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SECONDARY CIRCULATION IN NATURAL STREAMS

ABSTRACT

Secondary circulation which is sometimes referred to as secondary
flow, secondary current or transverse current is an important phenomenon in
natural streams and plays an important role in many natural processes in
streams such as stream channel meander, bank erosion, bed scour,
resuspension, and movement of sediment. Secondary circulation is that
component of flow which is not in the main flow direction and is small as
compared to the main flow velocity. A computerized data collection system
for secondary circulation data acquisition in natural streams was developed
and utilized in the field. The system includes an electromagnetic current
meter, a micro-computer, an interface between the computer and the current
meter, and a specially designed supporting structure. Secondary
circulation data was collected in the Sangamon River near Mahomet,
Illinois, utilizing the data collection system. A mathematical model for
secondary circulation based on an existing model has been developed and
tested against the data collected in the field. Model results generally
reproduce similar secondary circulation patterns as observed from the field
data but over-estimate the magnitudes of the velocities.

Demissie, M., Soong, T.W., Bhowmik, N.G., Fitzpatrick, W.P., and Maxwell,
W. Hall C.

Secondary Circulation in Natural Streams Project Completion Report to the
University of Illinois, Water Resources Center, Urbana, IL, July 1986, 89
Pp- plus appendices.

KEYWORDS - computer; data acquisition; model; secondary circulation;
secondary current; streams; transverse current; velocity
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INTRODUCTION

The main component of flow in any stream, river, or canal might be
expected to be parallel to the channel bed in the downstream direction.
However, because of a variety of reasons including the resistance flow due to

stream banks, a rotational or cellular movement of flow will occur in the main

channel. This persistent flow component that is not in the main flow

direction has been termed secondary circulation, secondary flow, secondary
current, or transverse current. This type of flow, which is always present in
any open channel flow, is completely different from induced flow circulations
in some pockets found on the side of open channels.

The direction of secondary flow is strongly associated with the primary
velocity distribution. Areas of high velocities near the bed or bank are
associated with outward secondary flow, while areas of low velocities are
associated with inward secondary flow. This phenomenon has significant
implications with respect to bank erosion and bed scour, since areas of high
velocities are much more susceptible to erosion and scour.

Considerable agreement exists among researchers that secondary
circulation is an important phenomenon in natural rivers and is partially
responsible for the development of meander patterns, bank erosion, bed scour,
resuspension and movement of sediment, and an increase in boundary shear and
flow resistance (24, 26, 29, 37, 38, 39, 41, 44, 45, 47, 53, 54). For
example, the existence of strong secondary circulation near a certain region
close to the bank with a component of velocity directed toward the bank will

indicate the location of potential bank erosion areas.

Objectives

The main objectives of this proposed research were:

1) To determine the magnitude and nature of secondary circulation in
natural streams by direct measurement in the field.

2) To develop and verify a mathematical model for predicting secondary
circulation in natural streams.

3) To determine the effects of secondary circulation on bank erosion by
quantifying its effects on velocity and shear stress distribution,

and on dispersion and transport of sediment in natural streams.



Acknowledgmeﬁts

This project was conducted under the administrative guidance of Richard
J. Schicht, Acting Chief, Illinois State Water Survey, and Michael L.
Terstriep, Head, Surface Water Section.

The work upon which this research is based was supported in part by
funds provided by the U.S. Department of Interior as authorized under the
Water Resources Act of 1984 (P.L. 98-242), Project No. G 904-02 and
administered by the Water Resources Center at the Uﬁiversity of Illinois in
Urbana-Champaign.

John Ricketts, graduate student in the Civil Engineering Department at
the University of Illinois at Urbana-Champaign and Mark Grinter of the Surface
Water Section, Illinois State Water Survey, assisted in the collection of
field data. Bruce Komadina of the Water Survey designed and built the
electronic interface between the current meter and the computer. Randall K.
Stahlhut wrote the sampling and data storage programs for the CBM computer..
Jim Harry built the support structure for the current meter. Illustrations
for the report were prepared under the direction of John Brother, Jr., Becky

Howard typed the camera-ready text, and Gail Taylor edited the report.

REVIEW OF LITERATURE

It is important to have a clear understanding of what the term secondary
circulation means before proceeding further. When researchers talk about
secondary flow, they are actually describing the three-dimensional nature of
open channel flow. Ciray (18) defined the secondary velocity as follows:

When the magnitude of the vector composed by any two
components of the local velocity vector in a three
dimensional flow is small compared with the magnitude of the

third component, the latter forms the main flow whereas the
remaining two form the secondary. :

Although this definition appears to be adequate to some extent, it lacks’

completeness. Perhaps more attention should be paid to the individual
components of velocity than to the resultant of two vector quantities. In
this line of thought, Chiu et al., (13) defined the secondary flow as the two
components of flow which are in the transverse direction not coincident with
the primary flow. Because of the presence of snags, obstructions, trees,

etc., on the bed of a river, the velocity vector in a direction other than the
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primary direction of the flow may be of greater magnitude than the primary
velocity vector. Considering all these factors, Bhowmik (7) proposed the
following definition:
In an open channel flow, any persistent component of velocity
which is not parallel to or tangent to the center line of the
channel and also not parallel to and in the same general

downstream direction of the overall bed slope should be termed
as secondary velocity.

Secondary current will be taken as the flow which is parallel to and
also in the same direction as the secondary velocity. The definition stated
above will ensure that the primary flow velocity is interpreted as the
velocity in the downstream direction that coincides with the general direction

of flow.

Historical Background

Historically, late nineteenth century hydraulic engineers, noting that
the maximum velocity is below the water surface rather than at the water
surface, offered the explanation that the frictional resistance at the air-
water interface is responsible for this phenomenon. However, many researchers
working at the time did not accept this idea, and they tried and were
successful in correctly identifying the mechanisms of secondary circulation.
They also indicated that these mechanisms might be responsible for the lower
flow velocity at the air-water interface. These researchers did not identify
secondary circulation by name, but they recognized its presence in concept.
They include Bazin and Barcy in 1865, Gerrard in 1878, Francis in 1878, Wood
in 1879, Stearns in 1883, and Cunningham in 1882 (7, 19).

In 1909 Gibson (30) analyzed the then-existing literature and offered
his thoughts on why the filament of maximum velocity is below the water
surface. He said that this phenomenon is "... due to the action of the sides
of the channel in producing transverse currents inwards along the surface and
outwards along the bed of the stream, thus distributing a layer of slowly
moving water over the central part of the stream." He also indicated that the
presence of curves in the stream’s alignment can and will modify this |
phenomenon. He showed that the secondary flow velocity is about 5 percent of
the main stream velocity.

It is noteworthy that almost 100 years after the initial postulations

about the effect of wall roughness on the transverse flow phenomenon that were



made by Wood (59), Stearns (55), Francis (25), and others, Perkins (49) showed
that the mean streamwise vorticity in turbulent flow arises both from mean
flow skewing and from the inhomogeneity of anisotropic wall turbulence.

In the early twentieth century many others also worked on the transverse
flow phenomenon. 1In 1917, Helstrom estimated the secondary flow velocity to
be about 11 percent of the main stream velocity (32). 1In 1930 Nikuradse

published results showing that secondary flow exists in noncircular conduits

(27).

Laboratory Measurements

Once the concept of secondary flow was recognized, researchers tried to
measure the secondary circulation, especially in laboratory channels under
ideal flow conditions. The simplest method is of course to use dye or
neutrally buoyant particles to measure qualitatively the existence and the
direction of secondary currents (3, 58). Another fairly sophisticated
instrument used to measure secondary current in laboratory experiments is the
hot-wire anemometer. Researchers such as Brundrett and Baines (8), Gessner
and Jones (28), Hoagland (33), Tracy (57), and Liggett et al. (42) utilized
hot wire anemometry systems to measure components of secondary currents.
Launder and Ying (40) collected turbulence-induced secondary current data by
using a DISA hot-wire probe. Muller (43) reported the results of laboratory
experiments where a Laser Doppler Anemometer was used to measure the vertical
and axial component of flow velocity. The presence and absence of secondary
flow were interpolated on the basis of the increase or decrease of the
turbulence and momentum exchange. All of Muller's experiments were conducted
for supercritical flow ranges, i.e., the Froude number was more than unity.
However, all these research projects were confined to laboratory

experimentations.

Field Measurements

While various researchers have measured secondary circulation in
laboratory experiments, field instrumentations and measurements are rare.
Only a very limited number of attempts have been made to measure secondary
circulation in the field.

Kanwisher and Lawson (36) have described an electromagnetic flow sensor

for measuring flow in natural open channels, which can be modified to measure
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both the main stream and lateral flow velocities. This electromagnetic flow
sensor has the potential of being used in the field to measure secondary flow
velocities.

One of the most serious and comprehensive attempts that was made by any
group of researchers to measure secondary currents in gravel bed rivers was
that made by Bathurst et al. (4, 5). Their measurements were made at four
bends on the River Severn in Wales, United Kingdom. Direct measurements of
secondary velocities were made with an electromagnetic flow meter that had the
capability of measuring two mutually perpendicular components of velocity
simultaneously. The measuring head was 2 inches (50 mm) in diameter, and the
instrument was accurate to within 0.33 fps (10 mm/s). All the measurements
were confined to bends. The instrument worked out fairly well. The primary
velocity data were collected with an Ott C-31 current meter. Isovels were
developed, and their shapes were compared with the shape and pattern of
secondary cells that could be sketched on the basis of the shape of the
primary isovels. The data indicated that the peak values of shear stress were
associated with the core of the maximum velocity.

Thorne et al. (56) conducted other detailed bend-flow hydraulics
measurements on the Fall River, Rocky Mountain National Park, Wyoming.

Primary and lateral velocity components were measured using a Marsh-McBirney
Model 511 two-component electromagnetic current meter. The current meter
simultaneously measures two mutually perpendicular velocity components with an
accuracy of 0.01 ft/sec (3 mm/s). Much more accurate data were recorded, and
secondary cells were often found to exist at outer and inner banks. The
device used by Thorne et al. could not record the orientation of the sensor
probe, which remained a difficulty in the data reduction. Demissie et al.

(20, 21) developed a measuring system in which the current meter is supported
by a self-standing system and data are transmitted to a computer on the stream
bank for processing and storage. The flow velocity components are measured by
a Marsh-McBirney current meter, Model 527, which can also measure the bearing

of the sensor from the magnetic north in a clockwise direction.

Indirect Techniques

Field data collected by Bathurst et al. (4, 5) indicated that it is
possible to draw secondary flow cells on the basis of the primary velocity

isovels. Such an attempt was made by Bhowmik (7) for the field data collected



from the Kaskaskia River in Illinois. Fig. 1 shows the isovels at a section
where the secondary flow cells were sketched. Data shown are from the same
cross section but for two flow conditioné: low and high flows. If it is
assumed that the isovels are a set of flexible membranes held in place by
fluids in between them, then a bulging or deformity in their shape indicates
the presence of some force acting normal to the face of the membranes. Thus,
if the membranes bulge inward, it indicates the presence of a force from the
outside to the inside and vice versa. The approximate locations of the
secondary cells in Fig. 1 were drawn on the basis of this technique. Data
from any other isovels can similarly be used to draw the patterns of secondary
cells. Brundrett and Baines (8) and Liggett et al. (42) expressed some doubt
as to the validity of sketching secondary flow cells on the basis of primary
velocity isovels. Their conclusions were based on laboratory experiments.
However, even though it is not a precise technique, it provides a good
qualitative picture of secondary circulation in natural channels.

Recently Ikeda (35) indicated a technique of sketching the patterns of
secondary current cells in sand bed laboratory channels on the basis of the
nature and existence of bed undulations or topography. In a deformable
channel such as a sand bed channel, the bed profile in the lateral direction
may partially reflect the magnitude and direction of the secondary current
cells near the bed. Only qualitative information is obtained by using isovels

or bed topography.

Mathematical Modeling

A few researchers have worked on the development of mathematical models
related to secondary circulation in open channels. However, most of their
work has been confined to cases with flow around bends. A strong secondary
current is generated in a bend because of the imbalance of horizontal fluid
forces; thus it is easier to quantify this current for flow around bends than
for straight reaches.

Einstein and Li (23) have shown theoretically that uniform flow in
straight channels can exist only in the case of laminar flow. For turbulent
flow, they have shown that secondary currents will be generated and that the
nonexistence of parallel isovels results from the presence of secondary flows,

especially near the frictional boundary. Some other researchers who have
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worked on the mathematical formulation of secondary currents are Ibragimov et
al. (34), Ananian (2), Giray (18), Prasad (50), Tracy (57), Liggett et al.
(42), and Odgaard (46).

One of the most significant contributions to the mathematical modeling
of secondary circulation was made by Chiu and his associates (10-17). Much of
Chiu's work related to secondary circulation around channel bends. He also
worked in the analyses of secondary currents in straight open channels, and
has indicated that whenever the three components of shearing force are not in
equilibrium everywhere in a channel, the presence of secondary current is
inevitable.

By introducing a coordinate transformation function, Chiu et al. (12)
developed a model which appears to have considerable potential for application
to natural open channel flow problems. A curvilinear orthogonal coordinate
system which is constructed by computed isovels and their orthogonal
trajectories forms the basis for the model. The model was used to compute
secondary flows on the basis of some hydraulic data collected from the Rio
Grande Canal (12, 13). Later, different functions for approximating isovels
and shear stresses were used to improve the model (14-17). Comparisons of
model results with measured data on the East Fork River (Wyoming) showed
reasonable agreement. Field data such as cross-sectional area, discharge,
depth, water surface profile, and primary velocity distribution patterns are

needed to use the model.

MATHEMATICAL MODEL

Mathematical Derivations

This part of the report discusses the derivation of equations used in a
new mathematical model for calculating secondary velocity components. The
model is based primarily on Chiu's work (10-17). Detailed derivations for
some functions are presented here so the mathematical model can be clearly
understood.

In general, the model consists of the momentum and the continuity
equations. Once the isovels for a cross section are approximated by
mathematical functions, the momentum and the continuity equations are then
transformed into a curvilinear coordinate system, which is based on the

simulated isovels and their orthogonal trajectories. After the transformation
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of these equations, one of the secondary velocity components is computed
directly from the momentum equation, and the other component is derived by
solving the continuity equation. Shear stresses are assumed to vary
quadratically from the boundary line to the point of maximum velocity in the
new coordinate system. Finally the secondary velocity components are
transformed back to the cartesian coordinate system by following inverse

transformation rules.

Coordinate Transformation
Coordinate System

The curvilinear coordinate system consists of two components & and 7 as
shown in Fig. 2, where a constant value of ¢ is an equal velocity line
(isovel) and 7 is the coordinate perpendicular to the ¢ lines. Assuming that
the primary velocity distribution follows the logarithmic rule, which is
reasonable for most natural channels, the velocity distribution can be

represented by:

U £
u=7- 1n 1
i o (1)
in which
u = the primary velocity
k = universal constant

¢ = transformed coordinate
(o = coefficient characterizing the velocity distribution of the primary
flow
ux = JgRSe = mean shear velocity, where
g = gravitational acceleration

R

hydraulic radius
Se = energy slope
Eq. 1 defines the primary velocity distribution in a direction vertical
to £ curves in the channel cross section. Since ux and k are constant at a
given cross section, Eq. 1 states that for a given ¢ all the velocities on
this curve will have the same magnitude, i.e., a constant £ is an isovel
curve. The curve £ = £g is the line where primary velocities vanish. The

coordinates of ¢ and 7 in terms of Y and Z coordinates are given as (15):
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£ = v(1-2)"1 exp(piz-Y+1) ' (2)

’-D+6y+e 2
Bi Bi+64i
L D+6y+s 2 (3)
= sz (1Y) exp [Z+01 (5 5)Y]
in which
- D+Sy+e @
[z]
- B{+51 i )

Bi, 6i, and dy are parameters determined from the distribution of the
primary velocity; 1 = 1 or 2 for either the left or right half of a cross
section; £ = the distance from the water surface to the point of maximum
velocity; Bi = the width of either the left or right half of a cross section;
and D is the water depth (Fig. 2). The point of maximum velocity is assumed
to be either below the water surface (as shown in Fig. 2 when £ > o), at the

water surface (when £ = 0), or above the water surface (when ¢ < o).

Scaling Factors

Eqs. 2 and 3 define a transformation relation between the new
curvilinear coordinate system and the (Y, Z) coordinate system. The scaling
factors are derived by referring to Fig. 3 and assuming that-}—and'f—are unit
vectors in the Y and Z directions and tangent to ¢ and m at point p; the
directions of j>and ¥ are in the increasing direction of &, 7; ASy and AS¢ are
the incremental distances along the positive ¢ and m directions; and T is the

position vector to p from a fixed origin.

11
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Figure 3. Relationship between the (Y-Z) coordinate system and the
curvilinear coordinate system (£-7).
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s

SR

o AT
A—; ~ 1lim (;j)
A%‘—»o 7=c
—
lim ST L 28w
Af»o “Asy  AF T p=c

0577 or
- (W)p . (E)p

0577 -

" Gpe -k

657’]
Set hg - W
Then

~_or

hg.k = ot

Similarly

~_ o

12

e

[pS——

[N

i



On the other hand, the derivations of T with respect to £ and 77 can be written

in terms of Y and Z as:

— e
or  9r _ (QX + QX)j + (QZ +
ot om ot om’c "ok

oz >
Gn)k

By using the above relations the following equations are derived:

9Z,2

2 (QX)Z o¢

he™ = (o)™ +

and

2 _ OY.2 0Z.2

The differentials of & and m with
2 and 3 directly. They are:

12 exp (832 -

2 = 5 (1-2)P1 Y exp (832 -

on _
For Y <1 oy

N =

C:
Cs (1-Y) L exp

91 _ L 1 .9)% exp (2

oz Z
For Y > 1 on 1 . Cs
= = C. - i
oY z Cs (Y-1) exp
9n _ 1 . 1,%;
07 = 7 (Y-1) exp (Z

where

y

D+ 46,+ ¢€|2
C; = B;|——
1 1| By + 65

The differentials of Y and Z with

equations 8 to 13 as follows:

oY Y(1-2)2(1-v)

(6)

(7)

respect to Y and Z can be obtained from Egs.

Y + 1) (8)
Y+ 1) (- 755) (9)
(z + ¢V () (10)
+CMA - ) (11)
(Z + 6V () (12)
+ 00y (15 (13)

(14)

respect to £ and 7 can be obtained from

1

% a-n?a-z)? +py 0 Y

2 22] 3

(15)

13



oz - ¢; Yz (1-2) 1

— . - (16)
% ran?a-z? +pyc v2 28 €
oY -B; Y z2 (1-Y). 1
on ~ 2,172 2 2, 7 <7
[(1-1)2(1-2)2 + p; ¢; Y2 22
oz -z (1-1)? (1-2) 1
= C - (18)

M ra-n? a2+ pgcg ¥ 22 7

The scaling factors can now be derived from Eqs. 6 and 7, and Eqs. 15 to 18.

As given by Chiu and Lin (16) the relations for hf and hﬂ are:

(D + 6y+s)(1-2) Y

hg (19)

e an2(1-n)2 + 6,2 v2 22

(B;+68.) I3 Z (1-Y)

h_—._.

mT(D+egre) Y (1-Z) hy (20)

Derivation of the Equation for the Vg Velocity Component
The momentum equation in the curvilinear coordinate system is derived on
the assumption that the control volume in Fig. 4 represents a volume of water

in the curvilinear coordinate system.

Figure 4. A control volume in the curvilinear coordinate system
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Since each £ = £j line in Fig. 4 represents an equal primary velocity

line, there is no change of primary velocity along this £ line, i.e.,

where uj is the primary velocity on the jth isovel. The longitudinal

component of the momentum equation in cartesian coordinates is given as

TS + uzs + VE; + Vg = —Z [5; (P+P8H)‘(6X + dy + 9z )] (21)

in which

X, y, z are the coordinates

t = the time
= the primary velocity in x direction
= the velocity components in y direction
= the velocity component in z direction
the water density
= the hydrostatic pressure

= gravitational acceleration

e d o8 4 ¢
i

= distance from the channel bottom to a datum
Tix = is the shear stress on the ith face acting in the x direction in
which i = x, y, or z.
This equation can be written in x, Y, Z coordinates directly using the
transformation equations given in Eqs. 4 and 5. Since the partial derivatives

are as shown in the following equation:

dY = Jy
oz ifz>0

02 = oz if z <0 (22)
Eq. 22 will change in sign only for z < 0.

