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ABSTRACT

Debris flow is a natural phenomenon triggered by special
conditions that combine: high intensity rainfall, material
available for transport, slopes steep enough to induce flowage,
and insufficient protection of the ground by vegetation and/or
other erosion control means. These conditions are very common in
semiarid and arid regions in Utah, other Western states and many
other parts of the globe. Previously, the two models proposed to
solve debris flow are the Bingham plastic model and the dilatant
model. Both these models depend upon coefficients that are not
easy to obtain. Therefore, they are not very useful in practice.

According to the field observations and data reported, most
debris flows that occur in nature are laminar. The viscosity of
these flows has been as large as 600,000 times that of water.
Reynolds numbers are less or equal to 500 for these debris flows.
Laminar debris flows are the subject of this report.

A theoretical model based on the Saint-Venant equations of
continuity and motion, together with a modified Chezy equation
for defining the energy loss, were found to be suitable to
describe debris flow in the laminar range. These equations were
solved by numerical methods implemented in a computer program.
This report covers only steady but gradually varied debris flow
solutions.

A formula defining the Chezy coefficient as a function of
Reynolds number is proposed. A relationship between the debris
flow density and its viscosity is also proposed. These relation-
ships are of necessity based on the limited data available for
debris flows.

Solutions to four examples are given. The results show that
this open channel debris flow model reproduces well debris flows
observed in nature. These solutions show that debris flows
develop depths greater than water flows. The bed slope is the
most important variable that affects the ratio of the depth of
debris flow to depth of an equivalent volumetric water flow. For
milder slopes this depth ratio exceeds ten. The substantially
larger depth of debris flow than of equivalent water flow explains
in part why debris flows have been observed to stop flowing,
leaving an abrupt wave-shaped form on the landscape.
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CHAPTER I

INTRODUCTION

Open channel flow theory provides
the necessary tools for solving problems
related to free surface flows of
Newtonian fluids such as water. In this
theory the differential Saint-Venant
equations of continuity and motion
are solved jointly with an algebraic
equation such as Chezy's or Manning's
equation, for defining the friction
slope. Debris flows, however, are
generally accepted as non—Newtonian, and
little has been accomplished in ex-
tending open channel flow principles
to these flows. Yet developing the
means to do so would represent a funda-
mental step toward being able to deal
with problems associated with flow that
annually cause large property losses.

Debris flows historically have been
associated with cloudburst runoff from
steep mountain catchments located in
arid and semiarid regions. Conditions
that trigger debris flows develop in
watersheds upstream £from where the
debris flows generally cause damage.
Common conditions are: 1) insufficient
protection of the ground by vegetation
and/or stone rubble to hold the ground
in place; 2) loose material available
for transport; 3) slopes steep enough
to induce gravity flowage; and 4)
sufficient water to lubricate the
material.

Methods are needed so that 1)
depths and magnitudes of debris flow can
be predicted and used to map areas
subject to damage, and 2) hydraulic
structures across and along channels and
rivers can be designed to control and
withstand this type of flow without
damage. With such information planning
agencies will be in a position to

set up guidelines for regulating the
development and protection of areas
subjected to debris flood flow. Also
flood insurance programs would have a
much improved base from which to charge
actuarial rates and evaluate debris
flood insurance claims. Since debris
flows likely exhibit some chracteristics
similar to flows consisting of a mixture
of water and ash, the solution of debris
flow would also be important for streams
located near active volcanos.

Presently, two models have been
proposed for solving steady state
debris flows: 1) the Bingham plastic
model supported by American investi~-
gators (Johnson 1965, 1970, Leopold et
al. 1964, and Hooke 1967) and 2) the
dilatant model proposed by Takahashi
(1978, 1980) in Japan. Both models
have been tested on a small scale in
laboratories. Both depend upon coeffi=-
cients (yield stress at zero shear rate
(1. ) for the Bingham model and the
reS§istant coefficient (k) for the
dilatant model) that are specific for
each debris flow and, furthermore,
difficult to estimate even under con-
trolled laboratory conditions. The
solution is strongly effected by the
magnitude of these parameters. Appli-
cations of these models to unsteady
flows is further complicated since these
coefficients vary with time.

Almost all the references listed
agree that debris flows are laminar.
Values of reported viscosities are as
large as a hundred to several hundred
times the viscosity of water. Densities
range between 1.7 to 2.4 gr/cm3, grain
sizes from a few millimeters to meters,
and velocities from several tens of



centimeters per second to several
tens of meters per second. A useful
description of debris flow is (Takahashi
1980, p. 381): '"Debris flow is a
flowage of a mixture of all sizes of
sediment. Boulders accumulate and
tumble at the front of the debris wave
and form a lobe, behind which follows
the finer-grained more fluidic debris."

'For laminar open channel debris
flows, the concern of this research, a
theoretical model is proposed and
calibrated based on the few data avail-
able. This model is implemented in a
computer solution to handle steady state
but gradually varied open channel
debris flow. The essential principles
and equations upon which the model is
based are: 1) The Saint-Venant equa-—
tions of continuity and motion inm
simplified form for steady spatially
varied flow. The Euler method is
employed to solve the resulting first
order ordinary differential equation
numerically. 2) The Chezy equation,
but with a modified coefficient, is used
to define energy losses. Based on
available data, a relationship for

Chezy's C is defined, which eliminates
the need to use the Takahashi resistance
coefficient and represents an improve-
ment in the practical solution of debris
flows. 3) The critical slope and the
normal depth are computed by Chezy's
modified equation by means of the
Newton iterative method. 4) The ratio
of the debris flow density to its
viscosity (p/u) is proposed to be a
linear function of the hydraulics radius
as evidenced by limited available data
and thus Reynolds number becomes a
function of p/u. 5) The critical depth
is computed by means of known theory of
open channel flow.

Chapter II presents a literature
survey of work related to the problem.
Differential equations describing open
channel debris flow are derived in
Chapter III. Chapter IV describes the
model formation, Chapter V explains the
computer model, Chapter VI shows the
application of the computer model to
some open channel debris flows, and
Chapter VII presents conclusions and
recommendations. '



CHAPTER II

REVIEW OF LITERATURE

Types of Fluids

The relationship between fluid
shear stress and the rate of strain
(velocity gradient) as one moves away
from a laminar flow boundary determines
the theoretical development of a flow
equation. Fluids can be classified by
their characteristic relationship. An
excellent description of different
types of fluids is given by Hughes and
Brighton (1967). The main character-—
istics of these fluids are summarized in
Figures 1 and 2, and Equations 1, 2, 3,
4, and 5.

Newtonian Fluid, Curve D

Water and other WNewtonian fluids
show a linearly relation of the shearing
stress T to the shear strain or velocity
gradient. The slope of the straight
line relationship in Figure 1 is the
viscosity u

T= UYWSU 7T v v v v o o« « (1)

where 7T is the shear stress, and Y is
the rate of shear strain.

Bingham Plastic Fluid
ry>0, Curve A

The definitional characteristic of
a Bingham plastic fluid is that the
shear stress exceeds some minimal amount
(yield stress 1, ) before exhibiting a
shear rate, followed by a straight line
relationship between shear stress and
shear rate.

T, shear stress

&4«../ 7

slope}xp‘-{‘/ c

’p/ /B

/ slope}uu

v

Figure 1.

Log T

"f. shear strain rote

Typical shear stress strain
rate relationships for

non~Newtonian fluids.

Figure 2.

v

Log T

Log-log plot of power law
fluids.



where Ty is the yield stress and lp
is the pYastic viscosity.

Pseudoplastic and Dilatant
Fluids, Curves B and C

Pseudoplastic fluids and dilatant
fluids do not have a yield stress at
which sghear strain begins. A pseudo-
plastic fluid is characterized by a
progressively decreasing slope of shear
stress versus shear rate. A dilatant
fluid exhibits an increasing slope of
this relationship with increasing shear
rate. The varying slope of the shear
stress versus shear rate is defined in
both cases as the apparent viscosity,

Hg, of the fluid or

M /Y e e e e e

A number of empirical relations
have been used to describe pseudoplastic
and dilatant fluids. The simplest is
the power law proposed by Ostwald, cited

by Hughes and Brighton (1967). This law
is:

T=k{T . ..o ()
where

n < 1 for pseudoplastic fluids

n > 1 for dilatant fluids

Substituting in Equation 3 gives

= e (n=1)
Ua ky

(5

where k and n are constants for a
particular fluid; k 1is a measure
of the consistency of the fluid and n,
the exponent, is a measure of how the
fluid deviates from a Newtonian fluid.
A graphical representation of Equation 5
for different values of n is given in
Figure 2.

Hydraulic Characteristics
of Debris Flows

A concensus scientific definition
of debris flow has not been reached.
This hydraulic-geologic phenomenon,
however, has been described by several
authors. One of the earliest descrip-
tions (McGee 1897) called it a "sheet-
flood." ©Perhaps the best definition
is that quoted previously from Takahashi
(1980, p. 381). Other relevant descrip-
tions have been given by Pack (1923),
Paul and Baker (1925), Blackwelder
(1928), Cannon (1931), Chawner (1935),
Sharp and Nobles (1953), Hooke (1967),
Johnson (1965, 1970), and Takahashi
(1978). Mudflow is a term used to
describe debris flow that consists
mainly of sand-size and finer sediments
(Sharp and Nobles 1953, Leopold et al.
1964, and Bull 1968). Table 1 gives a
summary of the main parameters that
characterize debris flow as recorded by
various authors.

Recently, debris flow has been
clasgified in regimes, Starting
from the assumption that it behaves
like Bingham's fluid, based on data
obtained from the literature, and
defining appropriately such parameters
as Reynolds, Froude, and Bingham num-—
bers, Enos (1977) classified debris

flows as laminar, turbulent, sub~-
critical, and super critical. The
behavior that debris flows show in

nature, including such intrinsic charac-
teristics as ability to climb walls,
to suddenly stop, and exhibit large
values of viscosity, has caused some
researchers to categorize these mixtures
as non-Newtonian fluids. Leopold et al.
(1964), Johnson (1965, 1970) and Hooke
(1967) proposed to treat debris flows as
plastic or Bingham fluids. Takahashi
(1978, 1980), based on experiments
conducted by Bagnold (1954), claims that
some debris flows, if not all of them,
can be modeled as dilatant fluids.
Johnson (1970) pointed out that most of
the early investigators assumed that
debris flows behave as viscous or
Newtonian substances.



Table 1. Summary of debris flow characteristics.
Source Reynolds Froude Velocity Demsity Viscosity Slope Water Consistency - Description
number number content
Cannon - - - - - - - The advance portion of at
(1931) least the first flow in each
. canyon was a thick mixture
barely fluid enough to flow,
with no free water going
before it.
Pierson - 0.3 1.0 n/s 1.73 gr/cm3 like 5-7°  40% Turbulent muddy streamflow
(1981) measured (bulk den- motor (by {(between suxges), having the
at surface sity) oil weight) apparent viscosity of motor oil,
Pierson 30 0.01 0.2 m/s 1.73 gr/cm3 slurry " " Viscous, laminar debris flow,
(1981) measured (bulk den- slurry
at surface  sity)
Pierson 500 - 2.3 5.0 m/s 2,08 grfcm3 - " 22% Higher velocity viscous debris
(1981) 3000 measured (bulk den- flow with renewed turbulence
at surface sity) :
Takahashi - - Several tens =~ apparent - - Flowage of a mixture of all
(1980) of meters/ Newtonian sizes of sediment. Boulders
second to viscosity accumulate and tumble at the
several tens 103 N 104 1 front of the debris wave and
of cms/second o polse form a lobe, behind which
follows the finer-grained
more fluidic debris
Paclk - - These gigantic - - 4-8° near absence 8lightly following this
{1923} masses of hetero- of water at first impulse were tre-
geneous material the precise menous quantities of rock
were shot from time of the waste ranging in size
the narrow canyons greatest de- from impalpable material
into the open position of to boulders of very
valleys with a debris large dimensions.
suddenness that '
almost challenges
belief.
Segerstroem— - 0.6 m/s - - 25% - -
(1950) -
Leopold et al. - 0.2 m/s - - 12-15% -~ -
(1964)
Blackwelder The flood sweeps large
{1928) - - - - - 4-6° - quantities of washed gra-
: vel, sand, clay, and even
small boulders,
Sharp and - - 1.20- 2.4 6° Highly fluidie slimy
Nobles 3.00 m/sec (specific average cement-like mud contain-
{1953) (average gravity) 3 25-~30% ing abundant stones,
velocity) 2x107 - {by
6x10 weight)
poise




Sharp and Nobles (1953) inserted
data coming from a specific debris flood
flow into a simplified one dimensional
Navier—Stokes equation and obtained
values for the viscosity varying between
2000 and 6000 poise. This means that
the debris flow viscosity is 200,000
to 600,000 times larger than the viscos-
ity of water (0.01 poise).

Several investigators have sug-
gested explanations why large particles
remain suspended in debris flows.
Pierson (1981) attributes the ability of
debris flow to tramsport large boulders
to the mechanisms of buoyancy, due to
the large density of the mixture.
Johnson (1965) also says that the
density and strength of debris retards
or prevents coarse particles from
sinking. Pack (1923) in describing the
1923 devastating debris floods along the
Wasatch Front in Utah, in which boulders
weighing up to 95 ton were transported
long distances, provides a number of
indicators that very little mixing of
the flow occurs between different
depths. He notes ample visible evidence
along the courses traversed by the
"sliding mass of rock" of "striations
and flutings impressed upon the clays
and other compact soils." Also he notes
“"similar striations present on several
large iron pipes over which the flood
passed," and the "cement is scratched by
a series of parallel marks" where the
flow crossed highways and trees and
undergrowth "were cut off at the ground
almost as if a great knife had passed
through them" rather than being pressed
down as they would by rolling boulders.
Pack's excellent description of these
1923 Utah debris flows, which occurred
nearly simultaneously from several
canyons, provides a mental image of a
conglomerate flowing masg moving across
the flatter valley floors almost as if
it were an earthen slide. The lack of
usual water flow characteristics,
however, fits well laminar flows of all
fluids. Rather than mixing between
ad jacent layers of depths, the movement
occurs by means of a shear strain

between layers, with the largest stress
occurring at its bottom.

Analytical Approaches
to Debris Flows

Closed form solutions for the
velocity distribution wunder steady
state uniform flow conditions with
specific boundaries condition have
been obtained by Johnson (1965, 1970)
through a Bingham model and by Takahashi
(1980) through a dilatant model. No
unsteady flow solution has yet been
obtained. Neither have solutions been
obtained for the gradually varied flow
state, These two models, based on
different stress—strain rate relation-
ships are outlined below.

Takahashi's Dilatant Model

In his derivation of the velocity
distribution and its application
to estimate debris flow in a rectangular
section, Takahashi (1980) used the
continuity equation:

oh -, 3(Uh)
ot + 3%

=0 ... . (B)

and the equation of motion:

g%'+ U %§'= gsino - gcosegg - k-%i -(7)
in which

x = distance along the channel

t = time

U = cross-sectional mean velocity

h = depth of debris flow

k = coefficient of resistance

® = slope angle of debris bed
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Equation 7 is the well known Saint-
Venant equation applied so that the
x-axis is in the flow direction and the
y-axis is normal thereto. He defined a
resistance coefficient as:
25 a, sino
i

k = -
' c, 1/3
slcy+ (o) £ -1’
d
2
(.%_) P € )
where

aj = numerical but flow dependent
value

a = friction angle of the moving
grains

Cq = grain concentration by volume
in debris flow

p = demsity of water
g = grain density

Cx = grain concentration by volume
in the stationary bed

d = grain diameter
h,_ = steady state depth of debris
flow

Later in this report the writers provide
a much simplier alternate for defining
Takahashi's resistance coefficient as:

k=‘g‘—‘""“"“'(9)

where

g = gravity force (L/T2)
1/2

T

C = Chezy coefficient ( )

The coefficient k 1is dimensionless.

Takahashi also solved Equations 6
and 7 by considering the phenomenon in a

system of coordinates moving with a
velocity (U) with the result,

2
S S 1)

©  gsin®

This same procedure for solution of
particular cases of unsteady flow
is suggested by Strelkoff (1969).

Johnson's Bingham Model

By starting from the Navier-
Stokes equations and by supposing
that the debris flow behaves like a
Bingham substance, Johmnson (1965, 1970)
obtained a form of the Poisson equation
that describes the fluid movement in
channels, as follows:

sy 2% 1
2 ¥ 27T
X Ay b
[ = v sind + k (sina 39—+ cosa ng 1
9x ay

e e e e e e e e e e e e (1D

where
w = velocity in the z direction
(flow direction)
Ny = Bingham viscosity

v = fluid unit weight

§ = slope angle of the surface of
the fluid and also the slope

angle of the channel

k = shear strength or the maximum
magnitude of shear stress that
a Bingham substance can with—
stand without flowing

o = angle for which the shear
stress 1s a maximum or minimum

These quantities and the coordinate axes
are defined in Figures 3a and 3b.



— LW

Figure 3a. Typical longitudinal sectionm.
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Figure 3b. Typical cross—section.

In order to solve Equation 11,
Johnson defined a shear stress function,
'y such that:

or dér
o = = elid
xy . kcosa + MY Bx (12)
and
S 20
Oyz = 5y ksino + nb 5y (13)

where oy, and 0y, are shear stresses
acting on faces xy and yz respectively.
He concluded that the velocity distribu-
tion can be given by,

w= oLt (2 g
L
b
- ky + T sin (mry/b)
me=1
. Am cosh (mmwa/2b)

+ B sinh (mwa/2b)]} . . (14)

. (15) -

- “n [1 - cosh (amm/b) ]
m sinh (amm/b)

Babbit and Caldwell (1939), working with
sludges in pipes in the laminar flow
condition found that the sludges follow
the "true plastic fluid" behavior and
the velocity and viscosity of that fluid
are given by:

_ 4D _ 4
V—n(s 3S)....(16)
16 DS + n
¥ o= —“—?R;JL“" e s o D

where

V = mean velocity of flow in a
pipe (feet/second)

D = diameter of pipe (feet)

n = coefficient of rigidity (lbs -
sec/ft2)

Sp = shearing stress in a flowing
material at the boundary or
pipe wall (lbs/ft2)

Sy = shearing stress at the yield
point of a plastic material,
called yield value (lbs/ft2)

p = coefficient of viscosity (lbs
- sec/ft2)

Summary

By applying Takahashi's model for
his given volumetric debris flow rate
and Manning's equation to an equal
volumetric flow of water in the same
cross-section and slope shows the depth



of debris flow is four times greater
than the depth of water flow. ¥o
comparison with the Johnson model was
made due to the lack of data for his
model. In summary, two models have been
proposed to solve debris flow problems.
One is the Bingham plastic model sup—-
ported by American investigators. The

other is the dilatant model supported by
Takahashi in Japan. Both provide solu-
tions only for steady state conditions
and have been verified in the laboratory
in small models. Furthermore, both
solutions depend upon empirical coeffi-
cients that have to be determined for
each specific application.






CHAPTER III

DIFFERENTIAL EQUATION DESCRIBING

OPEN CHANNEL DEBRIS FLOW

Flow Regimes

For Newtonian, isotrophic and
incompressible fluids like water,
the Saint-Venant equations of motion and
continuity, when combined with an
equation defining friction losses, allow
solution of unsteady open channel
turbulent flows. Either the Chezy or
the Manning equation may be used to
estimate friction losses, but the latter
is generally preferred in practice. If
the flow is laminar, the Chezy equation
is superior.

The kinds of debris flows of
interest herein have Reynolds numbers up
to 500. While quantitative data are not
available for natural debris flows,
description of them imply they "behave
like a plastic or muddy substance,”
indicating that they are in the laminar
range. The open channel flow equations
and assumed laminar conditions will be
the basis for the theory of debris flow
that will be developed herein.

Applicability of Saint-Venant
Equations to Laminar Flow
in Open Channel

To the present time, researchers
have only applied the Saint-Venant
equation to flows in open channels for
which the Reynolds number is large and
consequently the viscous forces are not
as important as gravity forces. Such
examles are given by Cunge and Wegner
(1964), Strelkoff (1969, 1970), Amein
and Fang (1970), Yevjevich (1975a),
and Jeppson (1974).
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In open—channel flow, four kinds of
regimes have been recognized by Rouse
and Robertson (1941):

1. Tranquil-~Laminar, Reynolds
number < 500, Froude number < 1.

2. Rapid-Laminar, Reynolds number
< 500, Froude number > 1.

3. Tranquil-Turbulent, Reynolds
number > 500, Froude number < 1.

4, Rapid-Turbulent, Reynolds
number > 500, Froude number > 1.

Rouse and Robertson (1941) state that
laminar open channel flows can be found
when rain water flows down a roof or
sidewalk and also in hydraulic model
testing and in the control of so-called
sheet-flow erosion. We can add to this
list the case of debris flow with high
viscosity. Researchers who have applied
the Saint-Venant equation to laminar

flows include Chen (1975), Amisial
(1969), Morgali (1970), Takahashi
(1980).

From the original title of the
Saint-Venant formulation, "theory
of unsteady water flow, with application
to river floods and to propagation of
tides in river channels,”" Yevjevich
(1975a) gives the impression that its
applicability is more in the field of
turbulent flow for relatively large
Reynolds number rather than for laminar
conditions. It is worthwhile to con—
sider the commentaries of Yevjevich
(1975a) in which he states that for an
infinitely long wave, when the ratio of



wave height h to the wave length L
approaches zero, the flow is almost
completely governed by channel friction.
The equations of Saint-Venant can be
used to describe the wave in this case.

The friction slope, S¢, in the
Saint-Venant equations is expressed by
the following in terms of the Chezy
coefficient:

2
g, =

o (18)
£ )

The Chezy coefficient C is a function of
Reynolds number Re for the laminar and
the transition flow cases. Only in the
fully rough zone, C is independent of
Reynolds number. Possibly, when Saint-
Venant derived his formulas, he was
thinking only of turbulent flow. How-
ever, the equations describe laminar
flow as well. Rouse and Robertson
(1941) say that Saint-Venant derived the
Navier—-Stokes equations in 1843, which
is two years ahead of Stokes (1845), and
these formulas are valid for either
laminar or turbulent flow. But in 1871,
28 years later, he derived the equation
that describes the gradually varied
unsteady flow. In conclusion, there is
no evidence to prevent applying the
Saint-Venant equations to open channel
laminar flows.

Saint-Venant Equations

The two Saint-Venant equations are
based on conservation of mass (conti-
nuity) and Newton's second law (motion),
respectively, In presenting these
equations the following notation will be
used:

q* - 49 (steady) is the lateral inflow
rate (positive) in the direction
of motion

Q, V, y are the dependent variables and
X, t, the independent variables, so:
Q = £(x,t)

12

Figure 4.

1

1% f(x,t)

y f(x,t)

Applying mass conservation as shown in
Figure 4,

[Q+q*dx-(Q+§dx)] de = (22 dr) dx

change in volume

. 39
[Q+qu-Q~3X

dividing through by dtdx,
arranging the terms gives,

change in area

A
d dt: w——
x] ( ot dt) dx

and re-

A _

2Q = .
+ e~ 4 0 -

9x

(19)

A
2

——

Q'f-gidx

VZKYHVVn

T’2&15?vv7
A

Definition sketch for the
equation of continuity.

An alternative form of the continuity
Equation 19 replaces Q by V.
VA; A = f(x,y,t); Equation 19 becomes,

Since Q =

3(VA) dA *
2l q =

9x ot 0
or
BA L, BV L BA % _
Vax +A8x + at 0 (20
3y
T el
T2 ot
y Ty f
}




The term 3A/3x can be expanded as

follows:

A _ JA B9y
ax 9y 9%

34 3 3A
o8 o oY SA _m
ot e d 5 =T

so making replacement into Equation 20

gives,
- 8V, 7 3y 94 * 3y
____+r s — = e
Agg TV 5 T Vs d T
¥yt
N ¢1))

The continuity equation forms 19 and 21
are good for a chamnel with any cross—
.- sectional shape, including lateral

inflow or outflow.

gular by noting that Q = ¢B.

19 becomes:

.. 99 9y _ F_ Co.. (22
Py + St q 0 (22)

Now if we make the substitution in

Equation 22, q = Vy; then:

*
v 2y LT 2

ox = Y 3x | Bt

Equation of Motion

this equation are used.

primary dependent variables,
form, the equation of motion is

yov _ 8y _ = -
g3x+3x SO+Sf+Fq

09 |t
4
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These equations can be simplified
for the case when the section is rectan-
Taking B =
1, then Q = q, A=Y, R = y, so Equation

Strelkoff (1969), gives a complete
derivation of this equation and so does
Jeppson (1980). Two alternate forms of
The first
- considers the velocity and depth as the
In this

In the previous equations, Fy accounts
for the momentum flux per unit mass for
lateral inflow or outflow. Values of

Fq, are:
Fq =0 (for bulk lat-
eral outflow)
*.

