict. 

f. Conclusions 

From the present experimental programme on the transverse dis- 

persion in meandering channels, the following conclusions can be drawn.
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l. The variation of the flow depth across the width of a 
meandering channel with movable bed is large and plays 
an important role in setting up transverse currents, 
thereby affecting the dispersion processes. 

2. The convective transport in the transverse direc- 
tion is of the same order of magnitude as the trans- 
port due to dispersion. 

3. The transverse dispersion coefficient 5 can be " treated as being independent of 2; 

h. The variation of the dimensionless dispersion coeffi- 
' cient a3 Can be represented by the curve shown in Fig. 28. 

7 5. Prediction of concentration distribution of a pollu- 
tant in meandering channels can be achieved using the 
numerical method described in the report. 

g. Suggestions for future research 

I. ‘The friction factor f and the aspect ratio B/R were 

not held constant for the different runs. Even though these two parameters 

may not be as significant as H/B, their effects ought to be investigated. 

2. More detailed measurements of the secondary circulation 

should be carried out to study the extent of the influence of the bends. 

:3. Methods for the calculation of transverse spreading in 

natural streams where combinations of irregular meanders and straight 

reaches exist ought to be investigated.
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APPENDIX A 

Liéting of a computer orogramme which solves the depth average mass balance 

equation, i.e. Equation (22), to predict the concentration distributions in 

meandering channels-

60



LN 0001 C THIS P"<’.-'}GRAM SOLVES THE DEPTH. AVERAGED VERSION OF THE DIFFUSIONAL 
LN 0002 .c EQUATION WHEN THE LONGITUDINAL DISPERSION IS NEGLECTED5 
Lf 003 . 

L _000_ DIMENSION U(18o13)oHT(1So13),H(18c13),WHT(13913),CONC(18§1319_ 
LN 0005 ‘ 1Ar13z,0(13»,c113»,0¢13>.x<15).E<10.13:.5TA(10.13> 
LN 0006 01NsNs1oN HR(25),AU(25) 
LN 0007 - 

' DIMENSION H1(25.13) 
LN 0008 N=17 
LN 0009 M=13 
LN 0010 N1=N-1 
LN 0011 51=N-1 
LN 0012 M2=M-2 
LN 0013 _ M3=M-3 
LN 0014 “" N2=11 
LN 2015 NIN;3 
LN 0015 ' NR=1 
LN 0017 NIN1=NIN+1 
LN 0015 . AHR=2.8S 
LN 0019 AVSTAR=3.7S 
LN 0020 BK=2.5 
LN 0021 

_ 
AK=2.5/AHR 

LN 0022 ‘ ‘H=22.5/Ana 
LN 0023 Q=2a32.0 
LN 0020 H2=30.0 
LN 0025 v=30.00 
LN 0020 ALN0A=130.00 
LN 0027‘ H1V=H2/V 
LN 0020 sL=0.0051e 
WL 

' 029 R=H/AK*¥2 
E' 030 P:2.5/22.5 
;LN 0031 c To GENERATE H1 VALUES 
LN 0032 RC=67.50 ‘ 

LN 0033 00 1 I=1.2 _ 

LN 0034 00 1 J=1sH ‘

. 

LN 0035 1 H1(I.J)=(RC-((V/2.0)-(J-1)*BK))/RC 
LN 0036 I=3 
rLN 0037 , _ 

no 2 J=19M 
LN 0030 

' ‘ 

2 H1¢I.J)=1.00 
LN 0039 00 3 1:9.6 
LN 0000 no 3 J=1,M 

V V LN 00l+1 ~ 3 H1(IoJ)=(RC+( (V/2.0)-(J-1)”‘B_K)),/RC 
"LN 0042' " I=7 ‘ 

LN 0003 no 0 0=1,N 
LN 0000 4 H1(I.0)=1.00’ 
LN 0005 00 5 I=0.10 
LN 0005 ' no 5 J=1.N 
LN 0007 5 H1(I.J)=(RC-((V/2.0)-(J-1)*BK))/RC 
LN 0000 - 1:11 
LN 0049 00 0 J=1.N 
LN 0050 5 H1(I.0)=1.00, 
LN 0051 00 70 x=12110 
LN 0052 ‘ 00 70 J=1.N 
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LN 0053 . 

' 

70 H1(I.J)=(R0+<tv/2.0)-(J-1L+0K)>/R0A 
LN 0050 1:15 
L_ 55 00 00 J=1.M 
LN 056 1 . .80 H1(IoJ)=1;flU 
LN 0057‘ 00 90 1:16.18 
LN 0050 

> 
00 90 J=1.N . 

LN 0059 V 90 H1(I.J)=(RC-((V/2.0)-(J*1)*BK))/RC 
LN 0060 - coNc(NIN.1L=0.560 
LN 0061 >coNc(NIN.M)=0.000 
§LN 0062 READ(60.201) (c0Nc(NIN.J).J=2.M1) 
[LN 0063 00 10 I=1.N .

_ 

;LN 0060 E(I.1>=0.00 
LN 0065 £(I,N)=0.00 
iLN 0066 w(I.1»=0.00 
LN 0067 w¢1.N)=0.00 
JLN 0060 ‘ NHr(I.1):0.00 
LN 0069 NHr(I.N2=0.00 
LN 0070 . u(I.1)=0.00 
LN 0071 10 u(I.M)=0.00 
LN 0072 201 r0R90r(11F7.3L 
LN 00Z3 6.300 EORHAT(1HOoI1Ds13F9.3) 
LN 0074 -G=2./3.-V . 

LN 0075 TH=1./3. 
LN 0076 EN=1./6. 
LN 0077 AE=D.2S 
LN 0075 EP=0.50 
LN 0079 ’ c5=0.25 
LN 0000 0£=0.2s . 

L 081 . 00.9 I.=1o,_N 
L 002 ‘ 9R£A0(60.202> (u1I.J:.J=2.M1) 
LN 0083 9 CONTINUE 
LN 0004 202 FORMAT(11F7.2) 
LN 0085 00 0 I=1.N 
LN 0086 REA0(60.203)(HT<I.a).J=1.N) 
LN 0087 0 CONTINUE 
LN 0083 203 FoRNAr¢13F6.2L 
LLN,O089 00 7 1=1.N LL - 

LN 0090 R£A0(60.20a),HRrI),AurI) 
LN 0091 7 CONTINUE 7 

LN 0092 204 FoRMAT<2F10.3> 
LN 0093 . , NRxrz(61.900) 
LN 0090 9 400 roRNArL1H1) 
_LN.UD95 wRIrE(61.40u) NR 1 

LN 0096 400 FORHAT(51Xo¢HEANOERING FLUME DISPEQSION RUN NUMBER=¢,I3) 
LN 0097 _ w91Ta(61.005> 
LN 0090 u0s9F0RNA1(1H .25x,¢NEAN0sRIN0 cuaaacraalsrxcsx,7x,:H/9=¢.13x.z3=¢,’ 
LN 0099 113X.tL=t)' __

' 

LN 0100 wRITE(61o#06) H1v.v.ALN0A 
_LN 0101 406 FORMAT(1H+,62X,F5.2.1UX,F6.2o10X,F7.2) 
LN 0102 N91I£(61.407) ‘ 

LN 0103 007 FORMAT(1H .25X,tFLOw CHARAGTERISTICSt.1SX.¢Q=t.13X,ts:¢) 
010‘; NRITE(61g"+08)_ Q1SL
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1
1 

LN 0105

~ 

7 
000 FORMAT(1H+,52x,F7.2.10x,r7.5) 

LN 0105 w2ITE«e1.A09) _ 
. . 

LN 0107 n09 F0RNAr(1H‘.25x,zBE0 CHAQflCTERISTICSt.12X,tSCOURED av FLOW AN0_ 
1 00 1sTAaILIzE0¢) . . 

LN 0109 NRII5(51.u00)
_ 

LN 3110 wRIIE(51.001) . 

- - - » «

. 

LN 0111 001 FORHAT(1X.tTHE DEPTH AVEPAGE LONGITUDINAL VELOCITY coMPoNENTs¢) 
%LN 3112 1002 FORHAT(1X,¢THE DEPTHSI) - 

RN 0113 403 FORMAT(1Xs¢THE OEDTH AVEQAGE TRANSVERSE VELOCITY COMPGNENTSII 
LN 0114 waITa(61.a10) 0 

LN 0115 #10 FoRNAT(1ex.¢0t.sx.r1t.8x.¢2z.ax.z3t.ax,tur.8x,¢5¢,0x,¢et.ex. 
\LN 0115 ’1¢7¢.8x.t3¢.8x,t9#.0x;¢10¢,8x,t11¢.ax,¢12¢) 
0N 0117 413 FORMAT(1X,tTHE METRIC COEFFICIENTS!) 
gLN 0118 00 12 I=1.N 
lN 0115 wPITE(61o300) I.1u(I.J).J=1.Nn 
§LN 0120’ _12 CONTINUE - 

1LN»0121 WRITE(61sk00) 
ELN 0122 wRITE(61o418). 
LLNA0123 _N9IIEc51.u10) 
ELN 0120 00 30 I=1.N . 

iLN 0125 wRIT:(51.300) Is(H1(I1J)sd=1¢M) 
LN 0126 38 CONTINUE _ 

LN 0127 NRITE(51.u00) 
LN 0123 NRITE(61s4C2) 
LN 0125 wRITE(61.h10) 
LN 0130 00 13 I=1.N 1 

LN 0131‘ HRITE(61o300) I.(HT(I.J).J=1.N) 
LN 0132 13 CONTINUE ' 

LN 0133 00 14 I=2.N1 
L 134 00 14 J=2.M1 - 

'

- 

L’ 135» 14 wHT(IoJ =NHr(I.J-1)-P4(u(I+1.J)+HT(I+1.J)-u(I-1.J)*HT(I—1.J)2/2.0 
LN 0135 no 15 I=2.N1 ' “ 

LN 0137 00 15 J=2,N1 __ 
LN 01350 

‘ 

15 H(IsJ)=4.U*wHT(IoJ)/(HT(IoJ)*H1(IoJ)+HT(IsJ—1)*H1(IqJ€1)+HTII-1aJ) 
LN 0139 1*H1(I-1oJ)+HT(I+1aJ)*H1(I+1oJ)) ‘ 

LN 0140 wRIT5(61.~00) . 

[LN 0101 wPITE(61o#03) ' 

LN 0142 wRIT5(51.410) 
LN 0103 00‘15 I=2.N1 
LN 911+‘? NRITE(51930U) I9(W(I9J)9J=l9M) 
LN 0105 16 CONTINUE 
LN 0105 no 17 I=2.N1 
LN 0107 00 17 J=1sM 
LN 0145 U(IqJ)=U(IoJ)/AVSTAR 
LN 0145 N(I.J)=N(I.J>/AVSTAR 
LN 0150 ETA(I§J)=HT(IoJ)/AHR 
LN 0151 17 CONTINUE 
LN 0152 wRITE¢51.«00) 
LN 0153, wRITE(51.u01) 
LN 0150 NRITE(619§10) 
LN 0155 00 10 I=2.N1. 
LN 0155 wRITE(51.300) I.(u(I.J).J=1.N) 

_‘
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N 3157 16 CONTINUE 
_N 3153 wRIT~:(61'.¢.0U) 
.N 50 . . 

NR1TE(61.«03) 
,N_«_6D_ NEITE(61.410) 
N 0161 _ _ no 19 I=2.N1 - A0 __ 
LN 0162 w?ITE(61o300I Io(N(I§J3oJ=1oM) 
.N 0163 19 CONTINUE 
.N 0164 w?ITE(61oHCO) 
.N 0165 NRIIE(61.u02T 
.N 0166 HRITE(61o§10) 
.N 0167 , 

00 20 I=2.N1 
-N 0166 . wRITE(61o3GC) Is(ETA(I.J),J=1.M) 
.N 0169 20 CONTINUE 22 1 

.N 0170 . 

_ 

00 21 I=2.N1 
_N 0171 00 21 J=2.M1 . 

-N 0172 21 E(IaJ)=E.G30*HR(I)*AU(I)/(AHR*AVSTAR) 
LN 0173 C THE ELEMENTS or THE TRI-DIAGONAL MATRIX -A93»-C. 
LN 0170 c B-VALUES ARE THE.DIAGONAL-ELEMENTS. 
N 0175 C c-vALUEs ARE.THE UPPER DIAGONAL 

LN 0176 c A-VALUES ARE THE LOWER 01A60NAL -’ 

LN 0177 - NR1TE(61.a00) 
LN 0176 wRITE(61o#11) ‘ 

. 

'

_ 

LN 0179 ‘ A11 FoRNAT(1x,¢0EPTH AVERAGE CONCENTRATION or THE TRACER!) 
LN 0160 NR1TE(61.410> ‘ 

LN 0161 I 20 wRITE(61.E0O) (coNc(N1N.J).J=1.MT 
LN 0162 2,2 500 FoRHAT(10x.13F9.3) - 

LN 0163 _ 00 22 K=N1N1,N2 
LN 0166 C THE B VALUES. 
LA 165 00 26 I=2,M1 
L’ .166 ~ coN1=((H1(K,I)+H1(K-151))+(N(K.I)+N(K-1.1))/(2.0*(U(K.I)+U(K-1.1)) 
LN-0167 1))-((E(K-1.I+L)rE(K-isI-1)+E(K9I+1)—E(K.I-1))*(H1(KoI)+H1(K-1oI))/ 
LN 0166 21(UTK.I)+U(K+1.I))*A.0*AK)2-1(ETA(K~1.I+1)-ETA(K-1.I-1)+ETATK.I+1) 
LN 0169 3-ETA(K,I-1))*(H1(K.I)+Hi(K-1qI))*(E(KoI)+F(K-1:1)I/((U(KoI)+U(K-lg 
LN 0190 41))*(ETA(K.I)$ETA(K-1.1))*&.*AK))-((H1(K--sI+1)-H1(K-1,I-1)+ 
LN 0191 5H1(K.I+1)-H1(K.I-1))+(E(K.I)+£(K-1.I))/((U(KqI)+U(K-1.I))*9.*AK)) 
LN 0192 ‘ coM2:((H1(K.1)+H1(K-1.1))¥(E(K.I)+E(K-1.1)T/((U(K.I>+u(K>1.I))*2. 
LN 0193 . 201) _ _ 

LN 0194 B(I)=(G/H)+(COM2/AK*‘2)+(COM1*(DE-CE)/AK) 
LN 0195 C(I)=(-EM/H)+(COME/(2.Q*AK**2))-(COM1*CE/AK) 
LN_0196 A(I)=(-TH/(2.0*H))+(COM2/(2.U*AK**2))+(COM1*DE/AK) 
LLN 0197- B1=8(I)-2.04((C0M2/AK“*a)+(C0M1*(DE-CE)/AK)) 
LN 0196 C1=C(I)+2.0*EH/H ‘

' 

LN.0199 A1=A(I)+TH/H - 

‘ 

. . 