The transformation relationship between Y, Z coordinates and &, 7
coordinates can be written in a general form as follows:

ef = hg oY j+ hgaz k

(23)

-~

an = 0

15



. . g = - . . . . .
in which ef and ey are unit vectors in the ¢ and 7 directions, respectively,
— -——
and j and k are unit vectors in the Y and Z directions, respectively.
Using Eq. 23, the transformation relationships for the velocity

components between the two coordinate systems can be written as:

[e13 a¢
Vg = hg oY v + hg oz w
(24)
on on
Vn = hn oY v + hnaz w

where V¢ and Vj are velocity components in the ¢ and 7 directions,
respectively. Since ¢ and 7 are orthogonal to each other as are the Y and 2

coordinates, the following relations exist:

on [e]3

by oy = = Pt 57
(25)

ot an

he 5y = Bn gz

These can be proved by referring to Fig. 5.

on iy
hp oY cos (7,Y) = sin (Y,§)

h¢ g§= cos (£,Z) = cos (Z,n) = - sin (Y,&)

Figure 5. Definition sketch for derivatives between Y, Z and ¢, 7
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Therefore,

on _ [el3
hn oy héaz

By definition,
angle(Z,n) + angle(n,Y) = angle(n,Y) + angle(Y,¢&)

Thus,
angle (Z,7n) = angle(Y,£).
Similarly,
ot _
h§ oy = c°s (£,Y)
on _
h77 o7 = ¢os n,2)
Therefore

o an
hé oYy hn o7

Now the left hand side (LHS) of the momentum equation (Eg. 21) can be

rewritten as:

du du du du du du du Qﬁ Ou 907 du Qﬁ Ou 9n
ot P Uox P Vooy P Vo “oc t U ox T VG oy ton o) T Ve oz t o az)!
_ou,  ou ou oF ou ot
“ot U ax T VG oY) T ¥(ge a7)]

_ Qu + u §§+ (v%% w—ﬁ)

ot GE
ou Ju Vg ou

where only one velocity component, Vg, is retained.
The transformation of the right hand side (RHS) of the momentum equation into
¢ and 7 coordinates can also proceed as follows:

The shear stresses in the x direction can be written as

—- -~
TYX = (Tgx.9§ + Tnx.en)'J
(27)

- —
TZX = (Tgx.eg + Tnx. n)'k
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Since there is no velocity change in the 7 direction on each £ curve,

Tnx =0 _ (28)

Substituting this equation, as well as Eq. 23, into Eq. 27 results in the

following equations:

ot

Tyx = Tex P oy

(29)

ST
Tzx = Tex'Be o7

Using the chain rule for derivatives, the following relations can be derived.

0Tlyy 0Ty, 0% 0Ty, ON

oY ~ ot oy T Ton oy
(30)
GTZX GTZX ff GTZX fﬁ
oz ~ ot oz ¥ Ton oz
Substituting Eq. 29 into Eq. 30 gives:
0Ty, 0 ot 2 o ot on
oy —or Tex' PGy *+ 5 Tex b)) Gy 59
(31)
0T, O ot 2 o o€ o
oz ot (ex Pe) (Gp) 5, (Tex b)) GGz 57)
Summation of the two terms results in the following:
0T, 0Ty, O or 2 o 2 o 0F on 0t 0On
ozt oy = ot (Tgx'hg)[(EQ) + (52) ]+ on (Tgx'hg)[(5§ v T 37 oz 1 (32)

From Eq. 25 and the equations derived from Fig. 5, the following relations can
be derived:

2

2 2
+ ( L

96" - ¢y

ot
Gy’ oz

Y

ot on ot on _ 1 1 . 11 . B
oY oy oz oz " "hy by cos(§,Y) sin(§,Y) + he h, cos(n,Z) sin(¢,Y) = 0

Substituting the above relations into Eq. 32 results in the following

equation:
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} oTyx OTzx 1 0

oY 5z = hp2 o (Téx he)

Tegx O 1 o
hea of (hg) + hy OF (Tex)

: The RHS of the momentum equation can now be rewritten as:

5 1 o 0Txx 0Tyx 0Tzx
-5 lax (P Hoegth) - g+ Ty 5]
] 1 0 0  Tx 0 1 0
b — - — [_ (p + ng) - (TXX) Ll h{-’ - - (T{:X)]
p 0% ox he2 ot hg 0¢

An equation to further simplify the term involving hgz is derived as follows.
? Since hg g% = hyp gg , differentiating both sides by ¢ and using the same

i relationship again results in

This equation is substituted into the transformed RHS equation above; then

1 0 o Tex hy 100

RHS = - = (57 (Progt) - 5o (Tax) = 1§ o ~ by o (760

} Equating the transformed LHS and RHS equations results in the following

momentum equation.

du Ou Vg Ou 1 o a Tgx  Ohyp 1 0o
et U t EE Eral ;[5; (ptogh) = o~ (Txx) - Egg; "0 " ht o (Tex) ]
| or
’ p Ou ou Ou 0 0 Tex Ohy 1 o
: Ve (EE ot T~ Poe = PY3. =~ 3% (ptpgH) + % (Txx) + EEE; ot + Eg ot Tex) |
: or
| pou "l ou du 0 0 Tgx Ohy 10
E Ve - (Ez 3% [‘pEE - pum- - e (p+pgH) + BE(TXX) + ﬁgﬁ; —5E+ bt EE(Tgx)](33)

where the velocity component in the £ direction is isolated from the velocity

component in the 7 direction.
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Derivation of the Equation for the Vj Velocity Component

The continuity equation in the x, Y, Z coordinate system is

Su Ov  Ow
+

ox Tax Yoz~ 0

Applying the transformation rule between the two coordinate systems on 0v/dY
and 0w/0z results in the following relation:

av ow 1

ow _ 9 el
oY ¥ 92 ™ g by log BVE) * 5, (heVn)]

. The continuity equation in the curvilinear coordinate system is therefore:

ou ) ) O i
ox T ht hy [65 (hpVe) + an (hegVyp)] =0
or
o) o) 6]
5; (hgVy) = = hghy 53 - 5; (hyVe)

Integrating both sides of this equation results in:

: |
he Vi = f [(hg hy 22+ 52 (hy Vp)1an + G

me ¢
in which
m*% = the 71 value on the water surface
C = an integration constant

The integration constant can be determined by using the boundary
condition on the water surface. The continuity equation in the x, &, 7
coordinate system can fiﬁally be written as:

K o E) o |
Vp = - Ej?;* [ (h¢hy 6_: + O_E (hgVed) ] dnp + Uk (34)

where Vp* is the_velocity Vp at point (¢, m*). The velocity component in the

77 direction is therefore computed from Eq. 34.

Approximation of Shear Stresses

To compute the velocity component Vg from Eq. 33, the shear stresses are
needed. However, the shear stresses are also dépendent on the velocity |
componernts. Thereforé an additional equation is needed to solve the shear

stresses and velocities. The additional equation is provided from the
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distribution of shear stress in the new coordinate system. Chiu and Hsiung
(14) assumed that the shear stress varies quadratically in the ¢ direction as

follows:
Tex (E2m) = ag + 0 [Epan (M -£] + ay[Epa (M) -£]7 (35)

in which Ay, Ap, and a, are coefficients and ¢ (1) is the maximum ¢ value on

max
an 77 curve. The coefficients a , ay, and a, are determined from boundary

conditions. As developed by Chiu, these are:

a) & < 0 (the point of maximum velocity is below the water surface)

& = o (36)
a]_ = fl(‘go’; 77) (37)
in which
£,' = & curve that approximates the channel boundary and
1 oh
—heFy - oy (25 2 SO TEa (1) - D) (g (1) - )
1 . —L dhn
Y
where
du  du 9 0T .
Fo = p(gg + uzp) + 57 (P + pgh) - —— (38)

gmax (n) = 1 for m curves that intersect with the stream banks or bed
For 7 curves that intersect with the water surface, it can be reasonably

assumed that TEW = o if the wind effects are ignored; then

ap == ay [1 - &p(m)] (39)

where gD(ﬂ) is the ¢ value of this 7 curve at the water surface.

-1
Tt - B (] PESe T R Fo By (M) (40)
in which
£, () FmaxD " Fo’ (1)
L (1) =
1- Q%f [E (M - Eg']
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and the overbar means the average value over the wetted perimeter, which is

computed as

= 1
R=o5 fA hy (to',m) dn (42)
W.P.
and W.P. = total length of wetted perimeter.
b) ¢ = o (the point of maximum velocity is on the water surface). For this

case, Eqs. 36, 37, and 40 can still be used.

c) € > o (the point of maximum velocity is above the water surface). In this

case the maximum value of £(7) at the water surface is

tmax () = £o(m)

and Eqs. 36, 37, and 40 are still wvalid.

Computer Model

The mathematical equations for computing the secondary velocities were
presented in the preceding section. The equations, which were established in
cartesian (x, y, z) coordinates, were first translated into the cross-section-
wise (x, Y, Z) coordinates, and were then transformed into thé curvilinear
(x, £, m) coordinates. Several parameters were used in these translation and
transformation processes. The functions of these parameters were to relate
the channel geometry and primary velocity distribution pattern to the
governing equations. /

After the equations in the curvilinear coordinate system are
established, the computations are carried out in a grid system constructed on
the (¢, 7m) coordinates. The secondary velocities in the (x, y, z) coordinate
system are obtained by using inverse transformations.

The overall computational procedures are hence separated into two
phases. Phase I determines the best fitted coefficients &3, Bi, k, éy, (o',
and ¢o for approximating the primary velocity distribution and the channel
geometry. Phase II uses these parameters to construct a computational grid
system and carries out the computations for secondary circulation. In order
to make a clear presentation of the model, two flow charts, shown in Figs. 6

and 7, are used to illustrate the computational procedures.
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Figure 6. Flow chart of phase I analysis
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Phase I Analysis

The Phase I analysis performs the following functions: 1) analyzes field
data and determines parameters; 2) derives parameters for Phase II
computations.

The channel cross section and isovels of the measured primary velocities
are plotted first. Then determinations are made of the mean elevation of the
channel bottom, H; the hydraulic radius, R; and the distance from the water
surface to the point of maximum velocity, £ (Fig. 8). The axis which passes
through the point of maximum velocity divides the channel cross section into
two computational halves, as defined by subscripts i = 1 or 2 previously. The
water surface width of each half, Bi, and the water depth D are then
determined. Before proceeding to the steps described in Fig. 6, additional
data need to be determined. These include (yp, zb)i, and the corresponding
slopes Si for each bank. This information is needed for the following

computations.

T

LEW

Figure. 8. Definition sketch for field parameters
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On the assumption that the ¢ ' curve approximates the channel geometry,
this curve should pass through (yb, zb). At such a point, the slope of the

£, curve (i.e. boundary) is

Oy 0f 9z  (0&/0z)(0z/0¢%)

¢ T oF T ar/oy T (0¢/0Y) (6Y/0y)

+38, + Y " Z
D y £

(43)

= B.
1 B;+6; (1-2)(1-Y)
Equation 43 can be rewritten as
By = (5p) (44)

D+6y+e zb(Yb+6y)

On the other hand, the £,' curve can also be described, by using Eq. 2, as

B
ey el TR Azl Tty 4
o' = D+6y+e( ) Bi+6i) exp (Bi+6i " D#bte * D (45)
oY as
In(8y) - In(Fp+6y) + Fy/ (Do +e)
Ay = B +6 In(B;+6 1n(B;+6 (46)
2,/ (By+6;) + In(B;+6;-|2zp|) - In(B;+6;)

This ﬂi value is the same ﬂi value described by Eq. 44. Moreover, the

boundary condition at the origin gives the & ' value as

8 éy

———— exp (-
D+6y+a D+6y+g

which is derived from Eq. 45 by setting y,, = z, = o. Equating Eqs. 44 and 46

£, = + 1) (47)

gives an equation which contains two unknowns: &; and 6y. By assuming a 6y

value, 61 and §; values can be computed. Therefore an iterative procedure to
determine the 6; and (; values is used to generate the closest computed
velocity distribution to the measured primary velocities in a given channel,.

Since the boundary curve Eo' and all the other ¢ curves have to fit a
logarithmic velocity distribution as described in Eq. 1, the following
iterétive steps depicted in Fig. 6 are used to determine the coefficients
needed for Phase II.

(1) assume trial 6y values

(2) calculate 6; from Eq. 44 and Eq. 46

(3) compute f;
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(4) compute ¢ values at every data point where u is measured

(5) perform linear regression on u/ux and 1n ¢

(6) determine k and £, from intercept and slopes of stép (5)

(7) repeat step (1) to step (6)

The £, value obtained in step 6 is the line which defines zero velocity,
while the ¢o' line is the line which approximates the boundary. The best
fitted coefficients are those coefficients which generate a primary velocity
distribution that has the least standard deviation in comparison with the
measured velocities.

The measured hydraulics parameters, i.e., D, Bj, £, H, R, and the
derived parameters 6i, Bi, k, &0, €o', and Tx, are then transmitted to Phase

II for velocity and shear stress computations.

Phase II Analysis

The Phase II analysis involves solving the equations discussed in the
last section for field variables. The parameters, determined from field data
in Phase I, relate these equations to local hydraulic conditions. The
characteristics of these equations require building the computations on a grid
system, similar to that of a finite difference method. Using the ¢ and 75
curves to form the grid, field data parameters are calculated at the grid
nodal points. Also many variables (e.g., h¢ and hy) require the corresponding
Y, Z coordinate values in their calculations. Consequently the Y, Z

coordinates at each grid point have to be retrieved.

Grid System Construction

The grid system is constructed by drawing ¢ curves and m curves with
predetermined Af{ and A7 intervals, between the maximum ¢ and 77 values and the
minimum ¢ and 77 values. These maximum and minimum ¢ and 7 values can be
derived from Eqs. 2 and 3 once the parameters which depend on field data are
determined through Phase I analysis, but the Af and An values have to be
determined by trial and error. The A¢f and An values, once determined, are
used in the numerical evaluation of the velocity components V¢ and Vy, and '
significantly affect the accuracy and cost of computations. From Eq. 34 it
can be seen that a smaller A7 value will give greater accuracy in the
numerical integration. On the other hand, a larger An value will result in a

shorter computation time. It is therefore desirable to have the An value as
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large as possible and to keep the computational error within an allowable
range.

The An values, however, depend on'AE (Eq. 34) values. The Af value
becomes available in the numerical evaluation of derivatives with respect to
£. TFiner At values are needed near the channel boundary areas, since the
primary velocity gradient is the highest at this location. The derivatives
with respect to ¢, when evaluated by a numerical method, produce error. This
error is the sum of two errors, truncation and rounding off. The round-off
error is negligible on a large machine such as the CDC-6400 that carries

numbers to 5 digits beyond the decimal point; therefore the Af value is

selected to minimize the truncation error. The computation of Ahg/hpé (in Eq..

33) is used for checking this Af{ selection. Two examples of a grid system

generated using the procedures above are illustrated in Fig. 9.

Solving for (Y,Z) Given ({,7m)

The values of £ and 7 can be computed directly from given Y, Z
coordinates by using Eqs. 2 and 3. However, obtaining the values of Y and Z
for given ¢ and 7 coordinates requires solution of the two nonlinear
equations. The "modified Regula Falsi" iteration method (51) is used to solve
these non-linear equations. Since the variations of § and 7 curves are
different in various regions, the following four algorithms are used to solve
the equations: |

(1) Solve Y for fixed Z from ¢ curve

(2) Solve Z for fixed Y from ¢ curve

(3) Solve Y for fixed Z from 7 curve

(4) Solve Z for fixed Y from 7 curve
The algorithms are illustrated in Fig. 10. With these four algorithms, one
can solve for Y (or Z) for an assumed value of Z (or Y) on a selected curve of
£ or 7. The choice of the £ (or m) curve for solutions depends on the tangent
values at two consecutive points on that curve. If the tangent values are
very close to each other on one curve, then the other curve is selected. The
algorithm converges quickly after the first (Y, Z) coordinate point is found,

which then becomes the initial trial wvalue for the next (Y, Z) point.
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Figure 10. Algorithms for solving Y or Z from ¢ and 7
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Computation for V&
The Vf component is computed from Eq. 33 on every grid point. In
general, the normal stress term GTgX/Gx is small and is included in the

hydrostatic pressure variation term. 1If the flow is steady and uniform, then

6_2 (pgH) = pgs (48)

where S is the slope of the channel bottom. Since the primary velocity is
assumed to have a logarithmic distribution, and the shear stress a quadratic

distribution, the velocity and shear stress derivatives can be written as:

Ou 0 u, £ Uy

§=§ k_lnf_o =& (49)
and

OTEX

oe ~ " o1 - 29(pax - O (50)

The derivative of h77 with respect to & can be computed in Y and Z coordinates

by using this relationship:

1on, 0
h__f=£ (lnhn)
7
Therefore
1on, ;0 Y22(1-2)% + ¢; YA(1-12(1-2)2
— . (51)
h, o E[(1-7)2(1-2)2 + g;C; Y2212

With these terms known and Ou 0x determined from field measurement, the Vf

component at each node is computed in a straightforward manner.

Computation for Vn

Eq. 34 can be rewritten as:
Voo 2 [T, @ 0 gy, 4y (52)
n hE nx L8N ox 0 8F CEE nx

The following steps are needed to solve Eq. 52.
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(1) Determine the boundary value V

/)7*
A (h —i) or V_ from field data
z f £ 5 z
- on
Ve = By Ve o (33)

(2) By using Leibnitz’s rule, transform Eq. 52 as follows:

\

1 Ui
n f hih, ax " b, ot f (hpVe) d + Ve (54)

, Mi+1
or = 1f1 heh, 22 a7 e R A (55)

ox h d§ 7*

where ¥ = [ (hV,)an

(3) The numerical integration for each integral on the right-hand side is

evaluated as:

Mi+1 +1 dN
./; A hndﬂ i/fl (N1A1+N2A2)(N1hﬂ1+N2hW2)[E;l ot 5_2 Wz] dr

i
1 M
-5 (772‘771)m§1 (N1A1+N2A2)(Nihnl+N2hn2) W (56)
where Nl =" Ny = 5 r is the reference parameter ranging from -1 to +1,

M is the Gaussian point, and W, is the weight coefficient.

(4) The derivative of ¥ with respect to ¢ is calculated by:

0 [\I’n]i+1'[‘1’n]i-l
5t 'n Iy (57)

which is the central difference approximation.
The whole computation is carried out on an ¢ curve, and the values of ¥ on
neighboring ¢ curves are also required.

A complete listing of the computer program for the model is provided in

Appendix A.
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FIELD DATA COLLECTION

The field data collection component of the project consists of
development of the instrumentation needed to measure secondary circulation in
natural channels, and the actual data collection. A computerized field data
collection system was developed for the project and used successfully in the
field. 1In addition to the acquisition of secondary circulation data, other
measurements and sampling for flow discharges, suspended sediment
concentrations, bed loads, and bed material were performed during the field
data collection periods. This section of the report describes the instruments
used to collect the data and the data collection procedures, and presents a

summary of the data collected.

Field Data Collection Site

Three sets of field data were collected for the project. Data were
collected in May and June 1984 and in August 1985. All the data were
collected in the Sangamon River near Mahomet (near the junction of Sections
19, 20, 29, and 30, Township 20N., Range 7E.; river mile 180.6 above the
Illinois River; and about 3.8 miles downstream of the Highway 47 bridge,
Mahomet, IL). The Sangamon River near Mahomet, among other sites considered,
was found to be the best site in terms of water depth requirements and site
accessibility. The location of the study site is shown in Fig. 11. The
stream channel at the study site is nearly a straight reach for about 500
feet, and then follows a gradual bend. At the upstream end of the site there
is a bridge. The bridge piers did not obstruct the flow during the field
trips; thus there were no eddies from the bridge piers. This was felt to be
an important consideration in all secondary circulation measurements.

The channel width at this reach is almost constant (approximately 75
feet) and the cross section geometry is almost trapezoidal, which is an ideal
case for the application of the mathematical model. Water depth at the study
site varied from 2 to 4 feet, which made the data collection program
relatively easy. The site is easily accessible by car, which facilitated the

transport of equipment to the study site.
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Instrumentation

Three-Dimensional Flow Measurement Setup

The instrumentation for measuring secondary circulation includes a
Marsh-McBirney (Model 527) electromagnetic current meter, a Commodore (Model
8032) micro-computer with tape drive, an interface between the current meter
and the computer, and a rigid support system for the éurrent meter (Fig. 12).
The support system includes a yoke which allows the current meter to be
rotated 90 degrees so that both the lateral and vertical components of the
secondary velocities may be measured.

Using the setup shown in Fig. 12, a continuous velocity reading from the
current meter can be digitized and transmitted to the computer. Either the
time history or an average and standard deviation of the velocity for a given

period can be calculated and stored on cassette tapes.

Marsh-McBirney 527 Electromagnetic Current Meter

The Marsh-McBirney 527 Electromagnetic Water Current Meter consists of a
transducer probe with a geomagnetic compass, a cable, and a signal processor.
The probe is a 4-inch-diameter sphere on a l-inch-diameter rod. The current
meter measures the flow of water in a plane normal to the longitudinal axis of
the probe. The current meter operates on the Faraday Principle of
Electromagnetic Induction, which, simply stated, says: "a conductor moving in
a magnetic field (generated from within the probe) produces a voltage that is
proportional to its velocity." The electrodes placed on the wall of the probe
detect the voltages caused by water flowing past the probe in a plane normal
to the probe'’s axes. The flow sensing volume around the probe is a sphere 12
inches in diameter (3 probe diameters).

