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"Transverse Dispersion in Meandering Channels"

B;G.,Krfshnappan and Y.L. Lau

_ ABSTRACT

The transverse dispersion process in meandering channels has been studied
in the Hydraulics Laboratory of CCIW and a detailed description of the

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 é fun;tidn 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 measurlng
fhe dispersion coefficients for variéus values of the aone-mentioned para-
meters. - The meandering ﬁhannels uséd'fof this study had realistic bottom

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 '

measuréd Qélues of the flow depth, velocity and the concentration of salt
solution'which is used as a tracer solution in the present study. A num-
erical mefhod has been developed in this.stUQy to bredict the concentration
distribution of a pollutant which is injected contfnuoUsly ina meanderfng

channel.




"La dispersion transversale dans les meandres'’

B.G. Krishnappan et Y.L. Lau

RESUME

On a étudié dans la laboratoire hydraulique du Centre canadien des
eaux intérieures la méthode de dispersion transversale dans Ies.méandres
et nous présentonis dans ce répport une description détaillée de cette €tude.
En se fondant sur la théorie des dimensions, il a été établi que le coé-
fficient de dispersion'sans dimension'dans la-difection transversale des
méandres est fonction du facteur de frottement, du rapport de 1'amplitude
des méandres 3 la largéﬁr et du rappért de la largeur au raybn hydraulique.
On essaie d'établir la relation fonctionnelle en mésurant les coéfficients
de dfspersion pour les différentes valeurs des paramétres susmentionnés.
Les méandres utilisds pour cette &tude avaient des»configurationé de fond
réalistes qui provenaient de 1'affouillement et des dépots de sable férmant
le fond des méandres en opposition évec les hééndres a fond rigides utilisés
dans les &tudes déjs'existahtes. Les coéfficients de dispersion ont été

évalués, en utilisant la "Generalized Change of Moment Method' proposée par

Holley, a I'aide des_valeufs mesurées de la profondeur de 1'écoulement, de .
la velocite, et de'Ia concentration de la so]utiqn saline, utilisée dans la
présente &tude comme traceur. On a élaboré dans la présente etude une_méthéde
numérique afin de prévoir la distribution de la concentration des charges de

pollutiqn injectées continuellement dans les méandres.



LIST OF SYMBOLS

X . : co-ordinate along the centre line of meandering channel
y : co-ordinate along the veftical_
z : co-ordinate along the transverse direction perpendicular

~ to both x and y

h '+ metric coefficient

1

hlv : flow depth

R : average hydraylic radius over ohe méandgr{ng cycle
A : meander wavelength

H | : “meander amplitude

B : channel width

e P radius of curvature of circular arc

p B density of fluid

u oE absolute viscosity of fluid

u, v, w: velocity components in x, y and z directions, respectively

e : average shear velocity over one meandering cycle
c : volumetric concentration of tracer
si : diffusion coefficient in the ith direction

Gv  o , 0 and o .
1’ 2’ 3 i

dimensionless dispersion coefficients in the z-direction
' j
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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 soreads
_along the vertlcal lateral and longltudlnal'directions simultaneously; due
to the turbulence present in the natural stream. The rates of spreadlng |n o
these mutually perpenducular dlrectlons depend uoon the characteristics of
the flow and the flow geometry;- A_quantltatlve knowledge on these rates of
spreadlng of a pollutant in a natural stream is an essential management tool
to decnde upon the amount of pollutant that can be dlscharged into the stream
without violating certain established water quality criteria. At present,
such a knowledge is limited only'to very slmole flow geometries, and its
application to field problems is often associated with many uncertainties.
The object of thevresearchvoutllned in the present report ‘is to expand‘the
knowleoge on the spreadlng 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 towatds 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 suoh flows wlll certalnly be different from tne simpler cases, wheteln

the flow geometry is the same throughout the length.

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

&

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

Y. Chang (1), (1971)- ‘H.B. Fisher. (2), (1969);_and Engman (3 ), (1974)
studied lateral spreadlng processes in meandernng channels in the lab-

oratory; but the bottom of the ¢hannel is flat and hence the transverse
currents are not stronger and are not representative of the real situation.
1




is undertaken to systematically §tudy the lateral spreading processes in
meandering channels having realistic bottom configurations. In section 1, -
. the theoretical background and the planning of the experiments are outlined.
In section 2, the experimental set up and procedure are described. SecthnT
3 contains the results and a numerical procedure to predict the concen- |

tration distribution of a pollutant in a meandering channel.

1. 'Theofetical Background

" a. General
The transport of a neutkally buoyant pbllutant can be described

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

legw

3
3C + .% U'ia,c

_ a-[e;ac']-..-...._..-.,(1)
I I TR b B 7] - T |

where the dfménsionless volumetric concentration C is a function of space
(xj, i=1,2,3) and time t. The:above équation,is derived by considering

the conservation of mass principle for the pollutant. (See W.W. Sayre %)).
The terms under the sigma sign on the left hand side of Equation (1) rep-
resent the ;onvectivé transport of the pol]utant due to the time average

velocity components U;, 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_tﬁe concentration
gradient (9C/3xj), and the proportionality constant e; Is the turbulent
diffusion coefficient in the ith direction. In other words, €; fs given
by: |

€ =-ui’c'/'ac/a><i N 7))

- - e mtea s v secs - . eee e C e - P ——



V4
where Ui is the fluctuating component of the velocity in the ith
’ ; ‘

direction and C is the fluctuating part of the conceatration C.

The assumption expressed by Equatfon (2) is a result of
an anology with the Boussinesq eddy viscosity concept which expresses:
the turbulent momentum transfer in terms of a coefficient, often called
""kinematic eddy viscosity", AT in the ith direction as:

: 7 i S . o

AT=-UU 1 )

N i ax. o : . :
The veloc:ty components U and the turbulent d|ffu5|on coefficients
€; appearing in Equation (1) are, in general, functions of both
_space (xf, i=1,2,3) and time t, and would depend on the turbulent
flow regime, the bottom rOUthéss and thé'geometry of the flow

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

dence of Ui and €; with the above-ment ioned characteristic parameters

of the flow, is a prerequisite to sslving Equation (1) and oBtaining
the concentration distribution € for a given se# 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 determlned only empirically, with the
ald of experlments, either in the laboratory or in the fneld.

In order to express Ui and €, as dimensionlgss parameters Which would
greatly simplify the bulk of the«ekperimental work and aid in the
experimental planning, Equation (1) is made dimensionless using a -

typical length and a typical velocity characterizing the flow field

\

as follows.



Since the absolute size of a flow can be specified by a flow depth
h at a typical croés-sectibn, and';ince the velocities Ui and Uil arerpfdp-
6rtional to the shear velocity v,, both h and v, are used'as the typical
length and the typical velocity, respeétively. Expressing the didensionless

co-ordinates as:

and 0 = tuw

the dimensionless form of Equation (1) becomes:

e
Q

X - . o |
3¢ + .Z | ui aC = . | €1 3C e o .. (5)
s-é |=1 [-\’—l— Ri] . =) 'a—éi [h—\)i'rg‘] )

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

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

_fol]pwinggdimgnsion]esséquantities;_,

Ui and

=3 T ()]
v*_ hv*. . Lo - . .

which are themselves functions of the dimension]éss 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 fol]oWing 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 equivélent sand roughness of the
boundaries. The dimensionless combinations that can be formed out of these

parameters .are:

pv,h  (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 cpmbinatiohs (8) and of

% and 6.

‘v “‘ . | . . -Q.. W
e U = '¢,ui(p‘_’**" :_5,51, £ £30 )
‘ vy H . f°°°'”'”(9)
€ = . . £
i ¢s,,(ov*h; ko B3 &5 & e) i
hv,, ) h

In the case of a meandering channel with meander length ), meander
amplitude H.and with a rectangular cross-section whose width is B (see Fig. 1),

the-additional dimensionless geometric parameters become:

_A_; ‘I -I':I_ and E * o o /. ¢« & ¢ ©. 6 e e e © ® © © ® e & e (]0)
h h.

‘and the dimensionless velocities and dimensionless diffusion coefficients

for the meandering channels can be expressed as:



Circular bend

Straight reach

FIG.1 CONFIGURATION OF MEANDERING CHANNEL
AND THE MEANDERING CO-ORDINATES.




U, : . . . )
__I_ = wui (D\’*h, k_S’ 3\_9:'-:-8_’ El’ EZ’ E39 e)
v, " h h h h

ST Yy (24 S i A B aBig s B i 0)
hv, B h h h h /

(n)

The above expressions §ive the complefe set of dimensionless parameters
influencing the diffusion proeeéses in meandering channels. In nafural

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. Thereforg,

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

and diffusion coefficients which become:

5=y (ov*h Pokgsa sCH 5B 5 E g -e) )
Vi W h h h h

E'- bej (p\’_*h _ks_}_ s . H ;B 5 &g 'Ea-'; 9'7)

b, o h h h h A ’

e (i=13) . .00 . (12)

The €;'s are called "dispérsion'coeffic1ents“ to distinguish the time and
the space-averaging procedures. |If the flow is steady and the pollutaht
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 focused

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 -

pature. For rough turbulent flows, the Reynolds Number pv*h/u, is no longer
'a 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 ffeld and laboratory data can be regarded

as scattered between the straight lines implying,

A = 20 and A = 2T .. .. 0.0 ... .. (13)

respectively. This scatter is due to the differences in the value of the
Reynolds Number, pv.hAr, and the line (/B = 2m) corresponds to the rough

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

S A 1Y

-

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

configurations satisfying Equation (14), and with the continuous injection

of the pollutants, Equation (12) becomes:

* .
Fig. 2 is originally Fig. 7:14 in the book of M.S. Yalin, "Mechanics of
Sediment Transport'', Pergamon Press, 1972.

8
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FIG.2 Relation between the width (B) and the meander
- length (A) for natural streams.




<
£14
fl
o|
[ =
S
:’I‘ x
"
pe =4
=l -
e
v
V

(i=1,3) . . . . (15)-

In the case of rough turbulent flow;‘the‘friction factor, f,(Darcy- Weisbach)

is a unique function of kg/h and hence, can be substituted in Equation (15) as:

5 N P N
d - WU:-(“%mﬁ-’El’ig)
\)* ‘ ’
’ ' - (i=]’3) . . .(]6)
g = ¥ f; H ; B ; £ ;5 & |
v ° ( " R 1. 3) J

Equation (16) indicates that at a given location in the flow (i.e. for given
values of %.and£3) both the dimensionless velocities and dispersion coef-
ficients aré'functions,of three independent dimensionless variables namely,
the friction factor f, the amplitude to depth ratio H/h, and the width to
depth ratio B/h. The forms of the functions @hi and.?éi have to be deter-
mined from the experimental measurements of the velocities!Ui and the dis-
persion coefficients €; 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‘qne sgandard method of measurement and it depends on the
definition of the dispersion coefficient.itself. The details of the exper-
iﬁental determination of the dispersion coefficients'z}jis téken up in the

following subsection.

10



b. Evaluation of the dispersion coefficients €

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

in meandering channels is defined as follows. Referring to-Fig. 1, x is
measured along the centre line of the meandering channel which is assqméd

to consist of circular bends of radius of curvature re connected by straight
reaches with the circular bends alternating with the straight reéches;. Y
s measured alpng the vertiéal and z.is measured perpendicular to both x

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

the one used by Y. Chang (1), (1971). In this system of co-ordinates,

~ ‘Equation (1) becomes:

aC + 1 9 cu) + 9 | Cv)+ 1 3 h C
B2 (6u) v 2 (e Lo (new)

1 ;

1 9 fe 3¢\ 3 fe  3C .1 3 (h e 3C

e S— X m— + — y— + — — vz, 22

hj o (55 BY( o h, oz ("o 5
S A 2

where h1 is the metric coefficient given by,

i .
1 + z/r;c : for the bend curving to the right
| | . ,
h1 = 1 for straight reach
L1 - z/'rc for the bend curving to the left

T TR

u, v and w are the velocity components in X, y and z directions, respectively,
whereas, ;x, Sy’ apd €, are the diffusion coefficients along the same directions.

R
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When Equation (17) is integrated along y from the bottom to the free surface

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

T haC)+ 3 (h hew) = 1 9 {hs a'c‘) + a(th.iat
p gt e () s LS K S m\! %

B (£

‘where U, w, C, E; and E; are the depth average quantities.

The dispersion coefficients E; and'Ez"now represent,

m
1
([}
—
c
o
L ]
]
[ =
-
(@]
-
~
QL
(g}

N ¢11))

and

o
]
~—
b 32
&
(@)
&

]
z
-
ol
>
Q
o

~where u", ¥" and w"are given by,

w = ;; + 'W” o o © o e e .o ¢ e o & o e e o (2')
and € = T o+ "

Note that the terms ufp" and w't” are assumed to be proportional to the -

concentration gradients 3C and QE_, respectively, analogous to the
X 9z

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

For the case of a continuous injection of the pollutant 9C/3t
becomes zero and the diffusion flux (E; 3C/5x) becomes negligible in com-

parison with the convective flux (u C) and hence the Equation (19) can

be simplified as:

*

The details of the derivation of Equation (19) from Equation (17) can be
found in E.R. Holley (5), (1971). 12



Equation (22) is used to evaluate the dispersion coefficient €, using the
”generaliied change of moment" method proposed by E.R. Holley (5) (1971).
 According to this method, Equation (22) is multiplied by z2 and is inte-

grated across the width of the channel, i.e.'.

+ B/2 - I + B/2
J- 3.  (hut) 22 dz + f 3 (h hwT) z2dz i
X ) ' 9z 1

-2B/2 : - B/2

+ B/2

- [ 9 (b hE dC) 2% dz C e e el (23)
oz 1 Z 3z _
- 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:

+ B/2 + B/2
j 3. (hduT) 224z = d_ hdT 22 dz -
9x . X
-B/Z _B/2
[hUEzz " 1dB - huCz2| %dB
dx ' dx

.. ..2z=B/2 ~-.2==B/2
B 1)

13




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

h u C at the edges of the channel are zero.

The second integral is integrated by parts to yield:

R 1)

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:

+ B/2 :
f 9 (h h ;z BE)ZZ dz = [h h € §_§ 22

. %z \ ! % 3z ' ' 1 Z 3z
z

j . + B/2 :
h h:e .3C z2 - 2 h heg 3C zdz

e % e o o o & e s+ & s 0o o o o. « o (26)
since the diffusion f]uXés h Ez oC /9z across the’sides of the channel are

14



zefo, the terms in the square brackets become zero.

Substituting Equations (24), (25) and (26) in Equation (23) and dividing

.o A L - B/2  _ _
. throughout by the total flux of the tracer h uC dz, we get:
-B/2
[ +B/2. o] ' +B/2
. j  huC 2?dz o hlh wC z dz
d - /2 —-— 2 -B/Z =
ax _
+B/2 +B/2
hutC dz _f huC dz
L -8/2 ] -B/2
+B/2

J. hhe 3 2z dz

-8/2 e (2D

-+B/2

-

-B/2

=
ol
a.
N

.In order to evaluate EZ from Equation (27), its dependence on z‘has to be

.knbwn. For example, if E; is independent of z, then it‘can come out of the
integral sign in Equation (27) and can be compufed by knowing h, u, C and

"W, and using Equation (27). Since the dispersion coefficieﬁt-can be normaiized

* (made dimehsiOnleSs) with a veloci£y and a length scale (see Equation (5)),
the foljowing relations .are possible for the dispersion coefficient E;:

-

a h v,

™|
]

ShEL @

15




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

the Equation (27) can be expressed as:

d_ o*(x) - g(x) = 20 f ) L (29)
dx :
: +B/2 -
" where ' hut z2dz
| | 2 - -B/2

| +B/2

-B/2

+B/2

-B/2

]
N

g{x)
. +B/2

-B/2

+B/2
h h* v, o€ z dz
and o= _ M2 L. G00)
+B/2
j' h

-B/2

c|
ol
a -
N

Therefore, knowing 02(x), g(x) and f(x), the dimensionless dispersion coef-
ficient o can be evaluated from Eqdation (29). The term o2 is the variance
of the distribution of the flux of the pollutant and it represents the total

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

16"




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

difference (do2/dx - g(x)) représents the effects of just diébérsion.

In order to evaluate o2(x), g(x) and f(x) (usnng Equations (30a),"
(30b) and (30c), we have to know h, U, W, and T. h, U and C can be measured
and w can be computed fromithe measured values of h and u, using the flow
" continuity equafionf For the case of steady incompressiblg filow, the con-

tinuity equation can be expressed as:

du + h v + 3 (h w = 0 R & 1))
ox %y oz !

Averaging Equation (31) over the depth, we get:
3 (hu) + 3 (hhw =0 P & Y3
ax dz: ! :

When the values of h and u are known, then the only unknown w in Equation (32)

can be evaluated by solving Equatlon (32).

The application of Equationv(29) to evaluate @ fequires the eval-
uation of the derivative of o2 with respect to'x, and if the variation of o2
with x is not linean which is perfectly possib}e due to the presence of the
transverse velocity w, it is difficult to get an acgurate evaluation of
" (do2/dx). This difficulty can be overcome by considering the integral version

of Equation (29), namely,

02(x) - G(x) + A

il
N
e
m

t o d

—
X
~

e (33)

oy X
w
o~
X
~—
o
XX

where G(x) =

e (3a)




X
F (x) =Jf(x)dx O L 1))
1 x041 :

and A, is the constant of integration. xo in Equation 34 is the location of the'
injection point. |

Therefore, by plotting a graph between {0%(x) - G(x)} vs Fl(x) and measpring

the slope of ‘the line the dimensionless dispersion can be obtained .Q,ug. -
“It should be noted that if the variation of the dispersion coefficient is ﬂét

' correctly_representéd, then the piot betWeenf{oz(x) - G(x)}and Fl(x) wil]_notvbe

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

c. 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 Eb. “and:.g; of Equation (16).

Having knownAthe 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 apprqpfiafe values for E;, h,u and W;' Since it is not possible to
.solve Equation (22') analytically, a numerical procedure is outlined here for
its solution.