LN 0208‘ D(I)tCONC(K¥1,I-1)*A1+CONC(K-1.I)*B1+CONC(K-1,I+1)*C1 
LN 0201 26 coNTINUE 
LN 0202 8(2):-A(2)+B(2) 
LN 0203 B(M1)=8(M1)-C(H1) ‘

_ 

LN 0200 c THE SOLUTION OF THE SIMULTANEOUS EQUATIONS USING ARTS 
LN 0205 . 

_ 

L=N-1- - 

LN 0206 CALL ARIS(A.ByC§DyL{X)' " “ A *
- 

LN 0207 c To GET THE coNc VALUES AT THE NEN sEcTIOr 
LN 0206 00 30 I=2.M1

” A



LN 0209 3aycoNc<K;I)=x<I» 
LN 9210‘ coNctK.1)=coNc(K,2>_ 
LN 9211 coNc(K.4)=coNctK.N1) 
L 12 xc1)=coNc(K.1L L 

LN -213 X(M)=COHC(KoH) _. * 

LN 321a HRITE(6i.3U0l-Ko(CONC(KsI)sI=1.M3 
LN 0215 22 CONTINUE 
LN 0216 STOP 
LN 0217 END 

‘USASI»F0RTRAk‘UIAGNCSTICAQESULTS FOR FTN;MAIN 

NO ERRORS



LLN 0301 c SUBROUTINE ARIS * 

'

. 

LN-0002 0 THIS su00ouTINa SOLVES THE %IMuLIANE0us EQUATIONS USING Gauss; 
LN 003 C ELIMINATION METHOD 
L. ~00 1 SUBROUTINE ARIs(A.B.c,0.N.x» « 

LN 0005 - 0IMaNsI0N»A(u1).0(41).c(u1+.0(~1).x(q3).ALPNA(Lx).s<u1I 
LN 0005- »”‘ vi - 

I -I 
VLN 0007 00 10 I=3.N 
LN 0000 10 ALPHA(I)=B(I)-(A(I)*C(I-1)/ALPHA(I-1)) 
LN 0009 s(2)=0(2) 
LN 0010 00 11 I=3.N 
LN 0011 _ 11 
LN 0012 X(N)=°(N)/ALPHA(N) ‘ 

LN 0013‘ N1=Ne1L_ 77 
LN_001u ” ‘oo 12 I=2.N1 ' 

LN 0015' I«' II=N1+2-I 
_ , 

LN 0015 12 X(1Il=(S(II)+C(II)*X(II+1))/ALPHA(II) 
LN 0017 RETURN 
LN 0018 END 

USASI FORTRAN DIAGNOSTIC RESULTS FOR ARIS 

. No ERRORS 
gL00 

: 66



. APPENDIX B 

Meésured depth, velocity add contéhtration distributions ih meandering 

channels.

67



RUN N0. 1 

_Metric Coefficients hi 

SECTIONS ALONG z 
"R34 . . -_ 

_ _ 

' 

« 
’ 

LB* 
1 

» 

V 

2 
9 3 V4 . 5 6 7 - 8 . >9 . 10. 11 12 13 

—a .222 1 _0.778 0.815 0.852 0.889 0.926 0.963 1.000 1.037 1.074 1.111 1.148 1.185 

.’2; 0.778 0.815_0.852 0.889 0.926 0.963 1.000.1.037 1.074 1.111-1.148 1.185 1.222 

—o ._3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .000 

~ 4 _1.222 1.185 1.148 1 111 1.o74 1.o37 1-ooo o 963 0.928,0.889 0.852 0.815 0.778 

5 1.222 1.185 1.148 1.111 1.074 1.037 1.000 0.963 0.926 0.889 0.852 0.815 0.778 

‘6 1.222 1.185 1.148 1.111 1.074 1.037 1.000 0.963 0.926 0.889 0.852 0.815 0.778 

7 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

8 0.778 0.815 0.852 0.889 0.926 0.963 1.000 1.037 1.074 1.111 1.148 1.185 1.222 

SECTIONS 

ALONG

X 

9 0.778 0.815 0.852 p 889 0.926 0.963 1.ooo 1.037 1.074 1.111 1.148 1.185 1.222 

10 0.778 0.815 0.852 0.889 0.926 0.963 1.000 1.037 1.074 1.111 1.148 1.185 1.222. 

I 

11 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

12 1.222 1.185 1.148 1.111 1.074 1.037 1.000 0.983 0.926 3.889 0.852 0.815-9.778 

13 1.222 1.185 1.148 1.111 1.074 1.037 1.000 0.963 0.926 0.889 0.852 0.815 0.778 

14 1.222 1.185 1.148 1 111 1.074 1.037 1.ooo o.§63 o.92e .0.889 0.852 0.815 0.778 
15' 1.ooo 1 ooo 1.ooo 1 ooo 1 ooo 1 ooo 1 ooo 1.ooo 1.ooo 1.ooo 1.ooo 1.080 1 ooo 

16 o 778 0.815 0 8;; 0.889 0.926 0.963 1 ooo 1.o37 1_o74 n.111 1.148 1.185 1.222 

17 0.778 0.815 0.852 0.889 0.926 0.963 1.000 1.037 1.074 1.111 1.148 1.185 1.222 

INJECTION Is AT SECTION: 1 53 * RB '- Right Bank 
. » 

' LB - Left Bank



RUN N0.l 
. Flow depths h (in cm) 

SECTIONS ALONG z 

RB* 1 _ , 

v 
‘ ‘ 3‘ 

_ f _ 

LB* 
1- 32 - 1 3 4 5 6 1 

7 '8 9_ -10 11 
. 

12 13 

1 

A 

3.600 3.750 3.020 2.600 3.000 3.400 3.600 3.420 3.100 2.900 2.900 2.900 2.950 

.2 8.200 7.000 5.200 3.950 3.200 2.520 2.180 2.100 2.100 2.100 2.100 1.750 1.300 

3 7.700 7.650 5.400 4.800 5.200 4.750 3.900 3.120 2.700 2.350 2.350 3.200 3.800 

4 4.600 4.400 4.150 3.800 4,000 5.100 5.430 5.100 4.450 3.500 3.150 4.450 5.320 

5 3.150 3.150 3.150 3.150 3.150 3.200 3.300 3.600 4.400 5.700 7.350 3.700 10.000 

U\ 6 1.400 1.450 1.500 1.700 1.800 1.950 3.880 5.200 4.000 4.400 .380 7.200 7.400 

7 1.650 1.600 1.300 1.200 1.400 1.700 3.390 4.900 5.000 +.900 +.050 1.200 1.500" 

U1 8 2.950 3.350 3.950 3.600 2.650 2.700 3.000 3.000 3.500 4.000 .330 5.150 3.750 

9 3.600 3.600 3.600 3.400 3.000 3.300 3.200 2.800 3.050 3.500 3.800 8.700 1.500 SECT|0NS.AL0NG 

#1 

10 7.700 7.050 5.000 3.750 2.840 2.840 2.820 2.900 2.800 2.500 2.000 1.600 1.500 

11 8.900 8.600 7.000 5.200 3.500 1.700 1.400 1.400 1.360 1.360 1.370 1.750 1.800H 

12 1_4.770 4.770 4.200 3.620 3.100_3.100 3.800 4.400 3.100 2.550_3.150 3.950 4.600 

13 0.100 3.500 2 900 2.460 2.000 2.500 2.700 2.980 3.100 3.550 A 500 0.800 5.200 

14 1.800 2.200 2.600 2.450 2.300 2.200 2.200 2.250 2.300 3.800 6.120 7.300 8.200 

15 1.700 1.900 1.350 1.250 1.500 1 700 1.900 2.050 2.800 u.550.6.150 7.000 8.750 

16 4.700 4.100 3.200 2.300 1.950 2.100 2.900 3.5203.820 4.200 4.500 5.050 5.700

d 17 2.600 3.100 3.700 3.620 3.200 2.850 2.850 3.000 3.400 3.400 3.200 3.600 4.250 

INJECTION 15 AT SECTION: 1 69 
* RB '- Right Bank? 

. 

LB - Left Bank



RUN NO. I 

lbpth average longitudinal velocity components If (in cm"/s) 

01 

SECTION5 AL0110 21
_ 

RB=' 
6 

_ 

_' ' LB* 
1_ 2 3 11 5 6 7 8 9 10 11 « 12 13 

1 0.00 21.00 25.50 28.00 30.00 31.00 31.50 31.50 _31.50 33.00 36.00 39.00 0.00 

2 0.00 28.50 30.00 29.50 28.00 26.50 26.00 26.00 28.00 31.00 311.00 33.00 0.00 

3 0.00 27.00 29.50 30.00 29.00 28.50 28.00 28.00 27.50 26.50 211.50 17.00 0.00- 

.11 0.00 111.00 39.00 36.50c311.50 33.00 32.00 31.00 29.00 27.00 22.50 111.00 0.00 

0.00 115.00 113.00 39.00 35.00 33.00 31.50 30.00 27.00 25.00 22.00 20.00 0.00 

6 0.00 26.50 27.50 27.50 28.00 27.00 27.00 27.00 28.00 z9.50130.00 29.50 1.00 

7 0.00 17.00 21.00 22.50 23.00 25.00 29.00 32.50 35.00 37.00 39.20 111.00 0.00 
54

. 

§ 8 0.00 13.00 20.00 23.00 25.00 26.00 30.00 33.00 36.00 17.00 1.37.00 37.00 0.00 

3 9 
A 

0.00 16.00 20.00 21.50 22.50 211.00 26.00. 30.00 33.50 36.50 39.00 38.00 0.00 
'11

. 

is 
1

. W 10 0.00 27.00 211.00 23.50 26.00 29.00 32.0035.00 38.00 ..39.~.00 37.00 33.00 0.00 

11 0.00 33.00 33.00 33.00 33.00 33.00 32.00~30.50 28.00 211.00 19.00 13.00 0.00 

1_2_ 0.00 +0.00 110.00 38.50V36.0o 33.50 30.00 26.00 20.00>15.00_10.00 5.00 0.00 

13' 0.00 .117.001111.00 110.00 37.00 35.00 311.00 33.00 29.50 25.50 21.00 16.00 0.00_ 

111 0.00 35.0037.50 37.50 36.00 35.00 33.500 32.00 31.50 31.00 29.00 27.00 0.00 

15 0.00 20.0030.00 33.50 311.00 53.00 32.00 31.00 29.00 30.00 "32.00 311.00 0.00 

6 0.00 6.0012.0o 18.00 21.00 22.00 211.00 29.00 311.00 37.00 110.00 110.00 0.00 

. 

+7 0.00 16.00 20.00z3.00 26.00 30.00 35.00 38.00 39.50 111.00 111.50'112.00 0.00 

11105011011 15 AT SECTION: 1 

I 

‘Jo 
1 

E:
‘Z



RUN N0. 1 

lbpth average transverse velocity eomponentsTT(in cm/s) 

SECTIONS ALONG z 

RB* " " .' 
' 

_ 

v 
' 

LB* 
1 2 33 11 5 6 7 8, 9’ 1o .11 12.. 13 

2 o.oY.—1.3 42.6 +4.2 -5.3 -6.2 +6.8 -7.0 -63’ ~—6J1 -5.2 -3.7 0.0; 

3 0.0 0.2 0.] 0.1 -0.7 -2.0 -3.8 -6.0 -8.2 -40.2-103 -9.5 0.0 

4‘ 0.0 0.7 1.0 .l.h 1.3 
' 2.3 2.3 2.2 1.7 0.6 -1.0 -2.5 0:0 

5 o.o 2-2 5.2 46.0 7.5 8.9 8.7 8.6 6 9.6 8.6 5.8 V3.5 o.o 

6 ‘0.0 2.91 5.9 8.5 10.2 *1.h 8.2 5.3 6.5 4.0 3.6 3.2 0.0 

7 0.0 -0.2 -1.2 -2.3 -3.0" -3.2 'l.8 v0.8 -0.9 -1.1 -1.0 -0.8 0.0 

8 w.o -0.7 -1.6 -2.5 -3.5 -6.3 -3.2 -1.61 -0.4-0.3 ~o.h' 0.7 0.0 

9 0.0 -2.3 -3,1 -3.4_-0.2 -4.2 -33 -33 -3.4 -2.3+0.3 1.5 0.0 

10 ‘0.0 -2.2 :h.3A-6.8 -9.7 -11.0-1o.3—9.h -7.6 -5 4-3.0 ~o.6 o.o 
SECTIONS 

ALONG

3 

H mo -o.oa-o.A--1.1 -2.1 -3.2 -4.2.-6.3 533 —2.6—1.h -0.h 0.0‘ 

12 0.0 1.] 2.4 3.9 5.3 6.0 h.9 3.4 2.7 1.9 0.2 0.9 0.0 

13 0.0 1.5 . 2.7 4,0 5.2 ’6.o 6.5 6.9 7.6 5.3 2.0 -0.6 0.0 

1z1'a.o_ 2.9» +1.8 6.11 7.5 8.5 .9.9 6.21 3.3 1.0 0.02 

15 9.0" 1.3 2.9 h.9 6.5 7.0 
2 

6.1 ‘h.8 3.0 1.6 1.2 0.9 o.o . 

16 L0 ’ -0.4 -1.1 —2.3'—3.h -4.2 +h.5'+h.7 -4.7 -33 -2.7 -1.3v3.o 

.91 

INJECTION 15 AT SECTION: 1- 
. 7, 

* RB - _Ri9ht Bank 
. 

- LB - Left Bank



1 

RUN N0. 1 

Depth average concentrations 1; (in gm/litre) 

SECTIONS ALONG z 

12 3 2. 5 6 7 3 H 12 13-. 

3 .0.000.0.5h0 0.280 0.210 0.190 0.160 0.150 0.120 0.050 0.000 0.000 0.000 0.00C 

H 0.000 0.E30 0.300 0.270 0.210 0.190 0.170 0.150 0.130 0.120 0.110 0.080 0.00C 

5 0.000 0.300 0.330 0.310 0.280fi0.250 0.220H0.190 0.160 0.120 0.090 9.060 0.00C 

6. 0.000 0.320 0.340 0.330 0.300 0.260 0.220 0.180 0.150 0.120 0.100 0.060 0.000 

7 0.000 0.350 0.300 0.325 0.300 0.260 0.210 0.170 0.150 0.120 0.100 0.050 0.000 

8 0.000 0.330 0.330 0.300 0.2h0 0.210 0.180 0.180 0.170 0.160 0.150 0.110 0.000 

9 0.000 0.360 0.320 0.250 0.210 0.190 0.190 0.180 0.170 0.160 0.150 0.120 0.000 
SECTIONS 

ALONG

4 

10 0.000 0.260 0.280 0.280 0.230 3.210 0.200 0.190 0.180 0.170 0.150 0.120 0.000 

11 0.000 3.200 0.260 0.270 0.260 3.230 0.210 3.190 0.180 0.170 0.160 0.140 0.000 

INJECTION IS AT SECTION: 1 
_ 

* RB *’ Right Bank 

..RB* 
' 0-. 