F =<%gg (for seepage
q g outflow since
outflow is from
bottom with

zero velocity)

v-U h

SR RPN f lat 1

Fq Y q +.A . (for atera

y,t inflow in which
U, 1is the velo-
city component
of the inflow
in the direc~-
tion of the
flow, and he
is the depth
from the water
surface to the
centroid of the
area)

The second form considers the depth
y and the flow rate Q, instead of
velocity V, as the primary dependent
variables. The result is,

2

2Q 3Q y_Q
g X - Fzr) gx -3 gi *

gh gA yst

*
S - + - Q 1 39 _ .
£ S, Fq gAz + oA ot 0 (25)

For the case of a rectangular section of
unit width, the equation becomes:

2
202, gt o4 b
r P-4

1

2 Bx 3 ox
gy 8y yst
*
+5,.-5 +F -39
f 0 2
gy
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The term 31— 3y
3 3x
gy y,t
because we evaluate

becomes zero

3Y holding y,t
X

constant. Finally, the equation for
rectangular channel becomes

29 99 . (q_g2y 8¥ _
2 x (1 Fr) 3x + Sf So
%
1 3
+F7 -2 .1 30 _
@ G2 eyt 0 . . (26)

The Saint-Venant equations (19 and
25) or (21 and 24) describe unsteady
spatially varied flow in channels whose
hydraulic and geometric properties vary

with x, and these equations, with some
modifications that will be introduced
later, describe well the hydraulic

characteristics of debris flow.

If the flow is steady, the conti-
nuity equation simplifies to an alge-
braic equation and the equation of
motion to an ordinary differential
equation since the derivatives with
respect to t become equal to zero.
Specifically Equation 19 becomes dQ =

q*dx. Integrating
, - Q <
Q X *
JJdQ = fqTdx; Q] =g x
Q o
0
Q, o
%
therefore Q—Qo = X So0oi
%
Q= Q0 + q x e e e (27)

The equation of motion for steady state
simplifies by noting that Q and y are
now only functions of x. Consequently
the partial derivatives become total
derivatives, and Equation 25 reduces

to:
2 % .
Q_ 24 QW _ g
& S, = St )3 X |2 a
dx 1.
r
e e e e e e e . . (28)
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2
In Equation 28 F_ = Q_% . Also,
gA
Equation 28 can be rearranged as:
S, =5 - (1_F2)£11+9:2_ 4
f o v’ dx 3 3x
gA v
*
- Qﬂf - F T ¢4°)
gh 1
?niform 4
flow l
gradually varied flow N

|

in prismatic channels

gradually varied flow in non-prismatic

channels

Spatially varied flow

b

Friction S8lope Approach for
Deriving the Equation of
Motion for Open Channel

Debris Flow

We intend here to derive the
equation of motion for open channel
debris flow and then compare the result
with the equation obtained by Takahashi
(1980) Equation 7.

1) no
and 2)

Using Figure 5, assume,
lateral inflow or outflow,
the pressure distribution along OP is
hydrostatic. (The latter equates the
cosine of the angle of the chamnel slope
to unity.l)

Isince debris flows often begin
on relatively steep slopes, the validity
of assumption 2 might be questioned. In
consideration of the uncertainty of
other flow parameters, as well as the
desire to arrive at a simple practical
means for solving debris flow, the
authors justify this assumption.
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Figure 5. Definition sketch for the equation of motion.
dz oH . 3y vV 3V
= - o= = - = d — = - + + ==, 1
So ix tan¢ = bed slope an . sinp+ cosé x T 5 ox (31)
dH
Sf = - gx _ enersy slope. since
. - TV
The slopes have been defined as positive x dt Ix ot

when the surfaces are dropping in the =

d di . f 5 = total acceleration
ownstream direction. From Figure 5, on the x - direction
note that

—~YAAh — T PAx = net f i i
Y o orce actlng in Applying Newton's second 1aw,

the flow direction, and

2
v . - AA:)'S
= h + 2 therefore ~YAAh T, Pix = pAAx ( V - + ot )
%% = gg‘ -g -%g SEEEREIE (30) Rearranging with R = %ﬁgives,
and
- 3h VOV, 15V
h = z + ycos¢ therefore TO““"’YR[ 3X+g—£+§8t] . (32)
oH _ 3 v ooy
9%  9x (z +y cosp) + g 9x Substituting Equation 30 into Equation
: 32 results in,
or
‘o oH 1 3V
.@.I_{_:.%g. .@14.1.?.}7. since -"ﬁ‘:_ _a_~+_~3-g)
ox  ox | o8 5% g 9% Y X g
' T 2
z = z' cos¢ therefore %ﬁ = ég% cos¢ = It is well known that: Sf = ;% = j%—,
- tang cos¢ = sing CR
or s0:
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--YE— = %E‘ + 1 -gg; therefore
c’v % &
1 av V2
%g‘ = + — = o - - - (33)
X g t o?r

and this equation may be rewritten:

+ = « x e .
S,+S,+5.=0 (34)

by naming the three terms of Equation

33, the energy slope, the acceleration
slope, and the friction slope respec-
tively, From Equation 33, we get:
2
H _ V13V (35
90X CZR g ot

Now equating Equations 31 and 35 gives:

V2

vy _1 39V
CZR g dt
- - si y L ¥
sing + cosd o + . -
or rearranging
2
LoV YOV _ o o X Y
g ot g X ax CzR
e e e e e e e e . . (36)
For small bed angle sin¢ = tan¢ = S, and
cos¢ = 1 and Equation 36 becomes
2
L3V VAV _ o _dy _Y 3y
g 3t g 9x o 93X CZR.

If we rearrange the previous equation
2

and replace _Y_2_= S¢, we get:
CR
V 3V, 3y 1 38V
2+ X g +8, == 2L
g dx  9x So Sf g ot (38)
This equation is the same as

Equation 24 obtained by Strelkoff
except that the term Fq that accounts
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for the momentum flux per unit mass for
lateral inflow or outflow is not in=-
cluded.

It is very interesting to compare
Equation 36 with that obtained by
Takahashi (1980) for the debris flow
motion, For this purpose multiply
Equation 36 by the gravity term (g),

v
R
(39)

Then simplifying for a very wide rectan-
gular section (R = y) gives

oV

§2'+ V'%% = 22

9x

-2

02

gsind — gcosd

- . * . . . - . . . * . .

g ¥

v

v _ .
= gsing gcosd

av
ot

3y

+ V -
X

Finally we get the Takahashi formula 7

if*%=k

c

EVE S A
ot ax  8In¢ - geosd o =k o=

The only difference is the notation V
in place of U for velocity and ¢ in
place of © for the slope angle.

Some c¢onclusions that can be
deduced from the formulas derived

above are:

1. The Saint-Venant equations of
continuity and motion can be applied to
describe the open channel debris flow if
the Chezy coefficient C 1is properly
defined.

2. The Takahashi resistance
coefficient (k) is the same as g/C2
with no dimension where (GC) is the Chezy
coefficient which is a function of
Reynolds number, boundary roughness, and
possibly also the shape of the cross
section,

3. It is not known at this point
how Chezy's coefficient behaves for
debris flow.



Type Classification of the
Saint-Venant Equation

The methods used to solve partial
differential equations depend directly
upon whether the equations are para-
bolic, elliptic, or hyperbolic, For
determining the type of Saint-Venant
equations, Equations 39 and 23 are
rewritten below using a subscript to
denote partial derivatives.

2
1
+ Py 1 —— .g.... —
VVX Vt + gcos¢d yX gsing cz 2
e (10))
V + ¥ + = *
y % YX Yt =q R (2D

For any pair first order partial
differential equations of the form

alfx + blfy + o8, + dlgy ey . (42)

azfx + bzfy + 8y + dzgy = ey, (43)

where a1, by, ¢1, dy, e1, az, bz, c2,
dg, e2 may be functions of x,y,f and g,
the discriminant (ajdy - azdy} + bleg -
boc1)2 = 4(ajeg-age) (bydg—bady) allows
us to classify what type of equations
they are as follows:

Sign of Type of equation
discriminant

Positive hyperbolic equations

Zero parabolic equations

Negative elliptic equations
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For Equations 40 and 41,

a, = V; b, = 1; ¢, = gcosp;

1 1
V2
dl=0; el=gsin¢—% R
C
a, =v; b2 = 03 c, = V3
d, = *

and therefore the discriminant becomes
- 2
(ald2 azdl + blc2 - bZCl)
- 4(alc2 - azcl) (bld2 f b2dl) =

(Vxl-yx0+1xV-20zx gcos¢)2

- 4(VxV -y x gcosd).

(1x1-0x0)=(V+W)>2
2
- 4(V7 - y geosd) x 1

4V2 - 4(V2 -y gcosd)

For ¢ small, cos¢ = 1 and the discrimi-
nant = 4 V2 - 4 v2 + 4 yg; so 4yg > 0.
This positive value indicates the
Saint-Venant equations are of the
hyperbolic type. Other forms of the
Saint-Venant equations have been classi-
fied by many researchers and their
conclusions are that the equations are
of the hyperbolic type.






CHAPTER IV

MODEL FORMULATION

Background

Previous chapters justified appli-
cation of the Saint-Venant equations to
debris flows. The well known Chezy
equation will be used to calculate the
friction slope, Sg, in these equations.

While debris flows in nature are
known to almost always be laminar,
available data in the literature for
quantifying depth and velocity is very
limited. The few data available are
given by Sharp and Nobles (1953),
Pierson (1981), Babbit and Caldwell
(1939), and Takahashi (1980). Those
data from Sharp and Nobles seem most
reasonable. We assume that the Chezy
theory when modified slightly applies
for open channel debris flow in the
laminar regime., 1In order to justify
this hypothesis, the available data will
be fit by the Chezy equation below.

The Chezy Equation

The Chezy equation is:
V = C ¥RS e e e e e . (44)

in which

V =average velocity in flow
direction

R = hydraulic radius

o
1

bed slope, if we deal with
steady nonuniform flow, then

S is the friction slope (Sg)

C = Chezy coefficient with dimen-
sions of L1/2/T

It is well known that Darcy's equation
for pipe flow is equivalent to a special

case of the Chezy equation, provided
that:
C=7/8g/f .« ... .. (45
in which
g = acceleration of gravity
f = friction factor
and for laminar flow in pipes,
f = %f B (1))
in which
Re ® Reynolds number
Combining Equations 45 and 46, gives:
C = ﬂé/S)Rél/z e e (47)
For SI units with g = 9.81 m/sec?
c=1.107 RL2 ... ... 48)

and for ES units with
g = 32.2 ft/sec2; ¢ = 2.006 R1/2 . (49)

Relationship Between Takahashi
Resistance Coefficient (k) and
Chezy Coefficient (C)

In Chapters II and III, we found
the resistance coefficient k can be

2_

written as k =
CZ



Combining with Equation 8, and

rearranging gives

, —.
[glc, + (-cp &1 [(D)

a, sina
i

C

1/3

h -1]

el
d

(W11 )

where

pm tan®

(o - pm) (tana - tan®)

provided its value is less than Cx, the
grain concentration in the stationary

bed. Otherwise
Cd":Oogc*‘......(Sl)
in which
p_ = density of the debris flow
@ mixture
© = bottom slope angle of debris

flow as defined earlier

Takahashi (1980) gives the velocity
distribution for two-dimensional debris
flow in the fully inertial range as:

1/2

_ 2 g sino® Pm
©=33 15 etna G G 513
Cx 173 37 3/2 ]
(D -11 % (hy)
d
N 73
in which
u = veloecity in x direction
h = depth of debris flow
y = distance perpendicular to the

bed
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At the surface, where y = h, Equation 52

becomes:
2 g sin pm 1/2
“ 730 5, sin ¢y + =€) 711

C, 1/3
16—55 -1] . n

Ca

3/2 .

’ . . . . .

(53)

Steady Laminar Flow of Viscous
Liquid with a Free Surface

Since debris flows are assumed to
obey laws for laminar flow, it is well
to review some of these principles and
the associated equations. We start with
a simplified form of the Navier—Stokes
equations. Assume: 1) the fluid is
isotrophic and Newtonian, 2) the fluid
is incompressible (p = density = con-
stant), 3) viscosity is constant (this
condition is more nearly satisfied in
gases than in liquids), 4) the flow is
only in the x-direction, constant depth
and steady, then

Du 13 ' 2
LR 54
T > % (p +vh ) + vwwu - (54)
or expanding
du du + vou _
at ax ay
L 2p, 0h, 2y 2%u | 2%
5 Cox P Ty TYEST )
9xX : 9y

However, based on the above assumptions
and Figure 6,

|
p Y 3x 3 2
y
Therefore,
1
sh  _ v azu - 82u
ox PV 27 ¥ 2
3y oy
h' _ . . .
but T sin@® , making the previous
equation:



\

Figure 6. Definition sketch for laminar
fluid flow on an inclinal
surface.

2
~ysin® = U _‘8_;1_
3y

By integration,

and

2

I A p
u 7 Slﬁ@ y o+ Cly + C

Applying the first boundary condition:
y = h, 3y = 0 gives

oy
A X
Cl 5in® h
“and then
I AP S, AR
u 2 sinG vy + " sin® h y + C2

Now applying the second boundary condi-
tions, y = 0, u = 0, (this conditions

means no slip) gives Cyp = 0; so:

u=—;§y(h-§) sin@ . . . . (55)

If y = h we get the velocity at the
surface.

=Y 42
ug 70 h" sin® . . . . . (56)

The rate of flow per unit width is
obtained by integrating the velocity
over the area or,

A A
Q= IO udA = fo uBdy = B IO udy
or
A
q = %-= fo udy
or
q= [, udy = fg E’;ﬂ'? (h- ?21) sing]dy
or
h
_X ho2_ vy 3
q uSlHQ[ZY 3 ]L —%Slne(g—-iﬁl_)
3 .
L yh
q=3 . sin® . . . . . . . (57)

The average velocity and the depth below
the free surface at which the point
velocity is equal to the average veloc-
ity of the flow are obtained as follows:

AV = fA udA
hv = fh udy = + 3j£i in®
o udy 3 sin
therefore
2
- =.§.l;‘—sine C oL (58)

Now equating the average velocity to the
point velocity, gives:



h2
i;_ sin®

Wik

X -4y g
LY (h 2) sin®

Therefore, when y = (.42 h or the depth
below the surface = h - 0.42, h 0.58
h, the point velocity equals the average

velocity.

The Reynolds number represents the
ratic of inertia to viscous forces
acting within the fluid., The Reynolds
number is:

R = L(A/P) N &1
e v
in which
P is the wetted perimeter, and
v 1s the kinematic viscosity of
the fluid.
Another expression for Equation 59, is
the following
' V(A/P
R = Y@Ro (g0
e M
in which
p = fluid density

fluid viscosity

=
il

If the channel is wide the term A/P
can be replaced by the fluid depth.
For debris flows Re is almost always
less than 500, indicating the flow is
laminar.

The Froude number is the ratio of
inertial to gravity forces acting on the
fluid,

/qQ°T
F = —Y_ _ '0‘—3; . (61)
¥ YgA/T ghA
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Evaluation of Chezy Coefficient

The best data available in the
literature for debris flows is from
Sharp and Nobles (1953). The following
values are reported by them:

density = 2.4 gr/cm3

flow depth = 76.2 cms

average velocity = 120 to 300
cm/sec
bed slope = 6 degrees, therefore
So = 0.105
viscosity = 2 to 6 x 103 poise =

2 to 6 x 102 Newton-
sec/m2

Substituting this data into Equation 44
gives

C = 1.20 = 4,24
Y 0.762 x 0.105
Using Equation 60, i
3 T
R = 1.20 x 0.762 ; 2.4 x 107 _ 10.97
© 2 x 10

and from Equation 48,

C= 1.107 (10.97)1/2 = 3,67

The following data for debris flow
are taken from Pierson (1981),

Reynolds number = 500 ; velocity
= 5 m/sec

Froude number = 2.3 ; density =
2.08 gr/cm3

bed slope = 5 degrees, therefore
S = 0.088



Applying Equatiom 61,

5
¥ 9.81n y

therefore, y = 0.4817 ﬁ,

2.3

and from Equation 44,

= E = 24.35
/0.4817 x 0.088
From Equation 48,
¢ = 1.107 (500)Y2 = 24.75

and Equation 60 gives

| - 5.x0.4817 x 2.08 x 10°

500
=10 N-s/m?2 = 102 poise.

From Takahashi (1980) Figure 3, we
get the following information: For
debris flow depth, h = 8 cm, velocity at
surface ug 100 cm/sec. For debris
flow depth, h 7 em, velocity. at
surface ug = 105 cm/sec. Particles

diameter, d = 5 mm, almost uniform.
a; = 0.5, run 1, a; = 0.35, rum 2.
Slope bed, © = 18 degrees, tan 18° =

0.32492, sin 18° = 0.3090.

therefore o = 30.96°; sin

Tan s
144

0.6
30.9 0.5

a:
6° =

Grain demsity, ¢ = 2.65 gr/cm3

Slurry density, pp 1 gr/cm3 (because
the material contains essentially no

clay component)
Grain concentration, C«x = 0.7

Substituting the above values into
Equation 53 and solving for the grain
concentration by volume in debris flow,
C4q, gives the following values of
Cq. ‘

For: h 0.08 m, u = 1.0 m/sec, a; =
0.50 we get: Cq = 0.494.
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For: h 0.07 m, u 1.05 m/sec,
0.35 we get: Cq = 0.483,

aj

Now applying Equation 50, in order to
obtain the Chezy coefficient for the. two
previous cases:

1/3

0.7 ) -1]

0.494

C = 0.4 x 0.08
0.005

[«

1.00

//;.81 [0.494 + (1-0.494) E“gg‘] = 4.03

0.5 x 0.5144

_ 0.4 x 0.07 0.7 .1/3
¢ 0,005 LGzss ) -1l
//§.81 [0.483 + (1-0.493) %4%%
52 _ 448

0.35 x 0.5144

We can also obtain the Chezy coefficient
from Equation 44, as follows:

First set of data:

R= P00+ 16 - 4,44 cms = 0,044 m
by Equation 44,

c 1.00 = 8.36

v0.044 x 0.32492

Second set of data:

= A_7x20_ -
R = P To0 % 14 - 4,1176 cms = 0.041176 m
by Equation 44,

1.05
C = = 9,08

v0,041176 x 0.32402

There are many uncertainties involved in
estimating the terms a; and tan o.
Bagnold (1954) found values of aj
0.042 and tan o = 0.32 for the inertia
range, and tan a = 0,75 for the viscous
region without having found value of


http:velocity.at

aj for the viscous region. Takahashi
(1978), assumed a; = 0.042 for Cq £

0.81 Cx and:

1
VERY

a, = {
* [Cy/Cy

+ 0.042 for C, > 0.81 C,

Takahashi (1980), in order to explain
the velocities measured in the labora-
tory, adopted values of aj; = 0.5 and
aj = 0.35 without giving an explanation.
He concluded that "to determine the
exact value of aj and o, however,
stricter experiments are necessary.'
At this point in time it is very compli-
cated to measure parameters like Cx and

Cd; therefore, a simpler alternative
for estimating k is needed.

Suppose smaller values of aj are
accepted as more correct in light of
Bagnold's work, the fact that aj =
0.042 for the inertia range, and the
other evidence just given, such as aj
= 0.1 instead of Takahashi (1980) a; =
0.5 and a; = 0.07 instead of aj =
0.35., Then the computed value of Chezy
coefficients from Takahashi (1980) data
become 9.0 and 10.0 instead of 4.03 and
4.48 as given above. In order to
estimate the Chezy C from the Reynolds
number using Equations 48, 56, and 60,
the bulk density and viscosity are
needed. Takahashi (1978, 1980) didn't
give these values, For bulk density,
Pms Pierson (1981) gives 1.73 and 2.08
gr/cm3, Sharp and Nobles give 2.4
gr/cm3 respectively. An assumed bulk
density equal to 2.0 gr/cm3 seems
reasonable. Taking Takahashi (1980)
first set of data (0 = 18°, u = 100
cm/sec, h = 8 cm) and substituting into
Equation 56 gives,

_ 2 %10 % 0.3090_ x (0.08) x 9.81 _
. 2 x 1.0 -

19.4 N.s/mg = 194 poise.

and Equation 60 gives

R = 1.0 x 0.08 x 2 x 103

e 19.4 = 8.2

and Equation 48 gives
c=1.107 (8.25)1/2 = 318

Based on Takahashi (1980) second set of
data, Equation 56 gives

3

o= 2 x 107 x 0.309017 x(0.07)2x 9.81 .

2 x 1.05

14,15 N.s/m2 = 141.5 poise.

and Equation 60 gives

1.05 x 0.07 x 2 x 103

and finally Equation 48 gives,
C = 1.107 (10.39)1/2 = 3,57,
Table 2 summarizes the Chezy

coefficients obtained.

Babbit and Caldwell

Babbit and Caldwell (1939) obtained
data from sludge flows in pipes and
showed that sludges exhibit some charac-
teristics, such as yield shearing stress
and coefficient of rigidity that are
very similar to some debris flows.
Table 3 contains a summary of Chezy
coefficient computed using Equations 12,
48, and 60, as well as other important
parameters obtained from Babbit and
Caldwell's sludge flow data.

Least Square Fit to Obtain
the Best Relationship for
the Chezy Coefficients C

The Chezy coefficients from Tables
2 and 3 are plotted against the Reynolds
numbers on log-log paper in Figure 7.
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Table 2. Chezy

coefficient calculated from Sharp, Pierson and Takahashi data

(open channel debris flow).
Rey. Avz, Slope Visc. Hyd.
Set of data Chezy Coefficient C No. val. of Radius
came from c Bot.
v 1/2
C= c=1,107 R, from Equation Re v s u R
RS 50 {m/s) degrees (poise) {m)
Sharp and
Nobles
(1953) 4.24 3.65 - 10.97 1.20 6 2000 0.762
Pierson
(1981) 24,35 24,75 - 500 - 5,00 5 100 0.4817
Takahashi
(1980) 8.36 3.18 4.03 8.25
Lo to 1 to 2

9.96 9,00 80.93 1.00 18 194 0.044
Takahashi
(1980 2.08 3.57 4.48 10.39 1.05 18 141 0,041

to to 1 to 5
11.18 10.00 102.08

1. Value resulting from a slight modification of a, coefficients.

i

2, Values assumed by comparison with the data given by Babbit.

Table 3. Chezy

coefficients computed from Babbit and Caldwell data (pipe sludge

flow).
Sludge Specific § Velocity Pipe n 5 u 2 R c
type gravity Y 2 (ft/sec) diameter 1b-sec/ft 1bs-sec/ft &
lbs/ft
{inches)
Illinois yel- 1
low clay 1.49 0.72 16.5 1 0,028 0,047 84,56 10.17
#3 Indianapolis 1
Ind.digested 1.032 0.405 27.00 3/8 0.032 0.0345 48.96 7.75
Exp.Sta.Flant 1
Primary 0.991 0.090 21,00 3/8 0,019 0.01971 64,01 8,86
Illincis yel~ .
low clay 1.49 0.72 1.20 1 0.028 0,255 1.228 1.226
Exp.Sta.Plant
Primary 0,991 0.090 1.80 3/8 0.019 0.02689 4,24 2.28
#4 Indianapolis
Ind,.digested 1,023 0,243 5,00 3/8 0.029 0.0371 8.36 3,20
#8 Springfield
I111.digested 1.026 0.315 13.00 3/8 0.030 0,034 23.78 5.40
#8 Springfield
Ill.digested 1,026 0,315 20.00 3/8 0,030 0.0326 38.16 6.83
#6 Decatur,Ill
digested 1.068 0.581 3.90 3/8 0.040 0,0648 61,11 8.65
Illinois yel—
low clay 1.49 0.72 2.30 1 0.028 0,167 3.317 2.02
Illinols yel- .
low clay 1.49 0,72 3.50 1 0.028 0.1194 7.06 2.94
#20 Decatur,Ill 1
Sewage,Inhoff 1.06 0.115 6.5 3 0.0163 0.03988 83,77 10.13

- 1. This refers

to the critical velocity, other velocities were obtained from Figure 1, Babbit (1939).
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Figure 7.

Fitting a line through these data by the
least square method gives the following
results for SI units using Figure 7.

6.52

¢ =1.02R e .. (62)
e

In English units this relationship is,

C=1.85 Re0‘52 .. (83)

26

Chezy coefficients vs. Reynold's number.

Friction Factor f

Having found the relationships
between the Chezy coefficient and
Reynolds number for debris flow, the
friction factor can be solved by equa-
ting Equations 45 and 62, obtaining:

_ 75.43
x 103

e
The results are shown in Table 4 and
Figure 8,

£ (64)

. . . . » -



Table 4. Some friction factors and Chezy coefficients calculations, selected
from Tables 2 and 3.