The two components of velocity together with the compass reading can be
directly monitored on the three panel meters on the signal processor. The
panel meter has three selectable full-scale ranges of +2, +5, and +10 ft/sec.
The outputs are within 2% of full scale over the velocity range of the
instrument, and the compass accuracy is +10° at tilt angles of up to 25°.

Also provided on the signal processor is a voltage output jack, which makes.
the velocity and the compass readings available to external data logging

equipment; i.e., computers or any other data logging devices.
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Interface and Computer

Since the Marsh-McBirney electromagnetic current meter output is in an
analog signal, and it is almost impossible to visually average the velocity
readings from the panel meters, it was decided to construct a data logger
system based on a micro-computer. The initial step is to build an interface
between the current meter and the computer. An interface which can receive
the current meter output at selected frequencies and average the values for
specified time periods was built at the Illinois State Water Survey Electronic
Shop. The interface transfers the voltage outputs to the computer as digital
signals.

The computer used for this system is a Commodore micro-computer (Model
8032) with a cassette tape drive. A computer program was developed to control
the sampling procedure; to calculate the means, standard deviations of the
velocity components, and the angle; and to store the data on cassette tapes.
Additional information such as on site descriptions, coordinates and rotation
of the current meter, time, and the gain selected for amplification of the
signal is entered into the computer before sampling is initiated. The data
stored on the tapes include the descriptive information and the actual data.

Once in the office, the data stored in the tapes is transmitted from the
micro-computer to a main-frame computer (CYBER) by using a communication
program and a modem. Further analysis of the data is carried out on the CYBER

computer.

Support System for the Current Meter

The support system for the current meter was an important consideration
in the development of the data acquisition system. The current meter has to
be placed at a known depth in the stream, and the orientation of the current
meter has to remain the same during the sampling period to obtain consistent
data. To achieve these objectives, a rigid support system which could be
moved from place to place had to be built. This was accomplished by modifying
an aluminum stepladder and building a supporting platform, pole, and yoke as
shown in Fig. 12. The yoke was designed to allow a 90° rotation of the
current meter so that secondary currents both in the transverse and vertical
directions could be measured. The yoke is supported by a pole which can be
raised or lowered at regular intervals to change the depth of the measuring

point. The pole is supported by the platform, which is attached to the
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ladder. Additional bracings were used to reduce the vibration of the current
meter generated by the stream current. A complete cross-sectional velocity
distribution is measured by moving the whole support system along the channel

width, lowering and raising the pole, and rotating the current meter.

Rotating Bucket Current Meter

This instrument, a standard Price-type meter, has a rotor with six cone-
shaped cups mounted on a vertical stainless steel shaft. The meter has been
calibrated by the manufacturer to a standard rating table where the number of
rotations of the rotor over a specified time corresponds to a specific
velocity.

The current meter is attached to a 30-1b weight to keep it from drifting
in the current and is suspended into the stream from a bridge deck with a
cable/winch/crane assembly. This meter was used to measure flow velocity in
the Sangamon River at the bridge site shown in Fig. 11. These velocity data

were used to determine the discharge at the test reach.

Suspended Sediment Samplers

Two types of suspended sediment samplers were used for this
investigation: the US DH-59 and DH-48, which are standard samplers designed
for the United States Geological Survey. These samplers are designed to
accumulate a water-sediment sample from a stream vertical at such a rate that
the velocity in the nozzle at the point of intake is as close as possible to
the stream velocity. These types of samplers, properly used, will withdraw a
sample of the sediment water mixture that represents an average of the
sediment concentration through a stream vertical weighted for velocity so that
proper sediment load calculations can be made.

Both samplers use standard l-ﬁint glass milk bottles to collect the
sediment-water samples. The DH-59 sampler was designed to be suspended by a
hand-held rope or a cable/winch/crane assembly. This sampler was used to
determine sediment concentrations of the stream at the bridge site (Fig. 11).
The DH-48 sampler was used to sample for sediment concentration at sites away
from the bridge. It was designed to be suspended from a wading rod and

lowered into the stream by hand.
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Bed Load Sampler

A Helley-Smith bed load sampler was used to measure the component of the
total sediment load that moves in close proximity to the streambed. This
sampler was designed for sampling coarse material where the diameter of the
bed load material is above 0.25 mm. The sampler was designed to be lowered to
the streambed, left in contact with the bed for a certain period of time, and
then retrieved from the water. Samples are retained by a mesh bag (0.25-mm
mesh openings) open to the flow through a 3-inch-square opening. The quantity
of material trapped by the sampler over a certain period of time indicates the
amount of bed load moving through the 3-inch-square area, and by extrapolation
(to the total bed width of the stream) the total quantity of bed load carried

by the stream can be calculated.

Sonar Stage Meter

An electronic sonar distance meter was used to measure the stage or
height of the stream. Readings were made throughout the data collection
period in order to assess the changes over time in stage. The sonar meter is
placed at a known datum on the bridge and transmits the sonar signal downward
to the stream water surface. The water surface reflects the signal back to
the meter and the distance is calculated on the basis of the lag time between
transmission and return. The meter is calibrated for the effect of air
temperature on the speed of sound. The instrument used was an Exact
Technologies Corporation Dimensional Measurement Computer. It has a

resolution of 1 inch over a range of up to 50 feet.

Data Collection Procedures

Secondary Circulation

Secondary circulation data were collected from cross section to cross
section within the study reach. Measurements are taken at several depths for
each vertical. Normally ten or more verticals per cross section were selected
for data collection. Generally data collection at one cross section lasted
one full day.

The data collection procedure for secondary circulation is as follows:
First the support platform and pole are moved into the stream and firmly set
at the data collection site. Then the yoke with the current meter is securely

attached to the pole on the platform. The cable from the current meter is
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then connected to the signal processor, which is located on the stream bank.
The output from the signal processor is first transferred to the interface and
‘then to the computer by cables between the devices. After all the connections
between the devices are completed, power is turned on to activate the system.
The computer program which controls the data collection and storage is then
loaded into the computer and run. The computer prompts with header lines for
inputting general information such as location, date, and time. It then asks
for coordinates and gain (or amplification) being used. Once the above
procedures are completed, .sampling is initiated and terminated by pressing
designated keys on the computer keyboard. Finally, the data are displayed on
the screen for inspection and then transferred to cassette tapes for further

analysis.

Data Reduction

All the cross sections where measurements were taken were aligned to be
normal to the stream banks. However, this selection does not guarantee that
the cross sections are normal to the main flow direction. Furthermore, it is
very difficult to keep the orientation of the current meter consistent for all
measurements. Thus the measured values of secondary flows might not represent
the true values. The measured velocities were adjusted to reflect the true
longitudinal and secondary currents by using the orientation of the current
meter with respect to the magnetic north, which is measured simultaneously
with the velocities, and by using one of the following two criteria: 1) The
discharges measured by the two current meters, the electromagnetic and the
rotating bucket mechanical current meter, should be equal; and 2) the
continuity of secondary flows must be satisfied between downstream and
upstream cross sections.

The method employed to check the continuity of secondary discharge is
that proposed by Dietrich and Smith (22), and also used by Thorne et al. (56).
In this method, the net secondary discharge is determined by integrating the
secondary velocity over the depth. The continuity of discharge requires that
the net secondary discharge at a cross section be equal to that of the section
immediately upstream or downstream. If the two differ, the section is

reoriented to change the secondary velocities until an agreement is reached.
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The measured velocity components V., and Vy’ shown in Fig. 13, are first

converted to resultant velocities from which the downstream and cross-stream

velocities are computed.

2
y :
The angle of the resultant velocity with respect to magnetic north (6)

The magnitude of the resultant velocity = JVX2+V

is determined as:

-1 .
tan” ~(V_/V,) if v, >o
6 - ( X Y (58)

-1 .
tan (VX/Vy) + 7 if Vy <o

The angle of the main downstream velocity with respect to the magnetic north

(6y) is given by:

Oy = 6 + 6, ' (59)
in which
Vy’ V. = measured velocity
0. = bearing of sensor with respect to magnetic north
Oy = bearing of left bank with respect to magnetic north

D
I

bearing of resultant flow with respect to magnetic north
The downstream and cross stream components of the velocity are then given by:

downstream velocity = (resultant) (cos 09)

cross stream velocity = (resultant) (sin 9) (60)

Sampling Period

Two major factors are considered before selecting the sampling period:
1) the sampling period should be long enough that the velocity fluctuations
will average out and a true mean velocity will be obtained; and 2) the
sampling duration should be short enough that the measurements for at least
one cross section can be completed within a day.

Theoretically the true mean velocity is the average of the velocity
measurements for an infinite time period. 1In practice, however, a period of
averaging time is determined which gives a mean velocity very close to the
long-time average with specified tolerance limits.

One method of estimating the averaging period is to determine the mean
velocities for several averaging periods and then select the averaging period
which gives a mean within a specified range from the true mean. This will

require taking long period samples for each of the sampling periods. However,
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an equivalent result is obtained from one long period sample as follows. A
set of sampling periods 7;, i = 1,2,3 ...M are first selected. Then the
sample is subdivided into blocks of Ni samples for each T;. The mean, u, and
the standard errdr, Sy o which is the standatd deviation‘in the mean, for each

averaging period are then computed by the following equations (48)

G=%fmudt (61)
m,J o

v Sm. = (62)

i
where V. = %.[T u; dt = time average velocity for the period of T;
iJo

J
N; = the number of averages with an average period of T;
T, = the sampling period of the whole sample
u = the long-term average or the true mean
u = velocity at time t

To generalize the standard error for variable magnitudes of velocity, it is
convenient to non-dimensionalize the standard error by the mean velocity. The
normalized error, Smi, is therefore given by: '
- smi
sn[li -3 (63)
Two sets of velocity measurements are shown in Fig. 14 to illustrate how
the sampling periods were selected. The first measurement was taken near the
center of the channel (42 feet from the left bank) and 1.25 feet from the
water ‘'surface, while the second sample was taken close to the stream bank (26
feet from the left bank) and 1 foot from the water surface.
vThe total sampling time, Tm, for both samples was 5 minutes. The

sampling periods, T were 14, 27, 50, 99, and 150 seconds; The relationship

i»
between the sampling period and the normalized standard error for both samples
is shown in Fig. 15. As shown in the figure the normalized standard error

near the bank is greater than at the center of the channel. This is probably

because of greater secondary currents and turbulence intensity near the banks
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than at the center of the channel. However, the normalized error for both
samples decreases with increasing sampling period. The error decreases
sharply for sampling periods more ﬁhan 60 seconds and gradually thereafter.
It was decided to use 60 seconds as the sampling period for an efficient and

reliable data collection procedure.

Stream Discharge Measurement

The discharges of the Sangamon River at the study site were measured
several times during each field trip. Two types of instrumentation were used
to measure discharge of the Sangamon River: 1) the electromagnetic two-
dimensional current meter, and 2) the rotating bucket mechanical current
meter. The electromagnetic meter was employed primarily to measure secondary
circulation. However, since the meter also measures the flow in the
downstream direction, the data generated were used to compute the stream
discharge. The rotating bucket mechanical meter was used to measure stream
velocity and to compute stream discharge for a comparative analysis between
results of the two methods.

The stream discharge measurement techniques used for the rotating bucket
current meter were those recommended by the United States Geological Survey
(9) and the American Society for Testing and Materials, Standard Practice for
Open-Channel Flow Measurement of Water by Velocity-Area Method, Designation:

D 3858-79 (1). Stream discharges are determined by subdividing a cross
section of the stream into partial sections; the average velocity of the flow
at each partial section is measured and multiplied by the flow area of the
partial section. The sum of the individual partial section discharges equals
the total stream discharge.

Discharge measurements performed at the bridge site used the rotating
bucket current meter. The stream cross section under the bridge was divided
into 7 partial sections, each approximately 10 feet wide. The velocity meter,
suspended by a cable/winch/crane assembly, was lowered into the stream at the
midpoint of each partial section. A depth gage built into the winch read the
total depth of the stream at the midpoint of the partial section. This depth
was recorded and later used to calculate the flow area of the partial section.
Velocity measurements were then made at the vertical in the midpoint of the
partial section. The meter was positioned below the water surface at 0.2 and

0.8 of the total depth (for total depths greater than 2.0 ft) or at 0.6 of the
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total depth (for total depths less than 2.0 ft). The velocity of the stream
at the measured points was recorded and used to calculate the average velocity
of the partial section. Stream discharges were then calculated by multiplying
the mean velocity for each partial section by the respective cross-sectional

area. Total discharge for the section was obtained by summing all the

individual partial discharges.

Suspended Sediment Concentrations and Particle Size Sampling

Sediment sampling was performed using the US DH-59 and US DH-48 samplers
as described in "Instrumentation." The sediment sampling was performed to
determine the concentration of suspended sediment and the total sediment load
in the stream. The methods used were developed by the USGS (31) and are
proposed practices of the American Society for Testing and Materials Committee
D-19 (water) and Subcommittee D-19.07 (sediment) (1).

The sampling methodology employed the equal width increment method where
the stream cross section is divided into three or four partial sections and |
the midpoint of each partial section is sampled. At each midpoint a clean
sample bottle is inserted into the sampler and the sampler is carefully
lowered from the stream surface to the bottom and raised back to fhe surface
at a constant rate of 1 foot per second. The sample bottle is then capped,
identified, and noted in the field book. Thié procedure is repeated at each
partial section midpoint until the entire width is sampled. The purpose of
using equal width increment and depth integrated techniques. is to quantify the
total amount of sediment carried in suspension by a stream where the
concentration of sediment varies across the width and depth.

Suspended sediment concentration sampling was performed at the study
site on most of the days of data collection. The sample bottles were
identified and labeled in the field and then brought into the office for
logging and preparation for delivery to the Inter-Survey Geotechnical
Laboratory for analysis.

Suspended sediment particle size analysis was performed on three samples
obtained by dip sampling. Dip sampling was used instead of the methods
outlined above for suspended sediment concentration because of the low
concentration of suspended sediment, which made it necessary to collect a

large quantity of samples for the laboratory analysis.
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Bed Load Measurement

The coarse fraction of the sediment load (>0.25 mm) moving in contact
with or within 3 inches of the streambed was sampled using a Helley-Smith bed
load sampler. This sampler was lowered to the streambed at the thalweg and
left there for a period of five minutes. The sampler allows the streamflow
near the bed to pass through the intake opening and into a fine mesh. The
sample in the mesh bag at the time of retrieval was then examined for quantity
and types of sediment (inorganic, wood, leaves, etc.). Field observations of
the sample were then entered into the field notebook. Only one' bed load
measurement was collected as part of this investigation because of low flow
conditions during sampling periods, at which time no appreciable bed load

movement was observed.

Bed Material Sampling

The streambed sediment was sampled in order to characterize the stream
bed and to determine the distribution of sediment particle sizes that are
available for transport as bed load and suspended load. The streambed was
sampled across its width 100 ft downstream of the bridge sampling site. Three
discrete samples were obtained from the bed at three locations: the midpoint,
and the left and right quarter points. The bed samples were obtained using a
shallow bucket 10 inches across and 3 inches deep. The bucket was lowered
through the water column by hand and then tilted so that one edge could cut a
sample from the top inch of the streambed. The bucket and sample were brought
to the water surface carefully to avoid agitating or dispersing the material.
The excess water was drained éway from the sample and the sample was placed
into whirl-pack sampling bags. The samples averagedrapproximately 500 grams
each. All sample bags were labeled to identify date, time, and sampling
location. The samples were then brought into the office for logging and
preparation and delivered to the Inter-Survey Geotechnical Laboratory for

analysis.

Stage Measurement
The relative change in the stream surface elevation was monitored daily
at the bridge site using a sonar distance meter. At a minimum, readings were

made at the beginning and end of the work day. The sonar readings were
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adjusted to reflect possible temperature effects on the speed of sound.

Relevant data were recorded in the field notebook for later analysis.

Summary of Field Data Collected
A summary of all the field data collected for the project is presented

in this section. A complete list of all the data is included in Appendix B.
All the cross sections where data were collected are shown in Fig. 16. Table

1 shows the dates when the data were collected at each cross section.

Secondary Circulation

The velocity measurements used to construct secondary circulation were
first processed separately to illustrate the distribution of each component in
a cross section. Fig. 17 shows the distribution of the longitudinal,
transverse, and vertical components of the velocity at cross section 7. It
should be noted that different scales are used for the three components shown
in the figure, so that the distributions of the lateral and vertical
components, which are much smaller than the longitudinal component, can be
shown effectively. The distribution of the longitudinal component (Fig. 17a)
indicates that the higher velocities are located close to the center of the

channel and the lower velocities are near the banks, as should be the case.

Table 1. Dates of Field Data Collection

Date Cross section number where
_Month[dav/vear data were collected

06,/27/84
06,28 /84
06,/29/84
07/09/84
07/10/84
07/12/84
07/13/84
08/05/85
08,/06/85
08,/07/85
08,/08/85
08,/09/85
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The distribution of the transverse component shown in Fig. 17b is, however,
highly variable in magnitude and direction. The vertical components for this
particular cross section (Fig. 17c) show some variation in magnitude but not
as much as the lateral components. Fig. 17 is just an example to illustrate
the type of data colleéted and how they were analyzed. Similar plots for all
the data collected in the field are given in Appendix B.

The longitudinal velocity was further processed to generate isovels as
shown in Fig. 18. Since the model used for this project utilizes the isovels
as the basis for coordinate transformation, it was felt important to generate
the isovels for measured data so that they could be compared with the model.
Isovel plots for all the measurements are also shown in Appendix B.

The transverse and vertical components of the velocity were combined to
generate the secondary current vectors as shown in Fig. 19. For this
particular case, the measured values indicate primarily upward and lateral
movements of the secondary currents. The downward currents were either missed
in the measuring process or are located close to the banks. As with the
previous plots, the rest of the secondary current plots are included in

Appendix B.

Stream Discharge

The discharge of the Sangamon River at the study site was measured at
the bridge cross section using the rotating bucket current meter for the
purposes of monitoring the changes in the daily streamflows. Stream
discharges were also calculated on the basis of the secondary current
measurements at the different cross sections. 'Table 2 presents a summary of
the discharge measurements, as determined by both the rotating bucket and
electromagnetic current meters. As shown in the table there are some
differences in the stream discharges calculated from the two sets of
measurements. Considering that the discharges were not measured at the same
cross sections, and considering the errors in stream flow measurements, the
agreement between the two sets of measurements was satisfactory for most .

cases.
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Table 2. Water Discharge and Sediment Load Measurements During Data
Collection Period

Water discharge (cfs) Suspended sediment
’ Concentration Load
Date Rotating bucket Electromagnetic (ppm) (tons/day)

6/27/84 -- 139 -- --
6/28/84 -~ 140 205 77
6/29/84 - 119 .- -
7/09/84 71 ' 48 .- ..
7/10/84 65 58 114 20
7/12/84 36 -- -- --
8,/05/85 126 75 85 29
8,/06/85 100 115 94 25
8/07/85 73 66 48 10
8/08/85 -- 115 -- --
8,/09/85 80 59 52 11
8/14/85 70 -- 103 20

The highest and lowest discharges measured in the 1984 data collection
period were 140 cfs on June 28, and 36 cfs on July 12, respectively. For the
1985 data the highest discharge was 126 cfs on August 5 and the lowest was 59
cfs on August 9. The discharges measured during the field data collection
periods are all below the mean streamflow and generally fall in the range of
flows exceeded from 40 to 70 percent of the time as indicated in the flow
duration curve shown in Fig. 20. The flow duration curve was developed from
historical streamflow records of the Sangamon River gaging station at Mahomet,
which is 4 miles upstream of the study site. Data collection was not
conducted during higher flows because of logistic requirements of deep water
measurements, which require using a boat to move the instrumentation from
station to station. For water depths less than 4 feet the instrumentation is
moved from station to station by wading in the stream channel and physically

carrying the platform.

56

(N

b



Ll

10000

1000
w
by
=

™ 100
2
=
xy
E
Q
Q
1S
ke
92}

10

1

0.1

Figure 20.

i Sangamon River at

-1 Mahomet 2
J Drainage area = 362 mi
-

E

: Mean .Flow

E Range of

s Discharge

- Measured

L lllllll

l<l

L LI A | 1 4 LI | LI |

99 95 75 50 25 5 1

Percent Time Flow Exceeded

Flow duration curve for the Sangamon River at Mahomet, Illinois

57



Suspended Sediment Concentration

A total of 48 suspended sediment concentration measurements were made
during the data collection field trips. Several of the measurements were
detailed cross-sectional measurements, while some were representative samples
for calculating sediment load. The concentration measurements were averaged
for the whole cross section and the suspended sediment loads were calculated
from the average concentrations. These results are shown in Table 2. The
suspended sediment concentrations during the 1984 data collection periods are
generally higher than those in 1985. This is probably the influence of a
major flood event in 1984 which preceded the data collection period. The
suspended sediment load in the Sangamon River during the data collection
period ranged from a low of 10 tons per day on August 7, 1985, to a high of 77
tons per day on June 28, 1984 (Table 2).