_ _ 

- v 
' 

. 
LB* 

'“ 

7LB - Left Bank



,RUN N0. -2 

Metric coefficients h] 

SECTIONS ALONG z 

RB* 
1 “ 3 ' 

v 
’ ‘ 1‘ 

I 

LB* 
1 2 3 1: 5 6 7 8 9 10 H 12 13 

1 
‘ 0.1605 0.6710.737 0.803 0.868 0.93l11.0001.0661.132 1.19'1.2631.239 1.395 

2' 0.605 0.671 0-737 0.803 0.868 033111.000 1.0661.132 1.197 —a .2631.239 1.395 

3 1.0001.000l.0001.0001.0001.0001.0001.0001.000 1.0001.000 1.0001.000 

1+ 1.0001.0001.0001.0001.0001.0001.0001.0001.000 1.0001.0001.0001.000 1 

5 1.0001.000 1.0001.000 1.0001.000 1.000 1.000 1.000 1.0001.000'1.000 1.000 

6 1.395 1.329 1.263 1.1971.132 1.0661.000 0.9311 0.868 0.8030.737 0.671 3.605 

7 1.3951.329 1.2631.1971.1321.0661.0000.93lI 0.8618 0.803 0.737 0.671 0.605
1

K 

¢§ 8 1.0001.000l.00,01.0001.0001.000 1.0001.0001.000 1.ooo1.ooo1.ooo1.ooo 
.<t _

V 

U, . 

§ 9 1.0001.0001.0001.0001.0001.0001.0001.0001.000 1.000 1.000 1.0001.000 
t; . 

“ 3 

'

. 

Lu < -

' 

"’ 10 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00 1.000 1.000 

11. 0.605 0.671 0.737 0.803 0.868 o.93u 1.000 1.066 1.132‘ 1 197 T 263 1.329 1%j§§~ ** ’“ 

INJECTION IS AT SECTION: 
I . 

1 

* RB - Right Bank 

L 
. 73 L3 - Left Bank _’



RUN N0. 
How depths h (In cm)

2 

SECTIONS ALONG 2
_ 

RB* - 
' 

v _LB* 
1 2 3 4 5 8' 7 V 3 

8 9 10 11 12 13 

1 
‘ 6.700 11.510 .250 2.900 2.950 2.750 2.1100 2.150 .020 1.830 1.1170 0.900 0.1100 

2 8.950 7.1100 111.500 2.950 1.8501.070 0.600 .300 0.150 0.100 0.030 0.020 

3 5.010 11.900 .580 2.510 2.500 2.510 2.500 2.1150 .200 2.100 2.300 2.800 3.000 

11 2.950 3.350 .320 2.900 2.1150 2.000 1.300 1.750 .500 2.950 2.250 2.530 3.810 V 

5 1.900 2.100 .050 1.700 1.650 1.700 1.950 2.500 .700 2.720 2.500 3.310 3.950 

6 0.230 0.850 .1151) 1.570 1.850 2.000 2.150 2.1100. .550 2.300 3.100 11.900 6.620 

7 1.300 0.750 .250 0.250 0.1150 0.850 1.800 3.100 .000 11.800 7.000 8.050 3.750 
7:: 

, § 3 3.300 2.200 .850 1.850 2..0110 2.310 2.600 2.800 .070 3.300 11.200 11.550 11.300 

:1 2
1 

g 9 3.650 3.000 .550 2.200 2.200 2.11750 2.1120 2.150 ..0110 2.070 3.000 31.350 3.1120 

F _ 

"’ 10 6.200 5.050 .500 11.250 3.910 3.650 3.350'2.950 .1150 2.000 1.920 2.000 2.250 

11 7.000 5.1100 ‘.600 2.100 1.850 2.150 2.250 2.000 .000 2.000 2.000 1.650 0.300 

INJECTION IS AT SECTION: 1' 
‘ti 

* RB‘ '- Right Bank 
- 7. LB - Left Bank-



RUN N0. 2 
Epth average longitudinal velocity components U'(in cfi/s) 

SECTIONS ALONG .2 

RB# '« v 
f _L3* 

1 2 3_ A 5 6 7 8 9 10 11 12 13 

1 0.00 $3.40 37.60 36.80 46.10 35.60 35.30 35.00 34.80 36.20 37.60 36.40 0.00 

2 0.00 06,00 Ah #0 02.00 37.00 18.40 5.00 1.60 0.00 0.00 0.00 0.00 0.00 

.3 0.00 47.20 48.60 46.70 44.00 40.70 36.60 32.90 29.30 26.80 24.80 23.60 0.00 

11 0.00 l1l1._10l15.2045.6o 115.00 113.80 42.00 37.60 36.10 32.70 26.110 19.90 0.00 

5 0.00 45.60 46.40 45.00 62.70 41.20 40.20 00.00 39.60 38.40 35.60 30.60 0.00 

6 0.00 40.00 42.50 40.40 53.80 38.40 38.00 38.20 38.10 37.90 37.60 35.60 0.00 

7 0.00 0.00 0.00 0.40 1.00 11.20 24.80 30.20 33.80 36.80 31.00 40.40 0.00 

8 0.00 03.20 18.40 22.40 26.80 31.20 35.20 38.00 39.20 40.00 40.40 40.00 0.00 

9 0.00 24.30 30.30 35.30 39.20 41.20’41.60 41.60 42.00 42.20 42.40 41.50 0.000 
SECTIONS 

ALONG

x 

10 0.00 ‘33.80 36.40 38.00 38.80 38.80 39.00 39.40040.40.42.80 46.00.49.60 0.001 

11 0.00 36.00 35.80 35.00 34.80 34.00 34.00 34.60 35.70 37.20 38.40 33.30 0.00 

_ 
INJECTION 15 AT SECTION: , 75 

. 2 RB - ‘Right Bank 
' 

. 

’ L3 - Left Bank‘



RUN N0. 2 
- [bpth average transverse velocity components? (in cm/5) 

_ 

SECTIONS ALONG z _ M 
' R39: 

' 
‘ 

. 

‘ 
’ ’ ' ‘ ‘ '. ‘ ‘L87’: 

1 2 3 11 5 6 7 8' 9 1o 11_ 12,_ 13 

2 o.o»..= 1-f;0.7*1.6 a2.1 -2.11 -2.9 -3.8 -11.7 -5.3 -5.5 ~6.1 -8.3 0.0... 

3 0.0 2.11 3.8 5.8 .7.3 7.0 - 6.8 11.9 2.1 -0.8 -2.8 -11.0 0.0:; 

11 0.0 2.3 3.9 5.11 6.9. 8.11 9.8 8.9 6.8 5.0 11.11 3.3 0.0 

5 0.0 3.0 11.8 6.9 8.6 9.3 9.0 6.9 5.7 5.7 11.7 1.6 0.0 

6 0.0 10.2 12,0 12.9 11.9 9.9 8.6 7.0 2..9 -1.1 0.0 

8 0.0 -1.7 41.8 -8.2 -10.6-11.7-‘e1L1'.2 -9.7 -8.0 -5.8 -2.11 0.2 0.0 
5.4 

O 9 o.o -2.3-5.1. -8.0 -1_o.5A-11.7-12.3-13.1"-13.11-12.7-9.1 -6.5 o.o 
gg 

' ‘ 

. 

« .. 

go no -15 26 -30 -27 -2.2 -18 -I6 -111 -12 0120 oo 
1: 
L) 
LIJ em 

-INJECTION 1s AT’ SECTION: I" 76 
' 

=1 as 1- Right Bank. 
LB - Left Bank



RUN N0. 2 

-Ibpth average concentrations E (in gm/litre) 

SECTIONS ALONG .2 
_ 
RB? 

. . 

' ‘ LB* 
1 

- 

2 6 _7 8 9 10 11 12 13 

3 0.000 0.280 .270 0.230 .1900.165 0.150 .1110 .135’ 0.135 0.135 0,135 0.000 

11 0.000 0.250" .265 0.260 .235 0.205 0.185 .165 .150 0.1110 0.135 0.135 0.000 

5 10.000 0.260 .255 0.260 .260 0.250 0.230 .200 .175 0.160 0.1115 0.1110 0.000 

6_ 0.000 0.255 .255 0.255 .260 0.260 0.260 .2115 .220 0.190 0.160 0.1115 0.000 

7 0.000 0.255 .255 0.255 .255 0.255 0.260 .260 .2110 0.210 0.170 0.155 0.000 
,5’ ' 

§ 8 0.000 0.255 .255 0.255 .255 0.255 0.250 .230 .210 0.185 0.170 0.165 0.000 or :2
. 

9 0.000 0.255 .250 0.2115 .235 0.220 0.205 ‘.185 .170 0.16;510.16510.165 0.000 

U1 '10 b.000 0.250 .2110 0.230 .210 0.195 0.180 .170 .165 0.16.5 0.-16’510.165 0.000 

O- 

INJECTION 15 AT SECTION: I 77 =1 RB ‘- Right Bank 
' LB - Left Bank



RUN NO. 3 
létric coefficients h] 

_ 

SECT10NS ALONG’ 2 
1RB* >'"‘ 11 H .1. 1 

I 

. . 

. 

.7’ f..' ’1 A 

1 _LB* 
1 _2__3 l1‘5 6 7 8’ _9_10’ 11_1213 

1- 0.605 0.671 0.737 0.80310.868 033111.000 1.066 1.132 1.197 1.263 1.329 1.3951 

2 0.605 0.671 0-.737 080310.868 0.93t11.o001.0661.132 1.1971.26.3 1.329 1.395 

.1.000 1.0001.0001.000 1,000 1.000"1.0001.000 1.000 1.000 1.000 1.000'1.000 

11 1.000 1.000 1.0001.000 1.'000.1.000 1.00.01.000 1.000 1.000 1.000 1.000 1.000 

5 1.0001.0001.0001.0001.0001.0001.000 1.0001.000 1.0001.0001.0001.000 

6 1.3951.329 1.2631.1971.132 1.0661.000 0.9311 0.868 0.803 0.737 0.671 0.605 

7 1.3951.329 1.2631.1971.132 1.0661.000 0.9311 0.868 0.803 0.737 0.671 0.605 

8 1.000 1.000 1.0001.000 1.000 1.0001.00011.0001.000 1.0001.000 1.0001.000 

9 1.0001.000 1.0001.000 1.000 1.000 1.00011.0001.000 1.0001.000 1.000 1.000 
SECTIONS 

ALONG 

x.. 

10 1.00011.0001.000 1.000 1.000 1.000 1.-000 1.000 .000 1.000 1.000 1.000 1.000 

11 0.605 0.671 0.737 0.803 0.868 193111.000 1.066 1.132 1.197 1.263 1.329 1.395 

.>1NJECT10N IS AT SECTION: 1 7" RB " R1ght Bank 
' L3 - Left Bank



RUN N0. 3 
Aflcw depths h (in cm) 

SECTIONS ALONG z
H 

RB‘-'=' 
_ _ A 

'- 
A 

1 
' 

1.8+ 
1_..2 3- 11,- 5 617, 8» 9__10. _11_12__13 

1 "11.10 3.50 7.90 6.10 4.90 4.42 4.50 4.50 “.50 4.40 4.00_ 3.40 2.30 

2 12.70 12.50 11.70 10.50 9.10 7.70 6.30 5.10 3.90 2.80 1.99 1.501 1.10 

3 8.60 8.30 7.20 5.80 4.30 4.30 4.40 4.40 4.20 3.70 3.20 4.40 7.00 

11 5.90 6.20 6.20 5.110 11.11011.6011.80~11.110» 3.90 _11.00 5.50 7.10 7.80 

5 
' 3.90 , 3.90 .3.80 3.90 4.00 4.10 4.30 4.00 4.60 6.00 6.80 7.40 7.80 

6 1.60 2.80 3.40 3.60 3.90 4.30 5.30 7.10 8.80 9.80 10.20 11.20 12.00 

7 0.40 3.60 1.40 2.80 3.80 4.60 6.00 7.80 9.40 11.10 12.90 13.40 13.40
N 
0 A

, 

.§ 8 11.00 11.00 11.10 11.10 11.00 11.30 5.50 6.80 7.80 8.701o.101o.801o.80 
< . 

3 

- 

'

. 

gs 6.110 6.60 6.110 5.90 l1.805.3016.00 6.00 6.110 7.60 8.80 9.20 8.80 
,_ _

. U . . 

4 

_

_ 

3 10 8.60 8.70 7.80 6.30 5.70 5.110 5.30 
' 

5.50 6.99 6.80 7.110 7.50 7.110 

11 11.6010.9o 9.30 7.60 7.30.6.90 6.00 11.90 3.90 3.50 3.30 2.90 2.20 

C- 

"INJECTION 1s AT sscnon: 
, 7.3 

6 as - Rig11t Bank 
LB - Left Bank



RUN N0. 3 

Depth average longitudinal velocity components 3 (in cm/s) 

SECTIONS ALONG '2
, 

:1’ 2 35 1+ — 5 6, 7 8» _9 10- 11. I2 13 

1:. 0.00 18.00 23.00 28.00 41.20 48.00 48.90 47.00 50.00 52.10 44.20 28.00 3.00 

2 0.00 37.00 38.00 37.50 38.90 38.40 30.00 9.40 0.50 0.50 P5.50 36.00_3.00 

A3 0.00 56.60 53.00 46.50 41.90 38.40 36.90 36.40 35.00 30.50 20.50'P5.80 3.00 

4-4 0.00 54.40 51.50 49.40 43.50 39.00 36.00 35.30 36.20 35.90-'33.503l.60 0.00 

5 0.00 58.20 56.80 54.50 48.50 43.00 40.70 39.20 35.40 31.70 31.8032.80 0.00 

6 0.00 -34.00 48.90 50.00 49.00 44.00 37.50 31.70 25.50 25.50 30310 23-60 0-00 

7 0.00 00.004 0.00 0.50 9.50 14.90 17.50 25.50 35.70 40.00 40.00 36.90 0.00 
M - 

V

. 