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

+ h waC 9 | h he o€
1 3z 3z ! %3z

o9
]

e ... (35)

ja>
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'Expanding the

&

where V and D

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

+ Vot - D20 o v e e e .. . (36)
3z ?z2 o

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

(6) (1963), Equation (35) can be expressed in finite difference form as:

[

= -9(°i+1,5 ‘ci,j»') * _%(CHI,'j-I - ci,j-]'_f) e (ci+1,j+l - Ci,j+l)
v [ a6 . - T N + efi . - ¢ v e (C c
BT I G R S (G 7 Cim) (Crrm = i)
Az L :
d (ct+l,j ci+l,j-l) = ®i.J [ Cien,ge1 T 2G40, G, e
2(Az)2
- * Cigar T 2% G ]
# e @& © 8 ® s 88 e &6 & & e - o (38)
where the weighting coefficients g, 6, m; a,e, ¢, and d satisfy:.
v g+ 8 + m e
S (39)
a + e + ¢ + d= 1
2 ]9.-'r




For an optimum numerical solution without numerical oscillations and di;pgrsion,

Stoﬁe and Brian recommend the following values for 6 and e, with ¢ = e/2 ,

=d and m = 6/2.
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Knowing the concentration distribution at a statiph, say i, and using the no
flux boundary conditions across the side- walls, the expanded version of Equation
(38) can be solved for the concentration dlstrlbutlons at subsequent stations

i+1, i+2, etc, by inverting the following matrix:
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= + 0, ., 1 + Vv, .1 d - j=2,m
where q a_ D',J L i,] — ( c) (j=2,m)
- Ax Az? Az
.= -8 L +0» 1 + Vv, . 1.d j=:
pJ _g AX 1) -ZEZ | ,j Z-Z_ (J 3’m)
g = 0= + D, ., 1 = vV, .1 . j=2,m-1
‘] %;‘ ] o i == c (j=2,m-1)
| = T ., (r € .laq - 2200, . + v,  (d-
and 55 C"J_] (pJ-ﬁ_g_) + Cl’J 9; g_g_DI’J + v, (d-c)
_ _ Ax Az 7Y1?L
+C s (Vv + 2.0m ) | (J=2,m)

R TP

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

the measured values of u, 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 u, h and Ez is given in Appendix A.
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2. Experimental Set up and Procedure

As indicated in'$he last section, the object of the experimental
programme of the present research is to determine the form of the function

Tei for meandering channels with realistic bottom configurations. The mean-
dering configurations chosen for the present ekperiments 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 150 cm, whereas the wave length of meander A, remained constant -
at 1.88 m to satisfy the condition expressed by Equation (14) between A ahd
B. These channels were built one at a time on a sloping table measuring
15.25m x 2.44 m.‘ The slope of the tdp surface of the table, in the long-
jtudinal 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 Iéboratory flows through
an inlet pipe and a diffuser into a head tank containing vertical baffles |
and smoothly enters into the meandering channel. Atithe doWnstreaﬁ end
of the channel, water passés through é tail gate down to a collecting
chamber at the end of which there is a V notch weir to measure the flow
rate. Water flows through the notéh to the sump from where it is pumped
to the head tank again. The flow rate is controlled by a flow control
valve at the inlet pipe and a rough estimafe of the flow rate is made

using an anubar flow meter mounted in the inlet pipe.
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FIG. 3 Various meandering patterns
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FIG.4 General view of the experimental .set up (not to scale)



The vertical sides of the meandering channels are made up of galvanfzed sheet
mefal whf]e the bottom of the channel is covered with loose ottawa sand. The
sand is initially molded evenly aéross the channel to a desired loﬁgitudinal
slope and the equilibriﬁm bed form, corresponding to a particular flow rate
fs achieved by letting the flow scour its own bed. A vibratory sand feeder
is used to feed the.sand ét the upstream end to compensate for the amount of
sediment tfansported by the flow to the downstream collecting chamber. With
the flow rate kept constant, the equilibrium bed is forméd 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 equilibrfum bed is formed,
water is drained.away carefully without disturbing the bed forms and the bed
is solidified using the procedure suggeéted by M. B. Khalil (7) (1972).
According to this procedure, the sand bed is allowed to dry until its

water content is about 10% of the total volume and a resin com&ercially

known as ''‘Aerolite' mixed with equal weight of water is sprayed evenly foll-
owed by a coat of dilute solutién of formic acid, known.as the '"Gardener
G.P.X". The resin and the formic acid react chemicallyvand a hard crust fs
formed on the top surface of the sand bed without altering the roughness char-
acteristics of the sand bed. For full details of this soiidifying procedure,

rgference should be made to the original paper by Khalil (7) (1972).

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 éhannei. 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.
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As indicated in the Introduction, experimental flumes of Y. Chang
( 1) (1971), H.B. Fisher ( 2) (1969) and P. Engman ( 3)(1974) 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 aré not realistic and hence dispersion processes governed by these
secondafy currents do not correspond to those in hature. fo fhe authors' .
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 djs-

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 denth has a function
of z at that section. The longitﬁdinal velocity componenf:was'measuréd'by
aligning a pitot tube tip parallel to the x-axis at a pafticular section
and at various locations along y- and z-axes, respectively, which allowed
the determination of the depth average longitudinal velocity component
u as a function z. Knowing h and U, the depth average transverse velocity

component w, is computed using the finite difference form of Equation (32).

For the concentration measurements, salt-solution was used- :4
as the tracer. It Was mixed with'methonal“to make it: neutrally 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 velocii:y as the
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flow from a constant head injection apparatus. Fig.5 shows schematically
the arrangementé 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 thé exit of the nozzle was:adjustéd to match the velocity
of the fluid surrounding the nozzle by controlling the flow rate of the
tracer from the tank. This could be achieved by either véryiﬁg the postion
of thehollow air vent tube or by varying the opening of the orifice. The
constancy of the tracer fiow 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 &
T.N. Keefer ( 8) (1972). 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 &
W.H. Schwarz ( 9) (1963). The construction details, the bridge circuit -
to be used in.conjunction with this probe, the calibration and the oper-

ational details are explained in a laboratory report by F. Dunnett (10) (1975).

The concentration of the salt-methonal mixture was measured.by
using the conductivity probes at the same locations where the longitudinal
velocity component was measured:and an average value over'thewdepth E computed;
Knowing h, :, w and E, the dispersion coefficient E; can be determfned, as

indicated earlier in Section 1b.
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It should be noted that for the determination of €,, in addition to
knowing h, G: w and E, the variation of Ez with z should also be known.
At the present state of knowledge, a theoretical prediction of the var-
iation‘of E; with z fs not possible and hence, it is customary to make
certain assumptions regard{ng the dependence of Ez on z. Equation (28)
expresses four of such possible relationsffor.gz. :The first relation
states‘that the variation of E; along z Is idéntical with that of h,
whereas, the fourth relation jndicates that the variation of E; is
identical with that of u. In the second relation, the variation of E; .
is assumed to be thé same as that of the product of h and u. In the
third relation, Ez 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-f
ditions. .The difference results from the fact that the expression for
fi(x) in Equation (29) will be different for different expressions of
Ez. The superiority of one assumption over- the othér can be ascertained

from the linearity of the plots between {0%(x) - G(x)} and Fi(x).

The hydraulic conditions of the flows tested in this experimental
programme are summarized in Table 1. For ea;h flow condition, the flow cross-
sections, the velocity and concentration distributiéns are shown in Figs. 6
- to 12. The data from which these figures were plotted are given in Appendix B.
The evaluation of the dispersion coefficient Ez is carried out using these

measured data as follows.

The values of 02(x) and G(x) as given by Equations (30a) and
(34a), respectively, remain the same for all the assumptions regarding

the variation of E; with z. The values of Fi(x), on the other hand,
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LA_EI_._E_]_ SUMMARY OF HYDRAULIC DATA
Run No. ._H/B  Average Hydraulic Average flow Average shear B/R 8 vi
" Radius R in cm velocity U velocity v,

in cm/s in cm/s u?
L 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 3.95 31.1 5.4y 7.6 163
il 2,0 2.94 30.1 4.85 10.2 .208
5 3.0 3.34 27.8 5.12 9.0 271
6 3.0 2.59 22.5 . 3.14 11.6 ). 156
7 5.0 3.01 32.1 3.61 10.0 101
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am/litre

FIG.6 Mensured dopth (6a) velocity 6b) and concentration(6c) distributions
for H/B =10 and B/hy = 105
% calculated concentrations
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Fig.7 MEASURED DEPTH (7a), VELOCITY (7b) AND CONCENTRATION (7c)
DISTRIBUTIONS FOR RUN NO.2 )
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RUN NO.3
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FIG.9 MEASURED DEPTH (9a), VELOCITY (3b) AND CONCENTRATION (9c)

DISTRIBUTIONS FOR RUN NO.4
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FIG.10 MEASURED DEPTH (10a), VELOCITY (100) AND CONCENTRATION {10c)
DISTRIBUTIONS FOR RUN NO.5 ’
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FIG. 11 MEASURED DEPTH (ita}, VELOCITY (11t} AND CONCENTRATION (t1c)
DISTRIBUTIONS FOR RUN NO.6 :
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FIG. 12 MEASURED DEPTH (12a), VELOCITY (12b) AND CONCENTRATION (120)
DISTRIBUTIONS FOR RUN NO.7,
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‘ ~ depend on the assumption used to describe Ez' Equation (30c) gives the
value of fi(x) when Ez is expressed by the first of the four possibilities
expreésed by Equation (28) and Equation (33) then gives the value of the
dimensionless di’spersion coefficient @ . The values of fi(x) for the

remaining expressions of €, become:

+8/2 _
f h h2u 3 2z dz

-B/2

£, 00 '_-—- e

+B/2
]' huC dz
-B/2

® ~ .  ea/2

3z
f3 (x) =— B/z : . e. + e & e o o (AS)
+B/2 |
j' huC dz
-B/2
+B/2 -
h hHu 3 z dz
~B/2 ' 8z
,fu(x) =- A e e e e s e (_46) -
+B/2 - |
huC dz
-B/2
' and the corresponding dimensionless dispe-réion coefficients (ui, i=2,3,4)

are evaluated using Equation (33) with appropriate values of Fi(x')i. A

computer programme was written to eval;gte 0*(x), 6(x) and F, (x) using
1




the trapezoidal rule for the integrations. A listing of the programme is
, - \
given in Appendix C. The values of o (x), G(x) and F.(x) for all the runs

are tabulated in Appendix D.

The plots between’{oz(x) - G(x)} and Fi(x) for various assumptions
of Ez and for various runs are shown in Figures (I3 to 19) and the résultihg
dimensionless diSpérsion coefficients a, aré‘summarized Table 2. A full
diQCUszdn 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

TABLE 2
Run No. H/B B/R f =€, =€, =t, . =€,
by h o Wy, W

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

2 2.0 15.9 105 .075 .028 L0131 .0018

3 2.0 7.6 .163 .100 .025 0140 .0035

;u '2.6 10.2 .208" 163 .055 0186 .0060

5 3.0 9.0 .271 .225 .056 .0125 .0032

6 3.0 1.6 .156 .200 045 .0093 .0010

7 5.0 10.0 .101 131 .028 .0062 .0008




3., Discussion of Results

a. Flow cross-sections:

Figs. 6a to 12a depict theAflow cross-sections at various
locations along thé channel for all the runs. |t can be seen from these
figures that thg flow Cro;s-sections vary along the length of the channel
in a cyclic manner. As indjcated earlier, the channel is deeper in the
outside of the bends and shallower inside, aﬁd 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 1 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 Eatio, that as H/B increases,
the deeper portions afe confined to sections close to the curved portions
of the channel 6nly and the length of the channel where the bottom is
more or less flat becomes considerably larger compared to the chaﬁnels

with lower H/B ratios.

b. Velocity Distribution:

The depth average velocity vectors at various locat}ons along the
channel for all the runs are shown in Figs. 6b to IZb; As ind{cated earlier,
the depth average transverse velocity components we}e determined from the depth
average continuity equation using the measured values of the longifudinal

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

‘out 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
12¢c for all the runs. :The.location of the injection of the tracer solution
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 §rder 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 jarge 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 bends, is a major governing factor for

‘the mixing of the pollutants in natural streams.
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d. Determination of Lhe»di§persion cqefficieqts

As indfcated 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 variafion 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. 13 to 19 givé the graphs between [ o?(x) - G(x)]
and Fg(x) for all runs, which facilitate the determination of the dis-
persion coefficients. In/these figures, straightvlines are drawn through
the experimental points whose slopes are equal to two timés the dimensionless
dispersion coefficients Q. For each run, thefe are four lines, each re-
sulting from a particu]ar assumption for the variation of the dispersion
‘coefficient with z. It has been mentioned earlier that if the variation
of Eé with z is correctly represented, then the graph between[<32(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. 13 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
possibie to say from these figures As to which expresgion of Ez_represents"'

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

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

the function ;é which indigates the dependence of the dfspersioh coefficient
E; on the hydrazlic characteristics of the flow and flow geometry. Referring
to Equation (16), for a particular assumption of the variation of E; with z,
the dimensionless dispersion coefficient (.E;/hv*) is expressed as a

function 6522) 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:

a

i \y'(f'gg)(zm

In Figs. 20 to 23, the valu?s of a; plotted against H/B. o, appears to
increase slightly with H/B,jwhéreas, aé-and.a“aare decreasing

as H/B increases. Values for az :qxhibit rather large scatter and it is
difficult to infer how it'should vary with H/B. The absolute values of
E;;in all cases increases wfth increasing values of H, even though the
rate of increase decreases as H becomes larger énd 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 ).101 to 0.271.
Even though bo;h f and B/R ﬁave influence over the mixing processes, it
was felt tHat the effects of H/B would be considerably larger than tﬁose
of f and B/R. |Indeed, the ?ariatioﬁ of H/B alters thé distributions of

the transverse velocity comﬁonents in the vertical, which alters the

differential convection and:consequently, the dispersion coefficient.

Referring to Figs. 20 to 23, aaexhibits the least. amount of

scatter of the experimental points. It should be noted that 4
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from the asSumbtion that the transverse dispersion coefficient E; is con-
stant across the width of the channel. Since it is difficult to establish
the variatfons of E; with z from the Figs. 13 to 19, and éinée o, yields

a better co-relation with H/B, than the other dimensionless dispersion
coefficients, it can be concluded fhat for all practical purposes, the
transverse dispersion coefficient E; can be assumed to be constant across
the width of the meandering channel. At this péint, it is interesting to
refer to_the'work.of F. M. Holly, Jr. and D. B. Simons (11) (1975) who
measured dispersion in trapezoidal-channeis and obtained values of E; by
simulation. They also found best agreement between simulated and
measured concentration when E; was assumed to be ;onstant across the
channel. Another advantage in treating'E;=as independent‘of z lies in the
fact that the computation of the dispersion coefficient, using the general-

ized change of moment method, is relatively simpler.

Knowing’the varfation 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 2c. Using the concentra-
tfon distribtuion measured at the first section as the initial condition and
using the measured value of a3 the concentration distribution at the remain-
ing sections were predicted for all the runs as shown in Figs. 6¢ to 12c.
It can be seen from these figures that a reasonable agreement exists between
the measurement and the predictions.. |

In most of the existing studies on the measurementvof the trans-
versé 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 t}ansverse velocity W'aiohg the lenéth of. the channel,
indicates that both 0%(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 allrreported much larger values of transverse dispersion than
flume values. Lumping the convective transport and dispersfve transport
together has the following disadvantages. First of all, by lumping the
convective trahsport»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 50. Secondly, the convective
transport changes its direction along the length of the channel, sometimes |
acting in the direction of the dispefsive transport and sometimes in the
opposite direction. Inclusion of convective transport with the dispersive
transport, therefore would result in a large scatfer in ngs. (13 to 19),
thereby making it difficult to evaluate a reliable value for the dfspersion
coefficiént. " For these réasons, 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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1. 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 €_ can be
- treated as being independent of z.

4, The variation of the dimensionless dispersion coeffi-
: cient o, can be represented by the curve shown in Fig. 28.