One detailed suspended sediment concentration measurement was performed
on August 8, 1985, to investigate the distribution of sediment in the stream
channel. A total of 21 point samples were collected at seven verticals.

Fig. 21 shows the point concentration values and the equal concentration lines
generated from the data. As can be seen in the figure, the suspended sediment
concentration is higher towards the channel bottom and there are some regions
of higher concentration which might be associated with secondary currents.
However, there is no significant variation of concentration at that particular
time of data collection, and more intensive data collection similar to that
done here will be needed at different flows to conclusively associate

concentration distribution with secondary currents.

Bed Load
Only one bed load measurement was made at the study site. This

measurement, which was made on August 6, 1985, yielded a bed load sample of
4.5 grams for a sampling period of five minutes. The sample consisted of
inorganic fine gravel and coarse sand. The bed load flow area was estimated
to be the central 50 feet of the stream channel, which had a total width of 69
feet. Bed load was calculated by multiplying the sampler intake width by the
bed load flow area width and then extending the rate per unit time to a 24-
hour period to determine total load per day. The bed load was estimated to be

0.3 tons per day. In comparison, the suspended load was 25 tons per day.
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Therefore the bed load represents approximately 1.2 percent of the total

sediment load (bed and suspended) on August 6, 1985, at this location.

Bed Material Characteristics

The Sangamon River’s bed is composed primarily of sand and some gravel.
Sand and gravel bars are common in the river. Riffles in the river are
composed of gravels up to 3 inches in diameter and coarse sand. Pools in the
river occur between the riffles and are underlaid by sand and silt.

Table 3 summarizes the laboratory and statistical analyses of bed
material samples obtained at the study site in 1984 and 1985. 1In 1984 two
composite samples obtained by mixing four discrete samples taken at equal
distances across the stream were collected at cross sections 2 and 4. 1In 1985
three separate samples were collected at cross section 8, one at mid-channel
and one each at the one-fourth point of the stream width from the stream bank.
In table 3 the individual sample results of the 1985 samples are averaged in
order to provide a composite average for comparison with the 1984 samples.
Sand predominates in the composite samples, and gravel makes up the bulk of
the remaining sample with less than 5 percent silt and clay. All the
composite samples are descriptively classified as "gravelly sand with silt."

The bed material varies in composition with respect to particle size
distribution across the width and length of the river. The individual samples
obtained on August 14, 1985, show a trend of increasing average particle size
from the west to the east as shown in table 3. The longitudinal variation of
particle sizes can also be seen in table 3 by comparing the composite samples
obtained at the two cfoss sections in 1984. The gravel concentration was
higher at cross section 2 than at cross section 4, and the sand concentrations
were lower at cross section 2 than at cross section 4 (Fig. 16). The data
provided here are intended to provide a general description of the channel bed
material characteristics at the study site for use in comparing and contrast-
ing different study sites. This was not a detailed channel morphologic

investigation.
Stage

The stage (height) of the river was measured during the 1985 data

collection period to assess changes over time in the stage and water
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discharge. Figure 22 summarizes the stage measurements over the period August
5-14, 1985. The highest stage was recorded on August 5 and 8. The lowest
stage occured on August 14. The general-trend was a gradual decrease in the
stage from August 5 to 7 and from August 8 to 14, with some rise in between
from the 7th to the 8th. The change in the stage is similar to that exhibited

by the discharge in table 2.

MODEL RESULTS

The mathematical model discussed earlier was used to generate secondary
velocities corresponding to seven different measurements in the Sangamon
River. 1In this section the results of the model are discussed and compared to
the measured values. The comparisons between the computed and measured values
are shown in two sets of figures for each cross section. In the first figure,
computed and measured secondary velocity vectors generated from the lateral
and vertical components are compared. In the second figure, the primary
velocity isovels approximated by the model are compared to the actual isovels
developed using the measured values. A table is also presented that
summarizes the magnitudes of the computed and measured velocities for all the
cases considered. Finally, a section on shear stress distribution is

presented.

Comparison of Computed and Measured Velocities

The comparisons for cross section 6 as measured on June 28, 1984, are
shown in Figs. 23 and 24. Fig. 23a shows the secondary velocity vectors
generated by the model, while Fig. 23b shows the vectors from the measured
velocities. It should be mentioned here that the vectors for the measured
velocities were obtained by interpolating the vertical components around the
points where transverse velocities were measured. This was necessary because
it was not possible to measure the vertical and transverse components at the
same point simultaneously.

As shown in Fig. 23 the general pattern of secondary circulation
generated by the model is similar to the measured one; however, the downward
circulation indicated near both the right and left banks by the model (Fig.
23a) are not present in the measured velocities (Fig. 23b). Velocity

measurements were not taken very close to the stream banks and the channel
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bottom because of the physical limitations of the equipment setup. The lack
of these measurements makes it difficult to make conclusive remarks on the
comparison of the model results with the measured values for areas close to
the bank.

The measured secondary velocities are generally smaller than those
generated by the model. This is true for all seven cross sections used for
the model. The values of the primary, transverse, and vertical components of
the velocity for all the cross sections are summarized in table 4. The
percentages of the computed with respect to the measured transverse and
vertical velocities are given in columns 9 and 11 in table 4. The percentages
in both columns are all higher than 100 percent and in some cases extremely
high. Because of the small magnitudes of the velocities, a very small error
in velocity measurements or slight overestimation by the ‘model results in very
high percentages. However, further refinement of the model is needed and
possible. Unfortunately this could not be accomplished within this project.

Table 4 also provides the relative magnitudes of the measured transverse
and vertical velocity components with respect to the primary velocity
component in columns 5 and 7, respectively. The transverse components range
from 8 to 43.7 percent of the primary velocity, while the vertical components
range from 4.1 to 40.4 percent. These values are in most cases higher than
those reported in the literature, but might be because of the low flow
conditions in the Sangamon River during data collection. Additional data
during higher flows are required to more definitely define the relative
magnitude of secondary velocity components as compared to the primary
velocity.

Fig. 24 shows the primary velocity isovels generated by the model (Fig.
24a) and those developed from the measured velocities for cross section 6
discussed above. There 1s a clear similarity between these two plots;
however, as can be seen in the figure, the isovels for the model are smooth
curves, while the isovels from the measured velocities are irregular and show
deformations at different places. This discrepancy was anticipated from the
beginning since the model formulations assume smooth isovels which can be
approximated by mathematical functions. The assumption of smooth isovels is

the most limiting factor in secondary circulation models based on coordinate

transformation.
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The comparisons of the model results with the measured values for the
remaining six measurements are shown in Figs. 25 to 36. In general, the
preceding discussion for cross section 6.(June 28, 1984) is applicable for all
the comparisons. Some of the comparisons indicate a better correlation
between measured and computed velocities and some are worse than the ones
shown for cross section 6, as summarized in Table 4. A complete listing of
the velocities generated by the model is included in Appendix C. Additional
work both in data collection and in refinement of the model is definitely
needed before the model adapted for this project can be applied to flow

conditions in natural streams.

Shear Stress Distribution

As discussed in the section on approximation'of shear stresses, the
shear stresses were assumed to vary quadratically in the ¢ direction according
to Eq. 35. The coefficients for Eq. 35 are derived from boundary conditions,
which depend on the flow conditions and the channel boundary. The shear ‘
stress distributions generated by the model for two sets of measurements at
cross section 6 are shown in Figs. 37 and 38. 7/7  is the ratio of the shear
stress at any point (7) to that at the channel bottom (To). The figures
clearly show higher shear stresses around the junctions of the stream bank
with the stream bed, which might indicate areas of higher erosion rates as

compared to the whole channel cross section.
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SUMMARY AND CONCLUSIONS

Secondary circulation is an important hydraulic phenomenon in natural
streams. However, studies in the field have been limited, and in particular
actual measurements of secondary circulation have been very few. This is
because of the difficulty in measuring very small velocities under natural
conditions. The development of mathematical models has also been limited,

primarily because of the lack of reliable field data for calibration and

- verification.

This project is one of the few research projects in the United States
that has attempted to measure secondary circulation in natural streams. As a
result of this project, a reliable field data collection technique has been
developed. The data collection system is computerized to reduce the time
required in field data recording and reduction. The system has been used
successfully several times to measure secondary circulation data in the
Sangamon River near Mahomet, Illinois. All the data collected for the project
are included in Appendix B. The data are also analyzed and presented
graphically to simplify comparison of data with model results.

At the beginning of this project it was anticipated that an existing
model would be available for calibration and verification. However, attempts
to obtain existing models were not successful because of the early stages of
model development by other researchers. Instead of delaying or dropping the
task of calibration and verification of existing models, it was decided to
develop a model based on information available in the literature, At that
time, the model being developed by Chiu and his associates at the University
of Pittsburgh was the best documented model available.

A mathematical model based on Chiu’s methods has been developed and was
used to compare measured secondary velocities with computed velocities. A
complete listing of the computer program for the model is included in Appendix
A. The mathematical derivations and the equations used in the model are
thoroughly discussed in the report. The model has been used to simulate field
conditions for all the cases where field data were collected, and the résults
are included in the report.

Comparisons of field data and model results show mixed results. In some
cases the results are satisfactory while in others they are not. In general,
the model is capable of generating similar secondary circulation patterns to

those indicated by the field data. However, the magnitudes of the secondary
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currents generated by the model are greater than those measured in the field.
Comparison of model results with measured values was further hampered by the
lack of data points very close to the banks, where the model indicates the
existence of consistently downward velocity components. Because of the
limitations of the physical setup for colleéting field data, secondary
circulation data very close to the stream banks could not be collected.

The overall results of the research can be summarized by the following

statements:

1) A reliable state-of-the-art secondary circulation data collection
system has been developed and used successfully in the field. This
will significantly increase the productivity of future research in
the area.

2) A mathematical model for secondary circulation has been developed and
compared with field measurements. The results of the comparison are
not totally satisfactory, and further research is needed to improve.

the ‘application of the model to flow conditions in natural streams.
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Appendix A

List of Computer Program



PROGRAM GIO(TAPE1, TAPE2, TAPE3, TAPE4, INPUT, OUTPUT, TAPEG2,

P T . TAPES:=!NPUT, TAPEG=OUTPUT)
llxll!lllllllllllllllIIIIII?lllllilllllllllllllllllll .
z DEFINITION OF VARIABLES C x *

AN TV AN I NN NN EE B AN I NS NN N RN RERNRNN NN NZXINFANARENES

_ALPHAT(N,KPART) @ COEFFICIENTS 1 IN SHEAR STRESS APPROXIMATION
- . ALPHA2 . COEFFICIENT 2 IN SHEAR STRESS APPROXIMATION
.BETA(KPART) GEOMETRY CORRECTION FACTORS
.BLI(KPART) W{OTH OF THE RIVER SURFACE ON EACH COHPUTING SI1DE
.CETA(K) i GEOMETRIC CORRECTION FACTORS
.DELY : DEPTH ADJUSTING COEFFICIENT
. DUDX i INCREAMRNT OF VELOCITY U IN X DIRECTION
.OUBT ! U INCREAMENT OF TI!ME
.DEPTH : DEPTH AT THE Y-AXIS

.DHETA(N,K,KPART) @ FNC8 K - S| INCREAMENTS, N - ETA INCREAMEMT

.EPSILON LOCATIGBN OF THE POINT OF MAXIMUM VELOCITY
.DELTA(KPART) WIDTH ADJUSTING FACTORS

.DENS | TY DENSITY OF FLUID

.D81¢(3) INCREAMENTS OF S| VALUE

.DETA INCREAMENTS OF ETA VALUE
.DETADZ (N K, KPART) DERIVATIVE OF ETA W.R. T, 2
.DSIDZ(N,K, KPART) DERIVATIVE OF X! W.R.T.2

.ETAMIN LOWER BOUND OF ETA AT TIME OF COMPUTATION

.ETAMAX UPPER BOUND OF ETA AT TIME OF COMPUTATION
MANY FUNCTIONS HHICH ARE USED FREQUENTLY ARE DEFINED

IN THE FNC CATAGORY

.FNCI FNC1 = DEPTH+DELTAY+EPSILON

.FNC2 : FNC2 2 Bl (K)+DELTA(K)

.FNC3 ¢ FNC3 = COMPUTE THE S1 VALUE

.FNC3DY : FNC3DY = DERIVATIVE OF FNC3 W.R.T. YC

.FNC302 FNC3D0Z = DERIVATIVE OF FNCJ3 W.R.T. 2C

.FNC4 : FNC4 = COMPUTE THE ETA VALUE

.FNC40Y FNC4DY = DERIVATIVE OF FNC4 W.R.T YC

.FNC40D2Z FNC4D2Z = DERIVATIVE OF FNC4 W.R.T. 2ZC

.FNCS : FNCS = SIMAX(ETA) - SI

.FNC& : FNC6 = COMPUTE THE HS! VALUE

.FNC?7 : FNC?7 = COMPUTE THE HETA VALUE

.FNC8 ¢ FNC8 = (1./HETA)=(D(HETA)/0(S1))

.FNC9 : FNC9 = COMPUTE FO VALUE

.FNC10 ¢ FNC10 s THE VALUE OF S| AT GIVEN ETA CURVE WHICH
[NTERSECTS WITH WATER SURFACE

.G * GRAVITATIONAL ACCELERATION

.HR : HYDRAULIC RADIUS

.META(N,K,KPART)
.HS1(N,K,KPART)

TRANSFORMATION FACTOR IN ETA DIRECTION
TRANSFORMATION FACTOR IN SI DIRECTION

. 1sTQP TESTER. ISTOP .LE. ' ACCEPTABLE, REJECT OTHERWISE
. JBEG(2,40) THE BEGINING NUMBER FOR ETA CURVE ON EACH X! LINE
.KPART ¢ KPART = | OR 2
. NAME i NAME OF THE CROSS SECTION
.ND!VIDE(2) INTERVALS FOR VELOCITIES PLOTTER
I = 1, 81 INTERVALS
I = 2, ETA INTERVALS
.KTOTAL KTOTAL = TOTAL ETA CURVES USED ON EACH SIDE
. NECHO NECHO = 0, PRINT OUT MRF ERROR MESSAGES
NECHO * 1, NG PRINT OUT FOR MRF ERRORS
.OPTIGN OPTION = 1, NUMERICAL ACCURACY TEST ONLY
OPTION = 2, PLOT ISOVELS AND GRADIENT LINES
OPTION = 3, COMPUTE TOCOEFFICIENTS CHECK INTERV.
OPTION ®= 4, CARRY OUT WHOLE COMPUTATIONS
.PPLOTI . ¢ PPLOT = 1, PLOT |SOVELS AND TRAJECTORS
P PPLQAT » 2, PLOT NO GRAPHS
.PPLOT2 : PPLOT 2 1, PLOT SHEAR STRESSES DISTRIBUTION
¢ PPLOT = 2, PLOT NC GRAPHS
‘ .PPLOT3 ¢ PPLOT = 1, PLOT Y COMPONENTS OF VELOCITIES
: PPLOT =2 2, PLOT NO GRAPHS
.PPLOTA ¢ PPLOT = 1, PLOT Z COMPONENTS OF VELOCITIES
¢ PPLOT = 2, PLOT NGO GRAPHS
.PPLOTS : PPLOT = 1, PLOT SECONDARY VELOCITIES
t PPLOT = 2, PLOT NO GRAPHS
.PETA(2) : CURVEL!NEAR COORDINATE EDGES ON EACH S{DE
.PHI(N,K,KPART) : STREAM FUNCTION
.PRESURE HYDROSTATIC PRESSURE
. SE : THE ENERGE SLOPE
.SHEAR(N K KPART) SHEAR STRESSES
. SHEARD DERIVATIVE OF SHEAR STRESS W.R.T. SI CORDINATE
. SHVELD SHEAR VELOCITY OF THE CROSSSECTION = SQRT(GsRxSE)

.VSI(N,K,KPART) VELOCITY COMPONENT IN S| DIRECTION

SIDIFF(N K, KPART) FNCS

.SINUT S! VALUE THAT APPROXIMATE THE CHANNEL GEOMETRY
.SIMIN : LOWER BOUND OF S1 AT TIME OF COMPUTATION

< STMAX i UPPER BOUND OF S! AT TIME OF COMPUTATION

. SIZERC ¢ X1 ZERQ FOR VELOCITY DISTRIBUTION
.VETA(N,K,KPART) VELOCITY COMPONENT IN ETA DIRECTION
.VY{N,K,KPART) COMPUTED VELOCITY COMPONENT IN Y DIRECTION
VMY (N, K, KPART) MEASURED VELOCITY COMPONET IN Y DIRECTION
.WZ(N,K, KPART) COMPUTED VELOCITY COMPGNENT IN 2 DIRECTION

. VMZ{ K,KPART} MEASURED VELOCITY COMPONENT IN Z DIRECTION

.WPe : WETTED PERIMETER

CXI(N, K, KPART) P XI(N,K,KPART) = S| COORDINATES

L XIMAX (N, KPART) MAX S| VALUE ALONG A ETA CURVE

.ETA(N,K,KPART) ETA COORDINATES

.Y(N,K,KPART) i Y COORDINATES AT COMPUTED POINT

.YC : MODIFIED Y COORDINATE

. YMAX : FULL DEPTH CONVERTED INTO Y

. YMEAN : DISTANCE FRGM ORIGIN TO PT. OF MAX. VEL. CONVERTED I[INTO Y
.YMIN i SMALLEST COMPUTATION VALUE

.UNT VK © UNIVERSAL CONSTANT K

00000NNO0N000N000000000N000N0N000000000NAONOOOOO00 Lo N K N K N Ko K2 s K K N e Ne NeNs Xs Ko Ko K K Ko N Ne No No Ne Mo Ne e e Ne Mo N NeNoNo e Re Xe N No No No NeoNeN e N ol

.Z(N, K, KPART) Z COCROINATES AT COMPUTED POINT

2




.

ﬁiﬁii

c .2¢C . MODIFIED Z COORDINATE

c . ZMAX * MAX. ZC POSSIBLE IN THE COMPUTATION

C .ZMIN * MIN. 2C POSSIBLE IN THE COMPUTATION

c .

Ceoe-- LR AR R R R AR At i vemeoa eemsancnaa i L L
c

c MAIN PROGRAM

c

c ----- ST eCoescanrcsrsrcccssssSRTTROssac e reann A A L L I I N I Sy

INTEGER NA,OPTION,PPLOTI, PPLOT2, PPLOT3,PPLOT4,PPLOTS
DIMENSION ALPHA1(50,2),VS1(%50,40,2),VETA(S0,40,2)
DIMENSION VY(30,40,2),VZ2(80,40,2) ,ETAMAX(2),FNINE(40)
DIMENS!ON DSIDZ(80,40,2),ETAMIN(2),DS8!(S)

DIMENSION DETADZ(50,40,2),PH!(S0,40,2)

DIMENSION X1(50,40,2),DHETA(S0,40,2),SHEAR(50,40,2),0DUDX(40)
DIMENSION XIMAX(30,2),PETA(2)

DIMENSION Y(50,40,2),2(%0,40,2),DELTA(2),NDIVIDE(2)
DIMENSION JBEG(2,40),NB(2),B1(2),2ZBOUND(20), YBOUND(20)
COMMON /R1/ FNCI

COMMON /R2/ WP

COMMON /R3/ SIDIFF(%0,40,2)

COMMON /R4/ F2(8%0,2)

COMMON /RS, BETA(2),CETA(2)

COMMON /R6/ ETA(S0,40,2)

COMMON /R10/ HS[(%0,40,2),HETA(S0,40,2)

COMMON /R7/ DEPTH,DELY,EPSILON .

COMMON /MRF/ YMAX, ZMAX, YONE, YMIN

CHARACTER=*28 NAME

Clesrmemsm e eeaa et ERCEEEE D R O PR PP PPy

Cleevmmmacmacccaeacnn cemmrasens e SRR R LY
--- CHANNEL GEGMETRY DATA
READ(1, 10)DEPTH, YMEAN, HR, WP,B1(1),81(2),AVGVEL, SE
--- GENERATED COORDINATES DATA
READ(1,11)EPSILON, DELY,SINUT,BETA(1),BETA(2),
! DELTA(1),DELTA(2),UNIVK,SIZER®
--- MAXIMUM NUMBER OF DUDX, AND PLOTTING SELECTIONS
READ(1,13) NLINES, NDIVIOE(1), NDIVIDE(2)
--- VELOCITY GRADIENT IN X DIRECTION
READ(1,12)(DUDX (11, 1=1, NLINES)
--- READ IN RANGE OF SPECIFICATION
READ( 1, 14)SCALE, SIMAX,ETAMINC1) ,ETAMIN(2) ,ETAMAX( 1), ETAMAX(2)
DS! VALUES FOR S ZONES
READ(1,14)DS1(1), DSI(2), DSI(3), DSI(4), DSI(B)
--- OPTIONS
READ(1,16)0PTION, PPLOT!, PPLOT2, PPLOT3, PPLOT4, PPLOTS
--- CHANNEL BOUNDARIES
READ(1, 13)MCBPTS

READ(1,18)(2BOUND(1),1=1 MCBPTS)

READ(1,18)(YBOUND(1), 121 MCBPTS)
c «+- CROSECTI(ON NAME

READ (1, 303)NAME

0o 0 0 0 0 0

KPART = 2

DENSITY = 1.94

G = 32.174

ouoT = 0.