E 8 0.00 0-.00 8.00 21.90 29.00 34.00 36.00 36.20 34.50 - 31.50 32.00 38.50 0.00 C 2 4 

g 9 0.00 21.80 23.00 29.00 35.40 35.90 32.10 274.50 28.50 32.30 30.80 30.50 0.00
I 
9’ 10 0.00 23.50 27.50 30.00 32.00 31.20 29.80 29.30 31.40 36.20 38.70 39.90 0.00 

11 0.00 30.00 28.00 27.40 27.90 30.10 32.80 33.30 36.00 43.00 46.00 47.00 0.00 

» INJECTION IS AT SECTION: 1 A30 * RB - Right Bank 
‘ 

V -i‘ L3 - Left Bank "



RUN No. 3.‘“ 

Depth average transvérse velocity components 5 (in cm/s)_ 

SECTIONS ALONG5 z 

93* . 

4', 
' 

A 

«.'V ' '.L34 
1 $2 

¢ 

3 4 ‘ 

5 6 7 8' 9 - I0 11 
_ 

~12 _l3_ 

2‘ _o.o -2.2 -3.7 -4.8 -5.1 -5.0" -4.7 ‘-4.5 -4.0 -3.0 ~1.8 '-1.5 o.o 

3 
: 

0.0 0.9 - 1.8 ,3.1 
' 

5.5 7.3 7.7 6.9 5.7 -4.3 2.1 -0.3. 0.0 

4 |0.0 2.2 3.9 4.9 5.6 5.6 5.3 5.5 5.4 4.3 2.1 0.1 0.0 

5 0.0 3.0. 4.8 6.2 - 6.4 6.1 5.4 4.3 3.2 1.9 0.6 -0.2 0.0 

6 0.0 ‘ 4.7 7.2 19.2 fl0.6 11.4 10.9 9.1 6.4 3.8 1.6 -0.2 0.0

N 
* 9 0.0 -18 -35 -4.8 -6.0 -64 -5.4 -4 1 -31 -26 -2.0 -11 00 C: 4 

S3 10 0.0 -1.3 -2.2 -2.8 -3.5 -3.7 -3.8 -3.9 -3.4 -2.3 -1.1 0.5 00 - 

LIJ 
(D 

INJECTION IS AT SECTION: 
1 8]; * RB - VRight Bank 

LB -1 Left Bank



RUN N0. 3 

‘Depth average concentrations C (in gm/litre) 

SECTIONS ALONG z 

. RB* . 

v 
. 

' 

- LB* 
1. .2 3 .‘+‘- S 6. 7. 8» .9 .10.: H .12. 13 

3 0.000 0.060 0.045 0.060 0.100 0.1400.135 0.110 0.085 0.050 0.035 0.025 0.000 

A 0.000 0.060 0.070 0.070 0.070 0.080 0.100 0.110 0.100 0.085 0.060 0.035 0.000 

6 0.000 0.065 0.065 0.065 0.070 0.070 0.075 0.080 0.075 0.080 0.080 0.080 0.000 

7 0.000 0.065 0.075 0.065 0.065 0.070 0.070 0.070 0.075 0.075 0.080 0.080 0.000 
‘g. 

cs ‘ 
, , 

. 

_

I 

8 - 0.000 0.065 0.070 0.070 0.070 0.070 0.070 0.075 0.075-0.075 0.075 0.80 0.000 
(I . 

_

7 

. m _ 

‘

_ 

E 9 0.000 9.070 0.070 0.070 0.070 0.075 0.075 0.075 0.075 0.075 0.075 0.075’ 0.000 

"’ 10 0.000 3,070 0.075 0.070‘ 3.075 o.075'0.o'75 0.075 0.075 0.075 0.075 0.075 0.000 

11 0.000 3.070 0.070 0.070 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075‘ 0.000 

A 
INJECTION IS AT SECTION: 1 _ 

*‘ RB '- Right Bank 
82 LB * Left Bank 

.5 0.000 0.065 0.065 0.070 0.070 0.080 0.080 0.085 0.090 0.080 0.070 0.070



RUN N0. 4 

Metric coefficients,h1 

SECTIONS ALONG-z. 
RB='=- 

2 

'. 
H 

H LB="= 
I‘ 32 

3_ ll 5 W 6 _‘71 '8 9 ,10_ H ..12 I3 

-1 0.605 0.671 0.737 0.803 0.868 0.934 1.000 1.066 1.132 1.197 1.263 1.329 1.395 

.20 0.605 0.671 0.737 0.303 0.868 0._934 1.000 1.066 1_.1321.197 1.263 1.329 1.395 

3 .l.O00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000! 

4 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

5 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

6 1.395 1.329 1.263 1.197 1.132 fl.066 1.000 0.934 0.868 0.803 0.737 0.671 0.605 

_ >¢ 
. cs ‘ ~' ‘ 

. 

- * -. - 
- 

, V 
._g. . 2. I . . E 8 1.000-1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000.1.000 1.000 1.000 1_.00o 

m ‘ 
’

- 

E 9 1.000 1.000 1.000 1.000 1.000 1.000 1.000" 1.000 1.000 1.000 1.000 1.000 1.000 
,: . . .__ 

"’ 10 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1‘;000:1.000 1.000 1.000 1.000 1._0o0 

11 0.605 5.671I0.737 0.803 0.868 3.934 1.000 1.066 1.132 1.197 1.263 1.329 1.395 

12 0.605 3.671 0.7317 0.803 0.868 9.934 1.000 1.066 1.132 1.197 1.263 1.329 1.395 

13_ 1.000 1.000 1.000 1.000 1.000 1.000 1.0003 1.000 1.000 1.000 1.000 1.000 1.000 

14.» 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

15 
2 

1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1.000'1.oo‘0 

. 16 1.395 1.329 1.263 1.197 1.132 [.066 1.000 0.934 0.868 0.803 0.737 0.671 0.605 

INJECTION IS AT SECTION: 6 83_ 4 RB - Right Bank 
LB - Left Bank 

7 1.395 1.329 1.263 1.197 1.132 1,066 1.000 0.934 0.868 0.803 0.737 0.671 0.605



‘RUN N0. 4 

Flow depths h (in cm) 

SECTIONS ALONG z 

Re* 1 

. 0 

' 
0' 

. 

.1. _.i236 §LB* 
I --2’ 3_ 11.5 6_7.8-9110111213 

1 1.25 2.30 2.60 2.60 2.90 2.90 3.00 3.20 4.00 5.65 7.60 9.505 9.70 

2 1.00. 1.00 1.00 1.00 1.70 2-70 3.85 5.00 6.45 _7.85 9.75 11.35 11:75 

h‘3 3.40 2.70 2.60 3.00" 3.20 ‘3.20 3.90 4.00 4.30. 5.40 6.90 7.60 7.60 

.4 6.40 ~4.70' 4.00 4.00 4.10 4.40 3.40 2.40 2.10 2.90 4.00- 4.20 4.20 

5 7.00 5.20 4.00 3.40 3.20 3-00 3.20 13.50 3.50 2.50 2.50 2.80 2.40 

6 10.90 9.40 7.60 5.40 4.40 3.30. 2.30 2.40 3.30 3.20 2.70 2.40 2.60 

.7 12.20 11.00 9.00 7.40 5.80 +.20 2.60 1.50 1.30" 1.30 1.00 1.00 1.00 

8 7.70 7.80 7.60 6.40 5.00’ +.70 4.70 '4.20 3.50 3.10‘ 2.80 3.20 4.20. 

9 5.90 5.50 4.70 4.00 3.70 3.70 3.70 3.20 3.00 3.00 3.40 4.30 5.00 
SECTIONS 

ALONG 

2;‘; 

10 4-50 4.50 3.80 3.10 -3,40 3.40 3.10 3.10 3.40 4.00 4.30 5.40 7-20 

11 3.00 3.30 3.80 3.80 2.60 2.60 4.99 5.20 5.80 6.20 8.00 9.20 9.10 

M _ 

12 0.90 0.901.00 1.40 1.80 2,20 3.40 4.00 5.20 7.70 9.60 _11.3012.30 

13 4.50 2.80 2.50 3.60 3.60 3.60 4.20 4.80 5.60 6.80 8.00 8.40 8.70 

14 4.80 4.40 4.20 4.00 3.60 3.40 3.70 4.20 3.00 5.90 6.80 7.00 7.30 

15 
4 

7.60. 5.80 5.00 5.30 4.40 3.70 3.701 3.70 3.70 3.70 4.50 5.00 5.00 

16 210.60 10.50 9.90 6.20 4.10 2.90 2.40 2.20 2.50 2.60 2.40 2.50 

INJECTION JS AT SECTION: 6 8“ 
* RB ‘- Right Bank 

LB - Left Bank



RUN N0.4 
Depth average longitudinal velocity components 3 (in cm/s) 

_ 
SECTIONS ALONG 2 W "’ 

. 
. 

'. 3 Q 
1 

L84- 
1 2 3 4 . 5 6 7 

_ 

8-V 9- 10 11 12 13 

1 0.00 30.50 30.00 28.50 03.50 38.50 40.00 38.50 38.00 40.50 40.50 40.50 0.00 

2 0.00 35.00 32.00 27.50 28.00 27.50 25.00 16.00 6.00 0.00 0.00 0.00 0.00 

3 
1 

0.00 41.50 39.00 +0.00 +0.00 40.50 40.50 40.00 35.00 26.00 23.00 14.00 0.00 

4 0.00 51.00 51.00 52.00 50.00 43.00 38.50 40.00 41.00 39.00 34.00 32.50 0.00 

5 0.00 51.50 52.00 +8.00 38.00 36.00 39.00 44.00 46.00 44.00 39.00 33.50 0.00 

6 0.00 30.0036.50 36.50 37.00 36.50 35.00 33.50 31.00 31.00 34.50 34.00 0.00 

7 0.00 0.00 0.00 0.00 12.50 22.50 28.00 34.00 36.00 36.00 39.00 37.00 0.00
2 
g -

. . 3- 8 5- 0.00 
_ 

0.00 1.50 -9.50 23.50 32.00 37.00 38.00 40.50 42.50 44.00‘ 42.00 0.00’ 
<: - 

' ~ 1 
4 W ,_ , 5 

U) .5 _ 
. 

‘

_ 

§ 9 10.00 23.0030.50 40.00 44.00 45.00 43.00 40.00 40.00 43.00 47.50 49.00 0.00 

E} 
H‘ . 

I 

. . , 5 

” 10 0.00 31.00 31.50 38.00 32.00 31.50 35.00 36.00 40.00 45.50 50.00 50.00 0.00 

11 0.00 26.00 26.00r25.00 25.00 25.00 26.00 29.00 32.50 36.00 39.00 29.00 0.00 

42 0.00 32.00 31.00 30.50 33.00 32.50 30.00 32.50 34.00 31.00 28.50 27.50 0.00 

13 0.00 31.00 31.50 41.00 35.00 35.50 38.00 34.00 23.00 10.00 1.00 ‘0.00 0.00 

1‘ . 
-V 

i 

V 

I 

‘

. 

14 0.00 43 50 45.50 46.00 45 00 44.50 43.00 41.00 37.50 33.00 18.00 5.50 0.00 

05 
1 

0.00 44.50 43.00‘38.50 39.00 39.00 38.00 37.00 35.00 33.00 31.50 25.00 0.00 

06 0.00 41.00 43.00 37.50 28.00 21.00 20.00 22.50 25.50 25.50 25.50 26.00 0.00
A 

INJECTION IS AT SECTION: 6 85 4 RB - Right Bank 
L3 * Left Bank



RUN N0. H 

Depth average transverse _veIoc_ity components W (in cm/s) 

SECTIONS ALONG z 

1 
2-‘- 3 4 

‘ 

5 6 7 V 
8'» 9 IO ., 11 12,- 13 

2 0.0 -1.7 -2.5 -3.7 -4.0 -3.6 -3,2 -2.4 -1.2 -0.0 1.3 0.0 

3 V0.0 -4.0 -8.3 -11.9 -13 5 -13.7 -13.3 -12.5 -11.6 -10 5 -9.1 -8.6. 0.0- 

4 0.0 -1.8 -3.8 -4.7 .-4.5 -4.2 -3.7 -4.0 _-4.5 -3.8 -2.1 -1.7 0.0 

5 0.0 -0.3 -1.1 -1.3 -0.9 "0.1 10.1 I.h 1.23 1.5 2.5 3.5 0.0 

6 0.0 1.3 2.8 '5.0, 7.2 
_ 

9.8 14.4 20.2 22.8 26.4» 31.2 36.1" 0.0 

-7 0.0 1.2 2.8 4.6 6.4 8.1 9.6 11.2 12.3 12.6 14.1 13.0 0.0 

8 0.0 -0.8 -1.9 *3.6 -5.3 j7.4 -9.6 -l2.h -15.6 -19.0 -22.9 -24.5 0.0
5 
§9 00 -13-26-37-41-36-2.7 -22-23-31-45-56 00 
-2 

E5 10 0.0 0.5 1.2 2.4 14.4 6.0 6.3 5.7 4.3 2.7 0.7 0.1 0.0
I 

E} 

. 

I 

. 2 

V’ 11 0.0 2.7 4.6 6.1‘ 7.0 7.9 6.3 4.0 2.4 1.52 0.8 0.5 0.0 

'12 0.0 -0.0 0.6 -0.9 -2.5 -3.6 -3.5 -2.6 -1.50 -0.1 1.6: 2.6 0.0 

13 0.0 -2.91 -7.0 -9.2 -10.2 -11.4 -10.5 -8.6 -6.9 L5.2 -3.3 -1.30 0.0 

14 0.04 -2.1--4.5 --4.7 -5.8 -6.6. -6.0 -5.2 -4.6 14.5 -5.0 -5.7 0.0 

15 0.0 -1.7 ‘-3.8 --5.5 -6.7 -7.6 -7.0 -5.2 -3.0 -0.9 -0,1 -0.4 0.0 

INJECTION IS AT SECTION; 6 86 4 RB - Right Bank. 
.LB - Left Bank 

R32‘: - 1 

I 

' “ I 

i 

‘ L-B)‘:



RUN N0. 0 

Depth average concentkations E (in gm/litre) 

SECTIONS ALONG 2 
RB* 

1 

. . . 
' 

‘ 

. LB*1 
_1 2 3 h ‘ 5 

' 

6 - 7 1 .8‘ 10 II_ 12 
‘ ‘13 

8 0.000 0.000 0.000 0.000 0.000 0.015 0.030 0.090 0.135 0.250 0.275 0.220 0.000 

9 0.000 0.010 0.010 0.020 0.035 0.065 0.125 0.175 0.250 0.225 0.190 0.200 0.000 
SECTIONS 

ALONGi¢ 

10 0.000 0.015 0.020 0.030 0.050 0.080 0.105 0.155 0.175 0.205 0.210 0.200 0.000 

11 0.000 0.020 0.022 0.025 0.035 0.045 0.075 0.100 0.150 0.175 0.190 0.205 0.000 

12 0.000 0.025 0.025 0.030 0.040 0.060 0.085 0.120 0.140 0.165 0.175 0.180 0.000 

13 0.000 0.030 0.040 0.060 0.085 0.115 0.140 0.145 0.165 0.165 0.165 0.165 0.000 

lh 0.000 0.055 0.075 0.100 0.125 0.145 0.150 0.160 0.160 0.165 0.165 0.165 0.000 

15‘ 0.000 0.085 0.105 0.130 0.145 0.155 0.160 0.160 0.165 0.165 0.165 0.165 0.000 

INJECTION 1s AT SECTION: 6 87 
' * RB - Right Bank 

’LB - Left Bank



RUN NO. 5 

Metric coefficfents HI. 