_ 75.43 _ 0.52 - 0.52
R, f = 0333 C=1.02 R C=1.85 R,
R, (SI) (ES)
10.97 6.35 3.52 6.37
500 0.123 25.29 45.82
80.93 0.805 9.87 17.88
102.08 0.634 11.13 20.16
84.56 0.769 10.10 18.29
48.96 1.354 7.61 13.79
64.01 1.026 8.74 _ 15.84
1.228 61.008 1.13 : 2.06
4,24 16.957 2.15 3.90
8.36 8.408 3.06 : 5.54
23.78 2.855 5.24 9.50
38.16 1.751 6.69 12.13
61.11 1.077 8.54 15.47
3.317 21.850 1.90 3.43
7.06 10.013 2.80 5.07
83.77 0.771 9.99 18.10
100y
8
7
[
. 5
. 4
o - 3

N

- 10
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~ 8
- 7
(=] 6t
p
4 5
- g
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o

Figure 8. Friction factor vs. Reynold's number.

27



Relationship Between the Fluid
Density (p) and Its Viscosity (i)

"The relationship between the
density and viscosity of the debris flow
is important because it determines the
Reynolds number and consequently the
flow properties. We hypothesize that
both vary as a function of such flow
characteristics as depth and velocity.
The density depends on how much material
is picked up and how much is deposited
by the flow. The viscosity varies with
the relationship between the shear
stress and the shear strain and par-
ticularly with the time and spatial
patterns of particle collisions. For
uniform flow of a Newtonian fluid with a
free surface down an inclined plane, the
fluid velocity is a direct function of
o/u, the square of the fluid depth, and
the plane slope. For debris flow under
the same circumstances, the ratio p/u is
not constant. At present, no solution
for how p/u varies has been verified or
proposed. Two possibilities look
attractive for deriving this needed
relationship. One 1is through experi-
mentation, and the other is through
derivation of an empirical equation from
the limited available data,

We propose for debris flows, in the
laminar range, the following equation:

p/u-% =-Eg B € 5))
R
in which
o = debris flow bulk density
W = fluid viscosity
v = kinematic viscosity
k = constant
R = hydraulic radius
a = an exponent greater than zero.

If the value of a is taken
as 1, Equation 65 becomes
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(66)

k
p/u R e s s e .

and p/u varies linearly and
inversely with the hydraulic
radius.

The following are rationalizations
assuming p/u varies only with the
hydraulic radius R.

1. The wetted perimeter (the
surface along which the boundary shear

occurs) plays an important role in
determining how the particles in a
debris flow arrange themselves. The

hydraulic radius is the ratio of the
area of the flow to the wetted perimeter
or R = A/P.

2. For a given flowrate, when the
hydraulic radius increases, p/p de-
creases. If p remains constant, then
p must increase. Evidence for these
relationships is found in the descrip-
tion of debris flow. For example debris
flow typically have a larger depth at
the wave front than at upstream posi-
tion, and have been observed to suddenly
stop without water leaving the mixture.
Based on the available data, there is
little justification to assume a non-
linear relationship.

Thus accepting Equation 66 only the
constant k needs evaluation from avail-
able data. For open channel debris
flow, the Sharp and Nobles (1953) data
were taken as the most dependable.
A computer program, described more
in Chapter V, was run several times
changing the k value until the computed
values for fluid depth, velocity, etc.,
fit their data well.

A value of k = 3 results for ES
units. Since the dimensions of k are
T/L, k = 3/0.3048 10, for use with SI
units. Consequently the relatiomship
proposed is,

~

(67)

3
ofu R (Esy ... ...

(68)

10
p/p i—“ (SI) L



Equations Defining
Debris Flow

In order to solve for the critical
slope, and normal depth of debris flows
in the laminar range, the Saint-Venant
equations can be applied as Equations 63

and 67. Beginning from the Chezy
equation,
3..2
% =4 (69

For estimating C2, use Equation 67 or
68 for obtaining the Reynolds number and
then Equation 62 or 63 gives,

Re = V(A/P)p/u = VR x 3/R = 3V. . (70)

3

@]
[

‘ 1.
2 _ [1.85 Reg'szlz = 3,42 (3V) 0

1.03

1.03 _ 15.65 Q%) . (71)

10.65V""°

Substituting Equation 71 into 69 gives
the following implicit equation for the
depth of flow:

QZP - 10.65 Al°97 Ql°03 S =0 = F(y)

N €2

The Newton method, y(m+1) = y(m) -

F( (m))

‘“iLjfj“' will be used to solve Equation
dy

72. The needed derivative is

dF (y) _ Qz_gg _ 20.94 Q1.03 40-97 ¢ da
dy dy
N ¢ )

1f the cross section is trapezoidal,
then:

L A R ¢ A

dy

dA

iy = B + 2my s .. (75)
in which

m = side slope channel

B = bed width of the trapezoidal
channel

In conclusion, a pausible equation
has been proposed for defining how the
Chezy coefficient varies with the ratio
p/ u. This relationship, together with
the Chezy and Saint-Venant equations
allows us to solve open channel debris
flows. Equation 72 gives the steady—
state depth for debris flows. When
used in conjunction with Equation 28
(an ordinary differential equation)
the gradually varied flow depths are
computed.
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CHAPTER V

TBE DEBRIS FLOW COMPUTER MODEL

Generalities

The theoretical and empirical
relationships developed in Chapter IV
have been implemented in a computer
program that provides a solution to
steady but varied debris flow. Much of
the methodology used by Jeppson (1974)
in his program for steady and unsteady
water inflows in channels was used. The
computer program is listed in Appendix
A, and examples showing and explaining
the input data and output are presented
in Chapter VI and Appendices B, C, D,
and E.

The original computer program 1is
documented by Jeppson (1974).  There-
fore, the description provided here will
include only the changes made to the
original program to handle debris flows.
An explanation of the input variables
will go along with the program listing
in Appendix A.

The computer program is applicable
only for debris flows with Reynolds
number less than 500. No attempt was
made to provide for the turbulent
condition because debris flows in nature
are thought to be almost always laminar.
The program uses FORTRAN-77 and has been
run on a VAX 11/780 computer. The
program has been designed for use
primarily from a time shared terminal
instead of batch.

The computer program was written
and modified under the assumption that
at selected sections along the channel
or stream the geometric and hydraulic
properties can be obtained. Conse-
quently as input, the program requires
the upstream or downstream flow rate,
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as well as the following information at
each of several designated sectioms: 1)
the geometry, 2) the slope, S, of the
channel bottom, and 3) flow accretions
or losses between these sections. The
variables at sections along the channel
will be denoted by a subsgcript i =1, 2,
. . . n. Two options are available to
specify the geometry at each section.
The first assumes a trapezoidal shape
(of which rectangular and triangular are
special cases), and the second allows
for any arbitrary section. Use of the
trapezoidal shape 1is generally easier,
requiring only that the following be
given at each section (as defined in
Figure 9a): 1) the bottom width b;
and 2) the slope of the channel side
mj. If the general option is to be
used, 1t is necessary to give the
following at each section for a number
of specified depths, denoted by a j
subscript, at the section (Figure 9b):
1) the cross-sectional area Aj;, 2)
the wetted perimeter Pij, and 3) the
top width, Tij .

Additional input specifies the
total length of channel, and the number
of sections into which this length is
divided for flow computations. When the
flow computations require data at
sections where no input data are given,
often the situation, then the data for
three consecutive input sections are fit
by a second degree polynominal by
means of the Lagrange formula, and
intermediate values are interpolated, or
extrapolated to the ends if necessary.

The computer solution provides
the following information at each
section into which the channel length is
divided. (Some of these 13 items are



T

¥i

Figure 9a. Trapezoidal channel section.

(bi + miy) vy Ti = bi + 2m
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Figure 9b. Arbitrary channel section.

computed by interpolation from the
input data, and some are computed by
numerically solving the differential
equations describing open channel debris
flow.)

1. The distance or x-coordinate to
each station.

2. The discharges at these sta-
tions.

3. The geometries of the channel.
(1f trapezoidal section is specified,
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these data include the bottom width and
the slope of the channel side. If an
arbitrary section is specified, these
data include the area, wetted perimeter
and the top width for several depth
increments.)

4, The slopes of the channel
bottom.

5. The critical depths.

6. The critical slopes.

7. The normal depths.

8. Velocities and areas corre-

sponding to critical depths,

9. Reynolds numbers corresponding
to critical and normal depths.

10. Chezy coefficients corre-~
sponding to critical and normal depths.

11. The varied flow depths from the
specified boundary conditions.

12. The areas and velocities
corresponding to the depths of #11.

13. The Reynolds numbers corre-
sponding to the depths of #11.

Item #11 is the solution being sought;
the other items are supporting data.

The original computer program was
made up of a main program named MAIN,
five subroutines name NAMELI, AREAP,
VARIED, TRANST, and BAND and one sub-
program FUNCTION. In this research we
are concerned only with those related to
the steady state, specifically:  MAIN,
NAMELI, AREAP, VARIED,and FUNCTION. The
subroutine NAMELI was designed to
replace the NAMELIST OF FORTRAN imple-
mented by many vendors, but not by VAX
or an extension of the 77 ANSI stan-

dards. The AREAP subroutine is used
when quadratic interpolation is re-—
quired. The VARIED subroutine and the

subprogram FUNCTION calculate the
steady gradually varied flow given by



the first order ordinary differential
Equation 28.

Modifications Made to
Original Program

The changes that had to be made to
the original program to handle debris
flow are of two types: 1) general, and
2) particular, concerning each variable
calculation.

The program had to be converted
from using Manning's equation to Chezy's
equation to handle the 1laminar debris
flows. This required that in the
COMMON block, the singles arrays FNI(10)
and FN(40) refer to the Manning coeffi-
cients for each input and output sta-
tion, were replaced by arrays REY(40)
and CH(40) for Reynolds numbers and
Chezy coefficients for each station.
All the FORTRAN statements related to
Manning equation were replaced by
comparable statements based on Chezy's
equation.

Particular Changes

Particular changes were needed to
compute critical depth and critical
slope. The computation of critical
depth is determined from the implicit
equation obtained by equating the Froude
number, Equation 61 to unity which
results in

F(y) = Q1(y) - gA’(y) = 0 - - (76)

in which y, is the critical depth.
Equation 76 is solved by the Newton
iterative formula,

(m)
(m+1) - (m)__ F (yc} .. (77
yc Ye dF(m)

dyC

in which the superscript (m) denotes the
iteration number and the derivative is,

E 2B L s
Ve Ye Ve

for a trapezoidal cross section:

: dT

Tc =b + ZmyC therefore E;; = 2m
and
| A=Dby +m 2

Ve Ve

therefore E§; = b + Zmyc
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The computation of the critical slope
utilizes Equation 69. The computational
procedure is outlined in Figure 10.

For the calculation of normal
depths, several changes were made
to the original program as follows:

1. ©Equation 72 was solved by
Newton method for the normal depth
(yo). The function given by Equation
72 behaves erratically for some slopes
so that unless the initial guess is very
close to the solution, convergence will
not occur. In order to overcome this

difficulty, an equation was devised as
follows: Starting from Equation 72, we
have:

Q2p - 10.65A1.97 @l1.03 g, 0 (for

uniform flow S = S,)

Making the following approximations
Al.97 . A2
Al.03 . g

and making the constant 10.65 equal to

10, in order to work with even numbers,
then we get:
2 A
_é“m&“,—.A:.g.—..
p lOSo p lOSo


http:10.65Al.97

Given a first guess for the critical
depth, calculate the area and wetted
perimeter

l

Calculation of critical depth by
means of Newton iterative method

| :

! Calculation of p/u by Equation 67

| I

Calculation of Reynolds number by
Equation 70

Y.

Calculation of Chezy coefficient
by Equation 63

I

Calculation of critical slope by
Equation 69

Figure 10. Flow chart for the critical
slope computation.
therefore
=9
R A 108
0
R = y5 for a wide rectangular channel

and the area A is given by By, where B
is the bottom width, so that

2 Q therefore Yo =¥ Q

y B= ]
o lOSo

Equation 79 is used to provide the first
guess for the normal depth computation
by the Newton method. A simplified flow
chart (see Figure 11) shows the way that

this part of the program has been
implemented.

Steady Gradually Varied Flow

This kind of flow is represented by
the Saint—Venant equations of motion 28
and continuity 27. Since the area is a
nonlinear function of y in general, and
Q, q* and S, may be arbitrary functions
of x, no closed form solution for
Equation 28 can be obtained. Its
solution therefore must be achieved by
numerical methods. The Euler method
will be used here to solve for the
gradually varied flow profile.

- Euler Method

The Euler method is a self-starting
predictor-corrector technique. The
first prediction (the first approxi-
mation at step Ax beyond where the
dependent variable y is known) to y;4q
is given by,

gle

v = yi + Ax

i+l (80)

Subsequent predictions may be based on a
second order difference equation,

= dy.
Yiey T ¥y to28xGD, . (8D
After the prediction 1is completed,

the value yj41 is
trapezoidal formula:

corrected by the

- bx [ dy dy
Vo1 = V1 Y2 1@ T &4

(82)
Equation 82 is iteratively applied until

the change between consecutive iter-
ations becomes less than a selected



I=1
T=T+1 te NSO)

Guess Y, by Equation 79

!

Calculation of needed
parameter

*

Counter NCT = O

i

Calculation of area,
wetted perimeter and
other variables

False
Arite I ,DIFf/
YN (I) = YO
AA (I) = AR
Vvl (1) = Q(I)/AR

y

y

Calculation of p/u Reynolds

Computation of F(y ) and
DF(y ) through Equations
© 72 and 73

number and Chezy coefficient
by Equations 67, 70 and 63
respectively.

Y

Calculation of

DIF = F/DF
Y =Y - DIF
(9] O

X

Counter Increment
NCT = NCT+1

B Figure 11,

Flow chart for the normal

depth computations.



from Equation 28 with x and y evaluated
at the section indicated by the sub-
scripts.

small quantity. In Equations 80 through
82, the value of dy/dx is determined @

Prompt data
The Fuler method remains the same

in both the original program and the ¥
implemented one. The changes introduced ‘/' Accept data }
are: *

1. In the subprogram FUNCTION, the Compute
calculation of dy/dx by Equation 28 was Ql0 = Q¥%1,0332
modified by 1) insertion of Equation 71
in order to compute the Chezy coeffi- ' ¢
cient square and 2) the replacement of ]
the equation that computes the friction CETPUEE I
slope (Sg) by Equation 69. 2 —f d

2. In the subroutine VARIED, a I YO = 0 YO<SO) Falge
statement was inserted to calculate the YO=YO+.5 -
Reynolds number at each station. Open '
channel debris flows are always sub- l True
critical (Pierson 1981 and Dawdy 1979);

therefore the computer program has Compute
capability only to compute profiles type wetted perimeter
M1, M2 and M3. #

£ 1vi h Compute
Compu?er Progrém or So ving the the term Q2TPM
Function (F) Given by Equation 72 *
This small computer program was ' Compute area
written to solve for the terms QZP and
10.65A1.97 1.03 g, A program listing ‘
%s shown in Append?x A, and a flow chart Compute
in Figure 12. This program allows: 1) the term SET
a better understanding of the behavior
of Equation 72, and 2) a way to obtain a #
solution for the steady state norm§1 Print YO, PM, AR,
depth (Y ). Examples will be shown in Q2TPM, SET
Chapter VI.
The input data for this program are 4
the following:
1. The flow rate in ft3/sec (Q) @
2. The channel bottom width in
feet (B)

3. The channel slope (S0) _
Figure 12. Flow chart for solving
4. The channel side slope (FM) Equation 72.
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The output gives us:

1‘

2.

Depth (Y0)
Wetted perimeter (PM)

Area (AR)
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4.

The term Q2P called in the
FORTRAN program Q2TPM

The term 10.6541.97 l1.03 g,
called in the FORTRAN program
SET


http:10.65A1.97




CHAPTER VI

APPLICATION OF THE COMPUTER MODEL

The purpose of this chapter is to
apply the equations and methods de~
scribed in the previous three chapters
to typical debris flows. The validity
of a mathematical approach can be
determined by comparing the results from
the solution with available data.
Unfortunately, available field data are
fragmentary; and furthermore, the
collection of new field data is not
feasible for this project. Conse~-
quently, much of this comparison must be
qualitative,

The approach used in this chapter
will be to obtain solutions for examples
of possible debris flows. VUtilization
of the computer model requires data in
the order listed below.

1. The number of sections for
which channel geometry data will
be given (NSI).

2. The number of sections for
which solution results will be computed
and printed (NSO).

3. Flow rate at the upstream end
(Qo).

4, x distance for section 1
(XBEG) .

5. x distance for the last section
(XEND) .

6. Depth of flow at section where

the gradually varied profile solution

begins (YSTART).

7. Output station number where
gradually varied flow is to begin.

39

8. x distance for the NSI input
sections.

9. Bottom slopes for the NSI input
sections.

10. Lateral inflow, if there is

any, for the NSI input sections.

11. Bottom width and side slopes
for the NSI input sections.

12. The file name onto which the
output should be written.

Relationship between Debris Flow
Depth and Water Flow Depth

Damage by debris flows is related
directly to the depths of such flows.
Debris flows develop depths greater than
water flows. Two reasons are: 1)
debris flow contains both the water that
must be transported from the area (which
is usually considerably more than
the volumetric flow rate that the
stream transported before the debris
flows occurred from high intensity
rainfall and other flood conditions),
and the debris it transports, and 2) the
hydraulics of transporting debris flow
requires depths in excess of those
required to transport an equivalent
volumetric flow rate of water. Flow
rates can be computed from the hydrology
of the event and debris movement by
knowing the fraction of solids in the
fluid mixture. The hydraulics of debris
flow versus the hydraulics of water flow
are presented in this section. For
comparing debris flow depths versus
water flow depths to transport the same
volumetric flow rate, the debris flow



equations of Chapter IV will be assumed
to represent the hydraulics of debris
flows.

The Manning formula for water
flowing in a wide rectangular channel in
ES unit simplifies to:

2 yo5/3801/2
g4 L4 ———— _ . (83)
or
o= n )3/5
- -+ . (84
°© 1.9 s t/? (84)
o
in which
q = unit flow rate in cfs/foot
Yo = normal depth in feet
8o = bed slope
n = Manning coefficient

For an open channel debris flow,
starting from Equation 72

Q2p - 10.65 Al.97 @1.03 5, = ¢

If the channel is rectangular and wide
then the wetted perimeter, P, can be
approximated by the bed width, B. Under
these circumstances Equation 72 becomes:

Q2B - 10.65 (Byq)1-97 l.03 5, = 0
Therefore
, 1.97 _ QO.Q?
d 10.65 877 3
0.97 0.51
g = ¢ . 0.97 5
10.65 B”° o
e e e e e e e e .o« (85)
but Q = gqB. Therefore Equation 85
becomes:
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0.97 0.51 (86)
= o e e 6
Va4 = 0.65 5
0
in which
¥4 = normal depth in feet for the

debris flow,
Combining Equations 84 and 86, we get:

Y4

Yo

0,38

02084 0.6 ©0.1085 - (87
n q

S
o

In Figure 13, for a Manning coeffi-
cient of n 0.035, the solution to
Equation 87 is plotted against bed slope
for several unit flow rates, Figure 13
shows the importance of the slope
process. Figure 13 and Equation 87
represent an analytical approach to the
depth ratio. Later this ratio will be
given - for specific cases for which
gradually varied flows will be involved.

It is worthwhile to note some re-
sults from Figure 13, For a relatively
small flow rate per unit width such as 2
cfs/ft the debris flow depth will be
more than 16 times the water flow depth
if the slope is as mild as 0.000l1. As
the slope becomes as large as 10 percent
(0.1) this ratio decreases to about 4.0.
As the flow rate per unit width in-
creases the ratio decreases modestly,
but not near as much as it decreases as
the slope increases. The substantial
increases of the ratio of debris flow
depth to water flow depth for the same
volumetric flow rate explains im part
why debris flows have been observed to
stop flowing, leaving an abrupt wave-
shaped form on the landscape. As the
depths increase as the slope of the land
decreases, the velocity of the flow
decreases until the flow comes to
rest.

Illustrative Examples

Four examples were chosen to
demonstrate how the computer program
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Figure 13. Debris flow depth/water flow depth vs. bed slope for n .035 and

variable unit flow rate.

performs. The first example is based on
hypothetical data believed to represent
a typical debris flow in Utah. The
second is the typical debris flow
described' by Sharp and Nobles (1953),
with a hypothetical downstream control.
The third is a hypothetical example
taken from the report by Jeppson (1974)
for a water flow in a stream with
rapidly varying cross sections. The
fourth repeats the first example with a
dramatic increase in the bed width which
is likely to occur as the debris flow
spreads laterally. This last example is
also solved for the case of adverse
slope. In all examples, comparison 1is
made to equivalent water flows,.

Example 1

A debris flow of 100 cfs comes down
a canyon of rectangular section with a
bed width of 100 feet and a slope of
0.1. When the debris flow passes the

41

mouth of the canyon, it spreads over
areas with decreasing slopes of 0.1,
0.05, 0.005, 0.001 and 0,0005 in a total
reach of 4000 feet. The rectangular
section widens from 100 feet to 500
feet, Flow onto this flood plain was
solved for debris flow and water flow
with Manning coefficients of 0.035,
0.07, 0.1 and 0.2. To illustrate this
problem the profile and top view are
shown in Figure 14, 1In Table 5 and
Figure 15, the ratios of debris flow
depth to water flow depth for different
slopes and Manning coefficients are
shown. In Appendix B the input data and
the output solutions are given.  Data
for computation in Table 5 were obtained
from the computer solution, Appendix B,
In Table 6, some values are shown in
order to illustrate a typical output.

Going into detail in Figures 14 and

15, it is clear how the slope controls
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Debris flow depth/water flow depth vs. bed slope.



the relationship between the debris and
water flow depths. The smaller the
slope the larger this difference is.
Also, when the Manning coefficient
increases, the difference between the
debris flow depth and the water flow
depth becomes smaller. It can be
observed that as the channel slope
becomes very large the debris and
water flow depths become nearly equal.
Furthermore, under some conditions,
the debris flow depth becomes so large,
or the sediment content and viscosity so
large, that the debris flow will likely

stop. The mathematical model does not
accommodate such stoppage, but this
phenomenon has been observed in many
debris flows in nature. As the slope
becomes small and the debris flow
contains sufficient solid material, then
the viscosity becomes large, as given by
Equation 66, as the depth or hydraulic
radius increases, the resulting decrease
in velocity reduces Chezy's coefficient,
as given by Equation 63 which starts the
cycle over. In practice the large
material accumulates at the wave front,
and the entire mass stops.

Table 5. Variation of debris flow depth/water flow depth vs. slopes for different

Manning coefficients for Example 1.

Sk 1 2 3 4 5
distance

(feet) 0 1200 2000 32000 4000
slope 0.1 0.041 0.005 0.0009 0.0005
Normal depth :
debris flow
Y4 (feet) 0.978 1.039 2.612 5.314 6.58
Normal depth water

flow for n=.035
Y35 (feet) 0.211 0.171 0.267 0.365 0.392
Normal depth water
flow for n=.07
Y70 (feet) 0.319 0.260 0. 405 0.554 0.595
Normal depth water

flow for n=.1
Y100 (feet) 0.396 0.322 0.502 0.686 0.737
Normal depth water

flow for n=.2
Y200 (feet) 0,601 0.488 0.761 1.041 1.118
y./y

4’735 4,64 6.08 9.78 14.56 16.79
Y4/Y70 3.07 3.99 6.45 9.59 11.06
Ya /9100 2,47 3.23 5.20 7.75 8.93
Y4/Y200 1.63 2.13 3.43 5.10 5.89
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Table 6.

Typical output values.

Example 1.

Sections Discharge Bottom Slope of Critical Critical Normal Velocities Reynold's Chezy's
along along widths  channel depths slopes depths correspond~ nunber numbers ?ipth of Top
channel chgnnel (feet) bottom at at at ing to correspond~ correspond-~ - oW at width
(feet) £t”/see at sections sections sections mnormal ing to ing to sections (feet)
sections  (feet) (feet) depth(ft/sec) normal normal (feet)
depth depth

0.0 100.00 100.000 0.10000 0.3143 0.920379 0.978 1.022 3.07 3.30 2.746 100.00
400,0 100.00 140.000 0.08000 40,2512 1.030679 0.926 0.772 2.31 2.85 35.033 140.00
800.0 100.00 180.000 0.06000 0.2124 1.122495 0.946 0.587 1.76 2.48 60.904 180.00
1200.0 100.00 220.000 0.04100 0.1858 1.201330 1.039 0.437 1.31 2.13 79.559 220.00
1600.0 100.00 260,000 0.02300 0.1662 1.272320 1.285 0.299 0.90% 1.75 91.358 260.00
2000.0 100.00 300.000 0.00500 00,1511 1.336402 2.612 0.128 0.38 1.13 96,483 300.00
2400.0 100,00 340.000 0.00340 0.1390 1.395091 2,988 0.098 0.30 0.99 98,032 340.00
2800.0 100,00 380.000 0.00180 0.1291 1.449416 3.915 0.067 0.20 0.81 98.989 380.00
3200.0 100.00 420.000 0.00090 0,1207 1.500119 5.314 0.045 0.13 0.66 99.485 420.00
3600.0 100.00 460.000 0.00070 0.1136 1.547756 5.774 0.038 0.11 0.60" 99.779  460.00
4000.0 100.00 500.000 0.00050 0.1075 1.592756 6,580 0.030 0.09 0.54 100.000  500.00

* Reynold's numbers so low that it

is physically impossible and the flow would stop.