AVGSHEA = DENSITY*Q=zHRsSE

FNC1 = DEPTH + EPSILON + DELY

SHVELO s SQRT(GxHR:=SE)

ISTOP = MONO = NECHO = O

WRITE(4, 303)NAME

WRITE(4,224)0EPTH, (B1(1),1=1,2), YMEAN
WRITE(4,223)HR, SE, WP ,OPTION

WRITE(4,231)

WRITE(4,232) (ZBOUND(1),[=1,MCBPTS)

WRITE(4,232) (YBOUND(I), (=1, ,MCBPTS)
WRITE(4,226)EPSILON,DELY, (BETA(I),I=1,2), (DELTA(1),1=1,2)
WRITE(4,233) 0Sl(1), OSI(2), DSIi(3), DSl(4), DSI(S)
WRITE(4,203)AVGSHEA, AVGVEL

C2--recvesccrnmncaccanas CEE R E R R R R R sevmemsswnessveccacnsocecnsananavonwed

c GENERATING OVERALL COEFFICIENTS FOR EACH HALF

L R ORI S PR PP PR TP P LT PP PR RPREY
YMAX 3 ((YMEAN-EPS!LON)+DELY)/FNC1
YONE = (YMEAN + DELY)/FNC1
IF(EPSILON .GT. 0.) YONE = YMAX
YMIN = DELY/FNC!
DO 20 K = 1 ,KPART
FNC2 = BI(K) + DELTA(K)
ZMAX = B1(K)/FNC2
CETA(K) = BETA(K)®(FNC1/FNC2)v52
c OEFINE A LOWER BOUND FOR ETA VALUE
TOL = .1E-07
YA = 0.999999
[F(YA .GT. YMAX) YA = YMAX i
CALL MRF4(YA,ZA, TOL,BETA(K), SINUT,MENG, NECHO)
ETALOW = FNC4(YA,ZA,CETA(K))

PETA(K) s ETALOW

LA R L R L SRS RIS RS 2 X )
=«== DEFINITION BLOCK; CHANNEL BOUNDARIES -~---
1 =3

FLG = 1.

MP = 1

MPY = 8

000 O



130 ZA = 0.8/FNC2
S11 2 FNC3(YMAX, ZA,BETA({K)})
ETAY = FNCA(YMAX, ZA CETA(K))
IF(FLG.EQ.1.) ETAMIN(K) = ETAI
S12 = FNC3(YMIN, ZA BETA(K))
ETA2 = FNCA(YMIN,ZA CETA(K))
IF(FLG.EQ.1.) ETAMAX(K) = ETA2
IF(OPTION .NE. 1) GOTO 122
WRITE(4,229)
WRITE(4,230)MP,S11,ETAY MP1,S812,ETA2
IF(MP.EQ.2) BOTO 20
WRITE(4,228)1 ,PETA(K)
122 IF(MP .EQ. 2) GOTO 121
FLG = 10.
MP = MP ¢ 1
MPt = 4.
GOTO 130

[+ e R A R R R R S RS R

121 WRITE(4,199)K
WRITE(4,200)FNC1,FNC2, ETALOW
WRITE(4,220)

IF(OPTION .EQ. 4) THEN
IF(K .EQ. 1) REWIND 3
READ(3)NA NB(1) ,NB(2)
DG 100 1 = 1, NA
READ(3) JBEG(K,I)
NC = JBEG(K,!)
06 110 J = NC, NB(K)
READ(3) XI(J,1,K),ETA(J,1,K),Y(J,1,K),2(J,1,K)
YTURE = Y(J,!,K)sFNCI1-DELY
2ZTURE = 2(J,1,K) = FNC2
WRITE(4,201) J,1,X1(J,1,K),ETA(J,1,K),Y(J,1,K),2(J,1,K),
+ YTURE, ZTURE

110 CONT | NUE
WRITE(4,218)

100 CONT I NUE
GOTO 137

END IF
C --- ASSIGN X! CURVE VALUES (NA = NUMBER OF [SOVELS)
NATIME = 1
TEST = SINUT

c
00 149 1 = 1,40
IF(1 .EQ. 10) NATIME = 2
IF(l .EQ. 18) NATIME = 3
IF(1 .EQ. 26) NATIME = 4
IF(1 .EQ. 32) NATIME = 8

c
IF(] .NE. 1) TEST = TEST ¢ OS] (NATIME)
IF(TEST .GT. SIMAX) GOTO 148
NA = |

149 CONTINUE
c

148 NATIME = 1
, IF(EPSILON .LT. 0.0) THEN
X1(NA,1,K) = SINUT
DO 180 1 = 2, NA

IF(I .EQ. 10) NATIME = 2

IF(l .EQ. 18) NATIME = 3

IF(l .EQ. 28) NATIME = 4

IF(l .EQ. 32) NATIME = §

Iy = | -1

12 = NA - 11

I3 =« 12 « 1

X1(12,1,K) = X1(13,11,K) +« DS} (NATIME)
180 CONTINUE

ELSE

X1(1,1,K) = SINUT

0C 159 | = 2,NA

IF(1 .EQ. 10) NATIME = 2

IF(I .EQ. 18) NATIME = 3

IF(1 .EQ. 26) NATIME = 4

IF(l .EQ. 32) NATIME = §

{(t =1 -1
IF(EPSILON.EQ.0.0) XI(1,1,K) = XI(1,11,K) ¢ DSI(NATIME)
IF(EPSILON.GT.0.0) XI(I,1,K) = XIC(I1,11,K) ¢ DSI(NATIME)
139 CONTINUVE
END IF
C === OETERMIN ETAMIN ON EACH SI CURVE IF EPSILON IS LE O
IF(EPSILON .GE. 0.0) GOTO 182
1l sJ=0
189 It = NA - |
JesJ o+
Y(J,11,K) = Z¢J,11,K) = 0.0
J1 8 J + 1
CALL MRF4(YMAX,2A, TOL,BETA(K),X1(J,1,K), MONG, NECHO)
ETAMINL = FNC4(YMAX,ZA,6 CETA(K))
IF(IT .EQ. NA) THEN
IF(ETAMINI .LT. ETAMIN(K)) STOP
ETA(J,11,K) = ETAMINI
Y(J,l1,K) = YMAX
Z(J,11,K) = 2A
DO 186 M = J1,NA
Yi(M, 11,K) = 2(M,11,K) = 0.0
188 X1(M, 11, K) = XI¢J,11,K)
ELSE
ETA(J,11,K) = ETAMINI
Y(J,11,K) = YMAX



203, 11,R} = ZA
12 = 11 + 1
DS 187 M = JI1,NA
Y(J,MK) = 2(J,MK}) 2 0.0
187 X1(M, 11, K) = X1(J,11,K)
160 DO 188 M = 12,NA
188 ETA(J M, K) 3 ETA(J,11,K)
END IF
[ s 1 +1
IF(I.LT.NA) GOTO 13%
c ---- DO A BOUNDARY LINE .e--
J s J +
X1(J,1,K) = SINUT
ETA(J,1,K) = PETA(K)
NATIME 3 1
DO 151 M = 2,NA
IF(M _EQ. 10) NATIME
IF(M . EQ. 18) NATIME
IF(M . EQ. 26) NATIME
IF(M _EQ. 32) NATIME
Y(J,M,K) = Z(J MK} = 0.0
ETA(J M, K)z ETA(J,1,K)
Ml =M -1
191 XI(J. M K) 8 XI(J, M1, K) + DSIINATIME)

AL WUN

JBASE = J +
GOTO 161

--- EPSILON .GT. 0.0 -~~

o000

182 J s
ETA(1,1,K) = PETA(K])
Y(1,1,K) = Z(1,1,K) = D.Q

JBASE = 1
{ =
{F(EPSILON .GT. 0.0) THEN
JBEG(K, ) = J
169 Jo=J o+
[ =1 1
EA

J -1
[ [ -
ILF(l .BT. NA) GOTO 170
JBEG(K, 1)} = J
YeJ,1,K) = 2(J,1,K) = 0.0
c -+ DETERINE ETA ON WATER SURFACE ---
CALL MRF4(YMAX,ZA, TOL,BETA(K) , X1(J,1,K),MONO, NECHO)
ETA(J,1,K) = FNC4(YMAX,ZA,CETA(K))
Y(J,I,K) s YMAX ’
2(J,1,K) = ZA
DO 168 M = 1,
YWY, M, AR 8 2Ly, iR & UV
Xi(J, MK} 3 XI(J1,M,K)
168 ETA(J ,M,K) = ETA(J,I,K)
GOTO 169
170 P a1
J = N

DERIVE DISTRIBUTION GRID SYSTEM,
SOLVE THE Y Z COORDINATE FOR THE LAST POINT

00000

Y1 1 YMAX
21 s ZMAX
DUMY 2 1.0 ¢
CALL CORDTF(CETA(K),BETA(K),XI(J,1,K),ETALJ,1,K),
¢ BI(K),DELTA(K),Y1,21,YA, ZA, ISTOP, DUMY)

Y(J,1,K) = YA

21K = ZA

174 Ji1 s J + 1

IF(J1 .GT. 30) THEN
NB(K) =
GOTO 172

END [F

IFIYA .GT. 0.29) THEN
YA = YA - 0.1
CALL MRFA(YA, ZA, TOL,BETA(K), SINUT, MONG, NECHO)
ETA(JT, [,K} s FNCA(YA,62A,CETA(K))
Y(J1,1,K) = YA
Z(J1,1,K) = ZA
XECJ1, 1,K) & X1¢J,1,K)

ELSE
ZA = ZA - 0.03
[F(ZA .LE. 0.0) THEN

NB(K) s J
. GOTO 172
END IF

CALL MRF1(YA,ZA,  TOL,BETA(K),SINUT, ETA(J,1,K),MONO, NECHO)
ETALJ1,1,K)} = FNCA(YA, 2A,CETA(K))
IF(ETA(JY, I ,K) .GT. ETAMAX(K)) THEN

NB(K) = J
GOTO 172
END IF

XHed,t,K) = X1tJ,1,K)
Y(JY,1,K) = YA
20J1,1,K) = 2A

, END IF

! DO 173 M = 2,NA

i YEJ1,M,K) & 2(J1,M,K) = 0.0
3 XTCJN, M KD & X0, M, K)




173 ETA(DY , M K) = ETALIY,1,K)
J s J <+ 1
GOTO 174
END (F

-+ DEFINE DETA VALUES IN THE LOWER PORTION

DERIVE OISTRIBUTION ON ETA,
SET DYC = 0.1 MANUALLY FOR 10 INTERVALS (YA = . 999999 IN{TIALLY)

aooon

161 1 =1
183 Jt s J +
JFLJ1 .GT. S0) GETO 134
IF(YA .GT. 0.25) THEN
YA = YA - 0.1 .
CALL MRF4(YA,ZA,TOL,BETA(K),SINUT, K MONO,6 NECHO)
ETA(J, 1, K) = FNCa(YA, ZA, CETA(K])
X10JYy, 1, Ky = XI(J,1,K)
Y(Ji,1,K) = YA
2(J1,1,K) = ZA
ELSE
ZA = ZA - 0.0
IF(ZA .LE. 0.0) GOTO 134
CALL MRF1(YA,2A, TOL,BETA(K),SINUT, ETA(J, 1,K),MONG, NECHO)
ETA(J1,1,K) = FNCA(YA,6 ZA CETA(K))
IF(ETA(JY, 1 ,K) .GT. ETAMAX(K}) GOTO 134
X1(J1,1,K) & X1(J,1,K}
Y(JI1,1,K) 5 YA
2¢(J1,1,K) = ZA
END IF
JrJ s
GOTO 133
154 NB(K) = J
J » JBASE
167 NATIME = 1
DO 165 M s 2, NA

| IF(M .EQ. 103 NATIME s 2

| . IF(M .EQ. 18) NATIME = 3

; 1F(M .€Q. 263 NATIME « &
IF(M .EQ. 32) NATIME s« 8
ETACJS,M,K) = ETACJ, 1,K)
Mioam o~

X1(J, M, K) & XU(J M1, K} « OS1 {NATIME)?
Y(J,M,K) = Z(J,M,K) s 0.0
165 CONTINUE
JsJ e
(FcJ .GT. NB(K)) GOTO 166
GOTO 167
166 DO 301 [ = T,NA
IM e NA =1 ¢ 1
IF(EPSILON .EQ. 0.0 1M = 1

- -

JORWIR, 1) % M
301 CONTINUE
172 CONTINUE

IF(OPTION.EQ.2 .OR. OPTION.EQ.3) WRITE(2INA, NB(1), NB(2)

[ —

= DEFINE INITIAL QUESSES FOR SUBRCUTINE CORDTF

o000 o

YOPER s YMIN
ZOPER s 0.00001
pDYY s 1.0
?g 132 1 = 1,NA
. (OPTION.EQ.2 OR. OPTION.EQ.
neween o seca O I WRITE(2) JBEIK, )
: DO 133 J » NCHECK, NB(K)
i J1 8 J -1
; 18TOoP s O
c .. .DEFINE UPPER (LOWER) LIMITS F
IFlJ .EO. NCHECK) THEN 3 For v ano z
WRITE(4,218)
_ IF(Y(J,1,K) _NE. 0.0 .AN
: A TOF D. 2(J,!1,K) .NE. 0.0) THEN
), 2C s 21J,1,K)
2 GOTO 138
END IF
IF(ETA(J,1,K) .GE. 0.) THEN
21 = ZMAX
ZC = 21 - 0.1
Y1l = YONE
YC = Y1l - 0.1
ELSE

0.00001
Z1 ¢+ 0.
YMAX

Yy - 0.

<
(2]
Neasn

IF(Y(J,1,K) _NE. 0.0 .
ve e vV AND. 2(J,1,K) .NE. 0.0) THEN
2C s 2(J,1.,K)
G070 136
END IF
[F(ETA(J,1,K) .GE. 0.) THEN
IF(ETA(J!,1,K) . LT. 0.) THEN
21 = ZMAX
Y1 s YONE
END IF
YC = (Y1 + YOPER)/2.
2C = (21 + 20PER)/2.
ELSE 6




|

YC = (Y1 ¢ YONE)/2.
2C » (21 + ZMAX)/2.
END IF
ENOD [F

-+- -CORDTF FIND CORRESPONDING Y 2 CSORDINATES
- Y1 21 ARE THE GUESSED VALUES AND YC 2C ARE SOLUTIONS

o000

CALL CORDTF(CETA(K) ,BETA(K) XI1(J,1,K), ETA(J,1,K),
¢ BI(K),DELTA(K), Y1,21,YC,2C,1STOP,DYY)
---NOW Y1 DEFINES THE UPPER LIMITS FOR SEARCHE,
Z) DEFINES THE UPPER LIMITS FOR LOWER REGION AND LOWER
LIMITS FOR UPPER REGION FOR SEARCH.
YC AND 2C ARE THE SOLUTIONS.
-==IF ISTOP = O SOLVED THIS GIVEN PAIR (X!, ETA)
.- ISTOP 2 1 THESE TWO COORDINATES OO NOT REPRESENT A POINT
.- ISTOP = 2 THIS PAIR OQOES NOT EXIST [N CHANNEL CROSSSECT!ON
[F(ISTOP .EQ. 1) THEN
WRITE(4,219) (STOP, XI(J,1,K), ETA(J,],K)
GOTO 999
END IF
IF(ISTOP .EQ. 2) THEN
HRITE(4,227)XSTUP,XIIJ,I.K),ETA(J,l,K),Yl,Zl,YC,ZC
GOTO 999
END [F
28 Y(J,l,K) = YC
2(J,1,K) s 2C
1368 VYTRUE = YCxFNC1-DELY
2ZTRUE = ZCsFNC2
WRITE(4,201)J,1,X1(J,1,K),ETA(J,],K)},YC, 2ZC, YTRUE, ZTRUE
IF(OPTION.EQ.2 .OR. OPTION.EQ.J) WRITE(2)XI(J,],K),ETALJ, ! ,K),
* Y(Jd,1,K),2(J,1,K)
134 v1 = YC
Z1 = 2C
1F(J1 .GE. NCHECK) OYY = Y(JI1,1,K) - Y1
133 CONTINUE

0000000

c
[+ FOR ALL ETA .GE. 0.0, DETERMINE THE MIN Y FOR
[+ THE NEXT SI CURVE BY USING CURRENT Z AS Z UPPER
[+4
JNOW 2 NB(K}
IF(ETA(JNGW, | K} .GE. 0.0) THEN
(PLUS = | + 1
IFCIPLUS .GT. NA) GOTO 132
IF(Y(JNOW, IPLUS,K).NE.Q. .AND.Z(JNOW, [PLUS,K) .NE.O.) GOTO 132
+22 s Z(JNOW, [,K)
OuMy s 0.0000!
CALL CORDTF(CETA(K),BETA(K) X! (JNOW, IPLUS, K),ETA(JINGW, | ,K),
- BI(K),DELTA(K),Y1,22,YOPER, ZOPER, MONG, DUMY )
END IF
132  CON) e
[+
[FIOPTION . EQ. 2) GOTO 20
c
137 CONTINUE
[+ -- COMPUTE OVERALL COEFFICIENTS
[+

XITERM s SHVELO / UNIVK

00 26 | = 1,NA

WRITE(4,219)

NC = JBEG(K,!)