SECTIONS ALONG z 
RB:‘:. 

I 

> __ ' 
1 

. ‘ 

1 

W 

,5 . 

1--"B-'':. 

1 2 3v 41 - 5 6 7 8~ ' 

g3_ :1o— 11 12 13 

1 1.682 1.568 1.455 1.341 1.227 n.114 1.000 1.886 0.773 ~o.65Q 0.545 0.432 0.318 

2 1.000 1.000 .000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

—u 3 1.000 1.000 .000 1.000 1.000. .000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

0 1.000 1.000 1.000 1.000 1.000 .1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

5 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

6 0.318 Da432;0.545 0.659 3.773 0.886 1.000 1.11h 1.227 1.381 1.h55 1.568 1.682 

7 0.318 0.432 0.545 0.659 0.773 0.886 1.000 1.114 1.227 1.341 1.455 1.568 1.682 

8 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

9. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

SECTl0NS'ALONG‘x 

O 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

11 H.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 H.000 H.000 1.000 

12 1.682 1.568 1.455 1.341 1.227 1.114 1 ooo 0.886 0.773 3.659 3 545 3.432_).318 

13 1.682 1.568 1.h55 1.341 1.227 1.114 1.000 0.886 0.773 3.659 ),545'J.432 9.318 

14 1.000 1 ooo 1.000 1.000 1.ood11.ooo 1.000 1.000 1.000 .000 .ooo—1.ooo 1.000 

16 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
01 

INJECTION IS AT SECTION: 33 * 
E3 

"_ E1g:tB3a:k 
. 

' " 6 8 1'1 

‘ 

15 
1 

1.000 1.000 1.000 1.000 1.000 1.00011.00O 1.000 1.000 1.000 1.000 1.000 1.000.



RUN N0. 5
4 

Flow depths h (in cm) 

SECTIONS ALONG 8: 

R33 U I I 

‘ by 
H 

3 L34 
- 11 2 3 4 . 5 

_ 

6 
3 

7 8- . 9 10 11 .' 12 13 

1 1.70 1.60 1.90 2.60 5.20 3.40 4.00 5.60 6.90 8.60 .10.50 11.80 11.90 

2.. 5.60 4.20 3.70 3.70 4.10 4.50 4.80. 5.30 5.85 5.90 5.60 6.40 7.70 

3 4.60 4.80 4.60 94.80 5.00" 4.00 3.00 3.20 3.50 3.70 3.70 3.60 3.30 

4 ,6.60 4.20 3.80 3.00 3.20 
_ 

2.80 2.60 4.00. 5.00 4.80‘ 4.80 4.60 3.80 

5 5.601 5.80 5.00 3.80 F.20 2.80 3.00 3.40 4.00 4.20 4.00 3.20 2.80 

U‘ 6 12.60 11.20 9.40 3.00 .80 4.60 3.80 3.00 2.60 -2.60 2.20 1.60 0.80 

7 . 11.40 10.80 9.40. 7.80 u\ .20 5.00 4.40 3.80 3.00 2.20 1.60 2.00 2.40 
1* 

.' 8 6.20 6.20 5.80, 5.40 4.60 3.80 3.40 4.40 4.60 4.00 4.20 5.20 6.40_ 

9 5..00 5.20 5.20 4.80 4.20 4.00 3.80 3.60 4.00 4.80 5.40 5.80 6.80 
. 

l 

_ 

— 
. 

. 
.

. 

w 10 3.00 3.40 3.40 3.00 2.80 3.40_4.00 3.80 4.00 4.40 5.40 6.20 6.20 

- 11 1.60 1.80 2.00 2.40 3.00 3.20 3.00 3.40 3.80 4.40 6.00 7.20 7.40. 

12 1.40. 2.20 2.60 2.40 2.60‘ 3.40 5.00 6.60 8.00 9.40 10.80712.00 13.20 

13 1.80. 1.40 1.60 2.00 2.80 4.00 5.80 7.00 8.40 9.80 11.60 12 40 12 40
7 

14 15.40 4.40 3.00 2.20 2.80 2.40 4.60 6.20 7.40 8.60 9.40 9.60 ~9.80’ 

.15 4.80 5.40 5.00 4.20 .3.80 ,2.80 2.00 2.20. 2.20 2.60_ 3.00 3:40 _3.20 

16 5.20 5.00 5.00 4.60 4.00 4.00 3.80 3.40 3.00 2.80 3.20" 3.60 3.40 

lNJEOTl0N 1s AT SECTION: 3 
89 . 

4 RB - Right Bénk
I 

LB - Left Bank



RUN N0. 5 
Depth average 1ohgitud1na1 velocity components 3 (in cm/5) 

SECTIONS ALONG 2
7 

R B:‘: 
1 V 

‘ 

V 

. 

1 3 

L 87':
I 

1 2 3 4 
__ 5 6 7- _9 10 11 9:12 13- 

1 0.00 0.00 3.00 8.00 8.00 110;0013.00 17 0022.00 25.00 28.00 31.00 0.00 

2 0.00 13.00 15.00 17.0019.00 23.0027.00 32.0035.00 37.00 38.00 39.00 0.00. 

' 

3 0.00 23.00 27.00 29.003o.00 34 0038.00_ 40.00+2,00 44.00 46.0 45.00 0.00! 

H 0.00 33.00 37.00 h0.00fi0.00 h3.00§2.00 30.0031.00 21.00 32.00 38.00 0.00 

5 0.00 32.00 32.00 33.0035.00 38.00h0.00 39.0036.00 30.00 39.00 37.00 0.00 

6 0.00 13.00 17.00 19.0015.00 18.0028.00 20.0019.00 20.00 15.00 0.00 0.00 

7 0.00 31.00 28.00 2S.0022.001 17.0013.00 10.00 8.00 »8.00 3.00 3.00 0.00
5 

E5 
. 8 0.00 39.00 38.00 37.003500 l312.0027.00 23.00 19.00 17.00 15.00 13.00-0,00’ O: 

5 9 0.00 37 00 30.00 29.00 27 00 26.00 25.00 26.00 24.00 22.00_19.00 19.00 0.00 
:3 _‘ 1 

‘" 10 0.00 39 00 38.00 37.00 34.00 30.00 27.00 29.00 31.00 31 00 27.00 25.00 0.00 

11 0.00 46.00 47.00 45.00 43.00 42.00 41.00 37 00 36.00 38.00 32.00 29.00 0 00; 

112 0.00 0.00 0.00 0.00 2.00 16.00 19.00 '6 00 7.00 22.00 21.00 19.00 0.00 

13 10.00 0.00 9.00 0.00 0.00 0.00 3.00 11.00 20.00 26.00 27.00 25 00 0.00 

14 10.00 11.00 15 00 18.00 20.00 23.00 25.00 24 00 23 00 23.00 18.00 17 00 0.00 

15 0.00 23.00 27 00 29.00 30.00 34.0c 38.00 40.00 42 00 44.00 46.00 45.00 0.00 

16 0.00 40.00 35.00 31 00 31 00 30.00 28.00 27 00 30 00 39.00 42.00 40.00 0.001 

INJECTION 15 AT SECTION: 3 9o_ 
. 

4 RB - Right Bank 
LB - Left Bank



RUN N0. 5 

_ 

Depth average fransverse velocity components 5 (in cm/s) 

SECTIONS ALONG 2 

R34 .. .. 
NHN" ’" 

L34 
2 3 4 ‘ 

5 6 7 8' 9 10 11 
_ 

12 _13 

2 0.0 -1.4 -3.3 -4.9 56.3 -7.8 -8.7 -8.1 -7.4 -6.4 -5-27 -3.1 0.0 

3 0.0 41-1 -2.2 -3.1 -3.6 -h.0 -h.2 -3.7 -2.7 -1.1 -0.h 0.5 40.0 

.4 _0.o -0.8 -1.4 -1.4 -0.9 -0,5 -0.7 -0.7 -0.5 -0.21 -0.0’ 0.6 0.0 3 

5 0.0 =o.1 ~0.3' 20.8 —0.5_ 0.1 
’ 

0.2 1.7 3.0 3.5 
I 

8.6 0.0 

6’ 0.01 -1.7 -2.8 +3.7. -4.2 -4.4 -3.8 -2.5 -0.7 11.3 3.9 1 6.4‘ 0.0 ’ 

7 3.0 +1.1 -1.7 -2.2 -3.0 -3,9 -4.0 -4.5 —5.2 -6.0 -7.2 +8.1« 0.0 

8 1.0 
8 

1.4 2.5 3.2 3.8 4.1 3.9" 3.1 1 1.9 3.8 -0.6 -1.8 0.0 
.54 

§§ 9 0.0 1.2 2,3 3.5 4.8 5:4 5-2 5.0 4.3 3.2 1.8 0.7‘ 0.0‘ 
< » 

' — 

_ .

' 

U) 

§§ 10 0.0‘ 1.8 2.7 3.3 3.2 2.6 2.0 1.5 0.8 -0.1 -1.0 -1.8 0.0 
B ‘ 

_ 

N" 5 
‘ ’ .1—» 

3,1
. 

11 0.0 2.9 5.3.. 7.8 I 9.0 8.5 7.7 8.2‘ '8.5 ‘7.0 5.2 * 4.0 ‘ 0.0 

12 0.0 1.9 3.4 5.5.2 7.2 8.3 8.3 7.6 6.7 15.6 4.2 3.4 0.0. 

13 0.0 50.8 -1.8 -2.8 -3.4 -2.9 ”2.3 '£.9 -3.6 -3‘4 _2;9. -2_5 .o;0. 

14 0-0 -1.6 ‘-3.9 -7.0 -9.0 -10.5 -9.7 5 -7.6 -5.8 -3.9 -2.2 -0.9 0.0 

I5 0.0 -1.7 ‘-3.4 -5.3 ~6.8 -8.8 -8.6 -7.3 -5.6 -3.9 -3.8 -2.6. 0.0 

1NJecT10N is AT SECTION: 3 3 RB - "Right B8nk 
91 

' 

.LB - Left Bank



RUN No.5 

Depth average concentrations 3 (in gm/litre) 

SECTIONS ALONG z 
RB=' 

. . 

_ 

. LB* 
1 2 4 - 5 6 7 8 9 10 11 12 13 

5 0.000 3.005 0.020 3.120“ .530 0.630 0.510 .250 .150 0.020 0.010 0.005 0.000_ 

-6 0.000 0.300 0.370 0.380 .250 0.160 0.080 .040 .020 0 010 0 005 0.000 0 000 

3 7 0.000 0.295 0.310 0.235 .170 0.090 0.055 .030 .020 0.010 0.003 0.000 0.000 

53 8 3.000 0.300 0.260 0.240 .180 0.130 0.075 .075 .050 0.025 0 010 0 005 0 000 < ' 
_ 

V

. 

Q 
3

_ 

53 9 3.000 0.275 0.275 0.250 .240 0.200 0.160 .110 .975 0.040 0.020 0.015 0.000 
L-U . 

U) 
V

. 

10 3.0001 0 270-0.265 0.265 .245 0.225 0.200 .160 .110 0.070 0 040 0.030 3.000 
' 

11 3.000 0.270 0.270 0.260 .260 0.240 0.220 .190 .160 0.110 0.075 0 060 3.000 

12 3.000 0.270 0.265 0 270 .265 0.265 0.255 .250 .225 3.180 0.130 0.100 3.000 

INJECTION 1s AT SECTION: 3 92 6 RB — Right Bank 
1 - Left Bank 

_

LB



Metfic coefficients h‘ 

SECTIONS ALONG z 
RB* 1 

LB* 
1 2; .3 4 _ 5 

A 

6 '- 
7 8_ 9 10 11 12 13 

1 1.682 1.568 1.455 1.341 1.227 1.114 1.000 3.886 0.773 0.659 0.505 0.432 0.318 

2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 %.000 1.000 1.000 1.000 1.000 1.000 

1 

3 1.000 1.000 1.000 1.000 1.000 .000 1.000 L.000 1.000 1.000 1.000 1.000 1.000 

4 1.000 1.000 1.000 1 000 h.o0o 1 000 1.000 1.000 1 000 1.000 1.000 1.000 1 000 

5 1 000 1.000 1.000 1.000 p.000 1.000 1.000 1 000 1.000 1.000 1.000 1.000 1 000 

_6 0.318 0.432 0.545 0.659 0.773 0.886 1 000 1 114 1.227 1.341 1.455 1.568 1.682 

7 0.318 0.432 0.545 0.659 0.773 0.886 1 000 1 114 1.227 1.341 1.455 1.568 1.682
N 
g _ 

.

_ 

. 3 8 1.000 1.000 1.000 1.000 1.000 1.0o0.1.0oo 1.0o0.1_.00o 1.0oo.1.000-1.ooo 1.000 
I < 

I 

Q . 

I

1 

3 9 1 000 1.000 1.000 1 000 1.000 1 000 1.000 1.000 1.000 1.000 1 000 1.000 1 000 
1-5 , 

3 _
. 