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

o. Suggestions for future research

1. 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 traﬁsverse spreading in
natural streams where combinations of irregular meanders and straight

reaches exist ought to be investigated.
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APPENDIX A

Liiting of a computer brogramme which solves the depth average mass balance
equation, i.e. Equation (22), to predict the concentration distributions in

meandering channels..
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LN 0001 C THIS PRIGRAM SOLVES THE NEPTH AVERAGED VERSION OF THE DIFFUSIONAL

LN 3602 . ¢C EQUATION WHEN THE LONGITUDINAL DISPZRSION IS NEGLEZCTEOD,
LigaR0G3 ,

LNSg 0L DIMENSION U(18913)4HT(18,13) 9 (13+13) 4 WHT (18413) yCONC(184+13) 5
LN 0005 1A013),3013),C(13)50013)4X015)4E(18413)yETA(LE413)
LN 3006 DIMENSION HR(25),AU(25)

LN 2507 - DIMENSION H1(25,13)

LN 00038 N=17

LN 12309 M=13

LN 2010 Ni=N-1

LN 3011 Mi=M=-1

LN 0012 M2=M-2

LN 0013 _ M3=M-3

LN d014 - N2=11

LN 2315 NIN=3

LN 3016 ' NR=1

LN 0017 NINLI=NIN+1

LN 0015 . AHR=2. 85

LN 2318 AVSTAR=3,75

LN 0020 BK=2.5

LN 0021 _ AX=2.57/AHR

LN 3022 " H=22.5/AHR

LN 00623 Q=2832.0

LN 3024 H2=30. 23

LN _902% V=30.00

LN 3626 ALMDA=130.0G0

LN 3027 H1V=H2 7V

LN 3028 SL=0.00516

L 0 29 R=H/AK*%2

L 00 30 P=2,5/2245

LN 02631 c TO GENZRATE H1 VALUES

LN 3032 RC=67.51 i

LN 0033 N0 1 I=1,2 _

LN 3034 00 1 J=1.4 ‘ »

LN 0835 1 H1(I,J)=(RC=-((V/2.0)=-{J-1)#BK))/RC
LN 00356 I=3

LN 0037 D0 2 J=1,.M

LN 00338 2 H1(I,J)=1,00

LN 3039 DO 3 I=4,6

LN 3040 DO 3 J=1,M , ,

LN 0041 ~ 3 H1(I,J)=(RC+((V/2.0)=-(J=-1)%8K))/RC
LN 0042 - I=7 ‘
LN 20432 DO & J=1,M

LN 3046 4 Hi(I,J)=1.00

LN 0045 DO 5 I=8,10

LN 3045 DO 5 J=1,M

LN 2047 5 H1(I,J)=(RC=((V/2.0)=(J=1)#BK))/RC
LN 0048 - I=11

LN 0049 DO 6 J=1,M

LN 306590 6 H1(IsJ)=1.00

LN 3551 DO 70 I=12,14

LN 2052 " 00 70 J=1,M
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%N 0053 . 70 Hi(I,JI=(RC+((V/24C)~(J=1)%BK))/RC

LN 3054 I=1%

L N S5 D0 80 J=1,M

| 56 . 83 H1i(IsJ)=1,.0C

LN 3057 DO 90 I=16,18

LN 3058 ) D0 30 Jd=14M

LN 00%9 ' 93 Hi(IsJ)=(RC=-((V/2. 0)-(J 1)+¥3K)) /RC
LN g6 : CONC(NIN,1)=0.540

LN 3061 "CONC{(NINyM)=0,000

LN 30¢€2 READ(GE04201) (CONCININgJ) yJ=2,4M1)
LN 3063 DO 10 I=1,N .

lN goeu E(I41)=3.0C

LN 3065 E(I,M)=0.00

LN 0066 W(Iy1)=3,00

LN 0067 W(I,M)=02,00

LN 3068 ' WHT(I,1)=0.00

LN 0069 WHT(I,M)=0,00

LN 2070 : U(I,1)=0,00

LN 0071 10 UulI,M=3,00

LN Q0272 201 FORMAT(141F7 .3)

LN 2073 3060 FORMAT(1H04I10,13F9,3)

LN 0074 G=20/73s:

LN 3075 TH=14/3

LN 0076 EM=1,/0,

LN 0077 AE=0e25

LN 0078 EP=0,50

LN 3079 ’ CE=0.25

LN 3083 DE=D0.25

L 081 . DO S I=1i,.N

L D82 ' READ(EDL202) (U(I4J)9J=2,4M1)

LN 0083 9 CONTINUZ

LN 0084 202 FORMAT(11F7 42)

LN 00858 DO 8 I=1,4N

LN 0086 READ(D3 9203 Y {(HT(IJ) 9 J=14M)

LN, 0087 8 CONTINUE

LN 3088 2C3 FORMAT(13F6.2).

LN 0083 DO 7 I=1,N

LN 0090 READ(BG,204) HR(I),AU(I)

LN 0091 7 CONTINUE

LN 02092 204 FCORMAT(2F10.,3)

LN 0093 . WRITZE(61,400)

LN 0094 400 FORMAT (1HI1)

LN 0095 WRITE(H614404) NR

LN 33956 Lty FORMAT (51X, #MEANDERING FLUME DISPERSION RUN NUMBER=#%£,13)
LN 0097 . WRITE(HEL44005)

LN 2098 LGS FORMAT(1H $25XyZMEANDERING CHARACTERISTICS#,7X,tH/8=¢513x,¢3=¢,‘
LN 0099 113X, 2L =%) ° o

LN 0100 WRITE(514500) HiV,Ve ALMDA

LN 9101 L 06 FORMAT(1H4,H62X4F5, 2.13X FBel2410X4F7,2)
LN 3162 WRITE(H14407)

LN 0102 407 FORMAT(1H 325X, 2FLOH CHARACTERISTICStoisxotQ £413X42S=2)
LN 0104 WHRITE(H1,408) QoSL
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LN 0105

! 408 FORMAT (1H+452X,F742410%X,F7,.5)
LN J1GC6 WRPITE(61,409) .

LN 2107 LY FORMAT (AH 525X, 2BE0 CHARACTERISTICS?,12X, *SCOURED BY FLOW AND_
L 08 1STABILIZED?)

LN 3109 WRITZ (61,400) |

LN J119 WRITZ(51,401) - . a -

LN 0111 401 FORAAT(1X,2THE DEPTH AVERAGE LONGITUDINAL VELOCITY COMPONENTS?)
LN 2112 . 4C2 FORMAT(1X,2THEZ DEPTHS?Z) -

LN 0113 403 FORMAT ({1X,2THZ JEPTH AVERAGE TRANSVZIRSE VELOCITY COMPGONENTS?)
LN J114 WRITZ(61,416) '

LN 2115 G410 FORMAT (16Xs 2029 8Xa 212, 8Xs 2229 8X o232y 8X 02U 298X 252 48X 5261 ,48X.
LN 011€ 177 298X g 28298X y297 48X 42102 48X 4211243X,212%)

LN 3117 418 FORMAT(1X,2THS METRIC COSFFICIENTS?)

LN 0118 DG 12 I=1,N

LN 0115 WRITE(61,300) T,(U(I,J)yJ=1sM)

LN 0129 12 CONTINUZ '

LN 2121 WRITE(51,400)

LN 0122 WRITE(b61y418)

LN 0123 MRITE(51,410)

LN 3124 DO 38 I=1,N _

LN 3125 WRITZ(51,300) I,(HIC(IyJ)oJ=1,sM)

LN 0126 38 CONTINUZ ]

LN 0127 WRITE(51,400)

LN 2123 WRITE(614402)

LN 0125 WRITZ(61,410)

LN 0130 DO 13 I=1,N :

LN 3131 WRITE(61,300) I,(HT(I,J)oJd=1,yM)

LN 5132 13 CONTINUE

LN 9133 DO 14 I=24N1

L@ 3i 00 14 J=2.M1

LN®D1 35 14 WHT (I, JI=WHT(I,J= 1)-P*(U(I+1,J)*HT(I+1,J)-U(I 1,J)*HT(I-1,0)) /2, u
LN 3136 DO 15 I=2,N%

LN 0137 D0 15 J=2,M1

LN 0138 15 WL JY=ae OFWHT(T,J)/ (AT (T, JIFHLI (T, J1#HT(I4J=10*H1(I,J=1) +HT(I-1,J)
LN 0133 1¥H1(I=-1, JI4+HT(T+1,J) *H1(I+1,J))

LN 2149 WRITE(61,400)

LN 0141 WRITS{61,403)

LN.J142 WRITZ(615410)

LN 0143 DO 16 I=2,Ni

LN g1 44 NQITE(Ei,300) I,(W(I'J)9J=1,M)

LN 3145 16 CONTINUZ

LN 0146 DO 17 I=2,N1

LN 0147 DO 17 J=14M

LN 3148 UCI,J)=U(I,J) /AVSTAR

LN 0149 W(TI,JI=W(I,J) /AYSTAR

LN 0150 ETA(I, J)=HT (I,J)/7AHR

LN 0151 17 CONTINUE

LN 0152 WRITE(61,400)

LN 0153 WRITE(H1,401)

LN J154 WRITZ(61,410)

LN 155 00 18 I=2,N1.

LN 0156 WRITE(61+300) I, (Y(IsJd)yJd=1,M)

°
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N 3157 18 CCNTINUE
[N 3158 WRITE(H14.600)
[ N 59 WRITE(H14403)
N 9160 ARITZ(H14410)
N 0161 Do 19 I=2,N1 .
N 01€2 WRITE(H1+200) I4(H{IoJ)sd=1,M)
N 0163 19 CONTINUZ
[N Ji64 WRITE(5144C0)
N 11€5 WRITZ(61,402)
[N 0166 WRITE(614+410)
[N 3167 DO 20 I=24N1
[N 5168 . WRITE(S1+300) Iy (ETA(INJ)9d=14M)
[N 0169 20 CONTINUZ :
[N 0170 0O 21 I=2,N1
[N 0171 DO 21 J=2,M1
[N 3172 21 E(I,J)=0C. G30¥HR(IIFAU(TY 7 (AHR* AVST AR)
N 0173 C THE ELEMENTS OF THE TRI-DIAGONAL MATRIX -A,3,-C,
[N 0174 C B=VALUES AREZ THE DIAGONAL=-ZLEMENTS,
N 0175 C C-VALUES ARS .THE UPPZR DIAGONAL
| N 0176 c A-VALUZS ARE THE LOWER DIAGONAL
LN 0177 WRITE(61,400)
LN 0178 WRITZ(BL,411) T T
LN 0179 411 FORMAT (1X,ZDEPTH AVERAGE CONCENTRATION OF THE TRACER%)
LN 3180 WRITE(H1,4410) ‘
I N 0181 B WRITE(HL,4,5C0) (COhC(NINsJ),J i1,M)
I N 0182 500 FORMAT (10X413F343)
LN J183 ) DO 22 K=NIN1,N2
LN 018¢L C THE 3 VALUES.
L} 85 D0 26 I=2,M1
1 N®J186 T COMLI=((HL(K 1)+ HL (K=1 3 DIV F (WK D) +W(K=1,I))/7 (2 0% (U (KHI) +U(K=1,1))
LN-0187 1)) = ((E(K=1y I+1)=E(K=14 I=1) 4T (KyI+1)=E(K,T=1) )¥ (HL (K, TV+H1(K=-1,T))/
LN 0188 2( (UK, T) +U(K=1,1)0%0 40*AK) )= ((ETA(K=1, I+ 1) =2TA(K=-1,I-1)4ETA(K,I+1)
LN 0129 3=ETA(K,I=1) 0% (HL (Ko T) +HL (K=1 3 TN ¥ (Z(Ky 1) +#F(K-14 1))/ (LU(K,I) +U(K-1,
LN 0190 GIV)*(ETA(Ky I FFETA(K=2, D)) ¥4, *AK)) = ((HL (K=1,T+1)-H1(X-1,I-1)+
LN 0191 SH1 (KeI+1)=H1(KyI=1)I*(E(KyID#E(K=21,T)) /7 CIUIK,I)+U(K=1,41))*4,e¥AK))
LN 0192 BOMPE(({HL(KyI)+HL (K=1 D)) ¥ (E(Ky DI +E(K=1, D) /(TU(K,T) +U(K-1,1)) %2,
LN 3193 . 26))
LN 3194 B(1)=(G/M + (COM2/BK¥* 21+ (COML¥ (DE-CE) 7 AK)
LN 2019% ClIN=(=ZM/H)+ (COM2/(2.0%AK**2))~(COML1¥CE/AK)
LN 0196 A(I)I=(-TH/ (2. 0*H))+(COM27 (2. ¥ AK¥*2) )1+ (COCMI¥DE/AK)
LN 9197 B1=B(I)=2.0+((COM2/AK**2 )+(COH1*(D~-CE)/AK))
LN 0198 C1=C(I)+2.0¥EN/H
LN. 0199 A1=A(I)+TH/H .
LN 23260 D(IN=CONC(K=1,1I- 1)¥A1+CONC(K- 1,1)*¥B1+CONC(K-1,1+1)*C1
LN 0201 26 CONTIMUE
LN 0202 Bl2)==-A(2)1+B(2)
LN 0203 B(M1)=3(M1) -C(M1) o
LN 39204 C THE SOLUTION OF THE SIMULTANEOUS EQUATIONS USING ARIS
LN 3205 L=M-1 :
LN 0206 CALL ARIS(A 4yB4CoDoablyX)
LN 0207 C TO GET THE CONC VALUES AT THE NEW SECTION
LN G2G8 D0 30 I=2,M1




0259 . 23 CONC(K,I)=X(I)

LN
LN 0210 - CONGC(Ky1)=CONC(Ky2)

LN 92114 CONC (K1) =CONC (K, M1)

L 12 X(1)=CONC(K,1)

LN9213 _ X{M)=CONCIK,M) ‘

LN 2214 WRITZ(615300)- Ky (CONCUKs;T) 9I=14M)
LN 0215 22 CONTINUZ

LN 0216 sToP

LN 0217 END

‘USASI’FORTRAA-UIAGNOSTIC"QESULTS FOR FTN.MAIN

NO ERRORS




LN 2301 c SUBROUTINI ARIS | o

LN 2002 c THIS SURROUTINZ SOLVES THZ SIMULTANEOUS EQUATIONS USING GAUSSZ
LNg2003 c SLIMINATION MITHOD

L@ oe SUBROUTINZ ARIS(A4BsCs0sNyX)

LN 0205 | DIMENSION: A(hi),8(¢1)'C(k1).D(kl).X(u?),ALPHA(Li),S(kl)

LN 03006 TALPHA(2)=B8(2) -

LN 3307 D0 10 I=3,N

LN 2008 10 ALPHA(I)=B(I)-(A(II*C(I-1) ZALPHA(I-1))

LN 0009 S(2)=0(2)

LN 0010 00 11 I=3,N

LN 0041 11 SCI)= O(IN+(ACII*S(I-1)/ALPHA(I-1))

LN 0012 X(N)Y =S (N) ZALPHA (M)

LN 0913 N1=N=-1

LN 001¢& T 00 12 I=24N1 )
LN 0015 -~ II=N142-1

LN 3316 12 X(II)= (S(II)+C(III*X (I1+1))/ALPHRA(II)

LN 0017 RETURN

LN 0018 END

USASI FORTRAN DIAGNOSTIC RESULTS FOR ARIS

NO ERRORS

2LGO
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. APPENDIX B

Measured depth, velocity and concentration distributions in meandering

channels.
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RUN NO. 1

Metric Coefficients h,

SECTIONS ALONG 2z

LI 1 N LB*
11 2 3 4 15 |6 7 {8 | 9 ]l 11 12 13

—

.222

1 10.778]0.815|0.852|0.889]0.926 [0.963|1.000}1.0371.074 i.111 1. 148 }1.185

2 10.778 0.815]0.852 0.8890.926 |0.963}1.000{1.037 |1.074 11111148 11185 1. 222

—

.3 1;000 1.000 ].QOO 1.000|1.000 |1.000}1.000 |{1.000 {1.000 {I.000 |1.000 {1.000 }i.000

4 _1.222 1.185(1.14811.11111.074 [1.037]1.000 0;963 0.926»0.889 0.8520.815]0.778

51 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§ 1.2221.185] 1,148 1.111 1.074 1.037 1.000 0.9630.926 [0.889 |0.852{0.815 |0.778

7 11.000{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 10.7780.815/0.852]|0.889[0.92610.963] 1.000|1.037]1.074 h.111 1. 148 |1.185 1. 222

10 10.7780.815/0.852}0.889|0.926 |0.963 1.000 1.037(1.074 1,111 l.lh8vl.l8§ 1.222

1 1.000}1.000{ 1.000]1.000}1.000 {1.000]1.000 |1.000{1.000 fi.000 |I.000 |1.000 |1.000

12 | 1.222§1.185}1.148]1.111}1.074}1.037]1.000 |0.963{0.926 p.889 p.852 0.815 p.778

13 11.2221.185[1.148]1.111]1.074]1.037{1.000 0.96310.926 {0.889]0.85210.815 |0.778

14 ] 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

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 |0.778]0.815/ 0.8520.889]0.926 [0.963] 1.000 {1,037 {1,074 - 111 |1.148]1.185]1.222

17 10.77810.8151 0.852}0.889}0.926|0.963| 1.000]1.037 1,074 1111 |1.148}1.185]1.222

INJECTION IS AT SECTION: 1 68 % RB - nght Bank
- : ' LB - Left Bank




RUN NO. 1
~ Flow depths h (in cm)

SECTIONS ALONG z 7
RB* 1 | | - 1 ] ex
12 | 3 4 5 6 | 7 8 9 {10 11 4 12 13

1 1 3.600]3.750] 3.020|2.600|3.000|3.400]3.600{3.420{3.100 [2.900 p.900 [2.900 .9 50

2 }8.200]7.000]|5.200]{3.950]3.200|2.520}2.180}2.100|2.100 [2.100 R.160 }1.750 {1.300

3 |7.700]7.650]5.4004.800]5.200 J4.750|3.900 3. 120]2.700 b.350 b.350 B.200 . 800

4 |u4.600|4.400|4.150}3.800)4.000 {5.100]5.4305.1004.450 B.500 B.150 f.450 F.320

5 13.150{3.150 3.150{3.150 3.150 |3.200{3.300 {3.600}4.400 F.700 }.350 B.700 10.00d

1oAY

6 |1.4001.450]1.500]1.700}1.800 |1.950|3.880 |5.200 [4.000 }+.400 F.380 J.200 §.400

7 1.650}1.600]1.340}1.200|1.400 {1.700}3.390 4.9 00 |5.000 £.900 p.050 4.200 4.500.'