XIVELO = XITERM 3 ALOG(XI(NC,I,K)/SIZERS)

ENINE(!) = FNCI(DENSITY,DUDT,DUDX(1), XIVELS, HR, AVGSHEA)
18 DO 21 J = NC,NBIK)

HS1(J, 1,K) s FNCB(K,FNC2,XI(J,1,K),¥(J,1,K),2(J,1,K))

HETA(J,1,K) s FNC7(K,FNC2,XI(J,1,K),

1 ETA(J, 1,K),Y(J,1,K),20J,1,K),HS1(J,1,K))

c
c DETERMINE SIMAX - SI VALUES
c

IF(EPSILON .LE. 0.0) THEN
XIMAX(J,K) = {.0
SIDIFF(J,1,K) s FNCS(XIMAX(J,K),XI1(J,1,K))
ELSE
IF(l .EQ. 1) THEN .
XIMAX(J,K) 3 FNCIO(ETA(J, I ,K),CETA(K) ,BETA(K))

END IF
SIDIFFIJ,1,K) = FNCS(XIMAX(J,K),XI(J,I,K))
END IF

DHETA(J,1,K) = FNCB(K X1(J,!1,K),¥Y(J,1,K),2(J,1,K))
DSIDZ(J,1,K) = FNCID2(Y(J,1,K),Z(J,1,K),BETA(K))
DETAD2(J,1,K) = FNCAD2(Y(J,1,K),2¢(J,1,K),CETA(K))
21 CONTINUE
26 CONTINUE

WRITE(4,207)
WRITE(4,203) (FNINE(IQ),10%1,NA)
WRITE(4,202)
DO 22 1 = 1,NA
WRITE(a,6218)
NC 3 JBEOIK,I)
DO 23 J = NC,NB(K)
WRITE(4,201)J,1,H81(J,1,K),HETA(J,1,X),SI1DIPF(J,!,K),
+ OMETA(J,1,K),DS102(J,(,K),DETAD2(J,I,K)
23 CONTINUE
22 CONTINUE
20 CONT [ NUE
c
IF(OPTION .£Q. 1) GOTO 999
IF(OPTION .EQ. 3) GOTO 998



!
|
d

IFIOPTION .EQ. 2} THEN
CALL DI30ISO(NA MCBPTS, DEPTH,EPSILON, Y, K Z, JBEG,

- NB, B!, ZBOUND, YBOUND,FNC1 , DELTA, DELY)
ENOD (F
c
C3------ LR e Rl e Ll A e L e e R L LA AR LR b R 3
Cc
C COMPUTATION ALONG BOUNDARY LINE. DETERMINE SHEAR COEFFICIENTS
c
[ R LR A A LA LR R Rl R e Al i il g ---3
c
c ALPHA2 |S COMPUTED FOR EAT CURVES ON BANKS AND BED ONLY
ALPHAZ = O,
DO 30 K = 1,KPART
1 = J1 =
JIF(EPSILON .LT. 0.Q) J1 = NA
DO 31 J = J1,NB(K)
F2(J,K) = .
1 SIOIFF(J,1,K)/(1.-DHETA(J,1,K)=SIDIFF(J,1,K))
N CONTINUE
CALL SHEAR2(K,J1,NB(K), AVGSHEA,FNINE(1), ALPHA2,6TY,T2)
WRITE(4,206) K, JI
WRITE(4,203)(F2(J,K),J=J1,NB(K))
30 CONTINUE
WRITE(4,208)ALPHA2
C4---vcmvoemceccrreco et tscc et ca e aemsccoccccannnan caeeq
]
c COMPUTE SHEAR STRESS AND SECONDARY FLOW COMPONENTS VS!, AND THE
c STREAM FUNCTION FOR EACH HALF OF TME CROSS-SECTION
c
Cd------mevnu- R LT P TR B b ---4
DO 40 K » 1, KPART
c COMPUTE ALPHA1 COEFFICIENT FOR EACH ETA CURVE
1t = J st
IF(EPSILON .LT. 0.0) THEN
1 # NA
J1 2 NA - 1}
08 44 J = 1,01
ALPHA1(J,K) = -ALPHA2=SIDIFF(J,{,K)
| =1 -
44 CONTINUE
' 1 = NA
END IF
DO 45 J s |, NB(K)
CALL SHEARIV(K,J, FNINE(1), 6 ALPHA2, ALPHAYI(J K))
43 CONT [ NUE
c
0O 41 1 = 1,NA
NC = JBEG(K, 1)
DO 42 ) = NC,NBIX)
c o COMPUTE SHEAR STRESS AND VS[ ALONG EACH ETA LINE
SHEAR(J, ] ,K}) = ALPHAI(J K)=®SIDIFF(J, 1, K}
1 ALPHA2=SIDIFF(J, ! ,K)=S[DIFF(J,I,K)
SHEARD = -ALPHA1(J,K)-2, sALPHA2=SID!FF(J,!,K)
¢ .
C..... COMPUTE V81 (AS U FOLLOWS LOGRITHMATIC DISTRIBUTION)
[+
ROOUOS! = (DENSITYsSHVELO)/(XI(J,],K)SUNIVK)
TERM! s DHETA(J,1,K)sSHEAR(J,1,K)
TERM2 » SHEARD - HETA(J,! K)=FNINE(])
vV8i(J,1,K) = (TERMY ¢ TERM2)/RODUDS!
[+]
€. COMPUTE STREAM FUNCTION ALONG EACH S1 LINE, NAMELY SUM(VSIsHETA)
C.. ALSO COMPUTE SUM(HETA=HS!) AND TEMPORARY STORE INTO VETA
[
J1 e g -1
IF(J .EQ. NC) THEN
PHI(J, 1 ,K) = O,
VETA(J,1,K) = O,
ELSE
TVXLY s vSI(J1,1,K)
TVXi12 » VSI(J,1,K)
THETA1 = HETA(J1,I,K)
THETA2 = HETA(J,!,K)
DETA = ETA(J,|,K) - ETA(J1,I,K)
CALL INTPHIC(TVXI1,TVX12, THETAY, THETAZ, PQ, DETA)
PRICI,1,K) = PHI(J1,I,K) + PQ
TVXI1 = HSI(J1,],K)
TVX12 = HSI(J,I[,K)
CALL INTPHI(TVXIY, TVXI2, THETA1, THETAR, PQ, DETA)
VETA(J, [ ,K) = VETA{J),[,K) *+ PQ
END IF
42 CONT I NUE
41 CONTINUE
40 CONT I NVE
C8-oea- eerecencanes cacessecomans eemcccectereccecrcncasesnvensccsancsecal
c
g COMPUTE VETA'S
CBecmcrmceccnanen T
D& 30 K = 1,KPART
WRITE(4,199)K
NA! = NA -
DO 81 1 = 2,NAY
e NC = JBEG(K, 1)
c TN COMPUTE VETA AT WATER SURFACE
[+

TX = HS!I(NC,1,K)=DSIDZ(NC, | ,K)
VZ(NC,1,K) = VSI(NC,I,K)/TX



S2
S1

60

63
e3

VETA(NC, | ,K) & HETA(NC,! K)*DETAD2(NC,1,K)xVZINC,1,K)

NCCA = NB(K)

et -1

12 2] +

DS11 s XI(NCCA,12,K) - XI(NCCA,!1,K)
ND = NC * 1

DO $2 J = ND,NB(K)

TERM = (-PHI(J,11,K) + PHI(J,12,K))/DS811

TERM = TERM/HSI[(J,[,K)

VETA(J, 1 ,K) = VETAINC,|,K) - DUDX(I)SVETA(J,1,K)/HSICJ, 1 ,K) =
. TERM

CONTINUE

CONTINUE

WRITE(4,6 223)
WRITE(4,209)
WRITE(4,203) (ALPHAT(L) ,K), L1211 NB(K))
WRITE(4,219)
WRITE(4,211)
08 S3 IP = 1 ,NA
MNC » JBEG(K,I[P)
00 %4 1Q = MNC,NB(K)
IF(IP.EG. ' .OR. IP.EQ.NA) THEN
WRITE(4,201)1GQ, IP, SHEAR(!Q,IP,K}
ELSE
WRITE(4,201)1Q, {P,SHEAR(1Q,IP,K), VSI(IQ, 1P ,K), VETACLIQ,IP,K)
END IF
CONTINUE
WRITE(4,218)
CONTINUE
CONT I NUE

COMPUTE VY AND vZ AT COORDINATE (381, ETA)

.......... R R R LT T ey Y
00 60 K = t KPART

FNC2 = B! (K) + DELTA(K)
WRITE(4,199) K

WRITE(4, 222)
WRITE(4,217)

DO 62 | = 2,NA1
WRITE(4,219)

NC = JBEG(K, D)

DO 61 J = NC,NB(K)}
YTEMP = Y(J,1,K)

ZTEMP = 2(J, I ,K)

YTR = YTEMPsFNC! - DELY
ZTR = 2TEMPsFNC2

IF(K .EQ. 1) ZTR = Bl(1) - ZTR
IF(K .EQ. 2) ZTR = ZTR « BI(1)
OX10Y = FNC3DY(YTEMP,ZTEMP,BETA(K))
OX10Z = DSIDZ2(J,1,K)
PETAPY = FNCADY(YTEMP,6 ZTEMP, CETA(K))
PETAPZ s DETADZ(J,I,K)
IF(J .EQ. NC) THEN
vy(J,[,K) = 0.
ELSE
DO s HSI(J, Il ,K)SHETA(J, | ,K)s(DXIDY*PETAPZ-DX1DZ=PETAPY)
D1 = VSI(J, | ,K)sHETA(J, 1 ,K)3PETAPZ -

. VETA(J, 1, K)=HS1(J,1,K)sDX102
D2 » -VSI(J,1,K)sHETA(J,],K)ePETAPY o
. VETA(J, I, K)sHS[(J, 1, ,K)SOXIDY

vY(J,1,K) = D1 /7 00

vZ(J,1,K) = D2 7 00
€END IF :
WRITE(4,218)1,J,YTR,ZTR,VY(J,[,K),VZ(J,1,K)
CONTINUE ‘
CONTINUE
CONTINUVE

DRAW SHEAR STRESSES AND VELOCITY COMPONENTS

CALL DI30SV(NA MCBPTS, DEPTH,EPSILON,Y, Z, JBEG,

. NB,B1,ZBOUND, YBOUND,FNC1,DELTA,DELY, SHEAR, VY ,VZ,
+ PPLOT2,PPLOT3, PPLOT4, PPLOTS, AVGSHEA,NDIVIDE,

+ AVOVEL, SCALE, NAME)

GOTO 999

DO 63 K = 1,2
WRITE(4,199)K
WRITE(4, 300)

NA1 = NA - 1
00 64 | = 2, 6NAI
ADD t TO NC) SO THAT IT START AT CORRECT POINT (!1e1) WILL
HAVE CORRESPONDING NUMBERS
NC! s JBEG(K, 1) + 1
00 63 J = NCI1 ,NB(K)
ODSITEMP = XI1(J,1+1,K) = XI(J,1-1,K)
Al 3 ALOG(HETA(J,1-1,K))
A2 = ALOG(HETA(J,I+1,K))
A3 = (A2-A1)/0SITEMP
WRITE(4,302) J,{,HETA(J,1,K), DSITEMP,DHETA(J, 1 ,K), A2
CONTINUE
CONTINUE
CONTINUE
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12
13
14
18
16
189
200

20!
202

203
205%
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206
207
208
209
211

215
217

218
219
220
222
223

224

223

e

226

228
229
230

227

u 231
ﬁ 232
233

300

302

303
999

FORMAT(/7FB. 2,F9.6)

FORMAT(/2F6.2,7F8.4)

FORMAT(/10F6.3)

FORMAT(/31%)

FORMAT(76F6.3)

FORMAT(10F6. 2)

FORMAT(/618S)

FORMAT( 1M, // /18X, 'CROSS-SECTION PART', 13}

FORMAT( /18X, 'FNC1',E10.4,3X, 'FNC2',E10.4//,
N 18X, "ETALOW’' ,E10.4/)

FORMAT(21%,6(SX,E12.9))

FORMAT(//4X, "J',ax, 1",
« 7X,"HS[',14X, 'HETA', 13X, "'SIDIFF', 11X, ‘OHETA", 12X,
+ 'DSIDZ', 12X, "DETADZ /113(1H-))

FORMAT(B(gX,E10.4))

FORMAT(//10X, 'CHANNEL INFORMATION',SX, 'AVERAGE SHEAR STRESS',
N 10X, 'MEAN VELOCITY",
. /35X,F10.6, 10X,F10.4/)

FORMAT(//8X, ‘F2',3X, 'PART" 13,"' zsax ETA SEQ.',13/)
FORMAT(//9X, ' INTERMED!IATE COEFFICIENTS' //10X, 'FNINE'//)
FORMAT(// " wsvvven- ALPHA2 = ' ,E12.5)

FORMAT(//9X, 'ALPHA1 ' /)
FORMAT(//4X,'J',4X, '1',7%, 'SHEAR', 12X, "VSI', 14X, 'VETA",

+ /86(1H-)/)

FORMAT (/)

FORMAT(//12X, ' 1',4X,'J*,7X, 'Y TRUE',11X,'Z TRUE', 11X, 'VY',

1 18X, 'VZ'/)

FORMAT(8X,21%,4(%SX%,E12.9))

FORMAT( ' [STOP', [%5,2X, Xl = *,E11.5,' ETA = ',E11.5,' NO& 7°)
FORMAT (9X, 'GEOMETRY ' //,4X, 'J',4X, "1, 7X, 'S1', 18X, "ETA", 14X,

1 'YC', 18X, 'ZC', 18X, 'Y TRUE',11X;'2Z TRUE'/113(1H=))
FORMAT(//9X, 'COMPUTED VELOCITIES'//)

FORMAT(//9X, 'SHEAR STRESSES, VELOCITY COMPONENTS IN CURVELINEAR',
1" COORDINATES'//)

FORMAT(//, 10X, 'CHANNEL GEGMETRY DATA'//1SX, '‘DEPTH = ', F6.2,

+ 2X,'WIDTH (1)’ ,F10.2,2X, ‘WIDTH (2)',F10.2,2X, 'DEPTH TO °,

+ "POINT OF MAX. VEL.',F10.2/)

FORMAT (15X, *HYDRAULIC RADIUS ',F10.2,2x%, 'ENERGY SLOPE',E1!.4,2X,
+ "WETTED PARAMETER',F10.2,2X, ‘'THIS OPTION 1S',18/)
FORMAT( /10X, ' SECONDARY VELOCITY PARAMETERS//18X,

+ "EPSILON ',F6.2,2X, 'DELY ',F7.2,/,

+ /18X, "BETA 1 ' ,E11.8,2X, 'BETA 2',E11.%,//18X, ‘DELTA 1',E11.8, 2X,
+ "DELTA 2',E11.8/)

FORMAT( /20X, 'POINT',13,4X,E10.4)

FORMAT (15X, ‘BOUNDARY POINTS'/)
FORMAT(/18X,2(5X, 'POINT', 13, 3X,

+ 2(1X,E10.4)))

FORMAT(1S,6(1X,E10.4))

FORMAT(/10X, 'MEASURED CHANNEL BOUNDRIES'/)

FORMAT(/10X,10F6.2)

FORMAT(//10X, *ZONE INTERVALS (DS1 VALUES)',/10X,5F6.4/)
FORMAT(/, 15X, 'PERFORM NUMERICAL INTERVAL CMECK',//)
FORMAT (20X ,21%,3X,4E10.4)

FORMAT (A28)

STOP

aseserccesccccanan sesssescecccnccccecacnau-=FUNCTION FNC3
FUNCTION FNC3(Y,Z,BA)

AQ = 1. - 2

Al = AQxsBA

A2 ® EXP(BA®Z-Ye+1.)

FNC3 = YsA13A2

RETURN

END

P b . “vemcesecaaea-es-FUNCTION FNC4

7

FUNCTION FNCA(Y,Z,CETA)

A2 = EXP({Z+CETA=Y)

AD = 1, - Y
IF(AD.LT.D.)QO0TO7

Al = AQ=aCETA

FNCA = (1./Z)=A13A2

RETURN

Al = (-AQ)=sCETA

-FNC4 =z - A1=A2/2

RETURN

END

--------------------- Sesssesccercecsaac--<FUNCT{ON FNC30Y
FUNCTION FNCJIDY (Y, 2,BA)

Al = (1.-2)3sBA

A2 = EXP(BA®Z-Ye1.)

FNC3DY s A1zA2=x(1.-Y)
RETURN

END
-------- Semeesssecccsscecsccsscunscnnes-=~=FUNCTION FNC30Z
FUNCTION FNC3DZ(Y,Z,BA)

Al = 1.-2Z

A2 = Alz23BA

A3 = EXP(BA®Z-Y+1.)

FNC30Z = BAsA2sYs3A3s(-2)/A1
RETURN

END -

LR ittt sececoaaon “-esemeccsec-o--FUNCTION FNCADZ

FUNCTION FNCADZ(Y,2,CETA)
A2 » EXP(Z+CETAsY)
IF(Y.GE.1.) THEN

AQ = Y - 1,

A3 = (1. - 2) 7 2
ELSE

AD = 1, - Y

10



-y - | — —

A3 s (2 -1.) /2
END IF
A4 3 (ADssCETA) / 2Z
FNC4DZ = AQ = A2 = A3
RETURN
EAD
R bttty -~FUNCTION FNCAOY
FUNCTION FNCADY(Y,Z, CETA)

IF Y = 1. ASYMTOTICALLY VALUES ARE CONVERGED
THEREFORE IT SET Y » 0.99999

0000

IF(Y .EQ. 1.) Y = 0.99999
A2 3 EXP(Z+CETAxY)
AO s 1. - Y
IF(Y .@T..1,) ADO s ¥ = 1,
Al s AO =xx (CETA - 1.)
FNC4DY = (CETA/Z) = Al = A2 = (-Y}
RETURN
END
Creveemmcorromrocrcccccccccctccorrrnacns se===+--==FUNCTION FNCS
FUNCTION FNCS(VS1,6V32)
30 FNCS = vS81 - V82
RETURN
END
C-erve-rmoosmeccocscccnonnc. semmee- ittt ~=<FUNCTION FNC6E
FUNCTION FNC6(K,FNC2 ASIS,L AYS AZS)
COMMON /R1/ FNC)
COMMON /RS/ BETA(2),CETA(2)
AAS1 = FNC1=AYSs(1, -AZS)
AASY = (1.-AYS)=(), -AZS)
AAS4 = AAS3I=AAS3
AASS = BETA(K)=(FNC1/FNC2)=AYSxA2%
AASE = AASSxAASS
AAS2 * ASIS3SQRT(AAS4+AASE)
FNCE = AAS1/AAS2
N

c----- D et bt ceneeca- cescecm-e-ea---e<FUNCTION FNC7
FUNCTION FNC7(K,FNC2,AS|7,AETA7,AY7,A27, HFNCE)
COMMON /R1/ FNC1
COMMON /RS/ BETA(2),CETA(2)
AA71 = FNC2/FNCI
AA72 s ASI7/AETA7
AA73 s A27x(1.-AY7)
AA74 = AY7x(1.-A27)
FNC7 = AA713AA723(AA73/AA74)sHFNCE
RETURN
END
L T se-=sesccccecae<-FUNCTION FNCS

FUNCTION FNC8 (K,AS[8,AY8, AZS8)

COMMON /RS/ BETA(2),CETA(2)

AABY1 = (1.-AYB)x(1, -AYB8)B(]), ~A28)x(1.~AZ8)
AAB2 3 AYBEAYB:AZBIAZS

AAB3 = AAS!IICETA(K)=AY83AYE
AAB4 = CETA(K)=BETA(K)*AAB2s(1.-AZ8)s(1,-A28)
AABS & ASI81((AAB1+CETA(K)sBETA(K)SAAB2Z)
. (AAB1 +CETA(X)*8ETA(K) 5AAB2))
[+ PeeeseacccaccscsasNeENac IR P A REAReRENEDES
FNC8 s -{AAB83+AA84)/AABS
RETURN
END
R et seeeene- seesecsecsecmanccaacaa-o-<FUNCTION FNC9
c FUNCTION FNC9 COMPUTES FO OR F VALUES ACCORDING TG THE
c MOMENTUM EQUATION. ALL INPUT VALUES ARE PRECALCULATED
c FROM FIELD MEASURED DATA.
FUNCTION FNC(DENS!TY, DELUT, DELUX, X1 TERM, HR, SHEAR)
AMT = DELUT + XITERM = DELUX
AMS = DENSITYzAMT
FNCO = AMS-SHEAR/HR
RETURN
END
L R e seesrsesssacecccooaoaonaaco - FUNCTION FNCIO
FUNCTION FNC10(V12,V15,V16)
COMMON /R7/ OEPTH,DELY,EPSILON
COMMON /MRF/ YMAX,ZMAX,YONE, YMIN
EXTERNAL FNC3
TOL * .1E-07
C... ON THE WATER SURFACE, Y| s (OEPTH+DELY)/(OEP+DELY+EPI). THEREFORE
C... WE HAVE ETA AND Y1 SPECIFIED.
Z 0.
NECHO = ©
CALL MRF2(YMAX,2,TOL,V1S,V12, 1STOP, NECHO)
FNC10 = FNC3(YMAX,2Z,V16)
99  RETURN
END
R R emmanan cemcemnsccseseenaas-SUBROUTINE CORDTF
SUBROUTINE COROTF(CETA,BEDA,SI,ETA,BI,DELI,YU,ZU,Y1,Z1,MONG,OYY)
THIS SUBRGUTINE IS THE COMBINATION OF NONLIN1 AND
NONLIN2, !.E. IT USES MODIFIED REGULA FALS] METHOD
TO FIND Y OR Z, THEN USE BISECTION METHOD ON THE
OTHER DIRECTION.
MONG = O COMPLETES THE LOOP
MONG s | NO SOLUTION FROM MRF4 - MRF)
MONOG v 2  THIS ETA VALUE OOES NOT EXIST (FAIL IN 'CLRCL')
COMMON /R7/ DEPTH,DELY,EPSILON
COMMON /MRF/ YMAX,ZMAX.YONE, YMIN
COMMON /CIR/ PASI,PAETA
COMMON /LL/ TOL,TOLETA

0000000

11
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000 000

23
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70

40

20
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60

7?7

PAS! = SI
PAETA * ETA
TOL * .1E-07
TOLETA = 1E-3
MONS = ITER = 114 = NECHO = O
- START SEEKING SEQUENCE; DETERMINE UPPER AND LOWER
BOUNOS BEFORE CALL SUBROUTINE CIRCLES
. DEFINE UPPER OR LOWER REG!ON
IF(PAETA.LT.0.)GOTO70

2 = ZU

[F(OYY .LT. 0.01 .AND. Y .LT. 0.9) GOTC 24
CALL MRF4(Y,Z, TOL,6BEDA,PAS| K MONG, NECHO)
{F(MONO NE. 1)GOTO 23

YU = Y

VU = 2

BANK AND UPPER BOTTOM REGION COMPUTATION

114 = 4

CHECK A LOWER BOUND BEFORE CALL CIRCLL
NECHO a3 1

CALL MRFA(Y1,2Z, TOL,BEDA, PAS], MONO, NECHS)
ITER s ITER + |
IF(ITER .EQ. 1) OY = (YU - Y1)/8,
IFCITER .GT. 6) THEN
wRITE(4,82)
GOTO SO
END IF
Yt 3 Y1 + OY
GOTO 26
FIEY = FNC4(Y1,2Z,CETA) - PAETA
{F(ABS(FIE1).LT.TOLETA) THEN
Y1 = Y1
21 = 2
RETURN
END IF
IF(FIE1)11,12,13
LOWER BOTTOM REGION
CHECK LOWER BOUND BEFORE CALL CIRCLL
Yu = Y
vV s 2
114 = 1
NECHO = O
CALL MRF1(Y, 21, TOL, BEDA, PASI, PAETA,K MONG, NECHO)
IF{MONO .NE. 1) GOTO 27
WRITE(4,5%)
GoTO SO
CHECK |F THIS IS LOWER BOUND