10 1.000 .000 1.000 1.o00_1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

11 1 000 1.000 1 000 1.000 1.000 1.000 1 000 1.000 1.000 1.000 1.000 1.000 1.000 

12 1.682 1.568 1.1455 1.341 1.2271.11‘+1.000 0.886 0.7713 0.659 0.545 0.11312 0.318 

13 1.682 1.568 1.455 1 341 1 227 1.114 1 000 0.886 0.773 0.659 0.545 0.432 0.318 

14 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

15“ 1.000 1.000 1.000 1.000 1.000 1.000 1 000 1.000 1.000 1.000 1.000 1.000 1.000 

16 1 000 1.000 1.000 1.000 1 000 1.000 1.000 1 000 1 000 1.000 1 000 1.000 1.000 

INJECTION 15 AT SECTION: 3 5 RB — Right Bank 
934 L3 - Left Bank



RUN N0. 6 

Flow depths h (in cm) 

SECTIONS ALONG z 
RB* 

_ _ 

‘ ’ 

4 

LB* 
I 2 3 4 . 5 6 7 8. 9 

' 

10 I1 » 12 I3 

1 2.800 2 000 1.400 1.000 1.000 1.800 3.200 3.800 43400 5.600 7.200 8.000 8.400 

2 3.200 2.800 2.800 2.800 3.000 2.800 3.000 3.800 4.200 4.400 4.800 5.000 5.400 

3 4.000 3.200 2.800 2.400 2.800 3.000 3.000 3.400 3.400 3.200 3 600 4.000 4.600 

4 4.000 3.600 3.000 2.600 2.400 2.400 2.400 2.400 2.400 3.000 3.000 3.000 3.200 

5 %.400 4.000 3.400 3.000 3.000 3.200 3.200 3.200 3.00 2.600 2.400 2.400 2.800 

6*.7.200 7.200 6.400 5.600 4.400 3.600 2.800 2.600 2.600 2.600 1.800 1.400 1.200 

7 10.200 9.200 7.600 6.200 4.800 3.400 1.800 1.000 0.600 0.800 1.200 2.200 3.400 

8 6.000 5.800 5.000 4.200 3.800 3.800 3.600 3.000 2.200 2.00 2.800 3.600 3.600 

9 4.400 4.200 3.600 3.200 2.800 3.000 3.200 3.400 3.000 2.800 2.800 3.200 4.600 
SECTIONS 

ALONG

x 

10 4.200 4.000 3.600 3.200 3,000 3.000 3.000 2.600 2.400 2.800 3.400 4.000 5.400 

11 2.600 2.800 2.800 2.600 2.600 2.600 2.400 2.400 2.600 3.200 4.400 5.000 5.000 

12 0.800 1.200 1.600 2.400 3.200 3.200 3.800 4.600 5.800 6.200 5.800 5.600 5.800 

13 T.600 1.400 1.200 1.600 1.600 2.000 3.000 4.000 4.600 5.000 5.600 6.600 3.000 

14 3.600 3.200 2.200 2.000 2.000 2.000 2.400 2.800 3.600 4.400 5.400 6.000 7.000 

.000 V7 

15' 5.000 3.400 3.600 3.200 2.600 2.400 2.400 2.600 3.200 3.800 4.200 4.600 

¢ 
16 ‘3.400 3.400 3.400 3.600 3.400 3.000 2.800 2.600 2.800 3.000 3.200 3.600 3.800 

INJECTION IS AT SECTION: 3 . 9“ 4 

V4 RB — 2Ri9ht Bank 
‘ LB - Left Bank



4Q 

RUN NO. 6 .

. 

Depth average longitudinal velocity components 0 (in cm/s) 

SECTIONS ALONG z‘1 
W_ __ 

RB=‘= ~ 

’ 
‘ 

1 

’ 

7 
' 

- 

7 

LB='= 
1 .2‘ 3 A -_ 5 65 

. 7, 8‘ ~ ‘9 A10 _' 11.. _12. .13‘ “ 

1 0.000 0.00 18.00 24.00 25.00 27.0( 30.00 30.00 27.00 23.00 23.00 25.00 0.00
I 

72 0.00 0.00 0.00. 14.00 27.00 31.0C 35.00 33.00 33.00 34.00 34.00 33.00 0.00 

1 

3 0.00 .20.00 25.00 30.00 34.00 35.0C 35.00 37.00 37.00 36.00 36.00 34.00 0.00» 

4 0.00 33.00 36.00 38.00 40.00 4l.0C 41.00 40.00 41.00 42.00 41.00 40.00 0.00 - 

5 0.00 26.00 28.00 29.00 31.00 33.0C 34.00 31.00 32.00 40.00 42.00 43.00 0.00 

‘6 0.00 28.00 26.00 25.00 23.00 24.00 26.00I27.00 26.00 24.00 30.00 32.00 0.00 

7 0.00 27.00 29.00 28.00 23.00 22.0C.21.00 14.00 13.00 13.00 10.00 9.00 0.00 

8 0.00 35.00 37.00'37.00 38.00 37.0C 35.00 32.00 26.00 18.00 7.00 0.00 0.00 

9 0.00 37.00 39.00 38.00 36.00 36.00 37.00 34.00 32.00 30.00 23.00 19.00 0.00 
SECTIONS 

ALONG 

Lx 

10 ’0.00 35.00 35.00 34.00’ 31.00 34.00 37.00 37.00I36.o0 34.00 31.00 28.00 0.00 

11 0.00 39.00 41.00 40.00 36.00 34.00 33.00 37.00 38.00 35.00 32.00 30.00 0.00- 

12 0.00 23.00 34.00 32.00 27.00 25.00 23.00 21100 22.00 24.00 26.00 24.00 0.00 

13. 0.00" 10.00 10.00 10.00 20.00 30.00 31.00 30.00 30.00 31.00 34.00 34.00 0.00 

14 0.00 5.00 25.00 25.00 29.00 33.00 36.00 37.00 37.00 37.00 37.00 37.00 0.00 

15' 0.00 2.00 20.00 27.00 32.00 36.00 37.00 37.00 37.00 38.00 39.00 39.00 0.001 

16 9.00 7.00 23.00 29.00 30.00 33.00 36.00 37.00 38.00 39.00 40.00 40.00 0.00 

INJECTION IS AT SECTION: 3 95 * RB‘ -' Right Bank "‘ LB - Left Bank3v



‘l.q 

RUN N0.‘ 6 

Depth average transverse velocity components W (in cm/s) 

SECTIONS ALONO § 
Rgk . 

» 

= 
. H 

I’ 
_ 

LB* 
1 2 3 . 4 5 6 7 8 9 I03 11 12 13. 

2' 0.0 -1.2 -2.3 -3.7 -5.1 -5.8 -5.4 -5.0 -4.7 -4.3 -3.6 -2.6 0.0 

53 0.0 -1.9 -4.3 -6.0 2-6.3 -6.3_ ‘-6.0 -4.9-4.0 -3.4 ‘-2.6 -1.3" 0.0 

4 0.0 
I 

-0.6 -1.1 .-1.6 ‘-1.6 -I.6_ -1.7 -1.1 +0.5 -0.3 0.3 -0.8 0.0 

S 0.0 -I.2 _*2.3I -3.2 -3.5 -3.3 -2.9_ -2.h -1.8 
I 

-0.5 0.8 2.5 '.0.00 

6 0.0 ~2.4 44.2 -5.6 -6.0 -6.0 -5.5 -4.1 52.2 -0.1 1.8 3.5 0.0 

7 0.0 r0.0 -0.3 -0.5 -1.2 -2.2 -3.7 -5.3 -6.2 45.3 -3.86 -I.9 0.0 

8 0.0- 1.0 2.1 3.0 3.6 3.3 "2.2 0.4 ~1.7 -3.9 -4.6 -4.0" 0.0 

“-9 0.0 __3.8 1.7 2.6 3.8 4.6 4.8 5,061.9» 3.9 1.9» -0.20.0’ 

10 0.0 0.7 
I 

1.1 1.6 1.9" 2.2 3.0 3.6 3.8 3.0 .1.2 -0.2 0.0 
SECTIONS 

ALONG 

.x 

11 0.0 2.2 3.6 4.1 . 4.1 4.6’ 5.1 5.2 1.2 3.0 2.0. 1.5 1 0.0 

I2 0.0 2.6 5.0 6.2 6.6 6.8 6.3 5.3 +.h 3.7 3.0 2.I 0.0 . 

13 0.0 1 -0.5 -0.6 0.4 0.8" 0.9 0.8 0.6 p.4 0.2 -0.5 -1.9 0.0 

14 0.0 -0.5 -1.8 ~3.7 -5.4 -5.9 -5.1 -4.1 -3.2 §2.6 -2.0 *-1.2‘ 0.0 

15 0.0 -0.2‘ -0.6 -1.6 -2.6 -3.4 -3.8 -3.5 62.5 -1.4 -0.3 0.7 0.0 

INJECTION IS AT SECTION: 3 
- 

. 

* ORB .- Right Bank- 95 .LB - Left Bank



RUN N0. 6 

Depth‘a§erage concentrations 0 (in gm/litre) 

SECTIONS ALONG z 
_ 

.

_ 

RB* 
_ 1. 

' 

- - 

:; 
‘ - -. ;‘- -A A_ 

V 

LB*- 
I 2 3 A 5 .6 7 8 9 10 H 12 I3 ' 

_ 0 0.000 0.000 0.005 0.010 0.040 0.420 0.690 0.060 0.020 0.010 0.000 0.000 0.000 

5 0.000 0.005 0.015 0.070 0.290 0.595 0.310 0.145 0.015 0.010 0.005 0.000 0.000 

6 0.000 0.020 0.100 0.300 0.H20 0.275 0.140 0.050 0.030 0.010 0.005 0.003 0.000 7 

7 0.000 0.040 0.190 0.350 0.260 0.110 0.025 0.010 0.005 0.005 0.005 0.005 0.000 

.8 0.000" 0.075.0.165 0.270 0.280 0.160 0 0&0 0 005 0.oO5.0.Do5 0.005 0.005 0 000 

9‘ 0.000 0.100 0.135 0.200 0.255 0.245 0.140 0.050 0.010 0.005 0.005 0.005 0.000 
SECTIONS 

ALONG 

fix 

10) 3.000 0.110 0.130 0.170 0.210 0.2h0 0.215 0.140 0.070 0.025 0.005 0.005 0.000’ 

11 0.000 0.110 0.120 0.1h0 0.180 0.210 0.230 0.205 0.1h0 0.060 0.020 0.007 0.000 

INJECTION IS AT SECTION: 3_ 97- * RB " ’R1ght Bank '1 LB ' Left Bank



RUN N0. 7 

Metric coefficients h] 

SECTIONS ALONG 2 

RB* 
_ 

71*” 
' 

_ 

1 

_ 

' 5"v“'f 7 
’ 9‘ LB* 

1 

' 

2 3 1 A _'9s 6 7 8' 9_ M 10 11_ 12- 13*’ 

1 -0 181 0.016 0.213 0.009 0.606 0.803 1.000 1.197 1.394 1.591 1.787 1.984 2.181 

.1 

2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

'3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 ’ 

A 1 000 1.000 1.000 1 000 1.000 1.000 1.000 1.000 1 000 1.000 1.000 1.000 1 000 

51 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000.1.000 1.000 1.000 1.000 

6 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

7 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

8 .2.181 1.984 1.787 1.591 1.39h 1.197 1.000 0.803 0.606 0.409 0.213 0.016 -0.181 

9- 2.181 1.98% 1.787 1.591 1.39h 1.197 1.000 0.803 0.606 0.#09 0.213 0.016 -0.181 
SECT10NS 

ALONG

2 

10 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000.1.000 

11 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

1.000_1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

13 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1?000 1.600 

14 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

15 .1.000 1.000 1 000 1.000 1.000 1 000 1 000 1 000 1.000 1.000 1.000 1,000 n.0o0 

M 16 -0‘.'181L 0.016 0.213 0.1109 0.606 0.803 1.000 1.1971.3311 1.591 1.7371.9811 

INJECTION 15 AT SECTION: 3 93 
«I * RB = Right Bank 

2 LB - Left Bank



RUN N0. 7 
Flow depths h (in cm) 

- 
‘ ' SECTIONS ALONG z .

3 

.4 ’ RB-2 
' 

. 

' 

1.131‘- 
1. 2 

‘ 

.3 A 5 
' 6 ‘ 7’ 8' 7 

9 10 1. 11 
_ 

13 

I 0.400 0.400 1.000 2.000 3.000 3.800 4.400 5.400 6.200 6.800 7.000 71400 7.400 

«A-2 3.000 3.000 2.800 3 000 3 100 3.800 1.000 4.200 1.400 4.800 5 000 5.200'5.400 

737 11.80011.200 3.1100 3.1100.3.0600 3.600 3.600 3.300 11.000 11.200 11.11100 11.6001s.000 

4 
A 

4.600 4.200 3.800 3.600 3.200 3.200 3.000 3.000 3.000 2.800 2.800 3.000 31400 

35 4.200 4.200 4.000 3.600 3.200 2.800 2.600 2.800 2.800 3.000 3.000 3.000 3.000 

7 5.200 5.200 5.200 4.600 4.200 3.400 2.800 2.600 2.600 2.800 2.600 2.400 2.200X 

§ 8 112...0012.0011.‘8011,0010.00 8.60 6.80 5.20 3.60 3.60 1.20 0.60 0.110 O =1
7 

E 9 7.000 6.800 6.200 5.800 6.000 5.800=5.600 11.200 3.200 2.000 1.200 0.600 0.600 

10 6.000 6.000 5.1100 11.800 11.1100 11.1100 11.600 11.200 3.1100 2.800 2.600 3.000 3.1100 

11 3.600 11.000 3.800 3.800 3.800 3.600 3.200 3.000 3.200 3.600 111.000 11.600 5.000 

12 
_ 

2.800 3.200 3.200 3.000 3.200 3.200 3.1100 3._11’00- 3.200 3.1100 11.600-5.1100 5.000 

13 2.1100 2.600 2.700 2.800 -2.800 2.800 2.600 2.800 3.000 3.1100 3.800 11.600 5.000 

111 2.600 3.000‘ 3.600 3.800 2.800 2.1100 2.1100 2.600 3.000 3.1100 3.600 11.000 11.1100 

15 1.600 2.200 2.1100 2.600 2.600 2.1100 2.800 3.1100 3.800 3.,800.11.60o. 5.000 5.000 

_ 

16 0.800 1.000 1.200 1.600 2.1100 3.800 5.1100 6.600 7.800 9.600 10.60 11.60 12.00 

11105011011 15 AT SECTION: 3 99 
A 

1: RB - Right Bank 
LB - Left Bank 

6 4.600 4.400 4.000 3.400 3.000 2.600 2.800 2.800 2.600 2.800-2.600 2.800 2.600 ~



RUN N0. 7 

Depth average 1ongitudina1 velocity components 0 (in cm/s) 

SECTIONS ALONG ‘z 

I -2 
3 

33’ _4 ”_ 5 6 . »7 
3 

8 !_39 V 10 _ 11 12’ ’.L3_ 

11 0.00 0.00 23.00 30.00 32.00 35.00 38.00 36.00 37.00 39.00 00.00 39.00 0.00 

2 0.00 27.00 32.00 30.00 30.00 35.00 36.00 38.00 02.00 03.00 00.00 00.00 0.00 

3 0.00 28,00 34.00 38.00 36.00 35.00 36.00 42 00 44.00 43.00 45.00 42 00 0.00 

0.00 37.00 33.00 02.00 02.00 01.00 02.00 50.00 53.00 53.00 53.00 09.00 0.00. 