Example 2

The debris flow presented by Sharp
and Nobles (1953) is described in Table
1. 1In addition, they pointed out that
the flow "was largely confined by
pre—existing channels to a path 20-150
feet wide." No information about the
discharge has been reported, but if we
assume an average channel width of 70
feet and a rate of debris flow of
500 ft3/sec, the velocity and debris
flow depth resulting from the computer
program coincide remarkably well with
those given by Sharp and Nobles (1953).
With this background, we can describe
Example 2 as a 500 ft3/sec debris flow
discharging into a rectangular channel
with bottom width of 70 feet and a slope
of 0.105. The channel is 1000 feet long
starting at section 0 and ending at
section 1000. The section is the same
throughout the whole length. At the end
a control backs up the debris flow
initially to a depth of 10 feet. There
is no lateral inflow. The steady state
uniform and varied flow solution is
desired to be obtained at 21 output
nodes or stations,

In solving this problem the input
data and the output are shown in
Appendix C. 1In order to see how debris
flow behaves in comparison with water
flow, the same data were utilized for
solving the water flow problem except
one more item was added; the Manning
coefficient was taken as 0.2 for this
specific location. For solving the
water flow problem, the original program
was used. (See Jeppson 1974.) The
output result is shown in Appendix C.

Based on Sharp and Nobles (1953)
data, it is also possible to apply
Takahashi (1980) dilatant model. 1In
order to use his Equation 8, coeffi-
cients now needed, but not given by
Sharp and Nobles, must be generated.
Without any other means for getting the
values for these coefficients, the
values reported by Takahashi in his
experiment were used. The values
adopted for doing the computation are:
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aj = 0,5, tanc = 0.6 therefore o = 30.96
(from Takahashi 1980)

0.5144 (from Takahashi 1980)

sing =
Cx =0.7 (from Takahashi 1980)
Cq =10.9% 0.7 =0.63

(from Takahashi 1980)
o = 2.7 gr/cm3 (assumed)
o = 2.4 gr/cm3

(from Sharp and Nobles 1953)
h = 0.76 m = 2.5 feet

(from Sharp and Nobles 1953)
d = 0,00l m

(from Sharp and Nobles 1953)

by Equation 8,

k =
25 % 0.5 x 0.5144
1/3 2
2.4 007 ! .
x 0.001
0.76
by Equation 10,
UZ - h_gsin®
k
Therefore
U2 - 2.5 x 32.2 x 0.1045 = 4.86

1.73

Therefore
U= 2.2 ft/sec

Results are summarized in Table 7.

The normal depth of 2.575 in Table
7 obtained for the debris flow computer
model matches well the value reported by
Sharp and Nobles (1953) of 2.50 feet.

Comparing the depth with that for the



Table 7. Debris flow and water flow results of Example 2.
Data reported | Results obtain~| Takahashi Water flow
by Sharp and |ed from debris (1980) di- |result using
P t
arameters Nobles (1953) |flow compu- latant model|Jeppson
for debris ter model for debris |model (1974)
flow flow
Critical depth - 1.166 ft - 1.116 ft.
Critical slope - 0.480 - 0.576
Normal depth 2.50 ft 2.575 ft. 2.50 ft. 1.959 ft.
Velocity corres—
ponding to normal 1
depth 3.94 ft/sec 2.774 ft/sec 2,20 ft/.. |3.645 ft/sec
sec

1. If the discharge is 500 ft3/sec and the average width 70 feet,
then the velocity should be 2,86 ft/sec instead of 3.94 ft/sec

as reported.

water flow, only a modest increase (30%)
is observed. The explanation for this
modest increment is that for this large
slope of 0.105 and the same flow rate,
the depth ratio increase is not too
different from unit as shown by the
theoretical results of Figure 13. When
the velocity increases, the fluid
viscosity decreases, so this behavior
tends toward a Newtonian fluid and then
both depths, debris flow and water flow
depth tend to be the same. In Examples
1 and 2 it is clear that smaller slopes
result in a larger ratio of debris flow
depth to water flow depth. A repre-
sentative Reynolds number from Example 2
is 18.38 (see Appendix C). This value
is between those ranges given in Tables
2, 3, and 4 in Chapter IV,

The gradually varied Mj profile for
both debris and water flow is shown in
Figure 16. Figure 17 shows the solution
of the function given by Equation 72 for
three different slopes and a debris flow
rate of 500 ft3/sec. Notice, for the
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slope equal to 0.105, a solution of
normal depth equal to 2.57 feet is
obtained. This solution corresponds to
that of Example 2. Figure 17 is helpful
in understanding how the implicit
function given by Equation 72 behaves.
When using the Newton method the first
guess is very important for convergence
to occur. The slope of the function (or
its derivative) decreases as the solu-
tion is approached.

Example 3

In this hypothetical example, 80
ft3/sec is flowing into a channel where

size and slope changes rapidly with.

position, The downstream depth is
controlled. The downstream control
backs up the water initially to a depth
of 100 ft (30.48 m). The reach is 4180
feet long. The first portion of the
reach has a steeply sloping bottom, with
a maximum slope of 0.019. The next
portion of the reach is flat with a
slope of 0.00002; and before the end of
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Figure 16. Mj profiles for debris and water flow of Example 2.
the reach the slope increases sharply, This same problem was solved

but just upstream from the downstream
end the slope again diminishes to
0.00005. Over the flat center portion
of the channel the bottom width in-
creases substantially. Also over this
central portion lateral inflow con-
tributes 10 cfs of water to the channel.
The profile view of the channel on
Figure 18 shows its geometry and the
specifications used to describe the
channel. The top width of the channel
shown on the plan view of Figure 19
represents the steady flow obtained
from solving the gradually varied flow
equation with the boundary condition at
the downstream and specifying a depth of
100 feet.

The solution to the gradually
varied profile was obtained using 39
nodes. Thus the space increment AX used
in the solution equals 110 feet.

assuming debris flow instead of water
flow under the same conditions. In
Appendix D the input data and output
lists are shown for both cases. In
Figures 18 and 19 the solutions are
shown. 1In this example, the Manning
coefficient varies at each section. 1In
order to examine the influence of the
Manning coefficient, it was decided to
run this example several times for
different Manning coefficients, but
holding each of them constant through
the reach. These results are shown in
Appendix D and in Table 8 and Figure
20.

Example 4

In this example we have tried to
simulate a debris flow of 100 cfs coming
down a canyon of rectangular section
with a bed width of 100 feet and a slope
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of 0.1, When the debris flow passes the
mouth of the canyon, it spreads over
areas with decreasing and sometimes with
short adverse slopes (Figure 21). The
rectangular section widens from 100 feet
to 5000 feet. This spreading takes
place in nature. Flow onto this flood-
plain was solved for debris flow and
water flow with Manning coefficient of
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0.035., In Tables 9 and 10 and Figure
22, the ratios of debris flow depth to
water flow depth for different slopes
is shown. 1In Appendix E the input data
and the output lists are shown.

Two bagic debris flow character-
istics are clearly illustrated. When
the debris flow spreads out over a
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Table 8.

Ratio of debris flow depth to water flow depth.

Figure 20.

Variation of debris flow depth/water flow depth vs. slopes for different
Manning coefficients for Example 3.

Station 10 11

Distance

{feet) 4] 1100 1320 2090 2420 2640 3520 3630 3740 3960 4180

Slopes 0.019 0.013 0.00008 0.00006 0.0001 0.015 0.01 0.0053 0.0007 0.00037 0.00005

Normal depth

_debris flow

Y4 {feet) 6.762 7.338 51,765 4B.648 45.655 6.426 8,018 10.363 25.069 29.937 61.276

Normal depth
water flow
for n=,035

Y35 (feet) 2.81l4

1.12 1.171 4,656 3.223  3.503 1.093 1,199 1.388 2,452 4.782

Normal depth
water flow
for n=.05

Y5 (feet) 3.030

1.386 1.454 5.639 3.966 4.299 1.354 1.488 1.721 3.462 5.821

Normal deptfx
water flow
for n=.08

vgo (feet) 3.994

1.853 1.933 - 5.197 5,607 1.793 1.978 4.532 7.498

yd/y35 6.08 6.27 11,12 15.09 13.033 5.88 6,69 10.22 10.64 12.81

v4/Ys0 4.88  5.05 9,18  12.27 10.62 4.75 _ 5.39 8.27  8.65  10.53

ydfySO 3.65 3.80 - 3.36 8.14 3.58 4.05 6.28 6.61 8.17

22r

20 F
Exomple3 . 0= 80ft3/’sec,secﬁon trapezoidol with
variable side slope ond bed width, _
typicof sections of Cache Volley rivers.

% % Points for n= 0.035
14 b Q u
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»+ Nz 0.080
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600001

Debris flow depth/water flow depth vs. slope.
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Table 9. Variation of debris flow depth/water flow depth vs. slopes for a given
Manning coefficient and large lateral spreading for Example 4.

Qutput

Station 1 2 3 4 >
Distance

(feet) 0 1200 2000 3200 4000
Slope 0.1 0,041 0.005 0.0009 0.0005
Normal depth

debris flow 0.978 0.837 1.511 1.778 2.095
Yd (feet)

Normal depth
water flow

for n=0,035 0.211 0.132 0.138 0.097 0.099
Y35(feet)
Y4/ Y35 464 6.34 10.95 18.33 21.16
{ft)
LARGE LATERAL SPREADING AND S El
SHORT ADVERSE SLOPE
A 480
V4 \
e \ 470
x'/ \\ 0
4
e 50
4ol \ {
e \
120 b \ 440
\
100 430
80 Wafer flow depth N 20

40 k- b=100'

X=4000"

X =
nz.035 So Xz %2300
A o Ao 5670, §4=0001, S6=0.0005
n=.035 0= .035 0z 035 n=.035 ne.035 stations
- . 0
0 m:00 ~ m:0.0  m= 0.0 | m=0.0 ,m:00
(1) (f
140 - t)
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120 140
~
100 130
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80 Debris flow depth _______,___._....-._.___._-.--—-—— |
60 |- S 410
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ag }3o201, '
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0 =D35 500,05 5620005 5070.001 Sez0.00051 Input
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Figure 21. Profiles views for problem 4.
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Table 10. Variation of debris flow depth/water flow depth vs. slopes for a given
Manning coefficient, large lateral spreading and a short adverse slope

for Example 4.

Output'

Station 1 2 3 4 >
Distance

(feet) 0 1200 2000 3200 4000
Slope 0.1 0.00047 0.005 0.0009 0.,0005
Normal depth

debris flow 0.978 8.005 1.511 1.778 2,095
Yd (feet)

Normal depth
water flow for

n = 0.035 0.211 0.483 0.138 0.097 0.099
Y35 (feet)
Tq/ Y35 464 16.57 10.95 18.33 21.16

ﬁ Example 4. Q=100 f13/sec, section rectonqular

o 22 - : with large lateral spreading, n=0035
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wider area as it moves downstream, as in
this case, then the debris flow depth
remains almost constant. Secondly, when
a short adverse slope takes place, a
sharp increase in the depth of debris
flow occurs (Figure 21).

General Discussion

The equation used to represent the
relationship between the Chezy coeffi-
cient and Reynolds number for debris
flow, Equation 62 or 63 has a signifi-
cant impact on the solution results.
This equation was based on the few data
obtainable by searching the literature.
Those data were fitted by the Chezy
equation which was developed for Newton-—
ian fluid, and the results were taken to
indicate that the equation applies for
debris flow in the laminar range.
Collection of more data by experiments,
or by quantitatively observing debris
flow in the field, may assist in vali-
dating or improving this relationship,
or showing that it is not acceptable for
certain classes of debris flows.

Equation 65, that describes the
relationship between open channel debris
flow density, p, viscosity, y, and the
hydraulic radius of the resulting flow
is also important., It was evaluated
from limited data provided by Sharp and
Nobles (1953). Also, additional
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data would assist in validating this
relationship.

Despite the very limited data
available to, and the simplicity of the
equations used in fitting the data, the
solutions describe the phenomenon of
debris flow well, both from the basis of
qualitative observations as they can be
gleaned from the literature as well as
in duplicating the few quantitative data
available. The Takahashi dilatant
debris model result and the Sharp and
Nobles (1953) data, for the uniform
debris flow depth and velocity compare
closely to our results as shown by Table
7. Takahashi coefficients such as aj,
tan o, C4q, C,, and d are not easily
obtained. From this point of view the
model proposed herein is far superior.
It also appears to produce results as
good as Takahashi does.

The greater debris flow depth than
water flow depth is something to be
expected, not only based on descriptions
given by several authors but also
because of its much larger viscosity in
comparison with water. The friction
slope, defined by Equations 69 and 63,
constitutes the basis for future appli-
cation of this debris flow model to the
routing of any hydrograph in channels or
streams and the nonsteady debris flow
solution. The bed slope plays a very
important role in the debris flow
process,






CHAPTER VII

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

A theoretical model based on one
dimensional Saint-Venant equations of
continuity and motion, together with the
modified Chezy equation for defining the
friction slope, have been found suitable
for describing open channel debris flow
in the laminar range with Reynolds
number less than or equal to 500. This
research included only steady state
flows.

A computer program with the capa-
bility for solving steady state open
channel debris flows by numerical
methods has been developed,

Equations 63 and 65 constitute the
foundation for the theoretical model.
The former equation expresses the
relationship between the Chezy coeffi-
cient and the Reynolds number for
laminar debris flows. The latter
equation provides the relationship
between the debris flow density, viscos-
ity, and the hydraulic radius of the
flow. These relationships are of
necessity based on the limited data
available for debris flow. Solutions to
four examples were obtained to verify
the theoretical model and test the
computer program. The result shows
that this open channel debris flow
model reproduces very well debris
flows observed in nature like that
described by Sharp and Nobles (1953).
The advantage of this model over those
proposed by Johnson (1965, 1970) and
Takahashi (1980) is that it does not
depend upon coefficients that are
difficult to obtain and vary with flow
conditions. Furthermore, the model 1is
easily applied.
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Debris flows develop depths greater
than water flows do. The bed slope is
the most important variable that affects
the ratio of the depth of debris flow to
depth of an equivalent volumetric water
flow. The substantial increase of the
ratio of debris flow depth to water
flow depth for the same volumetric flow
rate at low slopes, explain in part why
debris flows have been observed to stop
flowing, leaving a wave-shaped form on
the landscape. As the depths increase
as the slopes of the land decreases, the
velocity of the flow decreases until the
mixture can no longer flow.

The following are recommendations
for future research related to debris
flows:

1. Extend this theoretical model
to the solution of unsteady debris
flows. In order to do this, approximate

boundaries conditions are required. A
critical component of the unsteady model
will be the methodologies used in
handling the wave front.

2. Collection of more data by
experiments or by quantitative observa-
tion of debris flow in the field are
needed to provide greater assurance
regarding the range of acceptability of
Equation 63.

3. Equation 65, that describes the
relationship between the debris flow
density, viscosity, and hydraulic radius
needs verification. Verification of
Equations 65 and 63 means that field
data, as well as possibly laboratory



data need to provide values of p, u, Rg, 4. Application of this debris flow
and R along the flow in the x—direction model to field situations that are
as the bed slope varies. likely candidates for future debris flow.

56



REFERENCES

Amein, M., and C. S8, Fang. 1970.
~ Implicit flood routing in natural
channels. Journal of the Hydrau-
lics Division, ASCE 96(HY12):
2489-2500.

Amisial, R. A. 1969. Analog computer
solution of the unsteady flow
equations and its use in modeling
the surface runoff process. PhD
digsertation, Utah State Univer-
sity, Logan, Utah. 189 p.

Babbit, H. E., and D. H., Caldwell.
1939, Laminar flow of sludges in
pipes with special reference to
sewage sludge., University of

Illinois. Engineering Experiment
Station, Bulletin Series No.
319, 59 p.

Bagnold, R. A. 1954, Experiments on a
gravity—free dispersion of large
solid spheres in a Newtonian fluid

under shear, Proc. Roy. Soc.
London, Ser. A., 225:49-63.
Blackwelder, E. 1928, Mudflow as

a geologic agent in semi-arid
mountains, Bulletin of the Geo-
logical Society of America, 39:
465-583.

Bull, W. B. 1968. Alluvial fans.
Journal of Geological Education,
16:101-106.

Torrential floods
in northern Utah, 1930. Agricul-
tural Experiment Station, Utah
State Agricultural College, Logan,
Utah, Circular 92.

Cannon, S. Q. 1931.

Alluvial fan
California

1935,
the Montrose,

Chawner, W. D.
flooding,

57

flood of 1934, Georgr. Review
25:255~-263.
Chen, Cheng-lung. 1975. Urban storm

runoff inlet hydrograph study.
Volume 1, Computer analysis of
runoff from urban highway water-
sheds under time- and space-varying
rainstorms. Utah Water Research
Laboratory, Utah State University,
Logan, Utah.

Cunge, J. A., and M. Wegner. 1964,
Integration numerique des equations
de ecoulement de Barre de Saint-
Venant par un schema implicite de
differences finies. La Houille
Blanche, pp. 33-30.

Dawdy, D. R, 1%79. Flood frequency
estimates on alluvial fans.
Journal of the Hydraulics Division,
ASCE 105(HY11):1407-1413.

Enos, P. 1977. Flow regimes in debris
flow. Sedimentology, 24:133-142.

Henderson, F. M. 1966. Open channel
flow. Macmillan Publishing Co.,
Inc. New York, 522 p.

Hooke, R. Leb. 1967. Processes on
arid-region alluvial fans. Journal
of Geology, 75:438-460.

Hughes, W. F., and J. A. Brighton.
1967. Fluid dynamics, Shaum's

outline series. McGraw~Hill Book

Co., New York.

Jeppson, R. W. 1974. Simulation of
steady and unsteady flows in
channels and rivers. Utah Water
Research Laboratory, Utah State
University, Logan, Utah.



Jeppson, R. W. 1980. Lecture notes
from "open channel flow." Course
No. CE 655, taught at Utah State
University, Logan, Utah.

R. W. 1981. Lecture notes
from "numerical wmethods." Course
No. CE 753, taught at Utah State
University, Logan, Utah,

Jeppson,

Johnson, A. M, 1965. A model for
debris flow. Thesis presented
to Pennsylvania State University,
University Park, Pennsylvania,
in partial fulfillment of the
requirements for the degree of

Doctor of Philosophy in Geology.
232 p.
Johnson, A. M. 1970. Physical pro-

cesses in geology., Freeman, Cooper
and Company, San Francisco, 577 p.

Leopold, L. B.,, M. G. Wolman, and J. P.
Miller. 1964, Fluvial processes
in geomorphology. Freeman, Cooper
and Company, San Francisco,

McGee, W. J. 1897,
Bulletin of the Geological Society

of America, 8:87-112.

Morgali, J. R. 1970. Laminar and
turbulent overland flow hydro-
graphs., Journal of the Hydraulics
Division, ASCE 96(HY2):441-459.

Torrential potential
Pan—-American

Pack, F. J. 1923,
of desert waters.
Geologist 40:349-356.

Paul, J. H., and F. §. Baker. 1925,
The floods of 1923 in northern
Utah., Bulletin of the University
of Utah, V. XV(3).

Pierson, T. C. 1981. Dominant particle
support mechanisms in debris flows
at Mt. Thomas, New Zealand, and
implications for flow mobility.
Sedimentology 28:49-60.

Sheetflood erosion.

58

Rouse, H., and J. M. Robertson. 1941.
On the four regimes of open-channel
flow. Civil Eng. 11(3):169-171.

Segerstroem, K. 1960. Erosion studies
at Paricutin, State of Michoacan,
Mexico: U.S. Geological Survey
Bulletin 965-A, 164 p.

Sharp, R. P. and L. H. Nobles. 1953,
Mudflow of 1941 at Wrightwood,
Southern California. Geological
Society of America Bulletin,
64:547-560.

Strelkoff, T. 1969. One-dimensional
equations of open—-channel flow.
Journal of the Hydraulics Division,
ASCE 95(HY3):861-876,

Numerical solution
Jou;nal
ASCE

Strelkoff, T. 1970.
of Saint-Venant equations.
of the Hydraulics Division,
96(HY1):223-252.

Mechanical charac-—
Journal
ASCE

Takahashi, T. 1978.
teristics of debris flow.
of the Hydraulics Division,
104 (HY8):1153-1169.

Debris flow on

Journal of
ASCE

Takahashi, T. 1980,
prismatic channel.
the Hydraulics Division,
106 (HY3):381-396.

Yevjevich, V. 1975a. Iatroduction, p.

1. In K. Mahmood and V. Yevjevich
(Eds.). Unsteady flow in open
channels, Vol. 1. Water Resources
Publication, Fort Collins, Colo-
rado.

Yevjevich, V. 1975b. Storm~drain
networks. In K. Mahmood and V.,

Yevjevich (Eds.). Unsteady flow in
open channels, Vol., II. Water
Resources Publication, Fort
Collins, Colorado.



6%

SEOIANHIIY






”
i

Appendix A. Computer Program Lists

EXPLANATION OF INPUT VARIABLES

Steady State Solution

No. of section for which channel geometry data will be given.

No. of section for which sclution results will be computed

If 0 channel is not a trapezoldal channel and geometry at NSI
sectlons must be given as two dimensional arrays in which the
second subscript gives the area, wetted perimeter and top

If not O geometry of this problem will be tsken the same as

Flow at upstream end. If Q0 = 0, then the array Q(I), read in

A% distance between output sections consisting of NS5O in

Section number at which gradually varied profile solution
1 if computation of gradually varied flow proceed downstream;

Ending section number for gradually varied flow computations.

0 if flowrates are to be given at NSO sections; 1 if at

If greater than 0 a check will be made to determine whether
a control exists inm channel other than at sectilon NSTART.

If equal to zero only a steady state solution will be cbtained.

If greater than zero the geometry, etc ., at the NSO sections
will be obtained from the NSI sections by linsar interpolatiom,

Lateral (accretion) inflows (or actual flows - see QO).

FORTRAN
Variable Description of Data
RSL
NSO
and printed.
ITRAPE
width ag a function of depth.
LOYES
previous problem.
Qo
later, represents flows at sections.
XBEG x distance to Section 1.
XINC
number.
ERR Error parameter to terminate Newton iteration.
NSTART
begins.
NSINC
-1 if they proceed upstream,
NEND
INFLOW
NSI sections.
YSTART Depth of flow at NSTART section.
MYSTRT
TUNSTE
LINTER
otherwise quadratic interpolation will be emploved,
Q@
XI(1) x - distances for NSI sections.
SI(I) Slope of channel bottom So at NSI sections.
BI(L) Bottom widths of chanpel at NSI sections.
FMI{1) S§ide slopes of channel at N8I sections.
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C THIS PROGRAM 1S THE RESULT OF SEVERAL CHANGES INTRODUCED INTO THE

C ORIGINAL PROGRAM CALLED STREAM AND 1S GOOD IM ORDER TO GET THE STEA-
C OY STATE CONCITION FOR DEBRIS FLOW,BUT ALSO THE OPTION FOR THE IMPLE-
C MENTATION OF THE UNSTEADY STATE CONCITION REMAIN DPEN SD THAT IT CAR
C BE DONE LATER,THIS IS THE REASON WHEK THE PROGRAM ASK YOU ABOUT TO

.C CHANGE SOME OF THE YARIABLES YQU BAVE TO PUT THE VARIABLE IUNSTE

€ EQUAL TO ZERD(D1,50 THAT THE PROGRAM CAN GIVE TO YOU THE RESULTS

C UNTIL THE GRADUALLY YARIED FLOW.