AV A

8 12.950(3.350 3.SSQ 3.60012.650 p.700 3.000 3.000 {3.500 }.000 p.330 p.150 5.750

9 3.600 3.606 3.60013.400 |3.000 3.300 3.200.2.800 3.050 B.500 B.800 $.700 $.500

SECTIONS ALONG x

10 |7.700 |7.050}5.000|3.750 2.840 b.8402.820 p.900 {2.800 |2.500]2.000}1.600 1.500

1 8.900 {8.600}7.000}5.200 [3.500 Ji.700]|1.400 1.400 [1.360 }1.36011.370}1.750 I.8OOH

12 _4.770A4.77O 4.200|3.620 {3.100 B.100}3.800 }+.400 [3.100 }2.550}3.150}3.950 4.600

13 h.iop 5.50012.900 |2. 460 |2. 400 p.500|2.700 p.980 [3.100 |3.550]4.500]%.800]5.200

14 }1.800 R.20012.600 |2.450 [2.300 P.200}2.200 D.250 P.300 3.800 6.120]7.30018.200

15 {1.700 lf500 1.350 {1.250 {1.500 }Ji.700 T.BQO p.050 p.800 {4.550:6.150{7.400{3.750

16 |4.700 k.100{3.200 f2.300 1.950 p.100}2.900 3.5203.820 4.200|4.500]5.050]5.700

°

17 |2.600 B.100{3.700 |3.620 B.200 p.850 |2.850 | 3.000 3.40013.400}3.200}3.600 {4.250

INJECTION 1S AT SECTION: 1 69 % RB - Right Bank
' : LB - Left Bank




RUN NO. 1

epth average longitudinal

velocity components u (in cm/s)

°

SECTIONS ALONG 3 .
RBs* ) . _. LB*
1 2 3 4 5 6 7 8 9 10 11 112 13
1 ]0.00 |21.00| 25.50]28.00}30.00§31.00|31.50]31.50]31.50 {33.00 |36.00{39.000.00
2 |o.00 |28.50{30.00|29.50|28.00]26.50] 26.00]26.00{28.00 [31.00 B4.00 {33.00 f0.00
3 |0.00 {27.00|29.50{30.00}2 .00 {28.50]28.00|28.00{27.50 p6.50 [p4.50 Ji7.00 pp.00"
& 0.00 |41.00{39.00]36.50434.50 |33.00]32.00{31.00|29 .00 p7.00 p2.50 }i4.00 p.00
& {0.00 |45.00]|43.00]39.0035.00 [33.00 31.50 [30.00 [27.00 p5.00 p2.00 P0.00 p.0O
6 |0.00 |26.50127.50}27.50}28.00 [27.00|27.00 27.00 [28.00 P9.50 §0.00 §3.50 p.00
7 lo.00 J17.00{21.00}22.50{23.00 p5.00]|29 .00 [32.50 [35.00 7.00 |39.20} 41.00{0.00
y _
% 8 l0.00 h3.00]20.0023.00 |25.00 p6.00{30.00 B3.00 [36.00 $7.00 }37.00]37.00|0.00
b= | : o I | _ . ‘ .
% 9 l0.00 §6.00}20.00 21.50 p2.50 p4.00|26.00 B0.00 B3.50 136.50}39.00|38.00]0.00
5 f .
w .
v 1o (0.00 p7.00}24.00 [23.50 R6.00 9 .00{32.00 B5.00 B8.00 139..00{37.00{33.00{0.00
11 0.00 B3.00{33.00 {33.00 B3.00 B3.00[32.00 -B0.50 p8.00 }|24.00}19.00}13.00[0.00
12 10.00 }0.00 |40.00 B8.50 B6.00 B3.50 {30.00 p6.00 P0.00 115.00}10.00} 5.000.00
13 [0.00 [47.0044.00 }:0.00 B7.00 B5.00 |34.00 B3.00 |29.50125.50]21.0016.00/0.00
14 Jo.00 |35.0037.50 B7.50 B6.00 p5.00 |33.500]32.00]31.50 31.00]29 .0027.00 0.00
15 10.00 |20.0030.00 B3.50 B4.00 p3.00 [32.00 §31.00]29.00|30.00/32.00}34.00 |0.00
6 b.oo | 6.00h2.00 §8.00 b1.00 |22.0d 24.00 29.00134.00 [37.00 |40.00 |40.00 |0.00
. f7 D.00 |16.00; 20.00p3.00 |26.00}30.000 35.00}38.00}39.50 {41.00 |41.50 }42.00 .00
INJECTION IS AT SECTION: 1 * RB - Right Bank
, 10 LB - Left Bank -




RUN NO. 1

epth average transverse velocity components w (in cm/s)

SECTIONS ALONG =z

RB™ . 1 . : | LB
1 2 3 | 4 5 6 7 8 1 9 110 1A 12 | 13

2 lo.o:F1.3 2.6 Fu.2 Fs5.3 be.2 6.8 f7.0 Fog |-6.4 |-5.2]-3.7 |o.0:

3 (0.0 0.2 { 0.1 {0.1 }FO0.7 }2.0 [-3.8 }F6.0 8.2 |-%0.2}-10.9]-9.5 0.0

L. lo.0 0.7 | 1.0 |.1.4 1.9 (2.3 ]2.3 |2.2 1.7 0.6 |-1.0 |-2.5 100

5 lo.o |2.2 |42 }6.0 }7.5 |89 |87 |86 |9.6 | 8.6} 58] 3.5]0.0

6 |o.o 2.9 | 5.9 |8.5 [10.2 *l.h 8.2 ]5.3 | 4.5 L.o |3.6 3.2 |0.0

7 lo.o t}o.2 b1.2 F2.3 F3.0 §3.2 1.8 t0.8 0.9 |[-1.1 |-1.0 {-0.8 0.0

8 [0.0 0.7 F1.6 F2.5 3.5 {4.3 F3.2 |-1.67 -0.4}-0.3 |-0.4 ] 0.7 |0.0

9 0.0 |-2.3|-3.1]-3.4|-b.2 |-4.2 -39 |-3.9 1 -3.4| -2.3]-0.3 | 1.5 [o.0

10 |o.0 |-2.2|-4.3]-6.81-9.7 [-11.0{-10.3}-9.4 |-7.6 | -5.4}3.0 }o0.6 [0.0

SECTIONS ALONG x

n b froof-o.s -1 -2 3.2 f-n2 43 ]-3.9 | -2.6F 1.8 Lok fouo

12 p.o 1.1} 2.44 39| 5.3 ]|6.0] 49 | 3.4} 2.7 19]0.2 109 [0.0

13 p.o 1.5 2.7{ 4.0 5.2 6.0} 6.5 6.9 7.4 5.3} 2.0 }0.6 0.0

1 b.o feo | wses [ 7.5]85) 9.3 ]9 9.4 | 6.4]3.3 1.0 b.o

15 p.o 1.3 2.9 {4.9 6.5 1 7.0 6.1 | 4.8 3.0 1.611.2 |09 p.o .

16 p.o to.u|-1.1{-2.3 |-3.4 4.2 |-45 Fh7 |-4.7 |-3.9 2.7 F1.3 p.o

°

INJECTION iS AT SECTION: 1 ) 71 * RB -~ _Right Bank
: : LB - Left Bank



RUN NO.

lepth average concentrations C (in gm/litre)

SECTIONS ALONG z
~RB% 1 . _ N ' , LB
] 2 3 L 5 6 7 8 9. lio 11 12 13

3 ]0.000{0.540{0.280{0.210{0.190]0.160|0.150}0.120}0.050 | 0.000} 0.000f 0.000] 0.00¢

4 10.000 0.390|0.340|0.270]0.210/0.190{0.170]0.150{0.130 { 0.120} 0.110} 0.080] 0.00d

5 1]0.000/0.340]0.330{0.310 0.280f0.250 07220H0.]90 0.160 | 0.120] 0.090}9 .060| 0.00d

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 0.000d

7 10.000{0.350}0.34010.325]0.300 |0.260]0.210 }0.170 [0.150 |0.120}0.100}0.050|0.000

8 ]0.000 [0.33010.330/0.300 [0.240 p.210 0.180 0. 180 05170 0.160}0.150 0.110}0.000

9 0.000 p.360}0.320 {0.250 {0.210 P.190{0.190 p.180 0.170 |0.160}0.150§0.120}0.000

SECTIONS ALONG x

10 0.000 p.260]0.280 |0.280 J0.230 p.2100.200 p.190 p.180 {0.170}0.150|0.120{0.000

11 }0.000 p.240}0.260 p.270 p.260 p.23040.210 p.190 P.180 lo.170}0.16010.140]0.000

L

INJECTION IS AT SECTION: ] A * RB - Right Bank
: 72 LB - Left Bank



.RUN NO. 2

Metric coefficients h]

SECTIONS ALONG =z

RB:* 7 E - . » ‘ N . LB=*
] 2 3 b 5 6 7 8 9 10 11 12 13

T 0..605 0.671} 0.737]0.803|0.868|0.934] 1.000]1.066}1.132| 1.1941.263}1.239 {1.395

2 ]0.605{0.671 0.737 0.803]0.868]0.934}1.000}1.066]1.132] 1.197

—

.26311.239 1.395

3 ] 1.000]1.000f 1.000{1.000] 1.000}1.000| 1.000}1.000|1.000 | 1.00d1.000 |i.000 |1.000

4 {1.000]1.000| 1.000}1.000]1.000}1.000{1.000}1.000]|1.000} 1.00d1.000 |1.000 |i.000}

5 }1.000}{1.000} 1.000]1.000]1.000}1.000}1.000}1.000]1.000 } 1.00Q41.000{1.000 l.000

6 |1.395{1.329|1.263}1.197|1.132|1.086]1.000]0.934]0.868 { 0.803p.737 p.671 p.605

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] 0.604

]
w | ’ .

'§ 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
S | ,
= .
3|9 |1.000(1.000]1.000|1.0001.000 {1.000]|1.000 fi.000 {1.000 | 1.000| 1.000} 1.000}1.000
o " — ,
w . .
“ 110 |1.000{1.000]1.000}1.000 |1.000 }i.00c|1.000 |i.000 |1.000 | 1.000]1.00 {1.000|1.000

11. {0.605[0.671]0.737{0.803 J0.868 [0.934]1.000 Jt1.066 |1.132 {1,197} 1. 263} 1.329 [is gt e

INJECTION IS AT SECTION: | | | * RB - Right Bank

L : 73 LB - Left Bank ’



RUN NO.
Aov depths h (in cm)

2

SECTIONS ALONG. 2 )
RB* = ' ’ LB*
1 2 3 4 5 6 7 | 8 9 |1lo otz |3

1 |6.700 |1.510]3.250 [2.900 2.950 p.750 [2.400 . 150 p.020 |1.830}1.470]0.900}0.400

2 |8.950{7.400(5.090 [.500 [2.950 |1.850|1.070 p.600 p.300 {0.150}0.100]0.030]0.020

3 |5.010|4.9003.580 [2.510 [2.500 p.5102.500 p.450 2.200 |2.100{2.300}2.800}3.000
4 12.950 [3.350(3.320 [2.900 |2.450 p.000|1.300 |I.750 R.500 |2.950{2.250]2.530|3.810|

5 |1.900 [2.100{2.050 {1.700 |1.650 |1.700{1.950 p.500 p.700 }2.720]2.500]3.310{3.950

6 {0.230|0.8501.450 |1.670 |1.850 P.600 |2.350 p.400 R.550 |2.300{3.7004.900]6.620

7 [1.300 jo.7500.250 |0.250 |0.450 p.8501.800 B.100 f+.000 |4.800(7.000]8.050(8.750

®
| 2|8 13.300 .200{1.850{1.850 f.0oko0 p.310(2.600 p.800 B.070 |3.300f4.200|4.550]4.800
o:
2|9 {3.650 B.000|2.550 2.200 }2.200 p.450 |2.420 p.150 p.0ko |2.070}3.000{3.3503.420
5 - . _
w - .

“ 110 [6.200 §.050 |4.500 {4.250 [3.910 B.650/3.350 p.950 p.450 }2.000{1.920]2.000|2.250

11 }7.000 p.400(3.600 [2.100 |1.850 p.150[2.250 p.000 p.000 |2.000}2.000|1.650|0.800
INJECTION IS AT SECTION: 1 " %# RB - Right Bank
. 7 LB - Left Bank -



RUN NO. 2

epth average longitudinal velocity components T (in ch/s)

SECTIONS ALONG z
RB* ~ ; ; To%
1 2 3 b 5 6 7 8 3 10 11 12 13

1 0.00 [39.40(37.60 36.80‘56.10 B5.60 {35.30 B5.00 Bh.BO |36.20]37.60}36.40}0.00

2 0.00 W6,00|uk.40 p2.450 B7.40 |18.49 5.40 |1.60 |0.00 | 0.00| 0.00{ 0.00 0.00

3 Jlo.00 17.20[48.60 46.70 14 . 00 40.70 36.60]32.90| 29 .30}26.80}24.80}23.600.00

4 fo.00 hh.jo 45.20 ##5.60 §5.00 | 43.80 42.00 37.60 36.10|32.70426.40}19 .90]0.00

5 lo.00 B5.60 |46.40 b5.00 f2.70 | 41.2d 50.20| 50.00] 39 .60{38.40]35.60]30.60]0.00

6 Jo0.00 [o0.00|42.50 [50.40 B9 .80 |38.4d 38.00} 38.20| 38.10 3790 37.60}35.600.00

7 10.00 }0.00]0.00}0.40|1.00 |11.2q 24.80]30.20{ 33.80}36.80|32.00{40.40{0.00

8 {0.00 h3f20 18.40 p2.40 p6.80 |31.20 35.20f38.00] 39.20{40.00}40.40]40.000.00

9 0.00 pL.30{30.30 35.30 B9.20 |41.20 41.60}41.60f 42.00|42.20342.40|41.50 0.000

SECTIONS ALONG x

10 l0.00 'B3.80|36.40 38.00 38.80 |38.8d 39.00}39.401.40.40342.80 h6,00.§9.60 0.00

11 |0.00 B6.0035.80 35.00 B4.80 |34.0q 34.00f 34.60] 35.70{37.20}38.40(33.30{0.00

~ INJECTION IS AT‘SECTION: 1 75 ' * RB - Right Bank
. _ . LB - Left Bank -




RUN NO. 2

. @epth average transverse velocity components w (in cm/s)

| SECTIONS ALONG z ) -
" RB"': g . ) i . P . . - . LB*
1 2 | 3 (4 |5 |6 J7 |8 |9 Jo {un |2 |3

2 .0 {-=0.7}1.6 [=2.1|-2.4 -2.9 |-3.8 |-4.7 |-5.3 |-5.5 6.1 8.3 |0.0.

3 .0 2.413.8 5.81.7.3]7.0| 6.8] 4.9 2.1 F0.8 2.8 4.0 {0.0

L p.o 2.313.9 54169 | 84}19.8]89 ] 6.8 |5.0]4bs]3.3 (0.0

5 b.o 3.0/4.8 | 69| 8.619.3]9.0)6.91! 5.7 157 4.7 ]1.6 0.0

6 p.o 14.77_8.0 10.2 |12,0 {129 |11.9 | 9.9 8.6 7.0 2.9 -]‘,] 0.0

8 Pp.o |-1.7+4.8 |-8.2 |-10.6}-11.7]-12.2}-9.7 |-8.0 }5.8 F2.4 Jo0.2 fo.0

S
.|§9 0.0 {-2.3}5.1 [-8.0 |-10.5}11.7{-12.3}-13.1]-13.4 F12.7}9.1 Fe.5 b.o
2 | nE |
230 p.o |-1.5t2.6 |-3.0:-2.7 }2,2|-1.8 {16 [-rn F1.2 Joar |20 puo
=
[& )
(85 )
7]
INJECTION 1S AT SECTION: 76 | * RB - Right Bank

LB - Left Bank



RUN NO. 2

- lepth average concentrations € (in gm/litre)

SECTIONS ALONG .z

. RB? o ‘ ' LB*
1 2 6 7 8 9 10 1 12 13
3 l0.000 | 0.28q 0.270] 0.230 .190»0,165 0.150{0.140{ 0.135[0.135[0.135 o_.1'35 0.000
4 10.000 |0.25Q 0.265| 0.260| 0.235/0.205 0.185}0.165[0.150{0.140}0.135/0.135{0.000
5 [0.000 }0.260 0.255]0.260|0.260{0.250 0.230}0.200|0.1750.1600.145}0.1400.000
6 0.000 {0.255 0.255} 0.255|0.260}0.260 0.260}0.245/0.220}0.190 0. 160 0.145[0.000
7 [0.000 |0.255 0.255]0.255{0.255]0.255 0.260]0.260]0.240 [0.210]0.17010.155 [0.000
) i
%’ 8 10.000 |0.255 0.255}0.255|0.255}0.255 0.250{0.230]0.210 {0.185}0.170 |0.165 l0.000
. «
% 9 P.000 |0.255 0.250}0.245[0.235}0.220] 0.205{0.185]0.170 |0.165 |0.165 |0.165 [0.000
5 — _\
u3 R
v 10 b.ooo |o0.250|0.240]0.230]0.210 0.1950.180{0.170}0.165 0.165 [0.165 J0.165 [0.000
@
INJECTION IS AT SECTION: 1 77 * RB - Right Bank
' LB - Left Bank




RUN NO. 3
Netric coefficients h]

~ SECTIONS ALONG z

T . T
1 2 | 3 v | s 6 7 8 1 9 Jwo || 3

1" ]0.605]0.671 0.737 0.803 J0.368 0.93411.000 [1.066 [1.132 [1.197] 1.263] 1.329 1.395#

2 {0.6050.671]0.737]0.803 |0.868 .9 34 |1.000 [i.066 [.132 | 1.197]1.263] 1.329}1.395

3 ]1.000 {1.000}1.000 |1.000 |1.000 f1.000 {1.000 |1.000 |I.000 |1.000f1.000}1.000{1.000

t 1.000 {1.000|1.000 |1.000 |1:000 |1.000 |1.000 fi.000 |1.000 |1.000}1.000}1.000|1.000

5 1.000{1.000}1.000]1.000 |1.000 J1.000 {1.000 |I.000 {1.000 {1.000f{1.000}1.000|1.000

6 |1.3951.329[1.263{1.197 |1.132 )1.066 |1.000 P.934 [0.868 }0.803|0.737]0.671]0.605

7 |1.39501.329|1.263[1.197 [1.132 ]1.066 |1.000 p.934 0.868 |0.803/0.737]0.671}0.605

8 |1.000 {1.000(1.000 {i.000 [1.000 {i.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 j.000 [1.000 {i.000 {1.000 {1.000}1.000{1.000{1.000

SECTIONS ALONG x.