.5 0.00 738.00 43.00 45 00 40.00 42.00 46.00 49.00 51 00 51.00 51.00 49 00 0.00 

6 0.00 02.00 05.00 50.00 07.00 06.00 09.00 09.00 09.00 51.00 53.00 50.00 0.00 

7'. 0.00 ‘43.00 43.00 43 00.42.00 47.00 50.00 51.00 52.00 53.00 53.00 51.00 0.00 
94 

<5 
_ 

V 

. 

'

' 

_ O 8 0.00 30.00 29.00 27.50 26.00 25.00 22.00 20.00 17.00 13.00_10.00V 5.00 0.00 
m 

V 

‘

’ 

9 0.00 30.00 33.00 32.00 32.00 30.00 30.00 20.00 17.00 13.00 13.00 5.00 0.00‘ 
E I 

V _ _ _ . 

I 

, -.. . .,

> .9‘ 10 0.00 00.00 39.00 36.00 27.00 31.00 30.00 30.00 35.00 37.00 15.00 10.00 0.00‘ 

11 0.00 01.00 02.00 02.00 00.00 36.00 35.00 35.00 35.00 30.00 32.00 29.00 0.00-1 

12 0.00 03.00 00.00 05.00 03.00 06.00 05.00 23500 21.00 26.00 25.00 26.00 0.00 

'13" 0.00 51.00 52.00 50.00 06.00 09.00 52.00 08.00 05.00 02.00 01.00 01.00 0.00 

10 0.0 05.00 51.00 52.00 09.00 51.00 57.00 52.00 00.00 36.00 30.00 35.00 0.00 

15 0.00 50.00 50.00 50.00 52.00 53.00 50.00 08.00 05.00 03.00 03.00 02.00 0.00 

i 
16 0.00 0.00 0.00 10.00 16.00 10.00 10.00 10.00 15.00 23.00 23.00 30.00 3.00 

INJECTION IS AT SECTION: 3 
1 

* RB - Right Bank 100; .LB - Left'Bank. 

RB* _ . 

‘ ' 

.. 

I 

' '1‘. L35 ..



RUN N0. 7 ' 

‘Depth average transverse velocity components 317 (in cm/s) 

SECTIONS ALONG 2 

,1 

n 

2 3 4 - 5 6 *7 85 9 10 
V 

12 13 

2 0.0 -2.7 -5.1-6.1 -5.3 -4.9 63.7 -2.8. -1.9 -0.8 -0.1.0.7 0.0 

*3 0.0 -1.0 -2.1 53.0 -3.3 -3.1 -2.8 -2.61 -2.13 -1.23 -0.2 0.9 0.0 

4 0.0 -0.5 -1.4 -2.0 -2.1 -2.0 5-1.9_ -1.5 -0.9 —o.4 0.4 1.1 0.0 

5 0.0 -0.4 -0.9 -1.2 -1.5 .?1.4. 51.7‘ —1.5 =0.8 -0.7 ~0-5 -0-6 0-O 

6 0.0 -0.8 -1.5 -2.2 -3.2. -4.6 -5.4 -5.2 ‘-5.2 -4.9 54.7 -4.2 0.0 

,7 0.0 -1.0 ‘-2.1 -3.4 -5.1 -7.4 -9.8 -11.9 -13.3 g11.8 -9.6 -5.9 010 

8 0.0 -0.0 0.0 0.1 0.0 50.0 0.3 0.2 2.0 7.3 19.2 38.2 0.0 ‘ac 

‘l'l§§ 
9 0.0 0.5 1.1: 2.0 3.2 4.5 5.5 7.1 10.2 14.61 22.2 24.9 0.0 < .. 1 . 

. _ 

_ 
. . 

‘ 1 
. - 

. 

V) _ 

. 1. 

§§ 10 0.0 0.5 1.0 1.3 1.9 
" 

2.6 3.5 3.8 3.5 2.2 -0.2- e3.0 .0.0 
LL’ '

. ” 11 0.0 1.4 2.3 3.0 2.8 2.7 12.8‘ 4.0 5.2 5.4 3.6 1.7 - 0.0 

12 0.0‘ 0.6 0.9 1.2 1.6 1.5 1.1 . 0.6 . 0.2. +0.2 -0.5 -1.1 0.0 1 

13 0.0 0.1 -0.7 -1.9 -2.0 -1.5 -1.2 -2.31 -3.4 53.7 -3.2 -2.8 0.0 

114 -0.0 0.5’ 0.6 0.6- 0.5 0.8 0.5 +0.2 -0.8 -1.1 -1.5 -1.7 0.0 

15 0.0 4.4 
' 

8.3- 11.6 14.0 14.1 12.8’ 10.9 8.8 6.2 4.0 2.1 0.0 

iNJECT|ON 1s AT SECT|0N:3 
V 

6 RB - Right Bank. '0] LB - Left Bank



RUN No.7 
Depth avérage concentrations E (in gm/litre) 

SECTIONS ALONG 2 
.RB*. . 

5 

. 
« 5 LB* 

2 3, .4 5 6 7 . 8: 9. 10- 11 .12 13 

5 .000 .025 .060 .200 .400 0.325 0.130 .045 .025 0.012 0.005 .000 0 000 

6 .000 .080 .145_ .235. -230 0.190 0.125_ .060 .025 50.012 0.005 .003 0.000 

7 .000 .150 .175 .180 .170 0.110 0.060_ .030 .015 »0.007 0.005 .004 0 000 

O . 4. 1

_ "- _8- .000 .170 .160 .150 _.11_0_-0.080 0.045 .025 .01-5 »- 0.010 0.008. .008 0.000 
<_ V 

V 

. 
. . 

.m.. 
' 

. 
. ._ . - 

V _ E 9 .000 .165 .160 .145 .130 0.105 0.080 ».070 .060 0.050 0.045 .045 0 000 

”‘ 10 .000 .160 .160 .150 1.140 0.130 0.110 _.100 .080 0.070 0 070 .065 0.000 

11 .000 .160" .160 _.150 .145 0.134 0 125 .100 .100 0.090 0.080 .070 0.000 f 

12 .000 .160 .155 .150 “.145 0.140 0.125 .120 .110 0.100 0.085 .080 0 000 

13 .000- .155 .155 .150 .145 0.140 0.130 .115 .100 -0.090 0.090 .080 0 000 

|NJECT|0N.lS AT SECTION1 3 I92 * RB - Right Bank 
N 

:LB - Left Bank



APPENDIX C ' 

Listing of a programme to compute o2(x); G(x) and Fi(x) from the measured 

"data in Appendix B to evaluate the dimensionless dispersion coefficients mi. 
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THIS 00300000: CnMvur:s’fHa’LAr29AL VELOCITY cunéousmrs F200 LOHGI .N 0301 C 
.H A 02 C COMPONENTS USING COHTINUITY :QUAIIDH. 
LN 03 DIMENSIJM u(25.13).HT(25.13).w(25.13),wHT(25.13) 1 

gm 0004 DIM:NSION C(2o.13i.z(13),P1(13).P2<13).P3(15).Pn(13).3c?IH(13) 
LN 0005 OIMENSIJN HR(25).AU(ES).G(25)yF(25)sSIG4A(25)»FX(25).GX(25), 
EN 0002 1SIGMOD(25) 

_ A ‘A _N_0007 DIMENSION H1(25.13).0sRIH1(13).P5(13) 
.

- 

N JuG8 UIHtNSION P31(13)9P41(13)oP5l(16lyU:RIHU(13)9F1(Zp)nFX1(2D) 
LN 3009 N=16 
_N 0010 M=16 
_N 0011 N1=N-1 
_N 0012 M1:M-1 2 ' "0. ‘ 

LN 3013 2 N2=13 
. 

' 

. 

‘
° 

_N 001» N21=N2~1 ‘ 2* 
_N 0015 NIN;S 
-N 0015 u1N1=NIN+1 
_~ 3017 AK=2.5 
-0 0010 H=2d.: 
_N 0019 R=AK/H 
_N 0020 'NR=5 
_H 3021 Q=36S1.3 
.N 0022 ,SL=u.u0a60 
_N 0023 3:30.00 
-N 0024 H2=1pu.u 
-N 0025 ALM0A=180.00 
.N 0029 ‘H10=H2/3 . 

_N 0027 T0 GENERATE.H1 VALUES 
.N 0022. RC=12.7 
.N =29~- 2 

1: 0302 001 J=1,M —. 1 - 1 

_ 

— - 

-N 0031 H1(I.J)=(Rc-((3/2.0)-(J-1)4AK))/RC 
.N 0052 002 1=2./ . 

-N 0033 D02 J:1.M 
_N 0034 H1(1,J:=1.0u 
-N 0035 D03 I=599 
_N auoo U05 a=1,M ~ 

LN 0037“ H1(I.J)=(Rc+((3/2.0)-(J-1)4AK))/RC 
;N 0035 D09 1:10.15 '

‘ 

_N 0039 D04 J=1.M 
.N 0040 2 H1(1.J)=1.0u 
N 0091 005 I=16.17 
N 0042 005 J=1qH 
N 0043 5 H1(IaJ)=(QC4((3/2.0)-(J41)*AK))/RC 
N 0044 ‘DO 10 I=1.N 
N 0545 w(I.1)=0.00 

.N 0090 w(I.>1)=0.00 
-N 00a7 wHT(1,1):0.c0' 
-N 0040 2 wHTII.M)=0.00 
-N UU49= C(I.l)=fl.DC 
.N 0050 C(I.H)=U.DU 
-N 0051 U(I.1)=0.D0 
.N 00:2 I U(I,M)iu.UU 
“O 

Ioh



;N “ 53 00 11 I=1.N 
Tr 0 ?:AD(EDo1U£)'(U(IqJ),J=¢.fl1) 
.0 u053_ 11 CONTINUE . . 

_N 0095 100 FORMAT(11F7.2) 
.0 3057 = 00 98 I=1.N 
4: 3398 .R:AD(pu.2E9) (C(I.J).J=2,W1) 
N 0059 as CONTINUE 
.N 3060 2:9 FORHAT(11F7o3) 
.N 0061 "300 FCRMAT(1H0uI1Usl3F9.3) 
.N 0062 ’ DC 3 1=1,N 
N 0563 RaA0(a0.101)(HT(I.J).J=1.M) 
.N 0064 9 CONTINU; 
.N 0055 101 FORMAT(13FE.2) 
.N 0105 DO dug 1=1.N 
N 0067 REAO(§0.102) HRtI).Au(I). 
.N 0053 204 CUNTINU: 
.N 3069 ‘IE2-FORMAT(2F10.3) 
.0 0070 ' 7’wwIT;(b1.%00) 
.N 0071 900 FORMAT(1H1) 
.N 0072 ww11:(b1.»Un; w<' - A» 

.N_0073 404 FORMAT(51X.¢M£ANDERING FLUME EXPERIflENTS RUN NuM8:R=¢.I3) 

.N 0079 WRIl:(o1,+U5) — 0 ’7 0 

.N 0075 405 FCRMAT(1H ,2SX,¢MEANDERING CHARACTERISTICS¢97X,¢H/82¢,13X5¢3=¢. 

.N 3076 11sx,zL=z) 
_ 

' ~ ’ 

.N 0077*’ wRITE(61.405) H1B.B.ALMaA 1 

.N 0075 406 FOKMAT(1H+go:X,kbodqluX,roaC9lUX,r(.1) 
N 0079 _w0ITE(51.q07) 
Fqlgéfll 407 FORMRI(1H 9Z5Xq¢FLDW LHA£Abf:Kl§llL>Is1DX,¢u=i,1ox{¢5=Z) 
N ..a1 _ 

' N2ITE(61.uCa) Q.SL' = — »v'H 
. . 

.0 0002 408 F0RmATI1H+.o2x,r7.a,Iux.r/.2» 

.N 9383 HRITE(5io909) 
_

_ 

{N 003» 403 FURMA1(1H .abx;zutu bHAKflul:R;bT1Lb¢pldX9ZbuUUN;U av rLUW Awu 
.N 5885 

b 
iSTA3ILIZED¢) 

.N GU83 WL‘-.'l|'.:"(ol9~+U-Ul 

.N 0087 NPITE(6ls4Ui) 

.N 3085- 401 EU&MAI(1x,zIH:'JEv1H AV:%Ab; LUNb1|UUlNAL V:LUUllY LUMHUNLNIDF) 

.N 0089 #02 FORMAT(1Xy¢THE 3EPTHS¢) ‘ 

-N 0090 91:5 HH<;4AII1x.:’I’Hz; =Jt.V|H AV:.‘<I-‘U12: H<Az1bv1—_+<5:’ V-:.L'JbilY La=Jl"?FUN:.:“H>I} 
.N 3091 wRITE(61y410) ‘ 

-

‘ 

,N 0032 410 FURMA1(lbx,Iulg5X,z1¢9dXgI5195X,¢éz,¢X,Iuz,5x,I5Z96X,¢bI,dx, 
1N 0093 1:7¢,3x.t8¢.3x,¢3¢,8X,¢1a¢.8X.¢11¢.8x,t12t) 
-N Juan 915 FUkHAI(1X9¢lH:.fitlKlL LUtFrLLltNIb¢) 
_N 0095 4 DC 12 I=15N ' ‘ "

‘ 

N ‘.3086 WK.Ll:(’Ol15UU} l7lU(l9J)9J~—l9l"H 
N 0097 12 CONTINUE 
N 0030 nw11;(o1.u0u) 
N 0099 NRITE(61a4G2) 

[N 0100 WPiI:(bl9+lU) 
_N 0101 DO 13 I=19N 
TN 0104 HHIl:(bl96UU7 1.rHIx1.Jr.J—1,M1 
_N 0193' 13 CONTINUE 
.N 0104 WR1l:(o1p9UUJ 

I05



WRITE(61y418) N 0105 
, U109) WRIT-.‘.(Ol1‘1'1U)' 
H 7 D0 38 I=1.N

. 

'N"g £8 WnIT:(o1.3EC) 1,(H1(I.J),J=1.w) 
N a1s9_ '38 CONTINq§> ' ' “ ‘ ' 

N 0110 DO 14 I:2.N1 
N 3111 D0 14 J=2.M1 . 

. 3112 14 WHT(IgJ)=WHT(I,J-1)-R‘(U(I+19J)‘HT(l+19J)-Uri-1oJ)*HI(I-1sJ))/¢.U 
N 3113 ' D0 15 I=2.N1 - 

N 9114 DO 15 JfZ.M1
. 