C THIS PROGRAM IS GNLY GOGD FOR DEBRIS FLOW WITH FREE SURFACE AND LA- 122 f°§"ﬂT( 1pn9¥1oc OUTPGV STA. HO. WHERE GVF SOL.
C MINAR FLOW CONDITION THAT MEANS REVNDLDS NUMBER LESS OR EQUAL TO 500, REAB(?NPUT f
€ IF (NSTART .EQ. uso) G0 TO 124
CHARACTER*S ANAME(6),RW1{2),AHELP(5,6) ,PAR HSINC=1
CHARACTER*12 PARL NEND<HSO
INTEGER 1VAR(8) GO 70 128
REAL RVAR(1) 124 NSINC=)
(SOMHON BI{10), 11 (10) REY(40),8(40) FU(40) CHUION STIOVSUA0), o\ orap' " SkcTI0N WHERE GRADUALLY VARIED PROFILE COWPUTATION IS TO BE
{10}, ¥1{10.{0) 0o, Ti (10,10 T1(30,10) K(40) ML (10 10} F1 (10 o0, SINC 1 1F COMPUTATION PROCEDES FOREARD, -1 IF COMPUTAION PRC
a3, ,10).P{30,10] .YC{40),3¢140), YN{40),YT(3D,10) ,¥(40] ,Aa{40) ,q( 46 N~ L OO R L Conn. .
)PP {40} 0P (40) V140) FACL FAC2 FACS XINC. KBEG,ERR QC2.,062, Dt x, £ NEND. == FINGL BEC OF GRADL SRELGEGRAORRe 1 e o0ty 15 caven
DEL2,DEL 32,ROX4, ROX3 . DXG, NS0, ITRAPE , HP NSTART NSTNC .NEHD MCuRve, ° & AELON == B 0F @isd o2 RER A ong Sreliom, b od (ML eRmeR Than
:Il,iz.IS,HET,MYSTRT,IVARR,EL[YB(10),NS!I.LINYER.NCONTT.ELB(QO].¥PR ‘ Q(g) Ant INFLOVS :
géﬂﬁﬂﬁ-éﬁﬁ?aa .6.¥C6{80) ¢ IF MYSTRT IS GREATER THAN O CHECK WILL NOT BE MADE TO DETERMINE IF
R 1(7)FHT3{7) ALARY(6) € IUNSTE = 0 1IF OT UNSTEADY SOL. 1S SOUGHT
BT e C ST ik TS CRERTER THAN 6" LINEAR INTCRPOLATION 1S USEO BETWEEY
c NAMELIST/SPECIF{I:RAPE 10YES ERR, INFLOM HYSTRT , JUNSTE ,LINTER HCOu § (o ?gaa§§?§¥; égfg ASTART. +HSIHC, NEND, INFLOW, YSTARY
¢ -6F10.
R TERYG HAYES{9)/ T TRAPE. V0ES',INFLUK', ‘MVSTRT' e, € ?533;%??3§é§°2’ WYSTRT , IUNSTE L INTER  NCONTT .RPR
R ; L
chA§Z§¥ER*2C2?EcIF?P§pec§ Fr/ 128 WRITE(IOUT.130) NSI,NSO,ITRAPE,IOYES,QD,XBEG,XINC,ERR,HSTART,
LEWHALSIEL (016, LU(2). 00L0w, ) B A T T N
. ¢ rymegt typmgt * Xegg= VXING=* F ERR=" F8. s / NSTART=",12." NSINCw
DATA ANAME/'NSI', NSO, Q0" ,’XBEG','XEND', YSTART'/ *2,! XBEG=',F8.2,' XINC=',FB.2,’ 8. S 212 :
uggf ITRAPE , 10YES,ERR,, INFLON, MY STRT , IUNSTE ,LINTER  HCOTT ,0PR/L0, ey I§E¥°£Iﬁ‘2i;11”:¥°¥;;-12»‘ YSTART="F8.3," MYSTRT=" 12, 1UN
.001,1,0,1.1,0,0/ ='.12,' LIN. INT. ',
OATA" INPUT. 10UT/S,6/ ¢ RaSTHi01) FHT .
_DATA AHELP/'ND. OF',’ SEC. *,'FOR IN',’PUT DA','TA s T e s
“o. Ot SEC. !, tFoR OUF, TeUT Y, cATA 140 FORMATL* PROVIDE',15,' X-DIST. FOR',I5,° INPUT STATIONS',/)
FLDNRA' .*TE AT *.'BEG, 0','F CHAN','NELL '. R A i ML
* X DIST'.* AT BE'.'G. OF . 'GVF-PR’.'OFILE '. A sl -1,
*=DIST!,* AT BN, :n OF ' 'GVF- PR, *orxLE ' Iua?ié}xégr'lso; ol
. e N .
1555{?; ;ngﬁT - XBEGIN, ' 150  FORMAT(* PROVIDE BDTTOM ELEVATIONS FOR',I5,* INPUT STATIONS',/}
IVAR{4)=MYSTRT READ(INPUT,*)} (ELEYB{I},1=1 NSI}
IVARLBI-HPR NRITE(I0UT, 160} (ELEYB{I) 151,451}
- 160 FORMAT{' ELEv oF BOTTON',/, (1K ,12F10.2))
IVAR{7)=RCONT T e
it 170 STaite | ({ECEVB(L-1)-ELEVBCLD /XTI XL}
¢ 98 READIINPUT, 100, £ND=99) NSII.NSO, ITRAPE, 1OYES .00, EEG.XINC..ERR SANLSIE)
et SIAV=,5*{SI(1-11451(1))
10 FORMAT(' DO YOU MANT A DEFINITIDN OF MAMELIST OPTIONS IN SPECIF? S
5 oR N',/) 180 S1AY1=SIAV
READ!INPUT, 120} PAR SI{NSI}=S1A¥1
IF{PAR LEQ. 'Y '} WRITE{IOUT,20) & To 210
20 iFomr('ssgms:x IF 0 CHAWEL 15, NoT TRAP?ZOIOALOQEEOSEESETE; O aTLLIo0T. 10} NST
AT HSI 10NS MUST BE GIVEN',/,' I0YES=0 IF NOT P N '
*THIS PROBLEM WILL BE TAKEN THE SAME AS PREVIOUS PROBLEM.',./, 190 gg:gﬂﬁpugﬁgl?gx??{?ﬁShg‘;gs FOR?, 15, " INPUT STATIONS"./)
* ERR=.001 ERROR PARAMETER',/," INFLOW<l ' IF GREATER fhAM O A , T b0l T ) 1ot ey
“CHECK WILL BE MADE TO DETERMINE WHETHER A CONTRDL EXISTS IH CHANNE 2.0 B0 T (lﬂgp i S CIF oAt IR .t X (1ZFI0.LF8.1))
* GTHER THAN AT SECTION MYSTART',/,' IUNSTE=1 IF EQUAL TO 0 oMLY 22 ua?#é{gourggsoi & ?1) IC1 s o
" *A STEAOY STATE SOLUTION WILL BE OBTAINEO®./,' LINTER=L IF 1 CEOME 0 FomMAT(' S~ [12FI0.5.F5.5))
#TRY,ETC. AT HSO SECTIONS IS DETERMINED 8Y LINEAR INTERPOLATION: FORMAT(® 7% -B,F9.
*IF  BY QUATRATIC INTERPOLATION®,/} s W .£0. 0) MS0=KSO
% ?5&&§%§9“$svgﬁlr OPTIONS ARE;") HRITE(10UT, 240)
b WRITE{ 10UT, SPECIF} ' 240 FORMAT{’ 1S THERE LATERAL INFLOWZ Y OR N',/)
HRITE(IOUT 31} ITRAPE , LOYES ,ERR, INFLOW,KYSTRT , IUNSTE ,LINTER  NCOKT, %E?g;;ﬂPUT »120) PﬂR,) a6 10 260
* PR
3 FORMAT(' 1TRAPE=' 14, 10YEs=',13,’ ERR='F10.5.° INFLOW=',13, DG 250 1=1, HSO
HYSTRT=",13, ' 1URSTE=" .13, LINTER=",13,7 NCONT=",13,7 WPR=".13) 250 gél}éoéss
MRITE (100,40} GEO? ¥ R K" /) %0 WRITE(10UT,262) M5O
0 FORMATL 0O YOU MANT ANY OF THESE CHANGE : 262 FORMAT(' PROVIOE',IS,' VALUES OF LATERAL INFLOW. 1IF QU0 THESE
BEADLINPUT, 120 PAR, *&RE ACTUAL FLOWS.'./) ’
é§§$2?165$'50¥ } 6o T0 60 READ{INPUT, *} {Q(1},1=1,H50)
50  FORMAT(' GIVE CHANGED OPTIONS IN &SPECIF LIST',/) %s ¥§§;§§%°“§Q3’?}lé$§‘§ Y 9??1
c READ{INPUT , SPECIF) TRih0 LT TR G0 1o 29
CALL HAMEL1(SPECIF ,NAMES,IYAR,RVAR,8,1.9) ~ .
1TRAPE=IVAR(1) Q1 )=g0
WYSTRT=1VAR(4} DO 280 1=2,MS0

KPR=IVAR{B}
LINTER=IVAR(E}
: NCONT=IVAR(7)
‘60 WRITE{IOUT.70}
70 FORMAT{® GIVE rua INPUT DATA AFTER THE HAME.
*AND HAME HRITE Py
DO 90 1=l
NRITE(IOUT es; AHAHE{!)
FORMAT{IH ,A6,’~ '}

READ(INPUT, 120) Rl
IF(RW1{1) .EQ. HELP'} GO TO 82

-80
85

82
50

60, 10 90
WRITE{IDUT, 100 }ANAME{ I}, (AHELP(J,1) d¢1,5)
G0 10 80

READ{RWI 91 ,ERR=B0) AIARY{1}
FORMAT{BN,F12.0)
FORMAT(® THC VARIABLE °*
HSTI=AIARYLI)
NSD=ALARY(2)
QD=ALARY(3}
XBEG=AIARY(4}
XEND=Al1ARY{E}
YSTART=AIARY{6}

C IF NSI1 IS5 NEG. THEN ELEV OF BOTTOM INSTEAD OF SLOP IS GIVEN
110 FORMAT(415,6F10.5)

DELX= [XEND-XBEG)/FLOAT{NSD-1)

HSI=1ABS(NSII}

FORMAT{746)

IVARR=D

91
100 JAB," IS °UBASY

120

280
C 25 READ{INPUT,101}
290

IF You DOKOT UNOERST 300

C
€ 330

XINC=DELX
QEL2=2 *DELX
DEL32=1.5/DELX
RDX4=4, /O0ELX
ROX3=3, /DELX
DX%6=32.2*DELX
XINC2= X!NC/ZéZ .
T
SRNE”DU sEtor 15 10 8£6.,1.E.°

Q(!)=Q(l 15+0{1}

FHTL

IF{ ITRAPE .ggo}{)liﬁgs'gﬂ 340
WRITE{IOUT [
FORMAT(® PROVIOE',15." BOTTOM WIOTHS, THEW®,IS," SIOE SLOPES®,/)

READCINPUT,*) (BI{1),1=1 NST},{FHI{I}.1=1,N51}
HRITE(IDUT 310) (Bl(l} 1=1,NS1}
310 FORMAT(' (12F10,3,F2.3)
ueztc{lour 3209 (FH1t11 1=1,K81}
FORMAT(® ' .{12F10.3 ,F9.3)]
WRITE{16UT,330) (FNI(1),1=1 481}
FORMAT{ 'R, {12F10.3,F9.3))
WRITE{10UT,334)
FORMAT{' HAVE YOU MADE ANY MISTAKES? Y OR N',/}
READ{ INPUT, 120) PAR
IF(PAR .EQ.' ') GO TO 450
WRITE{IOUT, 336}
FORMAT{® DO YOU WANT TO START AGAIN AT THE BEGINNING OR
*JUST WITH CHARNEL DATA? TYPE BEGIN. DR  CHANNEL'./)
READ(INPUT, 120) PAR
IF(PAR .EQ. 'CHANNE') G0 TO 135

GO T0 25

IF(N511 ‘LT‘5S% G0 TO 360

WRITE{10UT,3

FgRHi§(' PROVIDE FORMAT AND THEN CROSS-SECTION DATA',/)

READ{ INPUT, 120} FHTL i

READ{ YHPUT,FMT1} NP, ({Y1{1,J},J=} NP}, 11 KRS1},

*{{AI{1,J),d=1.NP}, Ix1,NS1),{(PI{I.d),d=1 NP}, 1=1 ,NSI}, ({TT{1,0) 0%

320

334

350


http:CHANNEL'.1l
http:FORMAT(BN,F12.01
http:SLOPES'.1l
http:WRITEOOUT.50
http:001,1,0,1,1,0.01

C 380
360

370
380

380
400
410

420
430
440
450

‘452
453

’454
460

470
480
430

510
¢ 520
520
£30

‘50
550

$60

570

580
£90

£600
600
610

620

Lodn
660

570
§90

“ 700

710

‘I.NP).!ﬁl.NSIl
G0 380

READ(IHPUT FUTLY {FN1(1),1=1,N51)
READ{ INPUT,*) NP

00 370 I=1,NSI

REAQ{INPUT.FMTLY {¥I{I,d).J=1.4P)
READ(INPUT,FMTL} {AL{1.d},J=1 NP}
READ( INPUT,FMTI) {PI{1,d),d=1 0P}
READ{INPUT,FMTI} (T1(1,d),J=1,NP}

DO 430 I=1,NSI

WRITE(10UT, 390) x1(l) O(I)

FORMAT(* X=',FI0.1," SQ=',F10,3)

WRITE(10UT 400) (11(1 W) ,0= x NP)

FORMAT{' v L{12F10.3,F9.3

MRITE(10UT,410) (AI(I J).J 1,NP)

FORMAT(' A',(12F10.2,F9.2))

WRITE(10UT,420) (P1(1.J),d=1 NP

FORMAT(* P, (1210.2,F9.2))

HRITE(IOUT 440) (TI(I,J) J=1,HP)

FORMAT(' T*,(12F10.2,F9.2))
*Hgngng') 'HHERE SHDULD THE OUTPUT 60? GIVE 1} TTY IF TERM ONLY;
READ(5,452) PARI

FORMAT(A12)

IF(PARL.EQ.'TTY'} GO TO 455
IF{PARI.NE.'TTY') GO TO 453

10UT=3
OPEN{UNIT=10UT,FILE=PARI,STATUS="'NEN')
{;(%ovas) 460,460,610

12s2

13=3

IF{LINTER .EQ. 0) GO TO 530
DNI=X]{I2}-XI1{I1}

00 520 I=1,N50

X(1}=XBEG+XINC*FLOAT (3-1}

IF{X{1) .LY. XI{I2) .OR. 12 .EQ. NSI) GO YO 480
=11+1 .

12=12+1

DNI=X1{12}-X1{II}

60 T0 470

FACI={X(1}-X1{11)}/DHL

IF{1TRAPE .EQ. 0) GO TO 450
B{1}=BI(11}+FACI*{BI{12)-B1{11}}
FM{TJ=FMI{I1 +FACI*{FUI{12}-FNI{11]})

G0 10 51tk

DO 500 J=1,N
a(I,J)=a1(11,J)+Fa£1*(a1{12,d)~az<11 J1)
TH, 311 (11, HFACI*(T1{12,0)-TI(11,9])
YT(I,0)=YT{I1,J +FACI*(YI{12,J)-YI{I1 ,J})
P(1,d)=P1{11 d}+FACI*(PI{12,9)-PI{I1,31)
S{1I=SI{II+FACI*(SI{I2}-SI1{11}}
IF{INFLOW .GT, 0] AR{1]=0{11}+FACI*(Q{12)-Q{11}}
IF(NSII.LT.0)ELB{1)=ELEVB(11)}+FACI*{ELEVB{I2)-ELEVBII1)]}
FH{I)=FNI{TI}+FACI*{FNI{I2)-FKI{11})

CONTINUE

GO T0 660

00 600 I=1,NS0

X(I)'XBEG+XINC*FLOAT(I 1)

IF(I .EQ. I} Gl

IF(X(I: AT, S*(xltizl+x1113]) LOR. I3 .EQ. NSI} GO TO 560
11=]1+

12=12+1

{3=13+1

nn1=(x1(11]-x1(12}}*(x1(111~x1(13))
DMZ=(X1{12)-XI(11}}*{XI(12}-X1(13}}
DN3=(XI{13)-XI{I1) }*(XI1(13])-X1(12)}

60 T0 540
FACI=(X{1)-XI{12}}*{X(1)~XI{13}}/DN]
FAC2={X{1)-XI{I1})*{X{I}~X1(I3)}/DN2
FACS={X{1J-XT{I1)}*(X{1}-X1{12}}/DN3

IF(ITRAPE .EQ. O} GO TO 570
B(1)=FACI*BI{ 11 }+FAC2*B] (12 }+FACI*BI(I3)
EM{1)=FACI¥FMI{ 11 }+FAC2*FMI (12 }+FACI*FMI{13}

66 TG 590

00 580 J=1,MP

A(X,d)=FACI*AL (11,0 )+FACZ*AL (12,0 4FAC3*AI(3,d)
TT(1,0)=FACI*TI(11,d )+FACZ*TI(12,d }+FAC3*TI{13,0)
YT(1,d)=FACI*YT (11,0 1+FACZ*YI (12,0 WFACIYI (13,0}
P(1,d)=FACL*PL(I1,J)+FACZ*PI{]2,J)+FACI*PI{13,0}
S{1)=FACL*SL(II)+FACZ*SI (12)+FACI*SIL13)
IF(NSII.LT.0)ELB(I)=FACI*ELEVB( 11)+FAC2*ELEVB(12)+FACI*ELEVB(13}
IF(INFLOW LGT. O) AA(I)=FACIQ[11)+FACZ*Q{I2}+FACI*Q{13)
FN(TY=FACIAFNI{11)+FACZFNL(12)+FACIAFNI{13}
CONTINUE

GO TO 660

00 650 1=1,NSO

X01)=XBEGeXINCAFLOAT( 1 1)

IF(ITRAPE .EQ. 0) GO TO 620

8(1}=81(1)

FMLI)=FNL{L}

GO TO 640

00 630 J=1,NP

AL, 01=A1(1.0}

THLI =TI

YTLLL, V=YL, OT

p{1,d)=P1{1,)

Fu{iy=Ful {1}

S{1)=51{1}

WRITECIONT, 7003 (X(1},1=] NS0}

1F{INFLOW -£Q. O} GO TO 660

DO 670 1=1,NS0

QlI)=Aa(1)

WRITE(IOUT,6901 (G(1).1=1, §50)

FORMAT{ ‘0 DISCHARGE ALONG CHANNEL'./,{1H .13F10.2})
FORMAT{ '0SECTIONS ALONG CHANNEL®,/,(1H L13F10.10)
IF{ITRAPE LEQ. 0] 60 T0 ?30

WRITE(10UT.710) {a(:} 1=1,H50]

FORMAT{*0 BOTTOM WIDTHS', 7.0 1H ,I3F10.3))

720
¢

730

740

750
760
€770
€780
785

MRITE{I0UT, 7203 (FM{I},1=1 K50}

FORMAT( 0 SLOPES OF SIDE OF CHANNEL',/,(IH ,13F10.3))

60 10 7

60 10 785

WRITE(10UT,740)

FORMAT('0 CROSS-SECTIONAL AREAS AND WETTED PERIMETERS OF CHANNEL®)
80 750 1=1,NSO N
WRITE(10UT,760) (vr(l.J) A1) P{1,0),951,WP) .
FORMAT(IN ,5(3F8.3,1X}) .
WRITE(I0UT,780) (FN(1),1=1,NS0)

FORMAT('0 MANNINGS N FOR sngIONS OF CHANNEL®,/,(IH,13F10.3))

WRITE(IOUT,790) (S{I),1=1,NSO

FORMAT{'0 SLOPE G CHANNEL BOTTOM AT SECTIONS'./,(IH ,Y3F10.8))

790
£ SOLUTION OF CRITICAL DEPTH AND CRITICAL SLOPE

-800

410

820

IF{NSIL.LT.O}NRITE(IOUT, BDO)(ELB(I] 1=1,N80}
FORMAT{® ELEV. D§ CNANNEL BOTTOH WG LI 13FI02 )
IF{ITRAFE .EGQ, O

YO(‘(O(I)/B(?))*'2/32 2)** 3333333

00 830 I*1,NSU

QG2=Q1)**2

Qc2= .

6 /32.2
FMZ= 2 *FH(1)

NCT

AR= (B(I)+FH(1)*YD\*V0
WPR=B{]}+2.*YD*SQRT(FH{ I} *2+1, }

AZ=4R*AR

TR=B{I }+FMZ*Y(

F=QG2*TR-ARYAZ

DF=QG2*FM2-3 Y TR*A2

DIF=F/OF

¥YO=Y0-01F

NCT=NCT+L

1F{ABS(DIF) .GT. .000L .ANB NCT .LT. 10} 60 30 810
IF{NCT .EQ. 10} WRITE(IOUT, 820} NCT 1,01F, Y0
FORHRT( DID NOT CONVERGE IH‘ 13, ITER&TIONS 1=',13," DIFs' £10,
*3,' ¥{1)}=',F10.3}

YC{1)=Y0
CAR(D)=AR

VI(13=0(1)/A

DEVI=3.*WPR/AR

REY{1}=Q{I}*DEVI/WPR
CH{1}=1.85%REY{1}**.5166
QC2=062%32.2/{CH{11*CH(I)}

§6830 SCEIY=QCR PN T 1 o2%(B{1)+2, *YORSORT{FM{ I)¥*2+1 , } 1**1.3333333/((

C

850

860
870

880
890

*B(I)+Fﬁi1)*¥0)’¥0}*‘? .3333333

13=3
Y0={(Q{1)/{.7*P(1,1)))*42/32.2 )%, 33333
90 900 1=1,KS0

QG2=q{ 13+

QC2=062/2.22

Q62=Q62/32.2

NCT=0

MCT=1

IF{LINTER EQ. 0} GO TO B8O

00 860 2= 2,M

J=J
IF(YT(I J) .GE. Y0} 60 To 870

CONTIN
FACT=lY0-YTlI,J-l))/(YT(I.J)-YT(I,0-1
AA(1)=AL1,0-1)+FACT*(A(1,J)-A(1,J-1}}
TR=TT(L -1 I+FACT*(TT(1,3}-TT{1,J-1})
123

11=J-1

G0 To 890

CALL AREAP(I,Y0)
TR=FACI*TT{1,I1}+FACZ*TT(1,12}+FACI*TT(1,13)

AR=AA(1}

A2=AR*AR

F=QG2*TR-AR*A2

DF= (oazttrrcx 12)-TT{I,11))-3, %A2*(A[ X 12)-AFL, 1LYV 32 OVTL, 22 3-¥T¢
*L 11

DIF= F/DF

Y0=Y0-DIF

IFIY0 .LT. 0.} 10=.3%{0{1)%.4}

NCT=NCT+L

IF{ABS(DIF} .GT. .001 .AMD. NCT .LT. 10) GO TC 8BS0

IF(NCT .EQ. 10 WRITE{10UT,B20} NCT,I,DIF,Y0

YCi1)=Y0

PR=FACLAP (1,11 1+FACZ*P (1, 12+FAC3#P(1,13)

YI{1)={1}/AR

DEV1=3.%PR/AR

REY(1)=0{1)*DEVI/PR.

CH{1)=1.B5*REY{1}%*,5166

QC2=062%32.2/{CRITI*CR(I )}

N

£900 SC(1)=QC2*FN{I1}**2/AZ*(PR/AR}**1,333333

90D

910
920
1930
940

9!