FIE1 = FNCA(Y,21,CETA) - PAETA
IF(ABS(FIEL) LT.TOLETA) THEN
Yl =Y
2y s 2
RETURN
END IF
IF(FIE1)20,12,21

FIE! = FNCA(YU,2U,CETA) - PAETA
LF(ABS(FIE1) .LT. TOLETA) GOTO 12

CALL MRF4(Y1,2Z,TOL,BEDA, PAS! K MONG, NECHO)
IF(MONG.NE. 1) GOTO 40

FIE2 = FNCA(Y1,2,CETA) - PAETA
IF(ABS(FIE2) .LT. TOLETA) GOTO 12
IF(FIEY=FIE2) 18,12,18

YU s Y1

2L e 2

2U = ZMAX

YL = YONE

GoTe 77

YL s Y1

U s 2

QeTe 77

YU s Y

2V 21

YL = YMIN

2L = 0.00001

GOTO 60

YL = Y

L 2

QoTe 60

2y s 2

YU a Y1

YL = YMIN

2L = 0.00001

GOTO 60

2L s 2

YL = Y1

CALL CIRCLL(BEDA,CETA,YU,YL,2VU,2L,Y,2,114)

IF(114 .EQ. 100) THEN

MONO = 2
WRITE(4,S6)BEDA,CETA, YV, YL,2V,2L,Y,2
GOTO 12

ELSE
GOTO 2

END (F

CALL CIRCLU(BEDA,CETA,YU,YL,2U,2L,Y,2,114) '
1F(114 .EQ. 100) THEN

12




e
L

12

S0

S9

201
R

S8
53

100

12

150

MONO s 2
WRITE(4,S6)BEDA, CETA, YU, YL, 2V,2L,Y, 2
GOTO 12
ELSE
8oTo 12
END IF
Yt s Y
21 = 2
RETURN
WRITE(4,20731TER, YU, YL, 2U, 2L
WRITE(4,238)Y,2
FORMAT(SX, '[TER', 10K, 'YU', 10X, "YL", 10X, ‘2U"', 10X, '2L"/
1 3X,14,12X,4(3X,F8.%))
FORMAT (3X, "UPPER REGION FAILED - FROM MRF4 '/, 35X,
+ "CHECK INPUT DATA'/)
FORMAT(B8(1X,E10.4))
FORMAT (8X, ' UPPER REGION FA[LED - FROM MRF2'/3X,
- 'NO SOLUTION FOR THIS ETA VALUE....'/)
FORMAT (3X, ' LOWER BOTTOM REGION FAILED - FROM MRF) '/8X,
+ 'SHOULD NOT HAPPEN'/)
FORMAT (3X, ‘UPPER REGION FAILED - FROM MRF2 '/,
* 8x, 'THIS 1S [MPOSSIBLE, Z1 .LE. 2L"}
FORMAT(SX, 'LOWER REGION FAILED - FROM MRF1 '/)
RETURN
FORMAT(2(2X,E1.%), 'DIVERGE? --BAD ETA VALUE")
END
---------------------- “evessececcccceccccaccaca-c-CIRCLL
SUBROUTINE CIRCLL(BEDA, CETA YU, YL, ZU,20L,Y,2Z,114)
COMMON /CIR/ PAS1, PAETA
COMMON /LL/ TOL, TOLETA
COMMON /MRF/ YMAX, ZMAX,YONE, YMIN
10 = INO = O
NECHO = 1
A s Al s O,
ID = ID +
WRITE(4,14D)10,YVU,YL,2V,2L,Y,2,114
{F{10 .8T7. 10) THEN
10D=0
{NO = IND ¢« |
IF(114 'EQ. 4) THEN
IF(ABS(YU-YL).LT..1E-01) THEN
IF(ABSIA) .LE. ABS(A1)) THEN
IF(ABS(A) .LT. .1€E-01) GOGTO 110
Al = A
IFCING .LT. 6) GOTQ 180
1F(ABS(A) .LT. .1) GOTO 110
GOTO 10t
ELSE
MAN = O
Y = (YU + YL)/2.
MAN & MAN ¢+ )
IF(MAN .GT. 10) G&TO 110
A = FNCa(Y,Z,CETA) - PAETA
{F(ABS(A) LT, .1)G0TOII0
[F(A) 11,110,138
Yu s vy
GOTO 13
YL = Y
90 TO 1S
ENO IF
ENO IF
END IF
IF(114 . EQ. 1) THEN
IF(ABS{2U-ZL) ,LT. . tE-01) THEN
IF(ABS(A) . LE. ABS(Al)) THEN
IF(ABS(A) .LT. .1E-01) GATO 110
Al = A
1IF(INO .LT. 6) GOTO 180
IF(ABS(A} LY. .1) 8OTO 130
END [F
END IF
END IF
END IF
IF(I14.EQ. 1) 2 s (ZU « 20L)/2,
IF(114.EQ.4) ¥ = (YU + YL)/2,
[F(114.E0Q. 1) THEN
CALL MRF1(Y, 2, TOL,BEDA,PAS! PAETA, MONO, NECHO)
IF(MONO.EQ.1) THEN
Zu s Z
8070 100
ENO (F
ELSE
CALL MRFa(Y,2Z, TOL,BEDA, PAS| , MONOD,NECHO)
1IF(MONO.EQ.1) THEN
YL = ¥
GOTO 100
END IF
END |F

A s FNCA(Y,2,CETA) - PAETA
tF(AY .EQ. 0.0) At = A
LF(ABS(A).LT,. TOLETA) GOTO 10
LF(A) 120,110,130

RETURN

YU s vy

2V s 2

GeTo 100

YL = Y

ZL = 2

GoTO 100
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140 FORMAT(SX,!13,6(1X,E1Q0.4),14)
10t (14 = 100

RETURN

END

L e e e L L LR <ss------CIRCLY

SUBROBUT{NE CIRCLU(BEDA, CETA,YU,YL,2U,2L,Y,2,114)
COMMON /CIR/ PASI,PAETA
COMMON /LL/ TOL,TOLETA
COMMON /MRF/ YMAX,ZMAX,YONE,6 YMIN
1D s {14 s INO = 0
NECHO = 1
A Al 3 0,
100 10 s (O + 1
[FCID .GT. 10) THEN
iD= 0
INO = INO ¢ 1
IF(ABS(YY-YL) . LE. . 1E-2) THEN
IF(ABS(A) .LE. ABS(A1)) THEN
IF(ABS(A) .LT. .1E-01) GOTO 110
Al = A
IFCINO LT, &) GOTO 130
IF(ABS(A) .LT. 1.0) GOTO 110

GOTO 101
ELSE .
c DIVERGED COMPUTATION
IFCINO .GT. 6) GOTO 101
END IF
END IF
END IF

180 Y = (YU ¢+ YL)/2.
CALL MRF4(Y,Z,TOL,BEDA,PAS[ K MONO,NECHO)
{F(MOND.EQ. 1) GQTO 101
A & FNCAlY,Z,CETA) - PAETA
IF(AY EQ., 0.0) Al s A
IF(ABS(A).LT.TOLETA) GOTO 110

NEED To CKECK WHEN Y 1S VERY CLOSE TO 1

000

TESTA = ABS(A - Al)
[FC(Y-1.) .LT. .1E-0S .AND. TESTA .LE. .1E-02) GOTO 110

IF{A) 120,110,130

110 RETURN

130 YL s Y
U Z
GOTO 100

120 YU a ¥
ZL s Z
GOTO 100

C101 WRITE(4,140)10,Y,2Z,A,YL, 2L

€140 FORMAT(SX, 'SUBROUTINE CIRCLU FAIL',3X,'1D = *,l4,3X%,
¢ 1 ‘Y x ‘,E12.8,°'Z s ', E12.8,/12X,'FIE = *,€12.9,0X,
¢ ! 'YLOWER s ‘,E12.9,3X, 'ZLOWER s *,E12.9)
100 114 s 100
RETURN

Ceemcmeoene eeeen~ eseeer~ceccrcscncccnmeccoccmceeaaa-SUBROUTINE SHEAR2
SUBROUT!NE SHEAR2(KN,KJ KF,6 81,89, COEFSHE, SUMI, SUM2)
THIS SUBROUTINE CALCULATES THE ALPHA2 COEFFICIENT IN
THE SHEAR STRESS DISTRIBUTION APPROXIMATION ACCORDING
TO CHIU'S ASSUMPTION. THIS COEFFICIENT S A CONSTANT,
AND THE COMPUTATION [S CARRIED ALONG THE CHANNEL BED & BANKS.
COMMON /R2/ WP
COMMON /R3/ SIDIFF(S0,40,2)
COMMON /Rd4/ F2(80,2)
COMMON /R&/ ETA(S0,40,2)
COMMON /R10/ HSI(50,40,2),HETA{S50,40,2)
Ceesrecccscaccccaccs SUM ALONG WETTED PARAMETERS-+-cccwcccacerve
IF(KN.EQ.2) GOTO 30
SUMY s SUM2 = 0.
30 TINEW = T2NEW 3 O.
KJ1 2 KJ + 1
DO 100 | = KJI1,KF
1 « -1
THETA1 s HETA(I1,1,KN)
THETAZ2 » HETAL(!,1,KN)
TVXi1 = SIDIFF(11,1,KN) & F2(11,KN)
TVX12 s SIDIFF(I,1,KN) 3 F2(1,KN)
DETA = ETA(I,1,KN) - ETA(!1,1,KN)
CALL INTPHI(TVXI1,TVXI2, THETAY, THETA2, PQ, DETA)
SUM1 s SUMI + PQ
TYXI1 = HSI{(11,1,KN) = 8§98 =z F2(11,KN)
TVX12 = HSI(1,1,KN) = S9 = F2(1,KN)
CALL [INTPHI(TVXI1,TVX12, THETA1, THETA2, PQ, DETA)
SUM2 = SUM2 + PQ
100 CONTINUE
LF(KN.EQ. 1)RETURN
TENT1 = SUMI/WP
TENT2 = SUM2/WP
COEFSHE = (-1,/TENT1)3(S1¢TENT2)
RETURN
END
Covmeoronnccnns eesce-cns sesrvesaseescrencrsseeasnc-SUBROUTINE MRF1
SUBROUTINE MRF1(Y1,21,TOL,BETA,PASI , PAETA, ISTOP, NECHO)
THE SUBROUTINE IS THE MODIFIED REQULA FALS! ALGORITHM
FOR FUNCTION 3

o000

Z IS FIXED VALUE AND Y IS THE INTERATIVE VALUE.

o000 0

CIMENSION A(300),B8(300),P(300)
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20
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00000

o000

0000

98
14

COMMON /MRF/ YMAX, ZMAX,YONE,K YMIN
EXTERNAL FNC3

INITIAL VLAUE TO ZEROS

00 10 IM = 1,300

ACIM) s O.
B(iM) = O,
P(IM) = O.
ISTOP = O

GIVE €I THER 0.01 OR 0.99 FOR ¢+ OR - TEST
THE A IS ALWAYS SEATS AT THE LEFT OF B

IN =
IF(PAETA .GE. 0.) THEN

B(IN) = YONE

ACIN) = YMIN
ELSE

B(IN) = YMAX

A(IN) = YONE
END (F
TL s FNCICA(IN), Z1,BETA) - PAS!
TR = FNC3(B(IN),Z1,BETA) - PASI
[F(TL=TRI 11,112,113
P(IN} = ACIN)
00 20 IN = 1,999
POIN«1) = (ACIN)I=TR-B(IN)xTL)/(TR-TL)
CHECK = FNCJI(P(IN+1),21,BETA) - PASI
[F{ABS(CHECK) .GT. TOL)GOTO98
Y1 s P(IN)
GOTO99
{F{TLsCHECK)14,99,16
A{IN+1) = A(IN) N
B(IN*1) = P{IN+1l)

TR = CHECK

CHK = FNC3(P(IN),6 2V, BETA) - PASI
IFICHKsTR.GT.0.)TL = TL/2.
GoTo20

ACIN+®1) = PUIN®1)

B(IN*1) = B(IN)

TL = CHECK

CHK = FNC3(P(IN),621,BETA) - PASI
IF(TL=CHK.GT.0.)TR = TR/2,
GOT020

IF(TL.EQ.0.)G0OTO!S

Y1 a B(IN)

GOTO99

Y1 & ACEN)

GOTO99

CONTINUE

ISTOP = 1
IF(NECHO .EQ. 0 ) WRITE(4,677)A(IN),B(IN},TL, TR
FORMAT(/SX, 'MRF1 *, ‘'YL ' ,E10.4,' YU ',€10.4,' TL ',E10.4,

. * TR *',E10.4/)

-------- Seseemeecmaceaicesceiccaiseeccecenaua-SUBROUTINE MRF2

SUBROUTINE MRF2(Y1,21,TOL,CETA, PAETA, ISTOP, NECHO)
THE SUBROUTINE IS THE MODIF!IED REGULA FALSE ALGORITHM
FOR FUNCTION 4

Y IS FIXED VALUE AND Z 1S THE INTERATIVE VALUE.

DIMENSION A(300),8(300),P(300),
COMMON /MRF/ YMAX, ZMAX, YONE,K YMIN
EXTERNAL FNCa

INITIAL VLAUE TO ZEROS

DO 10 IM = 1,300
ACIM)
8(IM)
PCIM)
ISTOP

0000

GIVE EITHER 0.0001 OR 0.9999 FOR + OR - TEST
THE A 1S ALWAYS SEATS AT THE LEFT OF 8
IN = 1
BUIN) = ZMAX
A{IN) = 0.00001
TL = FNCA(Y1,A(IN),CETA) - PAETA
TR 3 FNCA(Y1,B(IN),CETA) - PAETA
IF(TLsTR)I11,12,13
P(IN) = A(IN)
DO 20 IN = 1,999
PUIN#1) = (AUIN)STR-BC(IN)aTL)/(TR-TL)
CHECK 2 FNCA(Y1,P(IN+1),CETA) - PAETA
IF(ABS(CHECK).GT.TOL)GOTO®8
Z1 = P(IN)
GOTO99
IF{TL=CHECK)14,99,18
A(IN+1) = A(IN)
B(IN+1) s P(IN+1)
TR = CHECK
CHK s FNCA(YY,P(IN),CETA) - PAETA
IF(CH=TR.GT.0.)TL = TL/2.
GoT020
ACIN®1) = P{IN+1) 2
BUIN+1) = B(IN)
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18

20
13

77
99

TL s CHECK

CHK = FNCA(Y),P(IN),CETA) - PAETA
[F(TLeCHK . GT. 0. )TR = TR/2.

GOTO20

IFI(TL.EQ.0.)GOTO!S

21 = BLIN)

GOTO99

21 s ALIND

GOTO99

CONTINUE

IsTOP =

IF(NECHO _EQ. 0) WRITE(4,77)ACIN) ,BCIN), TL,TR
FORMAT(/SX, 'MRF2 ','2L ',E10.4,' 2V ',E10.4,' TL ',E10Q.4,
+ C TR ' LE10.47)

RETURN

END

Covonmmmmnmmnns -eeeo-- se-cssvesmcssecaccaccana-oo--SUBROUTINE MRF3

000 00000

o000

%8
14

12

20
13

??
29

SUBROUTINE MRF3(Y1,21,TOL,CETA, PAETA, | STOP, NECHD)

THE SUBROUTINE (S THE MODIFIED REGULA FALS! ALGORI!THM
FOR FUNCTION 4

Z IS FIXED VALUE ANO Y IS THE INTERATIVE VALUE.

DIMENSICN A(300),8(300),P{300)
COMMON /MRF/ YMAX,6 ZMAX,K YONE, YMIN
EXTERNAL FNC4

INITIAL VLAUE TO ZEROS

0o 10 (M = 1,300
ACIM) =
B(IM)
PCIM)
1sTOP

0000

GIVE E!THER 0.0! OR 0.99 FOR + OR - TEST
THE A IS ALWAYS SEATS AT THE LEFT OF B
IN = 1
{F(PAETA .GE. 0.) THEN
BIIN) s YONE
A{IN) = YMIN
ELSE
BIIN) = YMAX
AlIN) = YONE
END IF
TL » FNCA(AUINY,Z1,CETA) - PAETA
TR * FNC4(B(IN),2Z1,CETA) - PAETA
IF(TLsTR)11,12,13
P(IN) = A(IN)
00 20 IN = 1,999

PULIN® () B LALINIS IR DLUIMNIBILI/V IR ILY
CHECK = FNCA(P(IN+1),21,CETA) - PAETA
IF (ABS (CHECK).OT. TOL)GOTO98

Y1 POINY

80T099

IF(TL=CHECK) 14,99, 16

ACIN®1) & ACIN)

B(IN+1) 8 PCIN+1)

TR = CHECK

CHK s FNCA4(P(IN),Z1,CETA) - PAETA
IF{CHKsTR. GT.0.)TL & TL/2.

80T020

AUINGT) 5 PUINST)

BCIN#1) = BUIND

TL * CHECK

CHK s FNCA(P(IN),Z1,CETA) - PAETA
1F(TLECHK.GT.0.}TR & TR/2.

GOT620

IF(TL.EQ.0.)1GOTO1S

Y1 s BUIND

007099

Y1 s ALIND

50TE99

CONTINUE

ISTOP = |

{F(NECHO .EQ. O) WRITE(4,?771ACIN) ,BCIN), TL, TR
FORMAT(/SX, ‘MRF3 *, 'YL ',E10.4,' YU ',E10.4,' TL ',E10.4,
. * TR ‘,E10.47)

RETURN

ENOD

Ce--eommeeeciesceccececccencecacecmsccasanccancens-SUBROUTINE MRF4

OO

o000

SUBROUTINE MRF4(Y1,Z1,TOL,BETA,PAS!, ISTOP, NECHO)
THE SUBROUTINE (S THE MODIFIED REGULA FALSI ALGORI THM
FOR FUNCTION 3

Y IS FIXED VALUE AND Z IS THE INTERATIVE VALUE.

DIMENSION A(300),B8(300),P(300)
COMMON /MRF/ YMAX,ZMAX,YONE, YMIN
EXTERNAL FNCJ

INITIAL VLAUE TO ZEROS

00 10 (M = 1,300
AlIM) =
B((M) =
PCIM) =
{STOP =

0000
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98
14

19

20
13

77

GIve ETTHER 0.0041
THE A |S ALWAYS SEATS AT THE LEFT OF B

IN = 1

B(IN) = ZMAX
ACLIN) = 0.00001

TL = FNC3(YI1,A(IN),BETA)
TR = FNC3(Y1,B(IN) BETA)

JF(TL=TR)11,12,13

PUIN) = ACIN)
00 20 IN = 1,999
P{IN+1) = (ACIN)®TR-B(IN)sTL)/(TR-TL)

CHECK = FNCJ(Y1, P{IN+

1),BETA)

IF(ABS(CHECK).GT.TOL)GOTO®8

21 = PUIND

GOTO99

IF{TL=CHECK)14,99,16

ACIN+1) = A(LIN)
B(IN+1) = PCIN+Y)

TR * CHECK

CHK = FNC3(Y1,P(IN), BETA)

[F(CHK*TR.GT.0.)TL = TL/2.

GOT020
A(CIN+®Y) = PUIN+1)
B(IN+*1) = B(IN)}

TL = CHECK
CHK = FNCJ(Y1 ,P(IN),B

IF(TL=CHK.GT.0.)TR =z TR/2.

GOT020
IF(TL.EQ.0.)GOTOIS
21 = B(IN)

GOTO99

Z1 3 ACIN)

GOTO99

CONTINUE

ISTOP = 1

ETA)

- PASI
- PASI

PAS|

PAS!

- PASI1

OR 0.39399 FOR « OR - TEsST

IF(NECHS .EQ. O) WRITE(4,77)ACIN},BC(IN),TL, TR
L ',E10.4,"

FORMAT(/5X, '"MRF4 ', '2
‘' TR ‘,E10.42)

RETURN’

END

v

‘,E10.4,' TL ',E10.4,

mececeeas--SUBROUTINE SHEAR!

SUBROUTINE SHEARI (K1,K2,FNINE, ALPHA2, ALPHA)
COMMON /RJ3/ SIDIFF(350,40,2)

COMMON /R4/ F2(S0,2)

COMMON /R10/ HS!(S50,40,2),HETA(S0,40,2)

[N

XBON = SIDIFF(K2,1,K1)/F2(K2,K1)
T1 = -HETA(KZ2,!,K1)sFNINE
T2 = -ALPHA2s(1, +XBON)sSIDIFF(K2,[,K1)
ALPHA = (Tt + T2)/XBON

RETURN
ENO

,82,C,0)

SUBROUTINE [NTPHI (A

A2,8

}

---GAUSSINA INTEGRATION FOR PHI
3),PTU(I)
DATA PT/-0.77439667,0.000000,0.77459667/
OATA W/0.33535395,0.8888888,0.3353888/

DIMENSION SHAPE(2) ,WI(

C s 0.