10 }1.000 }I.OOO 1.000 |1.000 {1.000 fi.000 {1.000 fi.000 Ji.000 |1.000]1.000]1.000]1.000

11 ]0.605 3.67'1 0.737 10.803 p.868 p.934|1.000 1066 1.132 |1.197}1.263]1.329]1.395

~INJECTION IS AT SECTION: 1 78 * RB - Right Bank
' LB - Left Bank




RUN NO. 3
"Flow depths h (in cm)

SECTIONS ALONG z - B
RB% ) ot LB*
v 2 |3 |4 f{s e}tz 18 19 o §uliz] 3

1 |i1.10p.50 [7.90 J6.10 |4.90 Hf.b2 |4.50 P.50 ilI.SO L.4o {4.00 }3.40 |2.30

2 |12.70 f12.50(11.70 10.50p.10 .70 l6.30 p.10 .90 |2.80 }1.99 |1.50 |1.10

3 8.60}8.30| 7.20}5.80| 4.30 .30 |s.40 @.4O J.20 [3.70 |3.20 |L4.40 |7.00

b {590 |6.20] 6.20| 5.40] .40 4.60(4.80 |4.50]3:90 |4.00 |5.50 |7.10 |7.80

5 13.90 |3.90] 3.80}3.90| &4.00/4.104.30 }L4.00|L4.60 |6.00 |6.80 ]7.40 |7.80

6 1.50 |2.80( 3.40]3.60] 3.90{4.30{5.30 }|7.10{8.80 9.80 10.20}§11.20112.00

7 lo.4o p.60 | 1.40}2.80| 3.80{4.606.00 |7.80|9.40 [11.10]12.90}13.40]13.40

]
w ‘ ,
‘ § 8 |4.00 p.oo | 4.10]4.10} 4.00/4.30|5.50 |6.80]7.80 | 8.70]|10.10/10.80}10.80
< : : : : ~
- , .
§ 9 6.40 |[6.60] 6.40}590 | L4.80 5.30#6.00 6.00 |6.40 | 7.60] 8.80} 9.20} 8.80
- . 5
= , ‘ ‘ _ :
%110 [8.60 8.701 7.80|6.30| 5.70|5.40|5.30 }5.50 |6.99 6.80} 7.40] 7.50} 7.40
11 [11.60 j0.90{9.30}7.60} 7.30]6.90[6.00 |4.90}3.90 | 3.50} 3.30 2.9C 2.20
o
INJECTION IS AT SECTION: 79 * RB - Rigﬁt Bank

LB - Left Bank




RUN NO. 3

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

SECTIONS ALONG 2 _
“RBF | _ | T ) 2 b | e
1 ,» |3 y | 6 7 8- | 9 10 1 | 2 13

1 |0.00 [18.00]23.00]28.00|41.20 |48.00|48.90 [47.00}50.00 [52.10 54;20328.00 D .00

2 |0.00 |37.00]38.00|37.5038.90 [38.40]30.00 | 9.40| 0.50 | 0.50 Is-50 16.00 P.00

3 ]0.00 [56.60]53.00]46.50|41.90 {38.4036.90 [36.40 [35.00 B0.50 p0.50 [15.80 .00

4 0.00 |54.4051.50 49.40 |43.50 [39.00{36.00 [35.30 |36.20 B5.90 | 33.50B1.60 |0.00

5 10.00 [58.20(56.80[54.50 [48.50 }43.00}40.70 39.20 |{35.40 B1.70 | 31.80B2.80 |0.00

6 10.00 {34.00{48.9050.00 ]|49.00 [44.00]37.50 B1.70 |25.50 p5.50 {30.10}28.6010.00

7 10.00 |0.00| 0.00f 0.50} 9.50 [14.90}17.50 P5.50 {35.70 |40.00|40.00}36.90{0.00

8 ]0.00 0.00 |8.00 [21.90 }29.00 B4.00 |36.00 36.20 [34.50 {31.50{32.00}38.50|0.00

9 10.00 P1.80}23.00}29.00 |35.40 B5.90{32.10 p7.50 8.50 }32.30}30.80}30.50}0.00

SECTIONS ALONG x

10 0.00 P3.50}27.50|30.00 32.00 B1.20 29.80.29.30 31.40}36.20{38.70|39.90(0.00

11 ]0.00 p0.00|28.00 |27.40 7.90 B0.10 |32.80 B3.30 | 36.00143.00}46.00|47.00]0.00

2

- INJECTION IS AT SECTION: 1 80 - % RB - Right Bank
; : - LB - Left Bank




RUN NO. 3

Depth average transverse velocity components w (in cm/s)

~ SECTIONS ALONG z | |
RB:* . . ) ) M ' : L'B*-
V2 {3 |85 |6 |7 18 ]9 J1o fnnll)z

2 fo.o 2.2 [-3.7 F4.8 Fsor bsoo a7 baus Feo |-3.0 $1.8 bils Jouo

3 0.0 [o.9 1.8 f3.1 |55 7.3 7.7 }6.9 [s5.7 | 4.3 2.1 |-0.8 0.0

4 10.0 2.2 1 3.9 4.9 |5.6 [5.6 |5.3 |5.5 |5.4 4.3 j2.1 0.1 (0.0

5 0.0 3.0 | 4.8 6.2 16.4 6.1 |5.4 4.3 }3.2 1.9 |0.6 |-0.2 }0.0

6 0.0 4.7 | 7.2 |9.2 jo.6 |11.4}10.9 9.1 |6.4 3.8 {1.6 |-0.2 0.0

]
Q .
al 519 0.0 -1.81-3.5|-4.8 |-6.0 {-6.4|~-5.4 |-4.1]-3.1 -2.6| ~-2.0}-1.1 |0.0
®: -
©110 p.o -1.3}-2.2 |-2.8 |-3.5 |-3.7 |-3.8 }|-3.9 |-3.4 | -2.3}-1.110.5 loo -
ol
w
INJECTION 1S AT SECTION: 81" % RB - Right Bank

1 : LB - Left Bank




RUN NO. 3

‘Depth average concentrations C (in gm/litre)

SECTIONS ALONG z

. RB* . . , LB
1.1 2 3 4 -1 5 6 7 8 .9 10 11 12 13
3 0.000 0.06010.045 0.060 P.100 §0.14030.135 | 0.110/ 0.085]0.050 6.035 0.025(0.000
4 0.000 0.060 0.070 0.070 P.070 0.080 0.100§0.110] 0.10010.085]0.06010.03510.000
5 0.000 0.065 |0.065 0;070 0.070 10.080 0.080]0.085]0.090[0.080]0.07010.07010.000%
6 0.000 P.065]0.065 P.065 p.070 J0.07Q 0.075{0.080}0.075 0.080 0.08010.0801410.000
7 0.000 P.065]0.075 P.065 P.065 |0.07¢0 0.070}0.070§0.075]0.07510.08010.080 {0.000
. : .
s ' ' . |
- § 8 - 0.000 P.06510.070 P.070 P.070 |0.07Q 0.070§0.075{0.075:|0.0750.075]0.80 {0.000
2 .
. - _ - -
§ 9 0.000 p.0701}0.070 p.070 P.070 {0.07% 0.075{0.075}0.075]0.07510.07510.075]0.000
“ ho 0.000 p.070 {0.075 P.070 pP.075 0.075.0.075 0.075/0.075}0.075}0.07510.075 j0.000
11 0.000 pP.07010.070 P.070 P.075 10.074 0.075/0.075/0.07510.075]0.075 0.075 0.000
~ INJECTION IS AT SECTION: 1. % RB - Right Bank
: 82 - Left Bank

LB




RUN NO. 4
Metric coefficients_hi

SECTIONS ALONG z

RB;’;_ - .' C— - - . P . = ‘ -, -. LB?’:
2 |3 [ 4 s e L7 |8 |9 Jo |}zl

1 10.605[0.671]0.737 |0.803 j0.868 P.934}1.000 | 1.066 1.132|1.197{1.263]1.329}{1.395

2 10.605]0.671}0.737|0.803]0.868 P.9341.000 ] 1.066} 1.132 1.197 1.263|1.329 1.395

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]

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 |1.3951.329)1.263 1.197 J1.132 ﬂ.066 1.000 | 0.934} 0.868(0.803{0.737}{0.671|0.605

7 J1.395[1.329]1.263{1.197 }1.132 }1.,066 |1.000 | 0.934/ 0.868|0.803|0.737]0.671|0.605

) "

- &18 [1.000}.000[1.0001.000 [1.000 }t.000 {1.000 |1.000[ 1.0001.000}1.000{1.000|1.000
3|9 ]1.000 f1.0001.000 [1.000 [1.000 i.000 {1.000 |1.000| 1.000[1.000]1.000{1.000|1.000
= | A _
“ |0 ]1.000 £.0001.000 [1.000 |1.000 }.000 {1.000 | 1.000] 1.000]1.000}1.0001.000 |1.000

11 {0.605 p.671]0.737 {0.803 p.868 p.934|1.000 | 1.066]1.132}1.197]1.263}1.329]1.395
12 |0.605 p.671 [0.737 J0.803 p.868 P.934 [1.000 |1.066}1.132{1.197|1.263}1.3291.395
13 |1.000 }1.000 |1.000 {1.000 J1.000 f.000 {1.000 |1.000]1.000{1.000}1.000}1.000 [1.000
14, {1.000 £.000 |1.000 }1.000 f1.000 }i.000 {1.000 §1.000|1.000}1.000{1.000}1.000|1.000
15 |1.000 |.000|1.000 {1.000 1.000 }.000 {1.000 |1.000]|1.000]1.000}1.000]1.0007%1.000

. 16 11.395 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. * RB - Right Bank

LB - Left Bank




‘RUN NO. 4
Flow depths h (in cm)

SECTIONS ALONG 2

REF ] _ . — 1 T T T s
12 3 s s {6 |7 L8 |9 fro ||

1 ]1.25 {2.30 |2.60 |2.60 |2.90 [2.90 |3.00 | 3.20}%.00 [5.65 y.60 |9.50 }9.70

2 l1.00 {1.00 |1.00 {1.00 J1.70 P.70 [3.85 |5.006.45 7.85 |9.75 | 11.35|11:.75

13 {3.40 [2.70 |2.60 |3.00 {3.20 B.20 [3.90 |4.00 4,30 | 5.40 []6.90 | 7.60 |7.60

.4 6.40 }4.70 14.00 [4.00 J4.10 PK.40 |3.40 ] 2.40 .10 }2.90 |4.00}14.20 [4.20

5 |7.00 |5.20 }4.00 [3.40 |3.20 PB.00 |3.20 13.50 B.50 }2.50 }2.50 |2.80 {2.40

6 ]110.90 P.40 [7.60 |5.40 }4.40 PB.30.12.30 §2.40 B.30 }13.20 }2.70 }2.40 |2.60

.7 12,20 11.009.00 {7.40 |5.80 £.20 |2.60 }1.50 .30 {1.30 [1.00 |1.00 1.00

8 7.7017.807.60 [6.40 5.00° §.70 4.70 '4.20B.50 |}3.10 }2.80 }3.20 }4.20.

9 5.90 | 5.50}4.70 k.00 B.70 B.70 [3.70 ]3.20 B.0oo |{3.00 |3.40 {4.30 |5.00

SECTIONS ALONG X.

10 4.50 | 4.503.80 [3.10 B,40 PB.40 |[3.10 }3.10 B.40 {4.00 [4.30 |5.40 |7.20

11 3.00 {3.30)3.80 [3.80 R.60 p.60 }4.99 |5.20 b.80 |6.20 [8.00 |9.20 [9.10

5 - 2 ] o0.90]0.901.00 .40 .80 p.20 [3.40 [4.90 $.20 |7.70 |9.60 |11.30(12.30

13 4.50 |2.80 2.50 3.60 B.60 B.60 [4.20 |4.80 F.60 [6.80 |8.00 [8.40 [8.70

14 4.80 |4.40)6.20 K.00 B.60 B.40 [3.70 |4.20 b.0o0 |5.90 |6.80 |7.00 [7.30

15 | 7.60.}5.80.)5.00 5.30 h.40 B.70 3.70; 3.70 3.70 13.70 }4.50 |5.00 5.00

16 110.60 [10.504 9.90 | 8.20 | 6.20 |4.10{ 2.90 }2.40 |2.20 [2.50 §2.60 |2.40 k.so

INJECTION IS AT SECTION: ¢ 84 * RB ‘- Right Bank
_ LB - Left Bank




RUN NO. 4

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

, SECTIONS ALONG 2z
RB* - 1 . i o LB*
] 2 3 4 I 5 6 7 | 8 1] 9 10 11 12 13

1 (0.00 pO0.50 {30.00 p8.50 33.50 |38.50f 40.00}38.50f38.00 }40.50140.50140.500.00

2 |0.00 PB5.00 [32.00 p7.50 p8.00 |27.50} 25.00{16.00} 6.00} 0.00| 0.00| 0.000.00

3 .00 £1.50 [39.00 k0.00 k0.00 |40.50] 40.50]40.00|35.00|26.00 {23.00|14.00 |0.00

4 [0.00 $1.00 [51.00 p2.00 p0.00 |43.00| 38.50}40.00|41.00 |39.00 |34.00]32.50 |0.00

5 [0.00 p1.50 [52.00 }8.00 B8.00 |36.00]39.00{44.00]46.00 |44.00|39.00{33.50 |0.00

6 [0.00 ]30.0036.50 B6.50 |{37.00]36.50| 35.00}33.50|31.00 31.00 |34.5034.00 [0.00

7 p.oo 0.0 0.00 10.00 }12.50}22.50] 28.00]34.00]36.00 {36.00 {39.00 }37.00 {0.00

3}
g : )
q S8 - p.oo | 0.001.50 |9.50 |23.50]32.00| 37.00|38.00|40.50 |42.50 J44.00 }s2.00 lo.00
g _ . 0} ; , Sl Nt ol i
w A. V a . . )
|9 Pp.oo [23.0080.50 |40.00]44.00{45.00]43.00]40.00|40.00 [43.00 J47.50 }49.00 [o.00
5 L. . - . . " A P . ~ -
T .
“ho p.oo |31.00 31.50]38.00]32.00}31.50]35.00}36.0040.00 k5.50 {50.00 |50.00 .00
11 fo.00 |26.00 26.00| 25.00] 25.00|25.00] 26.00{29.00|32.50 [36.00 [39.00 |29.00 [0.00
2 Jo.00 [32.0d 31.00] 30.50f 33.00]32.50] 30.00]32.50|34.00 [31.00 |28.50 [27.50 o.00
13 lo.oo |31.0d 31.50] 41.00]35.00]35.50| 38.00|34.00[23.00 10.00] 1.00] 0.00 b.00
] ] .' ) ’ . . .
14 Jo.00 |43.5q 45.50] 46.00| 45.00) 44 .50 43.00{41:.00}37.50 |33.00 [18.00] 5.50 fo.00
[5 Jo.00 |fuk.50 43.00| 38.50]39.00]|39.00| 38.00{37.0035.00 [33.00 [31.50 |25.00 p.00
?6 0.00 [41.0q 43.00] 37.50|28.00|21.00] 20.00{22.50|25.50 }25.50 f25.50 J26.00 .00
INJECTION IS AT SECTION: 6 8 % RB - Right Bank

LB - Left Bank




RUN NO. &4
Depth average transverse velocity components w (in cm/s)

SECTIONS ALONG =z

o243 4 ls e |7 |8 L9 Jwo Juta]zlo

2 |o.0 |-1.7]-2.5-3.7|-4.0 |-3.6 -3.3 {-3,2 |-2.4 {-1.2 }-0.0 { 1.3 | 0.0

3 '0.0 -4.01-8.3 F11.9 }13.5 {-13.7}-13.3}-12.5[-11.6-10.5 "9.lv-8.6. 0.0

5 |o.0 [-1.8]-3.8|-4.7 {-4.5 |-4.2|-3.7 |-b.0 |-4.5 |-3.8 J-2.1 1.7 | 0.0

5 10.0 {-0.3}-1.1 -1.3 -0.9 {01} 0.1 1.4 1.23]1.5 } 2.5 | 3.5 | 0.0

6 |o.o | 1.3] 2.8 5.0 7.2 | 9.8 |14.4 }20.2 {22.8 [26.4 [31.2 I36.1 ] 0.0

7 o0 [ 1.2 2.8 s.6| 6.4 8.1 9.6 1.2 112.3 hiz.e hu.1 fis.o o.o

8 0.0 |-0.8}-1.9}=3.6 |-5.3 f7'4 -9.6 |-12.4]-15.6 +19.0 }22.9 |F24.5] 0.0

&
2|9 o0 [-1.3]-2.6 |-3.7 -4 |-3.6 |-2.7 |-2.2 |-2.3 F30 faes Fsie ouo
=
zito Jo.o Jo.5] 1.2 ] 2.4 {44 6.0)6.3157]4.312.7 0.7 lo.1 o.0
ud
@l Joo 27| 46607} 7.07.9]6.3 4024 [1.52]0.8 |o.5 fo0.0
2 lo.o }-0.0| 0.6 |-0.9 }-2.5 |-3.6 |-3.5 |-2.6 |-1.50 Lo.1 1.6 12.6 lo.0
13 |o.0 |-2.9]-7.0 |-9.2 [-10.2|11.4]-10.5}-8.6 |-6.9 [5.2 }3.3 }1.30 |o.0
14 fo.0 j-2.11-4.5 |-4.7 [-5.8 6.6 |-6.0 |-5.2 |-4.6 }4.5 }5.0 F5.7 |0.0
15 lo.o |-1.7 |-3.8 |-5.5 |-6.7 }-7.6 {-7.0 |-5.2 |-3.0 }0.9 }to,1 to.u Jo.o
INJECTION IS AT SECTION: 6 86 * RB - Right Bank

LB - Left Bank




RUN NO. 4

Depth average concentkationsvf'(in gn/litre)

SECTIONS ALONG z

REF | _ . ’ ' _ LB* .
_'l 2 3 L -} 5 6 | 7 1 8 9» 10 ’ l]' 12 | 13

8 | 0.000c{0.00d 0.000{ 0.000|0.000{0.015 0.030 0.090}0.13510.250]0.27510.220 0.000

9 | 0.000j0.01¢ 0.010}0.0200.035{0.064 0.125]0.175/0.250}0.22510.190]0.200 [0.000

SECTIONS ALONG x

10 '} 0.000/0.014 0.020} 0.030{ 0.050}0.080f 0.105}0.155/0.175 {0.205}0.210 §0.200 [0.000

11 | 0.000{0.029 0.022} 0.025{0.035]0.045 0.075]0.10040.15010.17510.190 }0.205 [0.000

12 | 0.000]0.024 0.025} 0.030{0.040}0.060{ 0.085 o.izo 0.14010.16510.17510.180 p.000

13 }0.000}0.0304 0.040 0;060 0.08510.115 0.140[0.145]0.165 [0.165 |0.165 |0.165 [0.000

14 10.000}0.054 0.075{0.100/0.125]0.145 0.150]0.160{0.160 |0.165 }0.165 [0.165 |p.000

15‘ 0.000}0.084 0.105 0.130{0.145]0.155/ 0.160|0.160]0.165 |0.165 ]0.165 [0.165 p.000