&

0

9

o

5

956

SC{1)=QC2*PR/{A2*AR)

WRITE{10UT,920} (YC{I},I=1,NSO)

FORMAT{ '0 CRITICAL OEPTHS AT SECTIONS'./.{IK ,13F10.4})
WRITE{IOUT.930) {SC{1),1=1,NS0)

FORMAT{*0 CRITICAL SLOPES AT SECTIONS',/,(1H ,13F10.6})
WRITE{10UT,980) {AA{I),1=1,HSG}

FORMAT{ ‘0 AREAS CORRESPONDING TO CRITICAL DEPTH',/,(1H ,13F10.2)}
WRITE{10UT,950) (¥I(1),1=1,NS0)

FORMAT( ‘0 YELOCITIES CORRESPONDING TO CRITICAL OEPTH'./,(1H ,13F10

1
RITE{10UT,955) (REY{1},1=1,4S0)
FORMAT{'0 REYNOLD''S NUMBERS CORRESPONDING TO CRITICAL DEPTH',/,{1
*H,13F10,2)}
WRITE{1OUT, 956} {CH({1},1=1,NS0}
FORMAT(* ? CHEZY''S NUMBERS CORRESPONDING TG CRITICAL DEPTH',/,(18,
*13F10.2}

*

C SOLUTION OF NORMAL DEPTH BASED ON CHEZY EQUATION
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IFITRAPE LEQ. 0) 60 70 1010 WRITE(10UT,1150) (V1{1},1=1,H50}

_ 50 1000 I=1,NSp 1350 FORMAT{ ‘OVELOCITIES CORRESPONDING TO M )
Y0=SORT{0(17/(10.%S(1}*B(1)1) *}} 0 NORMAL OEPTHS'./.(1H 13?«10 3
mﬂxé .67, 1.E-12) GO TO 960 1155 gg’xzrmnur L1168) (REY{1},1«1,NS0)

=0, MAT{'0 REYNOLO''
W=, JOR wt 0LO' 'S NUMBERS CORRESPONDING TO NORMAL DEPTHS',/, (m
960 im?gzé .6T. .01) GO TO 970 - glém(xour L1157) (CHOT), 1=1,H50}
=0, 1 RMAT i P
o oFORM 2)§ 0 CHEZY''S NUMBERS CORRESPONDING TO NORMAL DEPTH',/,{1H,13
80 7D 10??}
970 FM2=2.*FM B0 1170 I=1,NS|
Q62201 1)**2 SUBCI=SURC 0
¢ Qo= an*omu .43 IF(SC{I) LT, S{1}) SUBC!=.FALSE.
€75=10.6489*S(1} IF(SUBC] } GO TO 117
g §g§_§qggé§gé;lsq WRITE{1DUT,1160} I
<1. S 1160 FORMAT{’THIS PROGRAM ASSUMES DEBRIS FLOW IN NATURAL CHA
S1DS=2.*SQRT (FM{11%%2+1.} *\amca aou MUST 8E SUB OR CRITICAL CHECK SECTLON',I2) HHELS T
¢ QCN2= .6666667*0CK 1170 CONT
CTSQ=CTS*QL1)*%1.0332 . Ifmsm LEQ. 0} GO TO 1270 :
T=0 ELEVSD
980 PR=B(1)+SIDS*YO ELTeYN(1}+V1{1]%*2/64.4
AR={B(1}+FHM{1)*Y0)*Y0 11=0
A19=AR**1.9668 DO 1180 1=2,KSO
AD9=AR**, 9668 . 1M=1-1
¢ P23=PRY*.66666667 ELEV=ELEV-XINC2*{S(I)~S{IH}}
€ AZ3=AR**.66666667 EL=ELEV+Y{1 +V1{1)**2/64.4
¢ F=QCN*P23~ AR*AZ3!SQS IF{EL .LT. EL1) GO TO 1180
F=QG2*PR-CTSO*AL 11=1
¢ OF= qcnz*smswzma -S53%AZ3*(B{ T} FH2HY0) ELM=EL
. QU1=1.9668*CTSG*AD! . 1180 ELI=EL
BF=QGZ'SIDS-QU1*(B(I)+FH2*‘10} IF(1TRAPE) 1200,1200,1190
DIF=F /OF 1190  AR=(B(NSTART}+YSTART*FM(NSTART] }#YSTART
Y0=Y0-DIF G0 TO 1240
NCT=NCT+1 1200 IF(LINTER .EQ. D) GOT 0 1230
IF(ABS(DIF} .GT. .0001 .AND. NCT .LT. m) G0 70 980 K=NSTART
020 }Sé"”( EQ. 10} WRITE(10UT,090) L DIF, X 0 Ja10 Ko=z,Hp
MAT(* LED ONVERG! ! = * =t =K
0 FoRus £ FUR scmon. ,15, DIF=',£10.4,* YO TFOT(K.0) .GE. YSTART) G0 TO 1220
YHI11=YD - 1210 CONTINUE
AA(1]1=AR 1220 FACT={YSTART-YT{K J-1})/(YT(K,J)-¥T{X.3-1}}
VI{T}=Q{1) /AR AR=A{K,J-1 HFACTH{A{K J)}-A(K.J-1}}
OEVI=3.*PR/AR AR(K}=AR
REY (1}=Q( 1} *DEVI/PR G0TQ 1240
CH{1)=1.85%REY(1}**.5166 1230 CALL AREAP{NSTART,YSTART}
1000 CONTINUE AR=AR(NSTART)
80 T0 1120 . 1240 ELE1=0,

1010 Ii=1 . IF(NSTART .EQ. NSD} ELEI=ELEV
12=2 EL1=ELEI?YST;RRT+(Q(NSTART)/AR)"2164 4
IF({ELL .GT. ELM} GO TO

13=3

00 1110 I=1,NS0 YNMAX=YN{11}+.005

Y0=S?RT(0().]/(10.*5{1)'8(I))) NRITE{IDUT,1250) II,YNMAX YSTART,ELM

IF(S{1} .GT. 1.E-12Z} GO TO 1020 1250 FORMAT(' YSTART IS NOT LARGE ENDUGH TO ACT AS A CONTROL -~ CONTROL

TH{1)=0, * IS AT SECTION',I3.3F10.3)

6 10 1110 . 1260 IF(IT .LT. 2 .0R. 11 .GT. NSO-2) GO TO 1270
1026 IF{Q{1} .6T. .01) 6D TD 1030 IVARR=I

YH{1}0. YSTART=YNMAX

G0 70 1110 Y{111=vaMAX
€1030 QCH=l FM(])*Q(I)/I 48 HSTART=11
1030 QG2=Q(1)%~, Eéé:%?i

IF(s(1) .GT. 0.} 60 TO 1040 =

YN( 1)=.001 ! oA HEND=1

G0 70 1110 T{NSTART}=YSTART
C1040 305=50RT{S{1)) CALL VARIED.
1040 CTS10.56489%S(1) NSTART=11
€ 553=1,66666667*305 HSIHC=1
ic GCN2=, 66666667 QLN : HEHO=1

CTSQ=CTS*Q{11**1.0332 : MCURVE=2

NCT=0 IVARR=0

MCT=1 YINSTART)=YSTART .

1050 IF{LINTER .EQ. O} GO TO 1080 CALL VARIEQ

00 1060 XJ=2 NP 1270 IF(YSTART .LT. 1.E~4) YSTART=YN(NSTART}+1.E-3

J=kd Y{NSTART }=YSTART

IF{YTII,3) .GE. YO} GO TO 1070 IF(YSTART .GT. YC(NSTART)) GO TO 1280
mgo coum(w: ( ?égU%E;goo
1070 FACT=(YO-YT(I,d-13}/(YT{I.,3}-1T({I J-1

AR=A(1,b!)«bFMT*{AiI,J)-A(x_J-{)) n 1280 IF(YSIART .GT. YNINSTART}) 60 TO 1290

AA(1)=AR . chav&goo

PR=P SIHFACTY - - &0T0 1

lzzau'd TRFACTH{P{1,0)-P{1,3-1}} 1290 PCURVEs

{1=d-1 1300 CALL VARIED

G0 TO 1050 IF(TUNSTE LEC. O} GO T 1350
1080 CALL AREAP(I,YD) IF(1TRAPE .GT. D) GO TO 1320

AR=AA{1) WRITE{10UT,1310}

PR=FACI*P(1,11 }4FACZ*PIT,12)+FACI*P(L, 13} 1310 FORMAT(® UNSTEADY SOLUTION SUBROUTINE HAS BEEN WRLTTER TO ACCOMMOD
C1090 P23=ABS{PR)** 5666667 *ATE ONLY TRAPEZOJOAL CHANNELS - MO UNSTEAOY SOL. IS THEREFORE POSS
1090 Al9=AR**].968 *18LE")

ADY=AR**, 9668 GO TD 1350 .
¢ A23=ABS(AR)** 6666667 1320 WRITE(10UT,1330)
¢ F=OCN*P23-AR*A23*S0S 1330 FORMAT('D UNSTEADY SOLUTION BEGINS'}

F=QGZ*PR-CTSO*ALY . CALL TRANST

QUi=1. 9?5?%15?%9 1340 g?o ;0 1350

DF=0GZ*(P{1,12)-P{1,11 lez *

'/(Ygu iR (}) T 12)-¥T{1, 1113 -QUIF (AL, 12)-RL T, ulggg }‘Eﬂﬁﬁ"ﬂg#%&&’um .

OF=( CNZ*?ZB*(P 1,12)-P{1,11))/PP-S53% A23%{Al1 * 0 SOLVE ANOTHER PROBLEM? Y QR N',/}

P Iz?—ml. ”( 1-PLI 11N /PP-SE3 AR2IMAIT 12)-AlLI1IN/1YTL READLINPUS 1307 AR

DIFsF /OF IF(PAR .EQ.'N ‘y sTOP

Y0=Y2-DIF GO T0 25

NCT=HCT+1 END

IFLABS(DIF) .GT. .001 .AND, NCT .LT. 10} 60 TO 1050 SUBROUTINE NAMELI(NAME NAMES, I¥AR RYAR NINT NREAL NTOT)

IF(NCT LEQ. 10} WRITE{1OUT,990) 1,31F,Y0 COMMON BI{10),MI{10) ,REY(40}.8(40) .FM{20) CH{40) ,51(10),5(40},
1100 YN(1)=YO 5 *X1{10},¥1(10,10),00,T1{10,10} . T1{30.10) ,X{40) AT (10,10} .P1 (10.10),

Y1{1)=0({1)/AA(1) *4(30,10),P (30,101, Y6{40),5C(4D), YN(40) ,YT{30,10) . Y{40} ,AA(40) ,0{40

DEYI=3.4PR/AR *),PP(40) ,TOP{40) ,V1{40} ,FAC] FAC2,FAC3 . XINC,XBEG .ERR,QC2,062 ,DELY,

REY(1}=0(13}*0EV1/PR - *DEL2,DEL32,ROX4 .RDX3, 0X6 NSO, 1TRAPE NP NSTART , NS INC , NEND .MCURVE,

CH{T)=1.B5%REY{1)%*.5166 :li ;‘;ﬁ%riéngr,msmr,:VARR.ELEVS(m),Nsu LJLINTER,NCONTT,ELB{40) NPR

1110 CONTINUE

1120 WRITE{IOUT,I130) {¥8{1).1=1 NS0}

1130 FORMAT('O NORMAL DEPTHS AT SECTIONS',/.[1H ,13F10.3)}
WRITE{TOUT,1140) (AA{1],1=1,NSO}

1140 FORMAT{'D AREAS CORRESPONQING TO MORMAL DEPTHS'./,{IH ,I13f10.3}

64
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This subroutine 1s destgned to replace the NAMELLST of FORTAAR. T T A} 60 To 120
40 Y0 300

THE ARGUMENTS IN THE SUBROUTINE HAVE THE FOLLOWING MEANINGS: 120 T1=KK-HINT
1. NAME 1s the name of the NAMELIST, RYAR{I1}=FVALUE
2. MHAMES is an array NTOT long that contains the names of the 300 11A=1
NAMELIST variables. These variables must be zrranged with INTEGERS IF{) .6T. 79} GO TO 5
first and REALS thereafter. The number of integer variables = KINT, TO‘AO.
The number of real varfables = NREAL, . N ' v x ' s
3. IVAR is an integer array that will contain the integer 310 3::%2?%511;33:Eﬁmécggnm?kng?m“M) +EQ."KEND'} RETURN
varizbles in the NAMELIST in the order fn which they are given in NAL3o0 FORHAT(].X,AG,‘ LIST l:lUST END WITH A SEND OR 3END. YOU ENDED WITH

4. RYAR i35 a real array that will contain the real variables {n the P v
order 1n which they are given in NAMES after the last integer variab] . Vﬂﬁﬁ[’s{‘) ONLY PR“EWSLY GIVEH CPTIONS KILL BE CHANGED FROM DEFAULT

the first real variable will be placed in RVAR(1] and the Tast in RETURN i

RVAR(NTOT-NINT}. ‘99 WRITE(IOUT,330}

5. NINT = number of Integer variables in NAMELIST, 0 : .
6. NREAL = number of real variables fn NAMELIST {11sted after the i GoRdAT(' NO SEND OR 4END FOUWD -~ STOP')

7. HTOT= total number of variables fn NAMELIST, i.e. NTOT=MINT+NREAL;s10 WRITE{I0UT,420) CARD{J:d}.CARD

C
¢
¢
c
L
C
C
¢
[
¢
[
C
C
4
C
[
[
<
CIN THE CALLING PROGRAM THE FOLLWOING NEEOS TO BE OONE:
[4
<
¢
¢
C
C
[
[
¢
L
¢
[
¥
¢
[
¢
¢
[

1. Replace the NAMELIST declaration {NAMELIST/SPECIF/ Jist } with

1420 FORMAT(' YARIABLE ' A7, ' MORE THAN 6 CHAR. './,A80)

a CHARACTER declaration statement that places the WAMELIST variableE

in the array NAMES. For exam(.ﬂe:

CHARACTER*6 NAMES{4}/'NUNIT', 'NFLOW','PEAKF’,'VI5C'/

2.Include the NAMELIST MAME in a CHARACTER declaracter and give ft

the names of the NAMELIST variables, i.e.
CHARAGTER*6 NAME/'SPECIF'/ -

?  Add an EQUIVALENCE statement that equivalences each integer vari

¥n the NAMELIST to the postions 1n the integer array IVAR in the

same order as they appear in the NAMES list. Also aquivalence each

variuble to the real array RYAR in the same order as they appear
in NAMES after the integer variuoles.
4. Provide values to MINT,MREAL and HTOT, 1.e.

DATA NINT NREAL KTOT/2,2,4/

§. Replace the NAMELIST READ f.e. READ{5,SPECIF) with

a call to SUBROUTINE NAMELI (this subroutine}, §.e.

CALL NAPELI(HAME,NMES.IVAR.RVAR.RINT.NREA;,RTOT)

REAL RVAR{NREAL}
INTEGER IVAR(NINT)
CHARACTER*S NAMES{NTOT) NAME,PAR
CHARACTER*12 EMT
CHARACTER*L CARDL
CHARACTER*80 CARD
11a=0
5 READ{INPUT,10,END=93) CARD
10 FDIIIMRT(ABB)
1=

J=0
. IF{11A .GT. 0) GO TO 40 -
15 IF{CARO({R:I) .HE. ' ') GO TO 20
I=1+1 -
IF{I .LT. 81) GO TO 15
G0 T0

§
20 IF{CARD{I:I} ,EQ. '$' .OR. CARD(I:1) .£0. '&') GO TU 30

WRITE(10UT,22)
22 FORMAT{® LOOKING FOR $ OR &')
STOP
3¢ =14
3=1
Ja=1+46
32 J=gal

3
IF(CARD{J:J) EQ. * *) GO TO 34
VIR LLT. ) 60 TO 32

WRITE{IOUT,33) CARD

FORMAT(' YOU MUST LEAVE A BLANK AFTER NAMELIST HAME. YOU GAVE®
*,7,A80) .

J=g-1

IF{CARD(I:0) .EQ, HAME) GO TO 40
WRITE(10UT,35) NAME, CARD{1:J)

35 FORMAT(® YOU SPELLED '.A6,' AS ',A6}

STOP

40 J=del

CARDI=CARD(J:d}

1F(J .GT. 79) GO 10§

IF(CARDL .NE.'$' .AND. CARDL .HE."4') GO TO 42
151

o
i

34

60 10 310
42 IF{CARDL ‘,£Q." ' .OR. CARD! .EQ.','} GO 70 40
45 I=3-1 &

33=1+7
50 Islel

IF(I .6T. JJ1 GO TO 410
Wl GT,79) 60705
CARDI=CARD(I:1}
1F{CARDL .EQ. '$' .OR. CARDI .EQ. '&') GO TO 310
IF{CARDL .ME. '=' .AND. CARDL .NE. ' ') GO TO 50
J=]1
PAR=CARD{J: 1)
00 60 K=1,NTOT. .
IF{NAMES(K) .EQ. PAR) GO TO 80
60 CONTINUE
WRITE{10UT,70) PAR
70 FORMAT(IH ,A6,' 15 AN INVALIO OPTION NAME')
STOP

80 KK

85  I=I+2 ;

8 IF(CARD(LD) E. ' * LMD CARDUED) WNE. '=') GO TO 8
I=1+
G T0 82

86

J=}
IF{d .GT. 79} GO TO 5
+1

0 =)
IF{J ,GT. BO) GO TO 100
CARDI=CARD{J:d)
IF(CARDI .EQ. ' ' .OR. CARDL .£Q.",') 6O TO 100
60 10 90
100 1J=d~1

ENCOCE{12,110,FMT} 1,10
110 FORMAT{'(T',I2,'.F’ '

2,000 1)
DECODE{J ,FMT,CARD) FYALUE

65

10

20

40

50

i10

120

130

140

STOP

ENO

SUBROUTINE AREAP(I,YD)}

COMMON BI{10},FMI{10},REY(40),B{4 }.FM(40),CH(40),S1(10}.5{40},
*XI(lO).YI(IO.IO).00.”(1{10.10).TT[BO.IO),X(#O).AI(IO,!O).PIIIO.IQ),
*A{30,10) ,P(30,103,YC(40),SC{4D), YN{40},YT(30,10),Y(40) ,AA(40).0( 40
*),PP(40},TOP{40),V1(40) FACI [FAC2 ,FAC3,XINC,XBEG ,ERR,QC2 »Q62,DELX,
*DELZ,DEL32,RDX4 , RDX3, DXG , 50, ITRAPE , KP , NSTART NS TNC , NEND . MCURVE .
*11.12.13.MCT,MVSTRT.IVARR.ELEYB{IO).NSII.LIHTER,NCDNTT.ELEHO),NPR
*,INPUT, TOUT

iF(Y0 .GT. 1.E-6) GO TO 10
AA{T)=,008

&0 T0 50
Ii’(ﬁ) iLE. JSHYT(IL,I2)4YT(LL,13))  LOR. 13 .EQ. NP} GO TO 20
=11+ )

12=11+1

13=1241

MCT=1

60 T0 10

ﬁ(}'ﬁ iGE. SEOYT{ILIIMYT(IL,I2)) LOR. 11 (EQ. 1) GO TO 30
=11-

I2=11+1

13=12+1

MCT=1

G0 TD 20

IF(MCT ,EQ. 0) GO TO 40
DNL=(¥T(I,IL}-YT(I,12)1*{YT(1,11}-4T(1,1
ONZ=(YT{L,12}-YT (I IL}}I*{¥T{1,12)-YT{I I
su3=(vr([,13)-vrlx.xl))*{vT(z.xa)-Yril,l
MCT=0
FACL={YO-YT(1,12) J*(YO-YT{I,13})1/0N1
FAC2=(Y0-YT(I,I1])*(YO-YT(I,13)}/0N2
FAC3={Y0-YT{I,11))*{YO-YT{],12})/D¥3 :
AR L) =FACI*A(T, T1)+FACZ*ALL, 12)+FACI*ALL, 13)
RETURN
END
SUBROUTINE BAND{N,MI1) )
COMMON B1(10),FMI{10],REY(40),B{40),FM(40},CH{40},S1(10},5(40},
*X1(10},¥1{10,10),00,71{10,10),T7{30,10] ,X(40} ,AI{10,10),P1{10,10),
*A{30,10},P{30,10),YC(40},5C(40), YN{40},YT(30,10),Y(40) ,AA (40} .0{40
*},PP(40),TOP(40),V1(40) FACL FAC2 FAC3,XINC,XBEG,ERR,CZ, (G2, DFLX,
*OELZ,DEL32,RDX4 ,ROX3,DXG NSO, ITRAPE ,KP, NSTART ,NSINC , NEND ,MCLIRVE,
*11,12,13 MCT MYSTRT, IVARR  ELEVB({10) ,NSIT,LIKTER  NCONTT ELB{40) ,NPR
*, INPUT, 108T :

COMMON C{80,6),V(80}

22 zo {10,10,20,20,10,16,20,20) ,MI1

G0 T0 30

Ka<5

00 100 K=1,2

KP=k+]

K1K4-K

B0 90 I=K1,N

IH=I-]
FAC=C{1,K}/CLIM,KP}
TF(MoD{1,2}) 50,50,60

in
3N
2}}

M=5
60 T0 70
H=d .
DN 80 J=KP.M
C(1,d3=C1L,d)-FACKC{ I, 41)
VIL)=V(I)-FACWY(IM) .
CONTINUE
Hi=]
1=N-1
Zé"%;f("3/°(“'3‘
110,110,120,140,130,130,12D,140)

% it 30,12D,140) MI1
GIHSO)=V{N)
VID=(V(I) - (N)*C(1,4))/0(1,3)
QUILI=¥(Y)
M=]-1 .
VOIMY= (Y (IMY-CLIN, 41V (T)-COIN, 51V NI ) /C( 1M, 3}
Y11=V (M)
GO TO 150
11=HS0-1"
321?:\?(!4)

I=(V(1)-VIN)*C(1,4)) £C(1,3
Y1y {1} o
I=N
Mi=3
G0 70 150
Y(NSO)=¥(K)
VID)= 0¥l II-v(N*C{1,4)) /C(1,3)
11=NS0-1 .

BLI=¥(1)
V(TS 4 1)-CLIM, 41V () {
Vimy= ~CUIH APV 1)-CUIM5IMV N 1T UIN,3
Y{11)=¥{IM} rincam3)
60 10 150
T A

® I}-¥{Ni*C{1,4 Tl
R A/t


http:IF(CARO(1.1l
http:50,SO.60
http:WRlTE(lOUT.3S
http:10,10.20,20,10,10,20.20
http:AI30.IOI.P(30.1O
http:TI(30.10
http:TOP(401.VI

150

169

20

130
40

50

‘60
70

100

110

120

11=K50

I=H

Mi=3

IE=1

iP=IE~1

I=ip-l

IM=]-1

11=1i~1
Y{1=(V(1)-C(1,8)*V{1P)-C{1,8Y*¥{1E)1/C(1,3)
FOIM=(VLIM)-C{IM, 8 PV T1-CLIRB v IR ) CLIM.6 )Y (JEVI/CLIN,3)
Q{II}=¥{1}

Y(I1)=v{IH)

IF{1IM .GT. ML) G0 ?0 150

IF{Ml .EQ. 1) RET

v{2)={V(2)-C{2, 4}*3(3} C{Z 5y%v{4)}sC(2,3)
IF(Mi1 6T. 8) GO TO L

G{1)=¥(2}

RETHRN

1{1}=¥(2)

RETURN

END

FUNCTION DYX(T)

COMMON B1{10},FM1{10},REY(40},8{40},FM{40] CH{40),51(10},5(40),
*X1{10},Y1{10,10}.00,T1{10,10},TT(30,10},X{40},A1{10,10),P1(10,10),
*A(30,10),P(30,101 . YC{40),5C(40), N(40) ,¥T130,10), ¥{40) AA(40).Q(40
+),Pp{40),TOP{4D} ,Y1{40) ,FACI ,FACZ FAC3 |XINC ,XBEG .ERR,0C2,(62 DELX, 40
*0EL2,DEL 32, RDX4, ROX3, 4G, NSO . ITRAPE, NP |NSTART NSINC NEND MCURVE ,
:IiuéﬁT 1303%7 JMYSTRT, IVARR, ELEVB{10} .NST 1 ,L INTER ,NCONTT,ELB(40) ,HPR

I8 ,

. Qe2=n(1}ez

QC2=Q62/2.22
962=062/32.2
Q103=0{11+*1.0332
IF(ITRAPE .EQ. 0} GO TO 50
AR= {B(I)+FM(1)*Y{II)*Y{X)
A2=AR¥A
TR—B(1)+Z *FR{LIY(T)
PR‘B(I)*Z.‘Y{1)*SQRT{FM(1)**2+1 }
IF(I .EQ, 1) 60
1F(1 .EQ. nso) GO To 20
OELZ=2. *XINC
IPn1+§
1M=1
DAX={B(1P)- s(rmwm*(m{w) FH( m)))*vm/oa.z
DQX;(O(IR) -Q{1H) ) /DEL2

G0 TO 30

DAX=(B{2}~ BII)+Y(1)‘(FH(2) FM(I)))*Y(I)/XIN€
0Qx=(0{2)-g(1})

ggXF (n(z}+a£1;;*nnx;(sa 4%A2)

0 40
DAX={B(NS0)}-B(NSO~1 }+¥ (NSOI*(FM{NSO)-FH{NS0-1)) )*Y{NSO) /XIKC
DQX={Q{NS0}~G{NSO~1)}/XINC
DOXF={Q(1)+Q(IM))*DQX /(64 .4%A2)

A3=ARFAZ

ALO3=AR**1.0332

CHZ=10.6489*Q103/4103

IF(DOX .GT. 0.0) DQX7=2.*DQXF

SF=QC2*FN{1}+*2{PR/AR)**1.3333333333/A2

SF=(32,2*Q62*PR) /{ AI*CHZ)

DYX= (S (1}-~SF4(G2/AI*DAX-DQXF ) /{1 .-(G2*TR/A3}

RETURN

LF(LIuten -EG.0) 60 T0 90

00 60 J=2,NP

IF(YTIT J) Y(1)) 60, 7o 70

CONYIHD

FA£T=(Y(I)-VT(I.J-l})J(YT(I.Jl—YT(I.J—l))

AR = A{1LJ-14FACT( A{1,4)- MI,J-I))

TR STTULI-1I#FACTHTT( L, )-TT(L,J-1))
p[x J-11+FACTHL P(1,d)e P(I.J 1))

AZ—AR*

{F({ ieq 1) GO TO 80

ARM=A{IM,J~ l)*FACT"(A(!M J)-A(m J-1)}

0AX={AR-ARM) /(X {1)-X{14}}

DOX=(G{11~Q{IM) ) /{X{1)-X{IM}}

DOXF={Q{1)+Q(IM) }*D0X /{64 .4%A2}

5070 40

ARP=A(2,0-1}+FACT*{A12,4}-411,3-1))

DAX={ARP-AR) /{X{2}~X{1]}

DQX=(Q{2)-0{13}/(X{2)-X{1}]

OOXF={0{2}+Q{1))*DOX/{64.4%A2)

60 10 40

I{(;{Ii LLE. G5*(YTULLI2)4YT(1,13)) .OR. 13 .EQ. NP) GO TO 100 -

11=11+

12=12+1

13=13+1

HCT-l

GO Ti

%E(Y(X) LGEL LBR{YT(LI11+YT{1,12)) .OR. 11 .EQ. 1} GO TO 110
%]1-1

i2=12-1

13»13-1

MCT=1

60 70 100

IF(MCT .€Q. 0) GO TO 120

BHL=(YT{1, 10 3-YT(1, 12) )2 (YT(1,11}-YT(1,13})

DN2={¥T{1, I2)-YT{I, I1))*{¥T(1,12)-YT{1,13)}

DN3=(YT(1,13)-YT{I,11))*%(YT(1,13)-YT{1,12))

FACl= (V(l) YT{1, IZ?}*(YiI} YT(I 13))/081

FAC2={Y(1}-YT{I 11 3)*(Y(1}-YT{],13)}/DN2

FAC3=(Y{1}-YT{1 11 P{Y{1)-YT(1,12))/0N3

AR=FACL*A{1 11 }+FAC2*A(1, 12)+FAC3*A(1 13}

A2=AR*AR

TR=FACI*TT{I.I1)+FACZ*TT(1,12)+FAC3*TT(1, 133

PREFACI* P(1,11+FAC2* P{I,1Z}+FAC3* P(],I3}

OAX'fAR-FACI‘AIXH 11}~ FACZ‘A{IN 12)-FACI*ALIM, 131 7(X{1)-X{ 1M}

G0 10 30

END

SUBROUTINE YARIED

COMMON BI(10}.FMI(10},REY{40},8(40),FM{40],CH{40},51{10),5(40),

66

30

60
70

80
100

110

126
130

140

150

160
170

190
200

210
220
230

240

250

*] ,¥1{10,109,00,T1{I0,10), 17{30,10},%(40} ,A1(10,101,P1{10,10},
*iiééoio) g(30 lsUOYC(40) SC(QQ] YH{40},YT(30,10),Y(40),AA(40).0(4D
*} PP{40) "T0P{40),V1(40) ,FACI, FAC? FAC3,XINX ,XBEG,ERR, QCZ.QGZ DELX,
*0EL2,DEL32 RDX4, RDX3 DXG,N50, ITRAPE  RP ,NSTART, NSTAC, REND MCURVE,
*i.12, ]3.MCT MVSYRT TVARR ELEVBI10), HSII LINTER MCONTT,ELB(40) NPR
* IMPUT 10U

COMMON CGC(80 6.0Y{80)

J11=0 . .