01 = O/2.

0o 100 1 = 1
SHAPE(1) = (
SHAPE(2) = (
CrCoW( [ )=(SH,

3
- PT(!
+ PT(I

100 CONTINUE

000

000 O

*
*
*

+*

RETURN
END

/e,
yy/e.

s=+==-=--SUBROUTINE INTPHI

1.
1.
APE(I)IA|OSHAPE(Z)IAZ)I(SHAPE(1)IB1'SHAPE(2)IBZ)l01

ssescecsccce-ccsecveavescocencecas-2D]3000 ROUTINE

SUBROUTINE DI30SV(NA MCBPTS DEPTH,EPSILON,Y, Z, JBEG,
NB, B!, 2BOUND, YBBUND, FNC1
PPLOT2,PPLOTI, PPLOT4, PPLOTS, AVGSHEA ,NDIVIDE,
AVGVEL, SCALE, STATION)

INTEGER PPLOTZ2,PPLOTI,PPLOT4, PPLOTS

DIMENSION Y(S0,40,2),

DIMENSION JBEG(2,40),NB(2)
DIMENSION SHEAR(350,40,2),VY(30,40,2)

INITIAL DI3000 PLOT ROUTINE

CHARACTER=28 STATION

,DELTA, DELY, SHEAR, VY, VZ,

2(50,40,2),DELTA(2) ,NDIVIDE(2)

CHARACTER=21 NOTATU(Q)

DATA NOTATU/'VERTICAL COMPONENTS

'SECONDARY VELOCITIES

DATA PIE/J.141859268/
CALL UUINI(1)

XyL(1) = 0.0
XYL(2) = 100,
XYL{3) = 0.0
XyL(4) = $.00
VMAX = 0.0

t/

,81(2)

, ZBOUND(20), YBOUND(20)

,VZ180,40,2),XYL(4)

, ' TRANSVERSE COMPONENTS'®

CALL JWINDO(XYL(1), XYL(2),XYL(3), XYL(4))
-0.7,0.7)

CALL JVPORT(-1.0,1.0,
RATIO = XyYL(2)/XYL(4)

AXES ATTRIBUTES

17



. CALL UUSTI('ALL.EXIST', 1)
! CALL UUSTI('TOP.LABEL.TYPE', Q)
CALL UUSTI({ RIGHT.LABEL.TYPE', 60}
CALL UUSTI( 'TOP.TITLE.FONT' S)
CALL UUSTI('TOP TITLE HORIZONTAL',1)
CALL UUSTI('ALL.TITLE QUALITY',3)
CALL UUSTR('TOP . MAJOR. INWARD',0.0)
CALL UUSTR( 'TOP.TITLE.POSITION',0.1)
CALL UUSTRI( 'TOP_ TITLE.DISTANCE',0.2)
CALL UUSTC('TOP.TITLE.STRING',6 STATION)
CALL UUSTR('LEFT.MAJOR. INWARD',0.01)
CALL UUSTRI( ‘LEFT.SCALE. [NTERVAL',1.0)
¢ DRAW LEFT AXIS FOR DEPTH
CALL UUSTC('LEFT.TITLE.STRING', 'DEPTH, FT. ')
CALL UUSTR('LEFT.SCALE.MAXIMUM® XYL(4))
CALL UUSTR('LEFT.LABEL.HSIZE',0.01%)
CALL UUSTR( ‘LEFT.LABEL.VSIZE',0.018)
CALL UUSTI('ALL.LABEL.QUALITY',3)
CALL UUSTI('LEFT.TITLE.FONT',11)
CALL UUSTI('LEFT.LABEL.FONT',9)

c
c DRAW BOTTOM AXIS FOR CROSS SECTION WIDTH
c
CALL UUSTR( ‘BOTTOM.SCALE.INTERVAL',10.)
CALL UUSTC{ 'BOTTOM.TITLE.STRING',' OISTANCE FROM LEFT BANK OF
+RIVER, FT.")
CALL UUSTR( 'BOTTOM.LABEL . HSIZE',0.01%)
CALL UUSTR( 'BOTTOM.LABEL.VSIZE',0.018)
CALL UUSTR( 'BOTTOM.TITLE.HSIZE',0.020)
CALL UUSTR('BOTTOM.TITLE.VSIZE',0.020)
CALL UUSTI('BOTTOM.LABEL.QUALITY', )
CALL UUSTR( 'BOTTOM.MAJOR.OUTWARD',0.02)
CALL UUSTR( 'BOTTOM.MAJOR. INWARD',0.0)
CALL UUSTR('BOTTOM.TITLE.DISTANCE',0.09)
CALL UUSTI('BOTTOM.TITLE . FONT',11)
CALL UUSTI('BOTTOM.TITLE.QUALITY',3)
CALL UUSTI('BOTTOM.LABEL.FONT’,9)
c
c TRANSFER COORDINATES
c
c DEFINE UNIT IN PLOTS
UNIT = (XYL(2) - XYL(1)) 7/ 183,
RATIO = (XYL(4)-XYL(3))/(XYL(2)=XYL(1))
c
NA1 3 NA - 1
C
c ADJUST COORDINATES
c

DO 100 K = 1,2
FNC2 = B1(K) + DELTA(K)

DO 110 [ = 1,NA
NC = JBEGI(K, 1)
DO 120 J = NC,NB(K)
Y(J, ! ,K) 3 - DEPTH+(Y(J,I K) & FNC1 - DELY) + 4.0
IF(K.EQ. 1) Z(J, 1 ,K) = BI(1) - Z(J,1,K)sFNC2
{F({K.EQ.2) 2(J,1,K) = Z(J, | ,K)sFNC2 + BI(1)
IF()] .GE. 2 .AND. | .LE. NAl) THEN
{F(K.ED.1) V2(J,1,K) s -VZ(J,1,K)
IF{VMAX .LT. ABS(VZ(J,1,K))) VMAX = ABS(VZ(J,!1,X))
IFIVMAX .LT. ABS(VY(J,1,K})) VMAX = ABS(VY(J,1,K))
END IF .

120 CONTINUE

110 CONTINUE

100 CONTINUE

00 111 | = 1,MCBPTS

YBOUND({) = -DEPTHeYBOUND(() + 4.0
111 CONTINUE

RAT = UNIT /7 VMAX

g ORAW SHEAR STRESSES ALONG BOUNDARY
¢ IF(PPLOT2 .EQ. 1) THEN
b éA:LluuAXIS(XYL(l),XYL(Z).XYL(G),XYL(‘))
:
g ORAW BOUNDARY

CALL JOPEN
CALL JLWIDE(18383)
CALL JMOVE(ZBOUND(1),YBOUND(1))
CALL JPOLY(ZBOUND, YBOUND,MCBPTS)
CALL JDRAW(ZBOUND(1),YBOUND(1))
CALL JCLOSE

00 1S0 K = 1,2
00 160 J s 1, ,NB(K)
SHEAR(J, ! ,K) = SHEAR(J,I ,K) / AVGSHEA
170 00 180 | = MK, NA
180 CONTINUE
160 CONTINUE
130 CONTINUE

c

c LABLES

c

c WRITE(S,77)
CALL JPAUSE(1)

c END IF
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(s XeX?

o000

220
210
200

o000 O

o000

[e X2 X el

DRAW VELOCITIES COMPONENTS

IF(PPLOTI EQ.1 .BR. PPLOT4.EQ.' .OR. PPLOTS.EQ.1) THEN
ANG = 30./180.%3.1415926%
IF(PPLOT3 .EQC. 1) THEN

CALL JFRAME .
CALL UUAXITIS(XYL{1), 6 XYL(2),XYL{3), XYL(4))

ORAW BOUNDARY

CALL JOPEN
CALL JLWIDE(16383)
CALL JMOVE(ZBOUND(1),YBOUNDI(1))

CALL JPOLY (ZBOUND, YBOUND, MCBPTS)
CALL JDRAW(2ZBOUND(1),YBOUND(1))
CALL JCLOSE

THETA s J3.14159268 7/ 2.

CALL JOPEN
CALL JLWI{DE(8000)

00 200 K = 1,2

DO 210 | = 2,NA1 NDIVIDE(1)

NC = JBEGI(K,!) ’

DO 220 J s NC,NB(K),NDIVIDE(2)

CALL JMOVE(2(J,1,K),Y(J,1,K))

PVY = VYUJ,1,K) » RAT = RATIO + Y(J,I,K)
PVZ s 2(J,1,K)

CALL JDRAW(PVZ, PVY)

RT s SQRT(VY(J,{,K)sVY(J,§,K)+0.020,0)/8.0

OX = RT = COS(THETA) = RAT
OY = RT s SIN(THETA) s RAT s RATIO
IF(VY(J, 1 , K} LT, 0.0) oY = - DY
TY s PVY - DY
TZ = PVZ - DX
DX = RT = SIN(ANG) = COS((PIE/2.-ANG)+THETA) 3 RAT
DY = RT = SIN(ANG) 8 SIN((PIE/2.-ANG)+THETA) s RAT=RATIO
DX1 = RT a SIN(ANG) s COS(THETA-(PIE/2.-ANG)) * RAT
DY1 s RT = SIN(ANG) = SIN(THETA-(PIE/2.~ANG)) = RAT2RAT(O

YA s TY « DY
ZA = TZ « DX
YB s TY o QY1
ZB s TZ + DX}

CALL JMOVE(PVZ,PVY)

UALL JUKAWI LA, TA)
CALL JMOVE(PVZ,PVY)
CALL JORAW(2B,YB)

CONTINUE
CONT(NVE
CONTINUE

CALL JCLOSE
WRITE [DENTIFICATION

XPOST = XYL(1) + UNIT
YPOST s XYLI4) - 0.8
CALL JOPEN
CALL JJUST(1,2)
CALL JFONTID)
CALL JMOVE(XPOST, L YPQST)
CALL JSIZE(3.93,3.3:RATIO)
CALL JHSTRG(NOTATU(1))
CALL JCLOSE

DRAW AN UNIT LENGTH TO EXPRESS SCALE

XPOSY = XYLI1) + 2. = UNIT
YPOST = XYL(3) + .60
CALL JOPEN
CALL JMOVE(XPOST,YPQST)
CALL JJusT(1,2)
CALL JFONT(3J)
CALL JSIZE(2.6,3.0:1RATIO)
CALL JHSTRG( 'SCALE')
CALL JMOVE(XPOST,YPQST-.2)
CALL JDRAW(XPOST+1, QzRAT,YPOST-, 2)
CALL JMOVE(XPOST+1.2aRAT,YPOST- ., 2)
CALL JHSTRG('=1FpPS*)
CALL JCLOSE

CALL JPAUSE(1)
END 1IF '

[F(PPLOT4 .EQ, 1) THEN

CALL JFRAME
CALL UUAXISI{XYL(1),XYL(2),XYL{D), XYL(4))

DRAW BOUNDARY

CALL JOPEN
CALL JLWIDE(18383)
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CALL JMOVE(ZBOUNDI( ) ,YBCOUND(1))

CALL JPOLY(ZBOUND, YBOUND, MCBPTS)

CALL JDRAW{ZBOUND(1),YBOUND(1))
CALL JCLOSE

c
THETA = 0.0
c
CALL JOPEN
CALL JLWIDE(8000)
c
DO 300 K = 1,2
DO 310 | = 2,NA1,NDIVIDE(1)
NC = JBEGI(K, 1)
DO 320 J = NC,NB(K),NDIVIDE(2)
CALL JMOVE(Z(J,1,K},Y(J,1,K))
PVY = Y(J,I,K}
PVZ = Z(J,1,K) + VZ(J,1,K) = RAT
CALL JDRAW(PVZ,PVY)
c

RT & SQRTI(VZ2(J,!,K)sVvZ2(J,1,K)+0.020.0)/8.0

c
%gl . DX = RT = COSI(THETA) = RAT
IF(VZ{J,1,K) .LT. 0.0) OX = =DX
Dy = RT = SINITHETA) = RAT = RAT!@
TY = PVY - DV
12 = PVZ - DX
. DX * RT = SIN(ANG] * COS((PIE/2.-ANG)+THETA) = RAT

OY = RT = SIN(ANG) ® SIN((PIE/2. -ANG)+THETA) = RATHRATIO
DX1 =z RT = SIN(ANG) ® CCS(THETA-(PIE/2.-ANG)) x RAT
OY!l = RT » SINCANG) = SIN(THETA-(PIE/2. -ANG)) = RATrRATIO
YA = TY + DY .

ZA = TZ + DX

YB = TY + DY!
= zZe = TZ + DX1

CALL JMOVE(PVZ, PVY)
CALL JDRAW(ZA,KYA)
CALL JMOVE(PVZ,PVY)
CALL JDRAW(2B,YB)

- 320 CONT INUE
310 CONTINUE
300 CONT INUE

CALL JCLOSE

WRITE IDENTIFICATION

oo o

XPOST = XYL(1) + UNIT
YPOST = XYL(4) - 0.8

& CALL JOPEN
CALL JJUST(1,2)
CALL JFONT(3)

CALL JMOVE(XPOST, YPOST)

CALL JSI12E(3.3,3.3=RATIO)

CALL JHSTRG(NOTATU(2))
CALL JCLOSE

DRAW AN UNIT LENGTH TO EXPRESS SCALE

000

XPOST = XYL(1) + 2. = UNIT
YPOST = XYL(3) + .60
CALL JOPEN .
CALL JMOVE(XPOST, YPOST)
CALL JJUST(1,2)
CALL JFONT(3)
CALL JS12E(2.8,3.0xRATIO)
g CALL JHSTRG( "SCALE")

CALL JMOVE(XPOST,YPOST-.2)
CALL JDRAW(XPOST+1. Q=RAT,YPOST-. 2)
CALL JMOVE(XPOST+1. 2=RAT,YPOST-.2)
CALL JHSTRG(‘=z1FPS")

CALL JCLOSE

4 Cc
§ CALL JPAUSE(1)
END [F
c
IF(PPLOTS .EQ. 1) THEN
c
CALL JFRAME
CALL UUAXISI{XYL(1),XYL(2),XYL(3), XYL(4))
[+]
c DRAW BOUNDARY
Cc
CALL JOPEN
CALL JLWIDE(16383)
CALL JMOVE(ZBOUND(1),YBOUND(1)}
CALL JPOLY (ZBOUND, YBOUND, MCBPTS)
CALL JDRAW(ZBOUND( 1), 6YBOUND(1))
CALL JCLOSE
c
CALL JOPEN
CALL JLWIDE(8000)
[+]

00 400 K = 1,2
DO 410 | = 2,NA},NDIVIDEC(D)
NC » JBEGI(K, )
i DO 420 J = NC,NB(K),NDIVIDE(2)
i CALL JMOVE(Z(J,1,K),Y(J,1,K))
' PVY = VY(J,1,K) = RAT z RATIO + Y(J,I,K)
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Pvz » Z(J,1.K) & VZ(J,1,K} = RAT
CALL JDRAWI(PVZ, PVY)

"RT = SQRT(VY(J, | ,K)sVY(J, 1, K)I+VZ{J,1,K)avZ(J,1,K))1/8.0
THETA = ATAN(VY(J,1,KI/VZ2(J,1,K))

DX s RT s COS(THETA) = RAT
OY » RT s SIN(THETA) = RAT =z RATIO

(F(VY(J,1,K) ,LT. 0.0) DY = - DY
IF(VZ(J,1,K) ,LT. 0.0) DX = -DX

TY s PVY - OY
TZ = PVZ - DX

CAL
c
CAL
c

420
410
400

DX 3 RT s SIN(ANG) = COS((PIE/2.-ANG)+THETA) = RAT

DY = RT s SIN(ANG) = SIN((PIE/2.-ANG)+THETA) = RATsRATIO

DX1 = RT = S{N(ANG) = COS(THETA-(PIE/2.-ANG)) = RAT

DY1 = RT ® SIN(ANG) = SIN(TMETA-(PIE/2.-ANG)) = RATzRATIO
YA = Ty ¢ DY
ZA = TZ + DX
Y8 = TY + DY
28 = TZ + DX1

L JMOVE(PVZ,PVY)
ALL JORAW(ZA, YA)
L JMOVE(PVZ, PVY)
ALL JDRAW(ZB,YB)

CONTINUE
CONTINUE
CONTINUE

o000 O

000

0000 OO0

CALL JCLOSE
WRITE 1DENTIFICATION

XPOST = XYL(1) ¢ UNIT
YPOST = XYL(4) - 0.8
CALL JOPEN
CALL JJUST(1,2)
CALL JFONT(3)
CALL JMOVE(XPOST,YPOST)
CALL JSIZE(3.3,3.3=RATIO?
CALL JHSTRG(NOTATU(3))
CALL JCLOSE

DRAW AN UNIT LENGTH TO EXPRESS SCALE

XPAST = XYL{1) + 2. = UNIT
YPOST 2 XYL(3) ¢+ .60
CALL JOPEN
CALL JMOVE(XPOST,YPOST)

CALL JJUST(1,2)
CALL JFONT(J)
CALL JSIZE(2.8,3.0sRATIO)
CALL JHSTRG( ‘'SCALE')
CALL JMOVE(XPOST,YPOST-,2)
CALL JDRAW(XPOST+1.Q=RAT, YPOST-.2)
CALL JMOVE(XPOST+1. 2zRAT,YPOST-,2)
CALL JHSTRG('=1FPS’)
CALL JCLOSE

CALL JPAUSE(1)

END (F
END IF

CALL JEND

FORMAT (12X, 'CHANGE PAPER ON PLOTTER. ENTER STOP TO STOP RUNS')

sSTOP
END

SUBROUTINE DIJ0{SO(NA,MCBPTS,OEPTH, EPSILON,Y, 2, JBEG,
N8, 8, Z80UND, YBOUND, FNC1, DELTA, DELY)

OIMENSION 2P(3D), YP(30)

OIMENSION Y(%0,40,2),2(%0,40,2),0ELTAL2)

DIMENSION JBEG(2,40),NB(2),B1(2),ZBO0UND(20), YBOUND(20)

INITIAL Di3000 PLOT ROUTINE :

CALL UUINIC(1)

YMIN = XMIN = 0.0

YMAX s DEPTH = 1.2

XMAX = (B1(1) + BI(2)) = 1.1

CALL JWINDOIXMIN, XMAX, YMIN, YMAX)
CALL JVPORT(-1.0,1.0,-1.0,1.0)
CALL UUSTI('ALL.EXIST',0) .

CALL UUAXISUIXMIN, XMAX, YMIN, YMAX)
DRAW BOUNDARY

CALL UUCURV{2BOUND, YBOUND,K MCBPTS)

ORAW X! CURVES

00 100 K = 1,2

FNC2 = BI(K) + DELTA(K)
DO 110 | = 1,NA

NC = JBEGI(K,!)
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120

0000 O

170

160
150

o000

ND = 1

DO 120 J = NC,NB(K)

YPI(ND) = Y(J,1,K) ¥ FNC1 - DELY.

[F(K.EQ.1) ZP(ND) = BI(1) - Z(J,1,K) 8 FNC2
[F(K.EQ.2) ZP(ND) = Z(J,[,K) = FNC2Z + BI(1)
ND =z NO + 1

CONTINUE

ND = ND - 1

CALL UUCURVI(ZP,YP,ND)
CONTINUE

CONTINUE

CALL JPAUSE(1)
ORAW ETA CURVES

0O 180 K = 1,2
FNC2 = Bl (K) + DELTA(K)
MK = NA
MP 1
DO 160 J = 2,NB(K)
IF{J .LE. NA) THEN
IF(EPSILON .GT. 0.0) MK = J
IF(EPSILON .LT. 0.0) MP 2 NA -~ J + 1
END IF
ND =
DO 180 | = MP MK
YP(ND) = Y(J,],K)
IF(K.EQ. 1) ZP(ND)
IF(K.EQ.2) ZP(ND)
ND s ND + 1
CONTI!NUE

FNC! - DELY
81¢(1) - Z(J,I,K) = FNC2
2(J,1,K) = FNC2 + Bl(1)

NO = ND - 1

CALL UUCURVI(ZP,YP, ND)
CONTINUE

CONTINUE

LABELS

CALL JPAUSE(1)
CALL JEND

sToP
END
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Appendix B

Measured Velocities -
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August 5, 1985
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Figure B-27. Measured secondary current vectors at cross section 6,
August 6, 1985
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Figure B-35. Isovels of longitudinal velocity at cross section 9,
August 9, 1985
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Appendix C

Computed Velocities
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Figure C-1. Computed secondary current vectors at cross section 6,
June 28, 1984
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Figure C-2. Computed secondary current vectors at cross section 5,

June 29, 1984
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Figure C-5. Computed secondary current vectors at cross section 5,
August 5, 1985
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Figure C-6. Computed secondary current vectors at cross section 6,
August 6, 1985
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Figure C-7. Computed secondary current vectors at cross section 8,
August 8, 1985
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