INJECTION IS AT SECTION: 6 87 ' * RB - Right Bank
LB - Left Bank




RUN NO. 5

Metric coefficients Hl‘

SECTIONS ALONG =z

RB* . . - . o — ) ) LB:‘:_
‘ 2 13 |4 s |6 |7 {8 19 Jio |1niji2]3

1 1.682 [1.568 [1.455 11.341 [1.227 fi.114 [1.000 P.886 D.773 10.650 0.5#5 0.43210.318

2 1.000 |1.000

.000 {I.000 {1.000 [I.000 |1.000 §1.000}1.000]|1.000 ].OQQ 1.000|1.000

—

3 ]1.000 [1.000]1.000 [1.000 {1.000 §.000 f1.000 {1.000 1.000]1.000|1.000{1.000{1.000

L 1r.000 1.006 1.000 J1.000 J1.000 }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 D.43230.545 p.659 D.773 |0.886| 1.000}1.114 1.227 [1.3841 1.455 11,568 |1.682

7 |0.318 10.432 0.5451 0.659]0.77310.886} 1.000}1.114 1.227 |V. 3471 |1.455 |1.568 |1.682

8 1.000 |1.000 ];QOQ ].000 1.000 1.000 l;OOQ 1.000(1.000 {1.000 1.000 11.000 |I.000

9. [1.000 }1.000] 1.000f1.000]1.000|1.000|1.000{1.000]1.000 |i.000 |i .000 1.000 [1.000

SECTIONS 'ALONG x

0 J1.000 {1.000 1.000 1.000]1.000 |1.000}1.000 }1.000|1.000 }i.000 }i.000 1;000 I .000

11 §1.000 |1.000§1.000{1.000]1.000}1.000]1.000 1.000 [1.000 }.000 ﬁ.OOO fl.000 J.000

12 11.682 [1.568]1.45511.341[1.227 1.114]1.000 [0.886 |0.773 p.659 p.545 b.432 .318

13 1.682 [1.568]1.455]/1.341 {1.227{1.114]1.000 [0.886 |0.773 b.659 D.545 P.432 §.318

14 11.0001.000]1.000|1.000 f1.000 |1..000{1.000 fi.000 fi.000 }.000 §.000 §.000 |1.000

{15 . 1.000 |1.000]1.000 1.00011.000 |1.000]1.000 |i .000 1.000 §1.000j1.000{1.000}1.000f

16 11.000 {1.000{1.000}1.000 |1.000 }i.000 1.000 {1.000 {1.000 |1.000{1.000]|1.000]1.000

e

INJECTION IS AT SECTION: 3 88 * Eg '-. ﬁi?:tBBaEk
: - - e an




RUN NO. 5 ‘
Flow depths h (in cm)

SECTIONS ALONG 2z

RB* | _ . ’ ': ' : LB*
{1 2 3 vy s |6 | 7 8 1.9 10 1§ 12 13

1 1.70 { 1.60}1.90 } 2.60 B.ZO 3.40 4.00 |5.60}6.90 [8.60 |10.50|11.80}11.90

2 |5.604.203.70 | 3.70 k.10 }4.50 4,80 }5.3015.85 |5.90 |5.60 |6.40 |7.70

3 L.60 | 4.80 {4.60 ,h.SQ 5.00- }4.00|3.00 }3.20}3.50 |3.70 {3.70 |3.60 |3.30

| 6.60 |4.20[3.80 |3.00 .20 |2.80 .60 [4.00 |5.00 [4.80 |4.80 |4.60 [3.80

5 5.60.|5.80|5.00 | 3.80 F.ZO 2.803.00 |3.40 |L4.00 |4.20 |4.00 {3.20 {2.80

[62Y

6 [12.60 111.20 9.40 | 8.00 .80 4.60 [3.80 }3.00 |2.60 .2.60 2.20 |1.60 |0.80

7 ln.so {10.8d 9.401 7.80

1o2Y

.20 |5.00 {4.50 ]3.80}3.00 [2.20 |1.60 }|2.00 f{2.40

»

1 2ls |6.206.20l5.80 |5.40 p.60 |3.80 .40 |u.40 |4.60 [4.00 |4.20 |5.20 |6.%0
2|9 |s5.00|5.20f5.20 |4.80 h.20 |4.00[3.80 |3.60 [4.00 [4.80 |5.40 |5.80 [6.80
L . : ‘
© 110 |3.00 [3.40 .40 |3.00 p.80 |3.40 .00 {3.80 |[4.00 [u.40 |5.40 |6.20 [6.20

ft1r {1.60 |1.80 k.00 |2.50 B.oo |3.20 B.oo |3.40 |3.80 {4.40 [6.00 |7.20 |7.40.

12 1.40 2.20’2.60 2.40 p.60 3.40 }5.00 6.60 }8.00 é.ho ]0.80A|2.00 13.20

13 | 1.80 f1.40f1.60 |2.00|2.80 |4.00[5.80 |7.00 |8.40 [9.80 [11.60]12.40 r2.40]

14 | 5.0 [4.50 .00 |2.20 |2.80 |2.40 f.60 [6.20 |7.40 [8.60 [9.40 |9.60 [9.80

15 | 4.8 |5.40 5.00 |4.20 |3.80 [2.80 p.0o0 }2.20 |2.20 [2.60 |3.00 [3:40 [3.20

16 {5.20 [5.00 .00 |4.60 |4.00 |4.00[3.80 |3.40 |3.00 [2.80 |3.20 [3.60 B.4o
INJECTION IS AT SECTION: 3 89 %+ RB - Right Bank

LB - Left Bank




RUN NO. 5

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

SECTIONS ALONG Z |
RB* - ' : ' o ) LB* §
' |2 |3 fu {5 f6 |7 |8 |9 fwo |ultaz)|is

1 6.00 p.00 {3.00 |[8.00 B.00 [10.0013.00 |17.00p2.00 {25.00 28.00 31.0040.00

2 {0.00 J13.00{15.00 17.0(19.00 |23.0027.00 |32.00B5.00 |37.00 38.00}39.00 0.00

"3 |o.oo p3.00 [27.00 | 29.0080.00 | 34.0038.00 {40.00k2,00 |44.00|46.0 |45.00[0.00

L Jo.00 B3.00(37.00 h0.00hOfOO 43900ﬁ2.00 39.00B1.00 |21.00/32.00{38.000.00

5 10.00 B2.00{32.00{ 33.0035.00 |38.0G40.00 39.0036.00 3&100 39.00 37.0010.00

6 {0.00 }3.0017.00]19.00{15.00 |18.0028.00 20.0019.00 [20.00|15.00{0.00 }0.00

7 {0.00 B1.00|28.00 | 25.0022.00 | 17.0(13.00 |10.00}:8.00 »8,00 3.0013.00 |[0.00

36
& 8 [0-00 |39.09 38.09 37.00B5.00 |32.0027.00 |23.00[19.00/17.00]15.00}13.000.00
31 9 [0.00 |37.0d 30.00 29.00| 27.00f 26.0q 25.00{26.00| 24.00]22.00}19.00}19.00 |0.00
= ) :
“ 110 [0.00 |39.0d 38.00 37.00[ 34.00|30.00 27.00}29.00} 31.00|31.00{27.00}25.00 |0.00
11 10.00 [L46.00 47.008 45.00] 43.00{42.0q 41.0037.00{ 36.00{38.00}32.00{29.000.00
12 Jo.oo | 0.0d 0.0d o.00] 2.00f16.0d 19.00| .00 7.00}22.00{21.00{19.00 |0.00
13 10.00 0.04 9.0d o0.00, 0.00f 0.04 3.00|11.00|20.00]|26.00{27.00}25.00[0.00
14 fo.00 |11.0 15.00 18.00] 20.00| 23.0q 25.00] 24.00| 23.00}23.00]18.00]17.00 |0.00
15 }0.00 |23.0q 27.0d 29.00| 30.00] 34.0d 38.00 40.00] 42.00 {44.00 |46.0045.00 lo. 00
16 10.00 40.0g 35.00 31.00f 31.00} 30.0q 28.00|27.00|30.00 |39.00 |42.00|40.9¢ {0.00 .
INJECTION IS AT SECTION: 3 90 | * RB - Right Bank

LB - Left Bank




RUN NO. o

~Depth average transverse velocity components w (in cm/s)

SECTIONS ALONG =z

RB* . . — o LB*
R 2 3 L ] 5 6 7 8 19 1o 1§ 12 | 13

2 0.0 -1.413.3 |-4.91-6.3 |-7.8}-8.7 |-8.1 {-7.4 |-6.4 }-5.2 {-3.1 0.0

3 p.o -1 2.2 |-3.1]-3.6 |-4.0}-4.2 }-3.7 |-2.7 |-1.1 }-0.4 0.5 J0.0

4. p.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

5 p.o =0.1 0.3 |{-0.8 —0.5‘ 0.1 10.2 1.7 (3.0 [3.5 | 5.2‘ 8.6 p.0O

6 p.o |-1.7}2.8 [-3.7 |-4.2 |-4.4 |-3.8 |-2.5 [-0.7 1.3 B.9 k.4 p.o

7 p.o |10 b7 l-2.2 |-3.0 |-3,9 |-4.0 |-4.5 |-5.2 F6.0 F7.2 £8.1 - b.o

8 p.o 1.k p.5 3.2 (3.8 |40 [3.9 I3.1 |1.9 p.8 to.6 }1.8 b.o

K

: ‘ _ _

&19 0.0 2 2,3 (3.5 |48 5.4 5.2 5.0 4.3 B.2 1.8 0.7 |0.0

< . : : . e

W

S0 Jo.o .8 2.7 3.3 |3.2 [2.6 |2.0 Ji.5 [0.8 tfo.1 |-1.0]-1.8 |0.0

CH—T ' ' 1

o ' _

“1m 0.0 R.9 |5.3 (7.8 ‘9.0 B.5 (7.7 B.2 B.5 }7.0 |5.2 |4.0 }o.0
12 jo.0 p.9 |3.4 5.2 |7.2 |8.3 8.3 7.6 |6.7 |5.6 lu.2 3.4 Jo.o
13 (0.0 {o0.8 {-1.8 }-2.8 [|-3.4 |-2.9)-2.3 |-2.9}3.6 [-3.4]|-2.9]-2.5 0.0
14 lo.o 1.6 1-3.9 |-7.0 [9.0 t10.5]-9.7 |-7.6 }5.8 |-3.9 |-2.2 |-0.9 |o.0
15 lo.o 1.7 }-3.4 }s5.3 }6.8 |-8.8}-8.6 |-7.3}5.6 |-3.9 |-3.8 |-2.6 0.0

INJECTION IS AT SECTION: 3 * RB - Right Bank

91 ' LB - Left Bank




RUN NO.5

Depth average concentrations € (in gn/litre)

. SECTIONS ALONG 2
: RB* ‘ . _ , LB*
1 2 y | s 6 7 8 9 |io 1 12 | 13
5 P.000 p.005 P.020 b.120 |0.530}0.630] 0.510]0.250{0.150 |0.020 f0.010 }0.005 fo.000
*6 P.000 ]0.300] 0.370] 0.380{0.250}0.160] 0.080}0.040]0.020 |0.010 0.005 lb.000 b.000
x| 7 P-000 [0.295 0.310[0.235[0.170{0.090] 0.055]0.030(0.020 {0.010 [0.003 Jo.000 p.000
‘ S| 8 p-000 f0.300]0.260{0.240]0.180{0.130] 0.0750.0750.050 b.025 J0.010 b.005 b.000
V| < : i .
2 ) .
S| 9 p-ooo |0.275]0.275/0.250}0.240[0.200{0.160)0.1100.975 p.040 |0.020 b.015 b.0ooo
w .
[(7,] . B
10 p.000 [0.270] 0.265}0.265]0.245 [0.225/0.200 {0.1600.110 p.070 0.040 p.030 .000
|11 p.ooo o.270{0.270}0.260]0.260|0.240]0.220 0. 190 .160 b.110 pb.075 b.060 b.0ooo
12 D.0oo [0.270[0.265}0.270]0.265 |0.265}0.255 }0.2500.225 b.180 b.130 b.100 b.00o
INJECTION IS AT SECTION: 5 92 * RB - Right Bank
: LB - Left Bank




RUN NO.VG

Metric coefficients h‘

SECTIONS ALONG z

RB* ' LB*
] 2 1.3 L 5 |6 {7 8 S 10 R 12 13

1 [1.682 |1.568|1.455 |1.341 [t.227 j.114 |1.000 P.886 P.773 10.659{0.545 0;&32 0.318

2 |1.000 {1.000{1.000 |1.000 }I .00O }.000 |1.0600 b.OOO 1.000 |1.000}{1.000{1.000}1.000

3 {1.000 |1.000{1.000 {1.000 J.000 §.000 |i.000 L.OOO | .000 [1.000}1.000}1.000}1.000

4 [1.000 |i.000 {1.000 f1.000 fi.000 |1.00d 1.000]1.000]1.000}1.000]1.000}1.000}1.000
5 |1.000 1.000 {1.000 [1.000 fi.000 {1.009 1.000]1.000| 1.000]1.0001.000{1.000}1.000
6 10.318 p.4320.545 p.659 b.773 |0.884 1.000{ 1.114] 1.227]1.341]1.455}1.568]].682
7 10.318 p.432{0.545 p.659 p.773 |0.886 1.000] 1. 114 1.227]1.341|1.455)1.568]1.682
]
’ Si 8 11.000 i.000 {1.000 f1.000 [i.000 |1.0008.1.000]1.000]|1.000]1.000]|1.000}1.000}1.000
| <
\ - v .
S| 9 [1.000 J.000[1.000 J1.000 §.000 |1.000{ 1.000]1.000{1.000}1.000}1.000}1.000!1.000
}5 .
8 _ .
10 [1.000 f.000 {1.000 |l 000 f.000 [1.000f 1.000}1.000f1.000 |1.000{1.000{1.000 |1.000
11 |1.000 |1.00d i.000] 1.000}1.000|1.000 1.000]1.000]1.000]1.000]1.000!1.000li.000
12 [1.682 |1.568 1.455] 1.341 1.22711.114 1.000 0.386 0.77310.659 0.54510.432 [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 10.318
14 f1.000 |1.00d 1.000} 1.000|1.000]1.000| 1.000}1.000]1.000 |1.000 |1.000i.000 i .000
15" |1.000 }1.00G 1.000] 1.000{1.0001.000f 1.000]1.000|1.000 {1.000 |1.000 |1.000 Ji .000
16 [1.000 [1.000f 1.000}1.000{1.000§1.000] 1.000}1.000}{1.000 }1.000 |1.000}1.000 |i.000
INJECTION IS AT SECTION: 3 * RB - Right Bank

93 LB -~ Left Bank




RUN NO. 6
Flow depths h (in cm)

SECTIONS ALONG z

RB3 | 1 LB
1 2 3 L { 5 6 7 8. 9 {10 1y 12 13

1 [2.800 | 2.00q 1.400} 1.000] 1.000|1.800f 3.200{3.800} 4400 {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 z.yoo 2.800]3.000] 3.000§3.400{3.400 |3.200 |3.600 |4.000 |4.600

4 1h.000 |3.600 3.000]2.600]2.400 2.400| 2.4002.400]2.400 |3.000 [3.000 |3.000 {3.200

5 %.400 4.000f 3.400] 3.000}3.000]3.200| 3.200}3.200{3.00 [2.600 |2.400 }2.400 [2.800

6°17.200 |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 4.806 3.400{ 1.800]1.000{0.600 0.800 |1.200 {2.200 [3.400

8 p.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 H.400 |4.200f 3.600{3.200 2.800 3.000f 3.200}3.400(3.000 [2.800 |2.800 {3.200 4;600

SECTIONS ALONG x

10 #.200 |4.000] 3.600}3.200(3.000]3.000 3.006 2.600(2.400 [2.800 {3.400.[4.000 /5.400

11 P.600 {2.800}2.800{2.600|2.600}2.600|2.400}2.400]2.600 3.200 [4.400 [5.000 F.000

12 p.800 |1.200f1.600]2.400]3.200}3.200]3.800|4.600 5.800 .200 |5.800 {5.600 k.800

13 T.600 1.400{ 1.200{1.600{1.600 |2.000] 3.000 |%.000|4.600 5.000 5.600 [6.600 3.600

14 B.600 {3.200]2.200}2.000{2.000 |2.000{2.400}2.800 3.600 f+.400 5.400 k.000 |.000

.000

T

15" %.ooo 3.400} 3.6003.200}2.600.|2.400} 2. %00 |2.600 3.200 B.800 {+.200 §.600

# 16 B.400 |3.400]3.400]3.600{3.400 3.000|2.800 [2.600 |2.800 3.000 B.200 B.600 B.800

INJECTION 1S AT SECTION: . I * RB - Right Bank
3 9 :
‘ LB - Left Bank




RUN NO. 6 . A
Depth-average longitudinal velocity components u (in cm/s)

SECTIONS ALONG z -
RB* : ’ ' B 1 ' LB
I 12 {3 |4 f5 |6 7 |8 19 Jw |unl}ifizi

1 {0.00.| 0.00]18.00 24,00 | 25.00 27.09 30.00 30.0d 27.00} 23.00{ 23.00} 25.00]/0.00 {

\2 0.00 | 0.00(0.00 [14.00 27.00.3I.OC 35.00 33.00 33.00| 34.00{ 34.00}.33.00}0.00

i 3 ]0.00 .j20.00}25.00 30.00 34.00_35.0C 35.00f 37.00} 37.00]{36.00]36.00{34.00{0.00

4 10.00 [33.00/36.00 [38.00 | 40.00] 41.0q 41.00] 40.00 41.00 L2.00}41.00 Q0.00‘OfOO :

5 10.00 [26.00}28.00 {29.00 | 31.00f 33.04 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] 24.0q 26.00] 27.00| 26.00}24.00]30.00 32.00}0.00

7 10.00 R7.00{29.00 [28.00 | 23.00} 22.04 21.00} 14.00 13.00]13.00}10.00{ 9.00}0.00

8 10.00 B5.0037.00 37.00 | 38.00| 37.0 35.00] 32.00| 26.00(18.00] 7.00 0.00{0.00

9 ]0.00 B7.00}39.00 {38.00 36;00 36.0q 37.00} 34.00} 32.00{30.00}23.00}19.00 0.00

SECTIONS ALONG .x

10 {0.00 PB5.00|35.00 34.00‘ 31.00§ 34.0q 37.00{37.00| 36.00 34.00 31.00|28.00(0.00

11 10.00 B9.00 j41.00 }:0.00 | 36.00} 34.0d 33.00|37.00} 38.00}35.00 32.00}30.00}0.00.