J=NSTART

Yoot STARTHNSINC)-X(NSTART

5 4]

giggkiggﬁ *(ELB{1)-| ELB(NSO)\/(XINC’FLOAT(HSO—I))

IF{YN{) .6T. 1.E-4) GO 70 10

0?(0)‘0.

f

0 20
DY(J) 0YX(J)
IF(1TRAPE ,EQ. 0) GO
AALD)= (B(J)*FM(J)*Y(J})*Y( i
PP(J)=BlJ)¥2. *Y{J)*SQRT{FM{J Y*FH{J)+1.)
TOP(J\ Bld)+2 AY(IPFHLIT

070
!F(LI&TER .£Q. 0} 50TO 60
DO 40 KK=2,NP

K=KK
IF(YT(J K) LGE. Y{d)) GO TO 50,

EgtT (Y(J)—YT(J K-1))7(YT{3,K)-YT(9,K-1})
AA{J)=ALd K- L HEACTE{A(J,K) ALd, €11}
PP{J)=P(J K~1): "ACT*{P(J,K}-P(J, K 1))
TOP(J)—\f(J K-l)&FACT'(TT(J KI=TT(0 K11
G0 TO 70

L AREAP(J,Y{J})
gs%d)-Facl*P(J 11)+FAC2%PLd, 12)*F££3*P(J 13}

aM=J

J=J4HSING .

NCT=0

Y{J =¥ (IMI+XINCHDY (JMI*CFAC
ag%=¥(a)

xrgvu(d) LGT. 1.E-8) GO TO 90

© GO TO 100

DY{J)=DYX{J]}

DYl=. 5*{D¥{JM1+DY(J))

HCT=KC

ZC!Y(JH}+X!NC*DY1

2(1=2C1+

IF{NCT NE 1} 60 To0 110

[T(?SS(ZC -1{31) .GT. GIFFA) 2C=ZC1/FLOAT{NCT+1}
Y{d)=

GO TO 80

DIF=2{~Y(J)

I?(AB%&DIF) LGT. DIFFA) 20=2C1/FLOAT{NCT+1)
Y{J}=

IF{ABS{DIF) .GT. ERR .AND. NCT ,LT. 10} GO TO 80

CFAC=2. /FLOATINCT)

TF{MCURVE~2) 120,220,240 ..
1F(¥{d} .GT. 1.02*YK{J)} 60 TO 290

IF(MCURVE .EQ.1 .AND.J131.EQ.O)WRITE (10UT,130)NSTART 4, Y{J)
FORMAT{' M1 - CURVE BEGAN AT SECTION',15,° AND ENDED AT SECTION',
*15,' WITH Y =*,F10.,3}

JL1=101+1

1F(HCONTT .EQ. 0} GO TO 250

J=1-HSINC

J=J*HSING

Y(J)=¥H{d)

IF{ITRAPE .EQ. 0) GO TO 180

AALII=(BE PN YLD 1*¥ (D)

PP{31=B{J 2. %Y {J P*SORT(FHII J*FM{J )+1.)

ropta) s(a)+a *Y{JI*FHI)

G0 T

IF(LlNTER .EQ. 0} GO TO 1db

no 1so KK=2, NP

IFEYT(J,K) WGE. Y{J)) GO TO 170

CONTINUE
FACT={Y{d3-YT{J K-1))/(YT(J K]~ YT{J K-11}
HAQD)=AL0 ,K-1 JHFACT*(ALJ K1 -ALd K-1])

PP{31sP K-1 HEACT* (P(2 K} -PLJ, 11

TOP(J3=TT(J K- 1)+FAcT*(TT{J K111 ,K-1))

60 Y0 190

CALL AREAP(J,Y{J}}

PP(2)=FACI*P (3, 11)*FA£2*P{J 12)4FACI*PLI, 13}

TOP(3)=FACI*TTId, 11 }+FACZATT (J, 12 }4FACI*TTLI, 13)

IF{NSING) 200,590,210 -

IF{3 .GT. NEND) GO TO 140

G0 10 370

lFEJ .LT. HEHWD]} GO TO 140

GO T

1?(?(&) .GT. YC(I)+.05*T¥HII}-YC{I 1)) GO TO 290

MRITE(10UT,230) J,7{J)

FORMAT(' CONTROL AT SECTION',15,' CAUSING CRITICAL DEPTH',F10.3,
*t_ EXAMINE RESULTS TO DETERMINE 175 NATURE.)

HRITE(IOUT 3801(Y(1),1= NSTART J)

60
AR= (B(J)*FH(J)*VN(J))*YN(J)
VEL=01J 1 /A
YLoN= S*YHEJ)*(SQRT(I +. ZABASHVEL#¥EL/THJT)-1.)
Q2=G(d1**2/32.2
FPN=QG2/AR+{ . 5*B(J 1+FMIJIAYN{D )} /3. )*IN{I ) **2
NCT=0
Y2=YCONJ*¥CONJ
AR=B(J)* YCONJ4FH{J ¥ Y2
FAGH . G*B{J J+FM(J )*YCONI /3.
F=Q82/AR+FAC*Y2-FFH
DF =2, #YCONJ *FACHY2*FH{d) /3. -Q62*{ B3 }+2.*%FHIJ PYCONS } /AR AR)
O1F=F /F
YCONJ=YCOMJ-D1F
NCT=NCT+1


http:IF(YTIJ.KI
http:AND.JIJI.EQ
http:PPIJJ=FACI*PIJ.II
http:5*(YTII,ll)+n{l.IZ
http:60.70.70
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IF(ABS(DIF) .GT, .0001 .AMD. NCT .LT. 7) GO 10 250 PP{1)=FACL*P (1,11 #FAC2*P{1, I2FAC3*P(1,13)
IF%NCT .EQ) 73 WRITE(10UT,260) J,DIF YCONS 570 vgﬁ;g)amyr{(g JILMFACZATI{1, 12 HFACTATT (1,13}
- - 60 Fi oI K NVERGE 1N DETERMINING CONJUGATE DEPTH AT 1)/7RALL
0 *NQRT?;ELZ 5) oT cone W SECTI0g MRITE{10UT,390)}(AAL1), I=1,NS0)
¥1{2,3)=YCON HRITE(IOUT.410}(V1 (1], 1=1 NS0}
IF(Y{J) .LT. YCONJ) GO 70 290 WRITE({I0UT.420)({PP(1},1=1 K50}
WRITE(1OUT,270) (YT(1,3),1=NSTART,J} WRITE(10UT,430){ TOR{1},1=1,450}
270 FORMAT(® CONSUGATE DEPTHS YO HORMAL DEPTHS' ,(1H ,I3F10.3)) 590  RETURN
WRITE(10UT.2B0) J,YCOND ,YN{J} , . gngkomms YDET( M. H2)
280 ,50,5:3,‘;5 F?g‘g"’-‘“%‘ﬁoﬂﬂﬁf 3§§¥§§ 3§§D§§ SECTION',15," TAKING OEPT( 1o SupROUTINE 15 IN THE ORIGINAL PROGRAM JEPPSON 1974
MCURVE=0 * e C BUT FOR THE DEBRIS PROGRAM IT HAS NOTHING TO 0C,SD YOU
0Y(J)=0+ € WAYE THE DPTION TO LEAVE IT IN OR OUT IT OOES NOT MAKE AWY
y(J);yan; b4 DIFFEEEECEESO ) 2040}
REAL W(30,15),W2{40
0 !&ﬁé?‘-‘?&&352@«3;??&{?*3?3 ) COMMON BI{10).FMI(10) ,REY{40},B(40},FH(40) ,CH(40},51{101.5(40).
.- PR{J V=R {J )42 . %7 (J }*SQRT{FH{J J*FM{J )+1.} *X1{10},Y1(10,10},Q0,T1{10,10}.77{30,10},X(40),A1{10,10},P1{10,10},
TOP{2)=B(J 142 . *Y{J Y*FM{J ) *A{30,10),P{30,10},YC(40},SC{40),YH(420),YT{30,10),Y{40},AA{40} Q{40
GO TO 340 +),PP{40}, TOP (40}, V1{40) ,FACI ,FAC2,FAC3. XINC, XBEG, ERR,QC2, 0562, DELX,
300 IF(LINTER .EQ. O) GO TO 330 *DELZ,DEL32, RDX4 ,ROX3,0XG NSO, ITRAPE (NP NSTART ,NSINC , NEND ,MCURVE,

P
(5]

- . 00 310 KK=2,NP

K=KK
IF{YT{J,K} .GE. Y(J)) GO TO 320

*11,12,13,MCT MYSTRT, IVARR,ELEVB{10) NSI1,L INTER, NCONTT ELB( 4D} NPR

*, INPUT, 10UT
FCT=1

67

.. 20 CONTINUE 10 mwz(n LB SHN(1,12)4M(1, 13)) .0R, 13 LEQ. NY) GO TO 20
320 FACT=(Y{)-¥T{J, K—l))/(YTlJ x) Y113 K-11) I1=1141
M{}1=A(3, k-1 1+ ACTH(AL,K) AL k-1}) I2=1141
BT e
= - 3)=TT{d K1 WFACT*{TT{J,K)-TT{J K- =
coT 60 10
10 CALL ARUAPLL YN 20 IPORU) GE. S*(H(LILI(LIZN) LOR. T1 .6Q. 1) 50 T0 30
AAAAA PP (J J=FACI*P[J,11)4FACZ*P{J, 12)+FACI*P(J, 13} n-11-4
TOP{J )=FACI*TT{Y, 11 #FACZ*TT(J, 12 )¥FACH*TT(d,12) [2=11+1
3;8 g({gsxgc: 350,590,360 E‘é;lf*l
3 .GT. NENO) GO TO 70 =
o & 70 370 30 ?2(;8120\50 0} 60 TO 40
360 IF(J .LT. NENO
3?0 IF{1VARR .GT. 5)6135;3&0 ONI=(M(1,11)-H(1,12)) *(W{1,11}-H( 1, 13}
. - ¢ WRITE(IOUT,10D} (Y(I),I=1 NSO} ONe=(H(1,12)-W(1, 1111+ (W(1,12)-W(1,13))
IF(NPR‘GT .8.0R.N511 .67, 0YWRITE{ IOUT, 380%1{‘/({;&;13»)&?0) ohge M1, 131w, 1L (1, 13)-0(1,12})
380 FORMAT{' DEPTHS OF FLOW AT SECTIONS'./,(1# =
€ WRITE{IOUT,300} (AA(1),I=1,N50) ! 140 FACI=(w2(1)-W(1,12))*(WZ{1}-W(1,13)}/ONL
- - IF(NPR,GT.0.OR.N511.6T.0)MRITE(10UT, 380} (AA(1),1=1,N50) - FACZ=(WZ(1)-W(T,I1})*(w2(1}-¥(1,13))/DN2
390 FORMAT(® CROSS~SECTIONAL AREAS‘./ (10 ,13F10.11 FAC3=(W2{1}-W(J, 1) )*{wu2{1}-u(I,12))/DN3
3?(1())0 %=§/HS( ] nggm
- Q(1)/mACI \
- 400 REY{I)=3.%I{I} i SUBROUTINE TRARST
¢ WRITEL{IOUT,303) (V1{1),1=1,H50} C THIS SUBRQUTINE HAS HOT BEEN WRITTEN YEY. IT IS INTENOED YO
IF{KPR.GT.0.0R. NSH &Y. Q}“RITE{IOUT 310) (Vl(l) 1=1,K50} :C  OBTAIN THE SOLUTION OF DEBRIS FLOWS FOR UNSTEADY CONOITIONS.
.- 410 FORMAT(® VELOCITY',/,(IH ,I3FI10.3}) i RETURU
c sm:vmour,zon (PP(I),i;I,nSO){ §) (REV(L).1-1.450) ENO
IF{HPR.GT.0.OR.NSI1,GT.0) WRITE{I0UT 4L JI=1, . P
= 415 FORMAT{® REYNOLDS NUMBERS FOR GVF',/,(1H,13F10.3)) £ auig rﬁ‘ésﬁ?’écﬁ&e’?ﬁ ﬁﬁ%&gk"gé‘é%g&mﬁ Pé"’f’fﬁﬁ'?cﬁiﬁﬁ?ﬁﬁﬁsﬂ
: w20 éﬁé.'i’;?iG’é?%?Eé"ﬁéiiﬁ!i?&?”}‘fiﬁ“iii‘ié {!;!;m.M.NSN :c FEET,S0 IS THE CHANNEL SLOPE;YD IS THE DEPTH AND C IS A CONSTANY
. € EQUAL TO 10,6489 F p D .
il I el ¢ o R THIS SPECIFIC KIND OF FLUIO
[ i gg}(}xg(m&m N?II T(mumgcgog)ese) (TOP{1},I=1,NS0) H
4 0P WIDTH', 13F REAL §,8,50,FM, Y0, 02TPH, SET,PH,AR
IF(NSIT .GT. O} RETURN OATA €/10.64! " bl
.- 00 440 1=1,450 me*.{q.a.sg?éw
= ACCEPT*,0,B,50,FH
1F{1 .EQ. RSO} Il=l-l QLO=G**1. 9333
440 DY{I)=ELB{I)+Y{I} =
— € WRITE{IOUT,308) (DY{I),I=1,NS0) gg $o=0 50.7.
IF(NPR.GT.0) WRITELIOUT,450} {OY{1},1=1,N50) PM=B+2, *TB*SQRT{FH**E*I )
450 FORMAT(® ELEV. OF HGL',/,(IH ,13F10.2)}) Q2TPM=Q2*P
D0 460 I=1 NS0 AR:BQYO+FM¢YO**2
ro 460 DY{I}= DY(I)WE(I)“’*Z/N 4 A19=AR**1 9668
€ WRITE{IOUT,308} (DY(I),I=1,¥50} SET=C*AI9*G10%S0
IF(NPR,GT.0) WRITE{10UT,470) (m'm 1=1,H50) PRINT*,Y0,PM, AR, Q2TPM, SET
. . 470 FORMAT{’ ELEY. OF E.L.'./,(IN ,13F10.23} TYPEX, 0. 5M, AR, G2TPM, SET
}Rﬁggﬂ ENO DO *
= END
a0 Js1-1
ro- IF(DY(I) .LT. OV(J}} GO TO 520
IREP=IREP+]
R=J
- 490 K=K-]
i IF{K .EQ. 0) GO TO 500
VHA=VI{1}%#2
YHA=VHASV1{J }%#2
v IF{DY(K) ,GT. m’m) 60 To 500
VHA=VHASVI (K} **
GO TO 490
. S00  VHA=VHA/FLOAT{I-K+1)
??A,\{*(DY(K}-D‘E(K}){(FLOAT(]-K)*ABS(XINC}}
00 510 Kk=11,3
- 510 OY(KK)=DY (KK-1)-DHAVAVI(KK)**2/VHA
- J=|(
520
. zm 6T, 1) B0 TO 480
& IF{IREP .EO. O) RETURN
WRITE(I0UT,47Q) (DY{1},1=1,N50}
00 530 I=1,NSD
e OY{1}=0Y(1)-VI{1)**2/64.4
: 530 Y{1)=OY(1}-ELB(1}
WRITE{10UT,350} {DY{I),I=1,N50}
WRITE(IOUT, 380} {Y{1),1=1, NS0}
L 00 570 1=1,HS0
IF(LINTER -EQ. D} GO T0 560
00 540 Kk=2,4F
- K=KK
IFOYT(1,K) .G, Y(1}} 60 T0 850
540 CONTINUE
550 FAC={Y(1)-YT(I,K-1}3/{YT{1,K)=YT(1,K-1})
= BALT}=A(T K-1)4FACTH (AT KI-ALT -1}
PP(1}=P (1 ,K-EI}+FACT*{P(I K}-P{I,k-1}}
TOP{1}=TT{I,K-F+FACT*(TT{{ K}-TT{} k-1})
L. G0 10 570
560 CALL AREAP{I,¥(1}}
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Appendix B, Example 1

Input Data for Example 1. Debris Flow Input Data for Example 1, Debris Flow (Continued)

PROVIDE 5 X~-DIST. FOR 3 INPUT SECTIONS

$ RUN MAIN
v -
DO YOU WANT A DEFINITION OF NAMELIST IN SPECIF? ¥ OR N 0,1000, 2000, 3000, 4000
g N PROVIDE BOTTOM SLOPES FOR 5 INPUT SECTIONS

DEFAULT OPTIONS ARE: 0.1, 0.05, 0.005, 0.001, 0.0005

ITRAPE = 1 IOYES = O ERR = 0.00100 INFLOW = 1 MYSTRI = 0 PROBLEM SPECIFICATIONS

IUNSTE = 1 LINTER = 1 NCONT = 0 NPR = O X 0.0 1000.0 2000.0 3000.0 4000.0

DO YOU WANT ANY OF THESE CHANGED? ¥ OR N S 0.1000 0,00300 0.00506 0,00100 0.00050

IS THERE LATERAL INFLOW Y OR ¥

) ¥

" GIVE CHANGED OPTIONS IN & SPECIFIC LIST N

" & SPECIF IUNSTE = 0 & END SQ 0,000 0.000 0.000 0.000 0.000

. GIVE THE INPUT DATA AFTER THE NAME. IF YOU DO NOT UNDERSTAND NAME WRITE,HELP PROVIDE 5 BOTTOM WIDIHS, THEN 5 SIDE SLOPES

V NSI 100, 200, 300, 400, 500, 0, 0, 0, 0, O

o 5 B 100,000 200,000 300.000 400,000 500.000

.. NSO M 0.000 0,000 0,000 0.000 0,000
11 HAVE YOU MADE ANY MISTAKES Y OR N

o Qo N

“. 100 WHERE SHOULD THE OUTPUT GO? 1) TTY IF TERM ONLY; 2) FILE NAME
XBEG

f o

‘- XEND

.- 4000

“ YSTAKT

' 100

.- PROVIDE OUTPUT STA. NO. WHERE CVF IS TO BEC; I.E. L OR 11 :
1

o 69



SECTIONS ALONG CHANNEL

0.0 400.0 800.0 1200.0 1600.0
3200,0 3600.0 4000,0
DISCHARGE ALONG CHANNEL
100.00 100.00 100,00 100,00 100.00
100.00 100,00 100,00
BOTTOM WIDTHS
100.000 140,000 180.000 220.000 260.000
420,000 460,000 500,000
SLOFES OF SIDE OF CHANNEL
0.000 0,000 0.000 0.000 0.000
0,000 0.000 0.000
SLOFE OF CHANNEL BOTTOM AT SECTIONS
0.10000 0.08000 0.06000 0.04100 0.02300
0.00090 0.00070  0,00050
CRITICAL DEPTHS AT SECTIONS
0.3143 0.2512 0.2124 0.1858 0.1662
0.1207 0.1136 0.1075
CRITICAL SLOPES AT SECTIONS
0.920379 1.,030679 1.,122495 1,201330 1.272320
1.500119 1.547756 1.592756
AREAS CORRESP~NDING TO CRITICAL DEFTH
31,43 35,16 38.24 40,89 43,23
50,72 52,28 53.75
VELOCITIES CORRESPONDING TO CRITICAL DEPTH
3.181 2.844 2.615 2.445 2,313
1,972 1.913 1.860
REYNOLD’S NUMBERS CORRESPONDING TO CRITICAL DEPTH
9.54 8.53 7.85 7.34 6,94
5.92 5.74 5.58
CHEZY’S NUMEERS CORRESFONDING TO CRITICAL DEPTH
5.93 5.60 5.36 5.18 5,03
4.63 4.56 4.50
NORMAL DEPTHS AT SECTIONS
- 0.978 0.926 0.946 1.039 1.285
5.314 5.774 6£.580
AREAS CORRESFONDING TO NORMAL DEFTHS
97.813 129,595 170.221 228,669 334,049
2231.852 2455.847 3289.836
VELOCITIES CORRESPONDIING TO NORMAL DEFTHS
1.022 0.772 0.587 0.437 0.299
0.045 0.038 0,030
REYNOLD’S NUMEERS CORRESFONDING TO NORMAL DEPTHS
3,07 2.31 1.76 1.31 0.90
0.13 0.11 0.09
CHEZY’S NUMEBERS CORRESPONDING TO NORMAL DEPTH
3.30 2,85 2.48 2.13 1.75
0.66 0.60 0.54
DEPTHS OF FLOW AT SECTIONS
2.746 35,033 50.904 79.559 91,358
99,485 99.779 100,000
CROSS-SECTIONAL AREAS
274.6 4904.6 10962.7 17502,9  23753.1
41783.6  45898.5 50000.0
VELOCITY
0.364 0.020 0.009 0,006 0.004
0.002 0.002 0,002
REYNOLDS NUMBERS FOR GUF
1.092 0,061 0.027° 0.017 0.013
0.007 0,007 0.006
WETTED PERIMETERS
S 105.5 210,1 301.8 379.1 442,7
619.0 £59.6 700.0
TOP WIDBTH
100,00 140,00 180,00 220.00 260,00
420.00° 460.00 500,00