N 3115 15 w(I.J)=4.O+NHT(I.J)/(HT(I.J)*H1(I.J)+HT(I.J-1)1H1(I»J-1)+HT(I-1.O) 
N 1116 1*H1(I-1¢J)+HT(l+1sJ)*H1(I+19J)) - 

2* 

IN 0117 wRITa(61.400) 
.N 0118‘ A wR1T;x51;4O5) 
.N 3119 NRITE(61s41C) 
.N U120. 00 16 I=2,Hi

_ 

_N 0121 NRIT£(a1.30a) I.(w(I.J).J=1.M) 
LN 0122 15 CONTINU; I 

.N 3123 NRITE(a1.4oO) 

.N 01834» W.‘Tll:_(b1y-'+l1) ‘ "
> 

.N 0125 411 FORMAT(1X.iDEPTH AVERAGE CONCENTRATION OF THE TRACER¢) 
_N 0125 w;J.1I:(o'1s41s)

‘ 

.N 3127 DO 8 I=1.N . 

.N 3125 NR11:(6l.5UU)'l9(L(1qJ)9J=I7M) 
-N 0129 .8 CONTINUE 
.N u15u WRil:(o1a9Uu) 
_N 3131 NRITE(a1.412> _

. 

_N 3152 412 FORMAT(:sx,z51.nT1ONrs1:x,zT—LUx¢';‘1:>x,.ar:1Lm7TrxT‘:s1.ax.¢OTx)z.1px.zr-Ix) 
_N ‘ 33 ' 1¢.15X.1zO¢r- ~ 

. . 

A
- 

-N 0135. ;_DO17J=2.M
A 

..N 2113:) 1/ Z(JV).=£(J'-.‘~.)+AK 
-N 0137 - OO 18 I=NIN.N2 
N U138 um 19 J=1oM 

_N 0139 ‘P1(J)=HT(IsJ)*U(IaJ)*C(IsJ) 
N 0145 PZ(J)=H1(l9U?*W(lsJ)TL(l9J)THlli§J) 

LN 0141. P3(J)=HT(I9J)“C(I,J)*H1(I,J) 
I 3142 ?31(J)=HT(IsJ)*HZ*U(IsJ)*H1(IqJ)+L(IaJ) 

tN 3143 19 CONTINUE 
_

‘ 

LN U144 ’ D0 20 J=2,N1 
LN 0145 DERIH(J)=(HT(IyJ+1)-HT(I,J-1))/(2.0*AK) 

_

- 

:N 0146 'DERIHU(J)=(HT(Iod+1)*H2*U(IyJ+1)-HT(IoJ~I)*HZ*U(L{J41))/(2§U*AKY 
LN 3147 20 CONTINUE ‘ ’ 

N U145 D:RlH(1)=Q:RlH(Z) 
‘N 3149 DERIH(N)=OERIH(M1)‘ 
LN‘U1Su DERIHU(1)=D;KIHU(2) 
LN 3151 DERIHU(M)=DERIHU(M1) 
LN 3152 D021 J=1,N -

. 

LN U153 P4(J):DERIH(J)*C(IoJ)4H1(IoJ) 
EN_J154 P41(J)=U:RIHU(JT+L(I.J)+H1(I,J) 
LN 3155. 21 CONTINUE ‘

' 

DO 96 J=2,M1 LN 3156 
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H 3157 66 
J 3155 D:RIH1(1)=D:RIHi(2) - 

‘

2 

H 3 UERIH1(H)=D£RIH1(Hi) 
N"U b0. DO_67 J=1.M 
N_.J1a1_ 

' 

_ 

-' 

N aicz PEi(J1=3:RIH1(J)*HT(IoJ)*HZ*U(IoJ)+C(IsJ) 
H 0163- '67 CONTINUE. A

. 

Jiou suM=u.ua 
N £165 DO 22 J=1.M1 
N 01b6 22 suM=suM+T P1(J+1)+P1(J7)*IZIJ+l)*£(J))/1.0 
N 3167 A0=SUH 
N J1b8 SUM=G.Uu 
N J169 ao 27TJ=1;M1 . _ 

_ 

-

. 

T 3170’ 2k_5UN=SuM+TP1(J+1)+P1TJ))*tz(u+1)-2TJ)T*T2(J+1T+zlJ)1/u.U 
N 0171 A1=SUH ' 

N 3172 z1=A1/Au 
N 3173 ZG=A1/A3 
N 3174 sum=U.ua

V 

N 0175 D0 23 J=1»M1 » A
. 

N J176 25 SUM=SUM+ (P1(J+l)+P1(J))“I£(J+1)-£(J))*(£(J+1)+£(J)-¢.U*£u)**2/5.: 
N 3177 A2=SUH - . - .. 
N a1ia" SUH=U.UU 
N 0179 D024 J=1.n1 . 

N Uldu 24 SUN=bUM+ zP2<J+:)+P2(J)2*TzTJ+1T-ZTJT)*Tz(J+1v+zTJ1-2.t*zu;/4.1 
N 3181 B1=sUN I - 

N 9152 bUM=UcUU 
.N 3183 SUM1=fl.O0 
.N 0154 UOdbJ=loM1 _ _

' 

.N 85' SUM=SuM+_(P3(J+1)+P3(J))*(Z(J+1)-2(4))/2.0 
C 

do 5UM1i:u11+TP51TJ+1)+P51(JTT+TzTJ+1)-2(4))/2.u 
.N 3187 25 CONTINUE 
.N U165 L,u'=bLJ;“1 

.N 3189 -DU=SUM1 

.N 'Jl‘3=.J bUM=U.-JJ 

.N2a191 SUM1=c.00g
, 

_N Jlid uu db J=1.M1 1- 
.N 3193 suM:SuM+( Pk(J+1)+°4(J))*(Z(J+1)-Z(J))*(Z(J+1)+Z(J)-2.C*ZC)/+.C 
.N U199 bUMl=bUfil+lH9llJ+1)*PH1KJlJ*l£lJ+l1‘£(J)I*l£(J*lJ+£IJ)’Z3U*Lu)/+ou 
-N 0195 25 CONTINUE ' 

-N u1ab Ll=bUM 
.N 9197 D1=SUM1 
N 0195 bUM=U.UU 
N 3199 SuM1=s.00. 
N dduu‘ UU ocs .J=:L.M1 V 

C 

. 

_ 
V

. 

N 3201 SuM=su4+(P5(J+1)+P5(J))4(z(J+1)-ZTJ))¥(z(J+1)+z(J)-2.3420)/4.3 
-N DZUZ 5UM1=bUM1+(Pp1(J+1)+Pp1TJt)~TzTu+1J-Ltd)3*(LTJ+rr+L(J:-:.u+4u;/+.u 
-N 0203 68 CONTINUE 
LN’32UQ 'L2=:uM 
_N 3205 D2=SUH1 
-N U2Uo' rLux=Au 
_N 0207 SIGMA(I)=A2/A0 
_N UdU8 UQ=Hl(l9M)*HlT1yM)‘b(l,H)“(d'£UJ+Hlllql)*H1lly1I*C(Lg1)*L: 

‘C 
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N J2U9 c3=0.eo 
N Jzifi G(I)=2.;*B1/A; . 

A 
‘ ' —' 

N 1 F(I)=H2*AU(I)*(CC+C1+C2-C3)/AD 
u 12 F1(I)=Tau+n1+n2T/A3 _ , 

N 3213 
_ 

NRITs(a;.u13)»I.FLUx.SI6MA(I).G(I).F(I).z1.F1(I) _. 
N 5X9I791UX9F9o391§ax9FOa391.UX9Fbo3ylUx9Fflo3§1UXqFOI¢qi%.JX'q 
N 3215 ‘ 1F9.3) . .

' 

N 021: 18 CONTINU; 
N 3217 SUM1=J.UU 
N J218 SUH2=Lo.JL’ 
N 0219 SUM3=G.JO

. 

N 3220 DO 30 I=N1N.N21
A 

N 3221 suM1=suM1+(G(I+1)+G(I))+H/2.0 
N 4222 .GX(I+l)=>UH1 -2- ' 

N 5223 SUM2=SUfl2+(F(I+1)+F(I))¥H/2.0 
N 322k Fx(1+1):SuM2_ 

_

- 

N 0225 SUH3=gUM3+(F1(I+1)+F1(I))*H/2.6" 
N 3225 _- FX1(I+1)=SUH3 
N 0227 —30 CONTINUSA 
N‘U228 no 31 1=N1N1.N2 
N 3229 31 SIGMOD(I)=SIGJA(I)-GX(I) 
N J23u w«IT;(o1,qsD) T ' 

N 0231 wRITE(61.%1%)
_ 

N 0232 414 F0RMAT(15x.¢s1bwn-G1x)¢,1sx,¢Fx(x)¢.15x,¢Fx1(xT¢) 
N 3233 DO 32 I=NIN1.N2 

3239 322WR1T:(o1.419) >IeNou(1T.rxTI).bxT1):Fx1<1T 
N 0235 415 FORMAT(15X,F1fl.3.1#XyF9.3al»XoF9.3»14X§F9.3) 
N 3235 STOP - 

V - - 

N 37 _ENQ 

Ustxsl FORTRAN Zl’I‘IXb:¢‘Obl1C &:m1LTs-"row T’-TN.MA1N 

Na ERRORS 
L63

2 
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APFENDIXVD 

V 

vaiues 61’ ‘o2 (x) , (§(x) alhdn Fi|(x) lllfor $11 

‘I 09



RUN NO: I 

‘ SECTION c’52(x) G(x) I-‘»1(x) 

A 

F2(x) 1’V“(><) 

2 12.82 

3 211.63.‘ . 

- 10.78 16.9 (7335 .7929 11117.9 

11 117.38‘ — 16.81; 33.5 1115.7 1118.11 . 855.2 

5 57.18. — 5.76 19.1 222.6 216.3 1316.0, 

6 55.98 - 5.51 611.7 279.9 2911.2 1798.0" 

7 117.73 4 13.61. 711.8 336.5. 381.3 2203.0 

. 8 67.113 - 3.56‘ 85.8 
1 

392.9 1173.6“ 2591.2 

. -1>.uN’N_o:3 2 

5EcT1oN o"(x) . 8(3) F1(x’) 1=2.(x.) 1=“(x'). 

3 51.93 

11 511.36 2.85 7.8 
' 

52.1 122.9 1113.11 

5 63.111 10.811 11.1 90.5 256.0 8211.1 

6 57.89 
_ 

- 3.35 2o.o 126.0 375.0 1211.5 

7 17.51 - 22.80 ~26.'11 
' 

162.9 1167.8 

I 

11152.5 

. 8 51.77 
-I 

10.60 311.5 -205.3 583.1 1696.1;_ 

9 66.07 
" 

2.62 113.1.’ 2118.3 

A 

731.1 2061.3 

10 59.71 3.211 52.1 292.6 8511.2 21137.6
I 

119-



RUN N0: 

‘ SECTION ,, 
GZKX) G(x_) Fl(x_) vF2(x) 

I 

F3 (>5) (x) 

3 112.20 

A 59.66 9.25 18.5 107.5 2oo.2 
_ 

532.9 

- 5 66.50 6.22 37.2 210.2 1109.1 1055.9 

26 
' 

53:46‘ ; 1;_39 56.0. 
9 

288 5 
9 

579.3 
9. 

1432.9 

7 19.59 _ 36_00 52,4 355_2 677.0 

8 39_31 - 32.19 91.7 535.7 795-1 186‘ 7 

9 65.02 - '9.98 I18 8 540-52 933-3 22°“ 7 

. 

16 71 45- 1.32. 
' 

'. 159.2 656.9 . 

"1183-3 _. A 

?535-9 
7 

RUN N0: 11 

SECTION o2(>_<) 
I‘ 

G-(x) 51«(x) F2(3<) 1=3(x) F~(x) 

989 15.61‘ 

9 33.15 
H-H 

9.75 12.6 '»75.9 
A 

173.7 

10 33.96 — l7.h2 ‘27.1 153.1 367.0 1138.9 

H 25.92 - 29.09 50.8 22511.3. 969.9 
I 

l637.8H_ 

12' 22.77 a 27 37. 88.8 391.5 770.8 2117.6 

13 26.66 - 36.90 1112.3 1176.9 1082.9 22155.5 

15 47.53 - 65.27 186.9 510.5 1390.5‘ 2704.8 

15 63.13 - 71.52 211.1 576.5 1605.8 3095.5

HI



RUN N0: 5 

‘ SECTION 0’ (x) eA(x) F1(x) 1‘2(x) F3 _(-x) F“ (x) 

'5. 
15.87 

6 .331. - 0.1.7 22.1 77.9 3311.6 516.3 

'7 11.2.5 - 7.58 115.8 1110.1 _596.6 7781.9 

8 22.113 8.72‘ 62.9 202.1 798.8 1085.0 

9 31,_72 0.68 181.9 270.1. 1121.3 1535.3"- 

1o 117.869‘ 3.98 100.5 355-6 1505.6 2066.9 

H 52.1” 116.3 1126.1 1882.2 2561.6 

I 

12 _ 
- 115.00 137.1 1179.2 

- 

1 

2261.9 2831.9 

. 11011 NO: 6 

8E011oN 1 8?-(x) c(x) F1(.X). 1=2(1<) F3_(x) 

I 

Fy(>‘{) 

11 5_.90 

5 1.05 5.6 -61.1 201.1 660.9 

. 6 111.56 - 0.18 -13.5 13o.6_ 393.0 1229.5 

7' 8.111 —. 3.811 22.7 199.8 5110.3 16116.9 

8 12.75 — 11.82 31.9 1277.5 686.5 21111.3 

9 21.59 - 0._6o 110.5 _357.6 868.3 2716.0 0 
10 30.00 5.73 118.2 

' 11211.6.’ 1069.6 3311.7. 

11 39.17 10.01 55.5 1189.3 1282.0» 3922.5 
112



ARUN N0: 7

F
2 

SECTION ' 

qé(x) G(x) F1(x) F3(x) Fu(2)’ 

5 16.06 

>6 23.20 -1 3.11 6.7 73.2 3h1.2_ 65h.1 

7 '21.9h - 11.76 13.9 
I 

lh2.8 
_ _ 

696.6 1212.6 

3 16.22 - 17.18 41.8 309.9 1073.7 1823.5 

9' 26.33 - '7.99 77.9 511.0 1487.9 2095.9 

10 h3.67 — .3.29v 95.9 610.3 1871.7 3000 5 

11 59.69 10.05 107.1 677.6 2209.7 3400.9 

12 58.89 
. 

12.11 118.3 735.8 2593.8 3827 3 

63.58: 128.1 790.0 4250.6 5.56 296h.h
’

H3



~ ~

~
~