12 10.00 P3.00 |34.00 32.00 | 27.00}25.0q 23.00]21.00]22.00 }24.00|26.00}24.00 Jo.00

13 10.00 }0.00[10.00 10.00 |20.00{30.00 31.00}30.00 30.00131.00|34.00|34.00 0.@0

14 10.00 §5.00]25.00 p5.00 |29.00}33.00 36.00}37.00 37.00’37.b0 37;00 37.000.00

15°10.00 §2.00 20.00 p7.00 }32.00{36.00 37.00}37.00 37.00}38.00|39.00{39.00 [0.00

16 [9.00 }7.00 [23.00 p9.00 |30.00 33.00 36.00}37.00]38.00[39.00 40.00 40.00 {0.00

L

INJECTION IS AT SECTION: 3 95 * RB - Right Bank
e LB - Left Bank -




RUN NO. 6

Depfh average transverse velocity components w (in cm/s)

SECTIONS ALONG Z

RB* . » g . . — ‘ L-B*
] 2 3 14 5 6 7 8 9 10 11 12 13 .

2 0.0 |-t1.2 |-2.3 }3.7 |-5.1|-5.8] -5.4]-5.0}4.7 |-4.3 |-3.6 |-2.6 0.0

"3 0.0 1.9 |-4.3 }6.0 |-6.3)-6.3]-6.0{-4.9Fk.0 |-3.4 |-2.6 |-1.8 [o.0

4 o.o fo.6 |-1.1 Fie |-1.6]-1.6]-1.2]-1.1F0.5 |-0.3 ] 0.3 ] 0.8 0.0

5 0.0 F1.2 [-2.3 3.2 [-3.5/-3.3|-2.9|-2.4}1.8 |-0.5 [0.8 [2.5 [o.00

6 10.0 2.4 |42 |56 |-6.01-6.0]-5.5)-4.1 2.2 |-0.1 [1.8 |3.5 Jo.o

7 0.0 }o0.0 }-0.3 Fo0.5 |-1.2]-2.2]-3.7|-5.3}6.2 |[-5.3 -3.8v -1.9 0.0

8 [o.o p.o P.1 B.o |36 [3.3 |22 |owu 1.7 [-3.9 }-4.6 |-4.0 Jo.0

"9 fo.o b8 17 k6 [3.8 |u6 [us [5.0 ho [3.9 |iie |-0.2 foo

10 fo.o fo.7 {11 Jre f1.9 f2.2 3.0 {3.6 B.e l3.0 b2 -0.2 looo

SECTIONS ALONG . x

1T 10.0 {2.2 3.6 4.1 |41 |46 [5.1 {5.2 k.2 3.0 2.0 |1.5 |o.0

12 0.0 2.6 5.0 6.2 |6.6 6.8 |6.3 [5.3 h.4 3.7 3.0 2.1 |o.0 .

13f0.0 |-0.5{-0.6]0.4 (0.8 [0.9 [0.8 Jo.6 p.ts [o.2 |-0.5 |-1.9 .0

o fo.o |-0.5]-1.8|-3.7 [-5.4 |-5.9 ) -5.1 |-4.1 |-3.2 f-2.6 |-2.0 1.2 boo

15 fo.o |-0.21-0.6 |-1.6 |-2.6 -3.41-3.8 [-3.5 |-2.5 |-1.4 -0;3 0.7 b.0

INJECTION 1S AT SECTION: 3 96 * RB - Right Bank.
LB - Left Bank



RUN NO. 6

Depth average concentrations C (in gm/litre)

SECTIONS ALONG 2 | .
RB= | = ' 1 [ T 1 T [ T s
v {2 '3 s s e 7 8 |9 Jro jnnfaz]azh

-4 .000 |0.000] 0.005/0.010 0.04040.420} 0.69010.060}0.020 0.0]b 0.0000.000 {0.000

5 0.000 |{0.005| 0.015}{0.070{0.290}0.495/0.310}0.145{0.015{0.010 |0.005 {0.000 {0.000

6 b.000 |0.020]{0.100{0.300{0.420}0.275} 0.140}0.050{0.030 0.010 |0.005 |0.003 {0.000 |

7 p.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 p.0ooo |0.075}0.165 0.270{0.2800.160] 0.040]0.005 0. 005 |0.005 }0.005 |0.005 fo.c00

9 1.000 |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 “x

10 - p.000 }0.110}0.130 0.170}0.210{0.240{0.215}0.140]0.070 .025 §0.005 [0.005 P.000

11 Pp.000 {0.110]0.120 0.140[0.18010.210/0.230}0.205}0.140 D.060 [0.020 [0.007 P.000

INJECTION 1S AT SECTION: 3 97 * RB - Right Bank
o LB - Left Bank




RUN NO. 7

Metric coefficients hy

SECTIONS ALONG ]
RB* ‘ o - o ' R R LB*
1] 2 3.1 4 |5 6 7 8" g 1o | n 12 | 13

1 F0.181|0.016{0.213]0.409}0.606{0.803]1.000}1.197|1.394 1.591 1.787}1.984 2.18]

1 2 11.000]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 |1.0C0 }

4 | 1.000{1.000| 1.000{1.000|1.000]1.000|1.000]1.000{1.000 [1.000 |i.000 |1.000 |1.000

5i | 1.000|1.000{ 1.000{1.000}1.000{1.000f1.000}1.000{1.000 {1.000 |1.000 |1.000 }1.000

6 {1.000]1.000[1.000 I.OOO ].OOO 1.000[ 1.00031.000{1.000 {1.000 {1.000 {1.000 |1.000

7 {1.000}1.000]{1.00011.000}1.000 1,000 1.000]1.000|1.000 {1.000 J1.8600 {1.000 |1.000

8 12.181]1.9840 1.78711.59111.394}1.197 I;OOQ 0.803]0.606 [0.409 0.213 0.016 +0.18t

g. 2.]8] 1.984{1.787}1.59111.354 1.197'1;000 0.803 0.606 0.409 [0.213 10.016 [-0.18]

SECTIONS ALONG x

10 | 1.000}1.000f1.000 1.000 1.000§1.000| 1.000}1.000]1.600 [1.000 {I.000 I,OOO,].OOO

11 1.000]1.000f 1.000{1.000|1.000}1.000|1.000}1.000|1.000 {1.000 J1.000 [1.000 |1.000

12 | 1.000]1.000f 1.000f1.000{1.0001.000} 1.000|1.000|1.000 1.000 |1.000 {1000 fI.000

13 | 1.000]1.000| 1.000f1.000]1.0001.000{1.000|1.000}1.000 |1.000 |1.000 f17000 |i.600

14 |1.000f1.000f1.000{1.000}1.000}1.000}1.000}1.000}1.000 {I.000 |1.000 |i.000 |I.000

15 | 1.000}1.000| 1.000|1.000{1.000|1.000f 1.000{1.0001.000 fi.000 |i.000 Ji.000 |i.000

q 16 }0.181]0.016]0.213{0.409}0.606 }{0.803| 1.000§1.197{1.394 }i.591 [1.787 |1.984 p.181

INJECTION IS AT SECTION: 3 98 : % RB = Right Bank
, LB - tLeft Bank




RUN NO. 7
Flow depths h (in cm)

- ' - SECTIONS ALONG z B
d TRBE | : ' LB

112 | 3 4 5 16 |7 |8 |9 Jro ju}az]as

1 ]0.400]/0.400 1.0.00 2.000{3.000}3.800| 4.400{5.400}6.200 |6.800 {7.000 }7.400 |7.400

12 3.000 3.000 2.800{3.000 3;1'400' 3.800]| 4.000}4.200 ll.-1+00 4.800 [5.000 {5.200 {5.400

-3 | 4.8004.200] 3.400]3.400}3.600|3.600 3.600{3.800|4.000 4.200 14,400 [4.600 [5.000

4 | 4.600[4.200] 3.8003.6003.2003.200} 3.000]3.0003.000 [2.800 [2.800 [3.000 [3. 400

45 4.200|4.200f 4.000{3.600{3.200}2.800]2.600}2.800|2.800 |3.000 |3.000 {3.000 |3.000

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]

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 2.200.

o
Z| 8 }12.00{12.00f11:80[11.00]10.00 8.60 [6.80 |5.20 |3.60 B.60 [i.20 f0.60 P.ko
@ = ' —
S| 9 |7.000/6.800f6.200{5.800{6.000]5.800):5.600 |4.2003.200 k.000 |i.200 b.600 b.600
= e . °
S | I
10 {6.0006.0005.400{4.800 4. 400 |4. 400] 4.600 |4.200]3.400 p.800 }2.600 [3.000 B.400
11 ]3.600|4.000]3.800}3.800|3.8003.600] 3.200}3.0003.200 [3.600 [t.000 {4.600 §.000
12 12.800}3.200}3.200§3.000{3.200 |3.200] 3.400 3400 3.ZOQ 3.400 l+.600-5.40.0 5,000
13 12.4002.600/2.700]2.800}2.800 |2.800| 2.600 [2.800|3.000 j3.400 13.800 |4.600 k.000
14 [2.6003.000] 3.600]3.8002.800 {2.400] 2.400 |2.600{3.000 [8.400 3.600 f4.000 }s. 400
15 |1.600]2.200f2.400}2.600|2.600 [2.400f 2.800|3.400 |3.800 B.800 }4.600 J5.000 k.000
|16 [0.800]1.000]1.200}1.600|2.400]3.800f 5.400 16.600 |7.800 p.600 [10.60 [i1.60 | 12.00
INJECTION 1S AT SECTION: 3 99 | * RB - Right Bank

LB - Left Bank




RUN NO. 7

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

SECTIONS ALONG z

REBX [ T . ' T 1l LB* .
Vo2 13 |4 15 f 6 7 8 19 Jo {23

l‘ 0.00 |0.00 | 23.00| 34.00] 32.00}35.00f 38.00}36.00 37.00 {39.00 40.00(39.00{0.00

2 10.00 {27.00 32,00 34.00{ 34.00]35.00] 36.00)38.00]42.00 |43.00 |44.00 |44.00 {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

L 10.00 {37.00] 39.00] 42.00 42700 hlﬂOO 42.00{50.00}53.00 [53.00 |53.00 |49.00 0.00

.5 10.00 |38.00] 43.00} 45.00}40.00{42.00| 46.00}49.00 stioo 51.00 |51.00 |49.00 [0.00

6 |0.00 [42.00] 45.00}50.00{47.00]46.00 49.00149.00}49.00 |51.00 {53.00 |54.00 j0.00

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 lo.00

o
o . V - ' :
, ‘ § 8 10.00 |30.00|29.00{27.50{26.00]25.00] 22.00 20.00{17.00 {13.00 |10.00 | 5.00 .00
. < _ . | I
S| 9 |o0.00 |34.00] 33.00|32.00]32.00]30.00| 30.00!20.00 17.00 {13.00}13.00} 5.00 f0.00 -
5 _ R _ , o _
“ 110 o.00 [40.00] 39.00]36.00]27.00|31.00] 34.00 34.00(35.00 [37.00 {15.00 {10.00 P.00
11 10.00 |41.00f 42,001 42.00[40.00{36.00{ 35.00{35.00{35.00 |34.00 [32.00 [29.00 |0.00 -}
12 10.00 |43.00] 44.00}45.00]43.00{46.00] 45.00]23.00]21.00 6.00 |25.00 |26.00 p.00
13 {0.00 |51.00]52.00{50.00|46.00]49.00 52.00 48.00[45.00 #H2.00 J41.00 |41.00 p.0O
14 10.0 |45.00}51.00{52.00]{49.00(51.00 57.00{52.00|44.00 36.00 34.00 [35.00 p.00
15 10.00 |50.00] 54.00]54.00 52.00153.00f 54.00]48.0045.00 43.00 {43.00 |42.00 .00
, 16 10.00 [0.00 | 4.00{10.00)16.00f14.00| 10.0010.00}15.00 23.00 28.00 {30.00 b.00
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RUN NO. 7
'Depth average transverse velocity components w (in cm/s)

SECTIONS ALONG 2

R 2 | 3 y | s 6 | 7 8 | 9 {10 12 |

2 [o.0 |-2.7]-5.1]-6.1[-5.8{-4.9]=3.7]-2.8|-1.9 {-0.8 |-0.1 J0.7 0.0

'3 }0.0 }-1.0}-2.1}=3.0}-3.3}-3.1[-2.8]-2.61}-2.13]-1.23]-0.2 {0.9 [0.0

b 10.0 |-0.5)-1.4]~2.0[-2.1]-2.0]-1.9[-1.5)-0.9 |-0.4 |o.4 1.1 [o0.0

5 0.0 [-0.4]-0.9]-1.2f-1.5[-1.4]-1.7]-1.5 0.8 [-0.7 |-0.5 |-0.6 [0.0

6 | 0.0 [-0.8f-1.5]-2.2-3.2|-4.6]-5.4|-5.2-5.2 |-4.9 |-4.7 |-4.2 0.0

.7 10.0 -1.0]-2.1]-3.4}1-5.1 *7,4 -9.8 1-11.9]-13.3 f11.8 -9.6 |-5.9 {0:0

8 {0.0 [-0.0|/0.0 |O.1 |O.0 j0.0 0.3 0.2 2.0 7.3 |}19.2 |38.2 |0.0

Y
‘II §§ 9 10.0 y 0.501.1-12.0 }3.2 l4.5 [5.5 [7.1 [10.2 |14.6 |22.2 [24.9 0.0
= Lo 2, . > /-1 2! : . 0
(P — —

&l10 fo.0 Jo.5 [1.0 1.3 {1.9 |2.6 | 3.5 [3.8 3.5 [2.2 |-0.2 |-3.0 lo.0

m ’ .

T foo s f2.3 [3.0 |2.8 |2.7 | 2.8 |40 |5.2 5.4 13.6 [1.7 [o.0
12 1 0.0 fo.6 0.9 J1.2 1.6 {1.5 |11 Jo6 lo.2 l-0.2 -0.5 |-1.1 lo.0 -
13 {0.0 fo.1 |-0.7[-1.9[-2.0 |-1.5)-1.2 |[-203 [-3.4 |-3.7 |-3.2 |-2.8 |o.0
1k 10.0 0.5 10.6 J0.6 0.5 [0.8 [0.5 [=0.2]-0.8 |-1.1 }-1.5 |<1.7 lo.0
15 Jo.0 |44 |8.3 [11.6f14.0 145.1)12.8 10,9188 ls.2 5.0 2.1 lo.o
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RUN NO. 7

Depth avérage concentrations C (in gm/litre)

SECTIONS ALONG z
. RB* . ' ) . - LB
R 2 3 4 5 6 7 8. 9 | 11§ 12 13
5 .000 [0.025|0.060 {0.200 [0.400 {0.325{0.130 .045 10.025 §0.0712|0.0050.0000.000
6 .000 [0.080]0.145 [0.235 [0.230 0.190 0.125 §0.060 0.025 }0.012}0.005{0.003{0.000
7 .000 0.150{0.17510.180 [0.170 p.110}0.060 0.030 [0.015 }0.007}0.005}0.004|0.000
B} . , o ,
= : — _

"- § 8 10.000 [0.170{0.1600.150 0.110-P.080(0.045 p.025 0.015 {0.010|0.008{0.008{0.000
Zl9 .000 j0.165{0.160 |0.145 |0.130 P.105{0.080 p.070 p.060 |0.050]0.045}0.045]0.000
v 1o .000 [0.16010.1600.150 [0.140 p.130{0.110 p.100 p.080 |0.070]0.070[0.065 0.000

1 .000 10.160[0.160 |0.150 Jo. 145 b.134]0.125 b.100 b.100 0.090}0.080]0.070|0.000}
12 .000 [0.160[0.155 [0.150 0. 145 p.140{0.125 b.120 b.110 Jo.100 0.085(0.080|0.000
13 +000 0.15510.15510.150 0. 145 p.140[0.130 p.115 p.100 }0.090]0.0900.080 {0.000
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APPENDIX C

Listing of a programme to compute o%(x), G(x) and Fi(x) from the measured

‘data in Appendix B to evaluate the dimensionless dispersion coefficients a; .
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THIS PRIGFAMME COMPUTES THZ LATEPAL VELOCITY GCUAPONENTS FROH LOUGIT

LN Q501 5
s C COMPONTATS USIAG CONTINUITY =QUATIOT,

N 03 DIMENSIOIN U(23413)yHT(25,13) 3W(25,13) 3 WHT (25,13) :
[N JJC6% DIMENSTON C(29,13)-2(13)yPi(lB)yPZ(l?),P3(15)9F4(¢3),3c?IH(13)
LN 3195 DIMINSIIN HR(25),AU(2S) vGU25) 4F(25),SIGIAL25) ,FX(23),GX(25),
N JC 0o ISTGA0T(ZS)

I N 0007 OIMENSION H1(25,13),0SRIHL(13) 4F5(13)

N I35 ODIENSTION P31(1?),Pkl(lS),Pbl(ld),JcRIHU(‘3)9F1(7b)nFYl(ZD)
LN J0u9 N=16

(7 0010 =13

N 2011 Ni1=N=-1

[N JJ12 TT="-1 ' ' T ‘
LN 2013 . =13 - S :
T J0 1< N?T=NZ-1 ' -

LN 0015 NIN=5

N J0 1% TINI=NIN+T

N 3017 AK=245

"V J0 18 A=22.5

LN 3015 R=AK/H

TN JC 20 “NR=3

N J0ci N=3651.3

TN 0022 ST=U«0UR60

[ N 3023 B=30.010

[N 0 2% He=150 « U

| N 3025 ALMOA=18C.C0C

[N (U025 “HIB=HZ73

| N 0027 TO GENZRATE. H1 VALUE S

[N 00238 RC=12.7

NG 2O o I=1 -

B 33y g1 J=14¥™

N 0031 H1(I,J)= (HC-((B/Z 3) - (J=1)%AK) ) /RC

(N 0632 0CZ I=2,7

LN 3033 NC2 J=14M

[N 003% RITIZJT=1.030

LN (035 003 I=8,9

W J0 36 003 J= 1, ¥

N 3037 Hi(IoJ)-(QC+((8/<.u)-(J-1)*AK))/RC

[N J038 OU0LG I=15,15

| N 0033 D04 J=1,M

N JU&7 T HI(I,JV=1.TT

N 0041 D05 I=16,17

N J0&2 005 J=1.7

N 0043 5 HI(I,J)=(RC-((3/2,0)-(J-1)%AK))/RC

N JUSG 00 10 I=13N

N 3545 W(Ig1)=0,0C

N 0 =5 WLy AV=3,.00

N 0067 WHT(I41)=0.G0

N O00LE WHT{I, AT=0. G0

N U046 C(Is1)=2,020

N 0050 ClIy 1V =0.00

N 0051 U(I«1)=0,00

N J552 T UUI 3 MI=0.30C

._‘
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| N

gl 53

pd

qugaﬂ
B KB

0C 11 I=1,N
L [ RTBOTET, 100V (UTT L JYV,J=2,5, 1)
[N 0055 11 CONTINUZ : :
BRI 100 FORAAT(ITIF7.2)
[N 3057 - DO 48 I=1,N
N 1055 “READIC 428G (ClI JVd=2,01)
N JU59 L8 CONTINUZ
[N JU5J 253 FORART(IIF7.3)
[N 9961 "300 FORMAT(1HD,I10413F3.3)
N 3762 OC 9 I=1I,N
N 0363 READ(AN,1GL) (HT (I 4J) gJ=1,4)
N JUEC J CONTINUS
[N J565 101 FORMAT(12FFR.2)
[N JC o5 D0 2U% [=1iy N
N 2067 READ(H0,102) HRII),AU(T)
N U058 ZU% CUNTINUZ
[N 3563 102 FORMAT(2F10.43)
(N 1075 — WRITE(5I,G0)
[N 0071 400 FORMAT (1H1)
N 0072 WRITEUHhIy304) N?Z T - =
[N 0073 404 FORMAT (31X, #MEANDERING FLUME EXPERIMENTS RUN NUMBZIR=#,13)
[N J07¢C WRITE(51,43305) : T
[N 3075 405 FORMAT(1H 325X, 2MZANDIRING CHARACTERISTICS#,7X,#2H/8=2,13X,£3=2,
N JC 70 TI3Xy EL= 1) ) ' = .
[N 0077 - WRITE(H61,4056) H1B,ByALMDA :
[N 3073 GT6 FORMATUIHT, 62 X3 F5 s3I0 X FBe 2y 10K F7e2)
IN 3079 CHWRITE(61,407)

LU7 FORMBTUTH 5 25X ZFL0W CRARACTERISTICS Sy IS XS Ia=H ISKS1S=7)

CWRITE(61,438) QsSL-

LTB FORMAT {iR¥4 02 Xar7el910XsF 7357

LN 0482

N 9583 WRITEZ(51,409) _

[N J0 3% 403 FORMAT (IH 325X #3850 CRARACTCRISTICSZ,, 12X #SCOURED 3Y FLOW ANG
LN gt 35 1STABILIZZ0D#)

LN 3085 WFEITETD Ty 00D

LN 0087 WRITE(31i,401)

[N Ju 383 GT1 FORIATUIRGETHZ JEPTH AVEROGE CURGITOUINAT VELOCITY CUFPUNCNTSZET
N 0089 402 FORMAT (1X,2THS DEPRTHSZ) ‘

N 0T 390 LT3 FORMATUIXGFTHE JEPTH AVERAGE TRANSVERSE VELOCITY COFMPONTNTSE)
LN 3091 WRITE(S1,510) ) : '

LN JU 9?7 4liy FURMKH(le,¢u¢,-5)(,11?-,5‘)(.ICZ,tsx,Iéz,éx,r-uz,tsx,;Sz,ls)&,be,dx,
LN 00 93 12729 8X 2829 BX 9232 4BX 921029 8X 72122 ,8X,212 2)

[N J0 ST 413 FORMATUIR,£TH-. AETRIC CUEFFICIENTSE)

| N (395 ‘ 0C 12 I=1,N ' o '

N 39056 ARITE (o I 300 I3 tutIy Iy =1y ™)

N 3097 12 CONTINUZ

N~ U3 28 ARITZ(BI,400)

N 3G6¢gS WRITE(BH5144062)

TN UITU WRITSTEIS 5T D)

N 0101 B0 13 I=1,N

N JI0Z WRITETSTI . 30UT I, THTTITI yI=17™)

N 0103 13 CCNTINUE

N 0TS WRITC (6155007
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N 210¢ WRITE(H1,4138)
3105 WEIT={oI,4L0F
H 7 DO 38 I=1,N '
N 3 WrITc (ol 300Y TL,(HITUI,J) yJ=141)
N J109 38 CONTINUZ o S '
N U110 DO 1G4 I1=2,M1
N oJi1t DO 14 J=24.M1 .
Y 5 N e I WHT T, JTERE T, J=1T =_F (UTTF L JTFAT (I ¥ 15T ~UTI= I, JTFAT (I=-1,001 72+ 0
N J113 N0 15 I=2,N1 :
N—J11% 00 15 J=2,M"1
N 3115 15 W(I, J)-w.S*NHT(IgJ)/(HT(I,J)*Hi(I,J)+HT(I.J 1)*HL (I 9y J=-1)+HT (I~ 1 J)
N 7116 TFHI(I -1 DN+ AT (L1, N ¥AITTI+1,J7)
N 0117 WRITZE(H1,500)
[N 0118 WRITZ (514503
[N 7119 WRITE(5814410)
[N 5120 . DU 16 1=2,M%
[N 3121 HRITE(H19303) I4(W(I4J)yd=14M)
[N 0122 15 CUNTINUZ '
[N 3123 WRITE(HL4400)
I[N Ji1cZd%s WRITEol,411])
N 0125 411 FORMAT (1Xs#DZPTH AVERAGE CONCZ NTRATION OF THE TRACIR%)
[N UIZ5 WZITE(oLa41T)
[N 3127 D0 8 I=1,N :
[N J1I75 ARITE(BI,3300T I3 (ClLsdTsJ=151]
N 01293 .8 CONTINUZ
L Jlod WRIT=To1l,40%)
N 0131 WRITE(B1,412)
N J1 382 LI1Z2 FTORMAT (X, Z5TATIUNT 12 XoIFLuxtalJqublbﬂﬂiislb)\,?—b()()f-uﬁ)(q?-i’(X)
| Ngt 33 12,15X427222) : . :
'N‘rsi, Z(IT=0.00
N J135 . DO01i7J=2.+M A
[N 3135 17 Z(J)?l(J-l)+AK
| N 0137 - D0 18 I=NINyN2
N U138 U 19 J=1,M
LN 31393 PLUII=HT (I NPULTIJ)Y*C(TJ)
N J14d PZ IT=RT (I, JT R I T *C (I T HIIy J)
LN 9141 PI(JI=HT(IJ)*CII ) FHI(IyJ)
N J142 ?31(J)-HT(I,J)*HZ*U(I,J)*Hl(IqJ)?L(I,J)
N 2143 13 CONTINUE
| N 014G ' D0 20 J=2,71
LN 0145 DERIMH(JIZ(HT (I yJ+1)=HT (I ,J-1))/(2.0%AK)
N 0146 ‘DERIHU(J)‘(HT(I,J+1)‘H2*U(I,J+1)-HT(I,J°I)*H2*U(IyJ TYT7 (2. 0FART
I N 0147 20 CONTINUZS
N G148 DERIBUITEOERIAT)
LN 3149 DERIH{ M) =DERIH (ML)
[N 0150 OERIAUTII=0:=RIAU(Z)
LN J151 DERIHU (M)=DERIHU(ML)
CN Ji52 D02l J=1.47
LN 0153 PL(JY=D=RIH () *C(I.,J)* HL(I.J)
LN JI5% PGITITE0E RTHOCITCTL, JTFHITL, 00
LN 3155 21 CONTINUZ
EN J1586 U0 66 J=2 M1
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N J157 66 0OF PIH‘(J)=(H1(Iod+1)-H1(IoJ-1))/(Z.J“AK)

N 1IF5 TERIATTIVEDZRIALIT?Y

N 3 DERIHL (M) =DSRIHL (1)

W 3150 DC 67 J=1,M

N Jib6t T PS(J)=DZ QIHi(J)*HT(I JN*FC(IJ)

N Jic? BTI(JY =0 {IHi(J)*HT(I.J)“HZ*U(I;J)*C(I J7

N 0163 67 CONTIHUZE .

Jioh SUM=3, 00

N 5165 D0 22 J=1,M1

N JIE66 27 SUPSSUNF T PITIF LT FPICIVTFUZAIF+IT=Z000Y 72,0

N 9167 AQ =SUH

N JI65 SUM=U. U0

N 3169 Do 27 J=1,M1

S E A 27 SUME SUH+(P1(J+1)+P1(J))*(L(J*l)-l(J))*(L(J+11+lld))/h U

N 3171 A1 =SUH

N J172 II=RA17470

N 3173 ZG=A1/A%

N JI7L SUM=U, uJ

N 9175 DC 23 J=1,M1

N JI76 23 SUM=ESUNMF (Pl(J+l)+P1(J))“IL(J+1)-Z(J))*(/(J+1)+£(J)-C.L IV == 27843

N 3177 A2=SUM

N 31738 SUMA=T,. J0

N 0179 0024 J=1,11

N J15¢C 7% SUN=SUT+ (PoTIFTTFPZ I T (L IIFIT= ZIJ))*(!(J+11+L(J1-c.L*L()/+.‘

N Jist B1i=SUH

N 71587 SUNET. U]

[N 2183 SUM1=0.,030
N JUI58% D025 J= 17 AT

N 85 SUM=SUM+E (P3(J+1) +P3 (J))V* (Z(J+1)=Z(J)) /2.0

35 SURIESUTIF P T JF O F P31t T (ZUJFIT=Z(JT T 72+ 0

[N 3187 25 CONTINUZ
N 0133 Co=SUA
[N 2189 . DU=SuUML
I[N J1494d SUM=Ue JU
[N 3191 SUM1=0,00"

[N Jl 92 Ul b J=1+sM1
N 3133 SUM=SUM+ ( PQ(J+L)+°4(J))*(Z(J+1)-Z(J))*(Z(J+1)+Z(J)-2.C*7C)/+.u
[N J1S9& SUMI= bUWl"‘(r"-%l\J*l""V‘vl(J,,"‘Lﬁd*l"l(J’)_"(L(Jfl""L{J)‘{ UTY LU /4 el
N 0195 25 CONTINUE '

[N U1l Yb wi=0JM
N 9197 D1=SuUM1
N U198 SUM=T, 04J

N 2199 SUM1=(3,00 -

N dluou UU g J=1 M1 ) , -

N 32¢1 SUM= SU1+(P3(J+1)+95(J))4(Z(J+1)-Z(J))*(Z(J+1)+Z(J)-‘ J¥2C) /449
LN 32132 SUMISSUMNTFEIPS TJF LI FPS I (I =12 (¥ V=217 7" (L(J+T)*LlJ)'£.U“'Z.J)/-.U
N 0203 £8 CCONTINUZ
N J2U% TCZ=SUM
N 3265 D2=SuUM1
N 0205 FTUX=RT
N 0207 SIGHMACTI) =A2 /AD
N 02038 C3=RITTI M AT UL M= C Iy (3=Z0TF AL (I TT* AT (L Tr*C Iy =7t

o
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N 3209 C3=0.C0
RNy ' GUIVY=2, S ¥B17k" .
N 1 FAI)=H2+AU( ) *(GC+CL+C2- CS)/AJ
Je12 FITIYS(OT+0I+027 747
N J213 - NRITZ(514413) I,FLUX, SIGUA (L) yGUI) yF(IV9Z1,F1(I)
N d214 . 413 l’OK‘“lT(;HL'CX I7 1CX’F90 91 XQFO.3913X’FD¢3!LUX’F‘JO 3’LLX Folv'i X,
N 3215 T 4F9,.3)
N 0215 18 CONTINUS
N 2217 SUM1=3,00
N 3213 " SUWZ=ET .08
N 3213 SUM3=3,33 ,
N 0220 . D0 30 I=NINWNZ1
N J221 SUM1= SUM‘+(b(I+1)+G(I))*H/2 0
N 1222 - GX{I+IT=SUAT
N 3223 SUMZ = SU12+(F(I+1)+F(I))+H/2 0
N J22%G - TTFX(LFLTESUMZ
N 0225 : SUH3'JU43+(F1(I+1)+F1(I))*H/Z 0
N J226 — FXI(I+1J=SUM3
N 0227 ‘30 CONTINUSZ -
N U228 D0 3T [=NINI,NZ
N J229. - 31 SIGWOD(I)-SIGlA(I)-GX(I)
N J23%T , RRITc (6144007
N 0231 . WRITE(51,414) ' ,
[N 0232 G1G FORAATUIS N, ZFSIGAR -GIX) Fs 15X s ZF X (KT £+ 25Ky ZF XL (X T E)
N J233 DO 32 I=NIN1,4N2
12 3% ’ I WRIT=(61,215) DILMOU(I),rX(I),bX(I)‘FXl(I)
[N 0235 415 FORMAT (15X%X,F11, 3,14X,r9 3,1»XoF9 3 qx;Fg.sx
[N 7235 STOP

_Pi.fi? o END

USAST FORTRAN JIAGROSTIC RESULTS FUR FTN. MAIR

NJ ERROKS

LGJ
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APPENDIX D

" Tabulated values of o2 (x), G(x) and Fi‘(x) for all the runs.
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RUN NO:

‘ SECTION

02 (x) G(x) #1(x) | fz(x) Fs(x) f“(x)
2 12.82
3 24.63 | - 10.78 16.9 ;73:5 7929 k47.9
4 47.38 - 16.81 33.5 145.7 148, 4 . 855.2
5 v;57.18_. - 5.76 b9 '222._.6 216.3 1316.0
6 55.98 - 5.51 64.7 279.9 2942 1798.0
7 47.73 - 13.614. 74.8 43-36.5. 1381.3 2203.0
8 67.43 - 3.56 85.8 A3'9yf2.9 473.6 2591.2
| @ RUN NO: 2
SECTION ORI ™ () () F () )
3 S4.93
4 5k.36 2.85 7.8 52,1 122.9 413, 4
5 63. 41 10,84 14,1 90.5 256.0 824.1
6 57.89 | - 3.3 20.0 126.0 375.0 | 121/1.5
7 17.51 - 22.80  26.'1» 162.9 467.8 | 1452, 5
. 8 51.77 - 10.60 34,5 208.3 583. 1 1696.4
9 66.07 2,62 | W3k 248.3 | 731.1 ©2061.3
10 59.71 3.24 52.1 292.6 854.2 2437.6
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RUN NO:

3

d SECTION

62 (x)

G (x) F (%) FZ(X). F3(¥) .?u(X)
3 42.20
} 59.66 9.2k 18.4 107.5 200.2 532.9
5 66.50 6.22 37.2 210.2 409. 1 1055.9
6 58. 46 - 11.39 sé.o. | 288.5 ' 579.3 . 1432. 4
7 19.59 - 36.00 fz.h 355.2 677.0 | 1650.6
8 39.31 - 32.19 91.7 435.7 798.f 1861;7
9 65.02 - 9.98 118.8 540.5 983.8 2204.7
| 10 71.45 132 . lbg.é 65679 B - 1183.8 _' | 2635.j
| . RUN NO: 4
SECTION o2 (x) .‘ G (x) Fll(x_) F2(¥) _Fa (x) F(x)
8 15.61
9 3316 |- 9.75 12.6 7.9 1737 580.8
10 33.96 - 17.42 27.1 154.1 367.0 1138.9
1 25.92 - 29.09 50.8 2548 566.9 | 1637.8
12’ 22.77 - 27.37. 88.8 391.4 770.8 2117.6
13 26.66 | - 36.50 142.3 476.9 1082.9 2455, 5
‘ 1 47.53 - 65.27 186.9 510.5 1390. & 2704.8
| 15 63.13 - 71.52 211.1 576.5 1604.8 3095.5
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RUN NO: 5

G (x)

b SECTION o2 (x) F} (x) F, (x) _Fa (x) »F“ (x)
'5- 15.87
6 15.34_ - 0.47 22.1 77.9 334.6 516.3
7 n.2s | - 7.58 k5.8 140.1 596.6 | 7819
8 .22.43 . 8.72' .62.9 202.1 798.8 '1085.0
: 34.72 0.68 81.9 276.1 121.3 »1535.3"-
10 47.86 3.98 100.5 355.6 1505.6 2066.9
1 52. 41 4.59 116.3 426.1 1882.2 2561.6
1 iz | - .00 137.1 479.; | 22619 | 28349
‘ RUN NO: 6
scTion | 0% 6 () e | F00 | F
h 5.90
5 10.61 1.05 5.6 61.1 201.1 660.9
6 14.56 - 0.18 13.5 130.6 393.0 1229.5
7 8.41 - 3.84 22.7 199.8 540. 3 1646.9
8 12.75 - .82 31.9 2775 »686,.5 2114.3
9 21.59 - 0.60 bo.s 357.6 868.3 2716.0
.l 10 30.00 5.73 48.2 holb.6 1069.6 3311.7
1 39.17 10.01 55.5 489.3 1282.0 | 3922.5
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RUN NO: 7

13

SECTION - o2 (x) G (x) F (x) Fz(x) F(x) .

5 16.06

6 23.20 - 3N 6.7 73.2 341, 654.

7 21.94 - 11.76 13.9 142.8 N 696. 1212.

8 16.22 - 17.18 4.8 309.9 1073. 1823.

9 26.33 - 7.99 77.9 511.4 1487, 2495,

10 43.67 3,29 95.9 - 614.3 1871. 3000, !

n 5969 10.05 107.1 677.6 2209. 3404,

12 58.89 12.11 118.3 735.8 2593. 3827.
63,58: 5 128.1 790.0 2964, 4250,

.56
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