70

2000.0

100.00

300,000

0,000

0.1511

1.336402

45.34

4,91

2,612

783,451

96.483

28944.8

0.003

0.010

493.0

300.00

2400.0
100.00
340,000
0,000
0.00340
0.1390
1.395091
47.27
2,116

6,35

2,988
1015,.885
0.098

0.30

0.99

1
98,032
33331.0
0.003
0,009

536.1

340,00

2800.0
1060.00
380.000
0.000

0.00180

1.449416
49.05

2,039

3.915
1487.4631

0.067

0.81
98.989
37615.,8
0,003
0.008
578.0

380,00



3l

0.0 400.90 800.0 1200.0 1600.,0
3200.0 3600.0 4000.0

DISCHARGE ALONG CHANNEL
1006.00 100,00 100.00 100,00 100.00
100.00 100,00 100.00

BOTTOM WIDTHS
100,000 140.000 180,000 220.000 260.000
420.000 460.000 500,000

SLOPES OF SIDE OF CHANNEL

0.000 0000 0.000 0.000 0.000
0,000 0.000 0,000

MANNINGS N FOR SECTIONS OF CHANNEL
0.200 0.200 0.200 0,200 0.200
0.200 0.200 0,200

SLOPE OF CHANNEL BOTTOM AT SECTIONS
0.10000 0.08000 0.06000 0.04100 0.02300
0.,000%0 0.00070 0.00050

CRITICAL DEPTHS AT SECTIONS
0.3143 0.2512 0.2124 0.1858 0.1662
0.1207 0.1136 0.1075

CRITICAL SLOPES AT SECTIONS
0,860462 0,923952 0.,975427 1.01%000 1.056960
1,174721 1,198583 1.2208%95

AREAS CORRESPONDING TO CRITICAL DEFTH

31,43 35.16 38.24 40.89 43,23
50.72 52.28 S53.785 ’
VELOCITIES CORRESPONDING TO CRITICAL DEFTH
3.181 2.844 2.6135 2,445 2,313
1.972 1.913 1.860
NORMAL DEPTHS AT SECTIONS
0.601 0.524 0.4%21 0.488 0.525
1.041 1,062 1,118

AREAS CORRESPONDING TO NORMAL DEPTHS
60,087 73.372 88.372 107.304 136.420
437.119 488.743 558,957

VELOCITIES CORRESPONDING TO NORMAL DEFTHS

1.664 1,343 1.132 0.932 0,733
0.229 0,205 Q.179

DEPTHS OF FLOW AT SECTIONS
1.746 34.9%1 6u.881 794543 91,347

99.482 ?7.778 100.000
CROSS-SECTIONAL AREAS

174,46 4898,7 10958.7 1749%.5 23750.2
41782.,5 45898.0 50000.0

VELOCITY
0,573 0.020 0.009 0,006 0.004
0.002 0,002 0.002

WETTED PERIMETERS
103.5 210,0 301.8 3791 442.7
519.0 659.6 700.0

TOP WIDTH

. ..100.00 . 140,00 180.00 220.00 260,00

420,00 460.00 500.00

71

2000.0

100,00

300,000

0.000

0,200

0.00500

0.1511

1.090718

45,34

24206

0761

228.425

0.438

P6.474

28942,3

0,003

492.9

300.00

2400.0
100.00
340,000
0,000
0,200
0.00340
0.1390
1.121197
47.27
2,116
0.793
269,564

0.371
98,026
33328.9
0.003
53641

~340.00

2800.0

100.00

380,000

0.000

0.00180

1.149043

49,05

2,039

0,898

341.083

0.293

78,985

37614.2

0.003

578.0

380.00



SECTIONS ALONG CHANNEL

1400.0

0.0 400.0 800.0 1200,0
3200.0 3600.0 - 4000.0
DISCHARGE ALONG CHANNEL
100.00 100.00 100,00 100.00 100.00
100,00 100.00 100.0¢
BOTTOM WIDTHS :
100.000 140,000 180,000 220.000 260,000
420,000 460,000 500,000
SLOPES OF SIDE OF CHANNEL
0,000 0.000 0,000 0.000 0.000
0.000 0.000 0,000
MANNINGS N FOR BECTIONS OF CHANNEL
0,035 0.035 0,035 0.035 0.035
0.035 0,035 0,038
SLOFPE OF CHANNEL BOTTOM AT SBECTIONS
0.10000 0.08000 0.06000 0.04100 0.02300
0,00090 0.00070 0.,00050
CRITICAL DEFTHS AT SECTIONS
0.,3143 0.2512 0.2124 0.1888 0.1662
0.1207 0.1136 0,1075
CRITICAL SLOPES AT SECTIONS
0.026352 0.,028296 0,029872 0.031207 0.032369
0.,035976 0.0346707 0.0373%90
AREAS CORRESPONDING TO CRITICAL DEFPTH
31,43 35.16 38.24 40.89 43.23
50.72 52.28 53.75
VELOCITIES CORRESPONDING TOD CRITICAL DEPTH
3.181 2.844 2,615 2,445 24313
1.972 1.913 1.860
NORMAL DEPTHS AT SECTIONS
0.211 0.184 0172 0,171 0.184
0.365 0.373 0.392
AREAS CORRESPONDING TO NORMAL DEFPTHS
21.054 25,734 31.012 37.86% 47,890
153.414 171,572 196.200
VELOCITIES CORRESPONDING TO NORMAL DEPTHS
4,750 3.886 3.225 2.655 2.088
0,652 0.583 0.510 ,

THIS PROGRAM ASSUMES NATURAL CHANNELS IN WHICH FLOW

88 MUST BE INCREASED AT SECTION

2000.0

100.00

300,000

0.000

0.035

0,033403

45,34

2,208

0.267

80.167

1.247

2400.0

100.00

340,000

0.000

0,035

0.00340

0.13%0

0.034337

47,27

24116

0.278

?4.415

1.057

2800.0

100.00

380.000

0.000

0.035

0.00180

0.1291

0.035189

49.05

2,039

0.315

119.716

0.835

MUST BE SUBCRITICAL--ROQUGHNE

THIS PROGRAM ASSUMES NATURAL CHANNELS IN WHICH FLOW MUST BE SUBCRITICAL-~ROUBHNE

86 MUST BE INCREASELr AT SECTION

THIS PROGRAM ASSUMES NATURAL CHANNELS IN WHICH FLOW MUST BE SUBCRITICAL--ROUGHNE

§8 MUST BE INCREASED AT SECTION
DEPTHS OF FLOW.AT SECTIONS
1.4665 34,991 60.881 79,543
?9.482 99.778 100.000
CROSS-SECTIONAL AREAS
-1646.45 . . .4898.7 . 10958.7 17499.5

41782.5 45898.0 50000.0

VELOCITY
0.401 0,020 0.009 0.008
0,002 0.002 0.002

WETTED FPERIMETERS
103.3 210.0 301.8 379.1
619.0 859 .4 700.0

TOP WIDTH
100.00 140.00 180.00 220.00
420.00 460,00 500,00

72

71,347

23750.2

0,004

442.7

260.00

Pb.474
28;42.3
0.003
492.9

300.00

98,026

. 33328.9

0,003

53641

340.00

?8.985

37614,2

0.003

578.0

380,00



SECTIONS ALONG CHANNEL
0.0 400.0 800.0 1200,0 1600.0
3200,0 3600.0 4000.0

DISCHARGE ALONG CHANNEL
1006.00 100.00 100.00 100,00 100.00
100,00 100.00 100.00

BOTTON WIDTHS
100.000 140.000 180.000 220,000 260,000
420.000 440,000 500.000

SLOPES OF SIDE OF CHANNEL

0.000 0.000 0,000 0,000 0,000
0.000 0,000 0.000

HANNINGS N FOR SECTIONS OF CHANNEL
0.070 0.070 0.070 0,070 0.070
0.070 0,070 G070

SLOPE OF CHANNEL BOTTOM AT SECTIONS
0.10000 0.,08000 0,06000 0.,04100 0,02300
0.00090 0,00070 0.00050

CRITICAL DEPTHS AT SECTIONS
0.3143 0.,2512 0.2124 0.1858 C.14662
0.1207 0.1136 6.1075

CRITICAL SLOPES AT SECTIONS
0.105407 0.113184 0.119490 0.124827 0.129478
0.,143903 0.146826 0.149560

AREAS CORRESPONRING TO CRITICAL DEPTH

31.43 35.146 38.24 40.89 43,23
50.72 52.28 G3.75

VELOCITIES CORRESFONDING TO CRITICAL DEFPTH
3.181 2,844 24618 2,445 2.313
1.972 1.213 1.8460

NORMAL DEPTHS AT SECTIONS
0.319 0.279 0,261 0.260 0,279
0,554 0.5468 0.595

AREAS CORRESPONDING TO HNORMAL DEFTHS
31.934 39.027 47.023 57.108 72.609
232.616 260.141 297.480

VELOCITIES CORRESPONDING TO NORMAL DEFTHS

3.131 2.562 2.127 1,751 1.377
0,430 0.384 0.336

DEFTHS OF FLOW AT SECTIONS
1.673 34,991 60.881 79.543 ?1.347

99.482 99.778 100,000
CROSS-SECTIONAL AREAS
167.3 4898.7 10958.7 17499.,5 23750.2
41782,.5- 45898.0 50000.0

VELOCITY
0.5%8 0,020 0.00% 0.004 0.004
0.002 0.002 0.002
WETTED FPERIMETERS
103.3 210.0 301.8 379.1 442.7
419,0 659,46 700,90
TOF WIDTH
1006.00 140,00 180.00 220,00 260,00

420,00 4460.00 500.00

73

2000.0

" 100.00

300,000

0.000

0.070

0.00500

C.1511

0.1334613

45.34

2.206

0.405

121,555

¢.823
946,474
28942.3
0,003
492.9

300,00

2400.0

100,00

340.000

0,000

0.070

0,00340

0.,13%0

0.137347

47,27

2.114

0.422

143.458

0,697
98.026
33328.9
0,003
53641

340.00

2800.0

100,00

380,000

0.000

0.070

0.00180

0.1291

0.140758

49,05

2.039

0.478

181.518

0.551
98,985
37614.2
0.003
578,0

380.00



BECTIONS ALONG CHAMNNEL

0,0 400.,0 800.0 1200,0 1400,0 2000.0
3200.0 350040 4000.0
DISCHARGE ALDNG CHAMNEL
100,00 100,00 100.00 100.00 100,00 100,00
100.00 100.00 100.00
BOTTOM WILTHS .
100,000  140.000 180,000 220.000 260.000 300.000
420,000 460,000 500,000
SLOPES OF SIDE OF CHANNEL
0.000 0,000 0.000 0.000 0.000 0.000
0,000 0.000 0.000
MANNINGS N FOR SECTIDNS OF CHANNEL
0.100 0,100 0,100 0.100 0,100 0,100
0.100 0.100 0,100
SLUPE OF CHANNEL BOTTOM AT SECTIONS
0.10000 0.08000 0,06000 0.04100 0.02300 0.00500
0.00090  0,00070  0.00050
CRITICAL DEPTHS AT SECTIONS
0.3143 0.2512 0.2124 0,1858 0.1662 0.1511
00,1207 0.1136 0.1075
CRITICAL SLOPES AT SECTIONS
0.,215115 0.,230988 0,243857 0.,254750 0.264240 0.272480
0.293680 0.299446 0,305224 ‘
AREAS CORRESPONDING TO CRITICAL BEPTH
31,43 35,16 38,24 40,89 43,23 45,34
50,72 52.28 53.75
VELOCITIES CORRESPONDING TO CRITICAL DEPTH
3.181 2,844 2,615 2,445 2,313 2.206
1,972 1,913 1,840
NORMAL DEPTHS AT SECTIONS
0.396 0.345 0.324 0.322 0.346 0,502
0,686 0.701 0,737
AREAS CORRESPONDING TO NDRMAL DEPTHS
39.583 48,359 58,261 70,751 89,954 150,400
288,197 322,248 368,550
VELOCITIES CORRESPONDING TO NORMAL DEPTHS
2,526 2,068 1.716 1.413 1.112 0.664
0,347 0.340 0.271
DEPTHS OF FLOW AT SECTIONS
1.684 34,991 60,881 79.543 91.347 94,474
99.482 99.778  100.000
CROSS-SECTIONAL AREAS
148.4 4898,7  10958,7  17499.5  23750.,2  28942,3
41782.,5  45898.0 50000.0
VELOCITY )
0.594 0.020 0.009 0,008 0.004 0,003
0.002 0.002 0,002 .
WETTED PERIMETERS
103.4 - 210.0 301.8 379.1 442,7 492,9
TU619.07 7T 4556 T UT00,07 7 T oo T
TOP WIDTH
100.00 140.00 180.00 220,00 260,00 300.00

420.00 460,00 500.00

74

f

2400.0 2800.0
100.00 100,00
340,000 380.000
4. 000 0.000
04100 ¢.100
0.00340 0.00180
0.1390 0.1291
0.280299 0.287261
47.27 49,05
24116 2,039
0,522 0.592
177.734 224,887
0.5563 0,445
?8.024 98,985
33328.9 37614.2
0.003 0,003
53641 57840
340,00 380.00



) Appendix C. Example 2

Toout data for Examnle 2. Debris flow Input data for Example 2 (cont.}

PROVIDE 2-X DIST. FOR 2 INPUT SECTIONS

$ RUN MAIN
DO YOU WANT A DEFINITION OF NAMELIST IN SPECIF? Y OR N 0,1000
N PROVIDE BOTTOM SLOPES FOR 2 INPUT STATIONS

DEFAULT OPTIONS ARE: 0,103, 0.105

ITRAPE = 1 IOYES = O ERR = 0.00100 INFLOW = ] MYSTRT = O PROBLEM SPECIFICATIONS

TUNSTE = 1 LINTER = 1 NCONT = O NPR = 0 X 0.0 1000.0

DO YOU WANT ANY OF THESE CHANGED? Y OR NO S 0.10500 0.10500

¥ 1S THERE LATERAL INFLOW Y OR ¥

GIVE CHANGED OPTIONS IN & SPECIF LIST ¥

&SPECIF IUNSTE = ( &END 8¢ 0.000 0.000

GIVE THE INPUT DATA AFTER THE NAME. IF YOU DO NOT UNDERSTAND NAME WRITE,HELP PROVIDE 2 BOTTOM WIDTHS, THEN 2 SIDE SLOPES

’ NST 70, 70, 0, 0
2 B 70.000 70.000
NSO M 0,000 0,000
21 HAVE YOU MADE ANY MISTAKES Y OR N
i Qo N
; 500 WHERE SHOULD THE OUTPUT GO? GIVE 1) TTY IF TERM ONLY; 2) FILE NAME
XBEG
o
- XEND
1000
YSTART
- 10

PROVIDE QUTPUT STA.NO. WHERE GVG. IS TO BEG., I.E. 1 or 21

21

75



SECTIONS ALONG CHANNEL

0.0 S50.0 100.0 150.0 200.0
400.0 450.0 500.0 550.0 400.0
650,90 700.0 750.0 800.0 850.0
DISCHARGE ALONG CHANNEL
500.00 500.00 $500.00 500.00 500,00
500.00 500.00 $500.00 500.00 500.00
500,00 504,00 §00.00 $00,00 500.00
BOTTOM WIDTHS
70,000 70,000 70,000 70.000 70,000
70.000 70,000 70,000 70,000 70,000
70.000 70.000 70.000 70.000 70,000
SLOPES OF SIDE OF CHANNEL
0.000 0.000 0,000 0,000 0,000
0.000 0,000 0.000 0.000 0,000
0.000 0,000 0,000 -~ 0.000 0.000
SLOPE OF CHANNEL BOTTOM AT SECTIONS
0.,10500 0,10500 0,10500 - 0.10500 0.10500
0,10500 0,10500 0.10500 0.10500 0.10500
0.10500 0.10500 0.10500 0.10500 0:10500
CRITICAL DEPTHS AT SECTIONS
1.15658 1.1408 1.1658 1.1458 1.1458
1.1458 1.1458 1.1658 1.1458 1.2458
141458 1.1658 1.1658 1.1658 1.1658
CRITICAL SLOPES AT SECTIONS
0.,480177 0.480177 0.480177 0.480177 0.480177
0.480177 0,480177 0.480177 0.480177 0.480177
0.480177 0.480177 0.480177 0,480177 0.480177
AREAS CORRESPONDING TO CRITICAL DEPTH
B81.41 81.41 81,61 81.61 81.61
81.61 81.61 81.61 81,461 81.461
B81l.61 81,61 81.561 81.561 81,61
VELOCITIES CORRESPONDING TO CRITICAL DEPTH
64127 64127 6.127 6,127 6,127
6.127 6.127 6,127 64127 64127
6,127 64127 6.127 64127 6,127
REYNOLD’S NUMBERS CORRESPONDING TO CRITICAL DEPTH
18.38 18.38 18.38 i8.38 i8.323
18,38 18,38 18,38 18.38 18,38
18.38 18,38 18,38 18.38 18.38
CHEZY’S NUMBERS CORRESPONDING TO CRITICAL DEPTH
8,32 8,32 8.32 8,32 8432
8,32 8,32 8.32 8.32 8,32
8,32 8.32 8,32 8.32 8.32
NORMAL DEFPTHS AT SECTIONS
2,579 2,875 2.57% 2,575 2,978
2,575 2,375 2575 2.57% 2,57%
2,875 2.87% 2,575 2,575 2.573
AREAS CORRESPONDING TO NORMAL DEPTHS
180.238 180.238 180.238 180,238 180.238
180.238 180,238 180,238 180.2318 180.238
180.238 180.228 180.238 180.238 180,238

UFLOCITIFS COKRFSPONDING TO NORMAL DEPTHS
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250.0

900.0

500.00

560,00

70.000

70.000

0.000

0.000

0.,10500

0.+10500

1.1658

1.1658

0.480177

0.480177

81,61

81,41

64127

64127

18.38

18.38

8.32

§.32
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N
-
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180,238
180,238

300.0

250,0

500,00

500.00

70.000

70000

0,000

0‘000

0.10500

0.,10500

1,14658

1.1658

0.480177

0.480177

81.41

81.61

6,127
6,127

18.38

18.38

8,32

8.32

2.575

180.238
180,238

350.0

1000.0

500,00

500,00

70,000
70:000

0.000

0.000

0,10500

0.10500

i
1.1458

1.1658

0.480177

0.480177

Bl.61

81.61

64127
6,127

18,28

18.38

8.32

8.32

2.575

2.57%

180,238

180,238



TTZSTTATTTTTTRLHINTT 2274 Le274 Zesr4
2.774 2:774 2.774 2,774 2.774
2.774 2.774 2.774 2.774 2.774

REYNDLD’S NUMBERS CORRESPONDING TO NORMAL DEPTHS
8.32 8,32 8.32 B.32 b.32
8.32 8,32 8,32 8,32 28.32
8.32 B8.32 8.32 8,32 B8.32
CHEZY‘S NUMEBERS CORRESPONDING TO NORMAL DEPTH
5.53 5.53 5.52 5.53 5593
5.+53 5,53 5,53 5.93 5,53
3,53 5,53 5.53 5.53 5.53
M1 - CURVE BEGAN AT SECTION 21 AND ENDED AT SECTION
DEFTHS OF FLOW AT SECTIONS
2.575 2.875 2,575 2,575 2.875
2,575 2.575 2.575 2,574 2.576
2,573 2,579 2,543 2.610 2.,4%0
CROSS-SECTIONAL AREAS *
180.2 180.2 i80.2 180.2 180,2
180.2 180.,2 180.2 180.2 180.3
180.1 180.4 179.4 182.7 174.3
VELOCITY
2,774 2.774 2:774 2.774 2.774
2,774 2.774 2774 2.774 2.773
2.776 2,769 2.787 2,737 2.869
REYNOLDS NUMBERS FOR GVF
8,323 8,322 8.322 8.322 8.322
8.323 8.322 8.322 8.323 8,320
8.328 8.307 B.362 8,211 8.408
WETTED PERIMETERS
7541 75.1 75.1 75.1 75.1
75.1 75.1 75.1 75.1 75.2
75.1 75.2 75.1 75.2 75.0
TOP WIDTH
70.00 70.00 70,00 70,00 70,00
70,00 70,00 70.00 70,00 70.00
70.00 70.00 70.00 70.00 70.00
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V20I14 Aol75
2,774 2,774
8.32 8,32
8,32 8+32
5.83 5.53
5.53 5.53
18 WITH ¥ =
2.575 2,575
3,008 5.773
180.2 180.2
21046 404,1
2.774 2.774
2.375 1,237
8.323 8.323
7.124 3.712
75.1 73.1
76.0 B1.5
70.00 70.00
70.00 70.00

Eerza

2.774

8.32

8,32

5.53

5.53

2,490

2,575

10,000

.1

180.2
700.0
2:.774
0.714
8,323
2,143

751

%0.0
70.00

70.00



BECTIONS ALONG CHANNEL

0.0 50.0 100.0 150.0 200.0 250.0 300,0
400,0 450,0 500.0 550.0 600.0
650,0 700.,0 750.0 800,0 850.,0 900.0 950.0
DISCHARGE ALONG CHANNEL
500.00 500.00 500.00 500.00 500,00 500,00 500.00
500,00 500.00 500,00 500,00 500.00
500,00 500,00 500.00 500,00 500,00 500.00 500.00
BOTTOM WIDTHS
70.000 70.000 70.000 70,000 70.000 70,000 70.000
70.000 70,000 70.000 70,000 70,000
70.000 70,000 70.000 70,000 70.000 70,000 70.000
SLOPES OF SIDE OF CHANNEL
0.000 0.000 0.000 0.000 0.000 0.000 0,000
0.000 0,000 0.000 0,000 0,000
0,000 0,000 0,000 0.000 0.000 0,000 0,000
MANNINGS N FOR SECTIONS OF CHANNEL
0.200 0.200 0,200 0,200 0.200 0,200 0.200
0,200 0.200 0,200 0,200 0,200
0,200 0.200 0.200 0.200 0.200 0.200 0,200
SLOPE OF CHANNEL BOTTOM AT SECTIONS
0.,10500 0.10500 0.10500 0.10500 0.10500 0.10500 0.10500
0.10500 0.10500 0.10500 0,10500 0.,10500
0,10500 0.10500 0.10500 0,10500 0.,10500 0.10500 0.,10500
CRITICAL DEPTHS AT SECTIONS
1.1658 1.1658 1.1658 1.1658 1.1658 1.,1658 1.,14658
1.1458 1.1658 1,1658 1.14658 1.1658
1,1658 1.1658 1.14658 1,1658 1.1658 1.1658 1,1458
CRITICAL SLOPES AT SECTIONS
0,575873 0.575873 0.575873 0.575873 0.575873 0.575873 0.5735873
0.575873 0.575873 0.575873 0.575873 0.575873
0.575873 0.575873 0.575873 0.575873 0.575873 0.575873 0.575873
AREAS CORRESPONDING TO CRITICAL DEPTH
81.61 81.61 81.61 81.61 81,61 81.61 81.61
81.61 81.61 81.61 81.61 81.61
81.61 81.61 81.61 8l.61 81,61 81.61 81.61
VELOCITIES CORRESPONDING TO CRITICAL DEPTH
64127 6.127 64127 64127 6.127 64127 6,127
64127 64127 6,127 6.127 6,127
64127 64127 6,127 64127 64127 64127 64127
NORMAL DEPTHS AT SECTIONS .
1,959 1.959 1,959 1,959 1.959 1.959 1,959
1.959 1,959 1,959 1.959 1.959
1,959 1,959 1,959 1,959 1,959 1,959 1.959
AREAS CORRESPONDING TO NORMAL DEPTHS
137,163 137,162 137,162 137.162 137.162 137.162 137.162
137.162 137.162 137.162 137,162 137,162
137.162° 137.162 137.162 137,162 137.162 137,162 137.162
VELOCITIES CORRESPONDING TO NORMAL DEPTHS
3,645 3,645 3.645 3.645 3.645 3,645 3.645
.. 34645 3.645 3. 645 3.645 3.645
3.645 3.645 3.645 3.645 3,645 3.645 3,645
M1 - CURVE BEGAN AT SECTION 21 AND ENDED AT SECTION 18 WITH Y =
DEPTHS OF FLOW AT SECTIONS
1.960 1,959 1.960 1.939 1.960 1,999 1.961
1.962 1.956 1.965 1.952 1.971
1.944 1.984 1.927 2.012 1.396 2,083 5.198
CROSS-SECTIONAL AREAS
137.2 137.2 137.2 137.1 137.2 137.1 137.2
137.3 136.9 137.5 136.6 138.0
136.1 138.9 134.9 140.9 132.7 145.8 363.8
VELOCITY
34645 3.645 3. 645 34646 3.644 3.647 3.643
3.641 3.652 3,635 3.659 3,624
3.675 3.600 3.706 3.549 3,767 3.430 1,374
WETTED PERIMETERS
73.9 73.9 73.9 73.9 73.9 73.9 73.9
73.9 73.9 73.9 73.9 73.9
73.9 74.0 73.9 74.0 73.8 74,2 80.4
TOP WIDTH
70.00 70,00 70.00 70.00 70.00 70.00 70.00
70.00 70.00 70,00 70.00 70,00
70.00 70.00 70,00 70.00 70.00 70.00 70.00
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350.0
1000,0

500,00

500.00

70,000

70,000

0,000

0.000

0,200

0,200

0.10500

0.10500

1.1458

1.1658

0.,575873

0.,575873

81.61

81.61

64127

64127

1,959

1.959

137.162
137,162

34645

3+645
1.896

1.958
10.000
137.0
700.0
_;.648
.0.714
73.9
90.0
70,00

70.00



Appendix D, Example 3

Input data for Examwple 3. Debris flow.
. Input data for Example 3.

PROVIDE 9 X~DIST. FOR ¢ INPUT SECTIONS

$ RUN MAIN
DO YOU WANT A DEFINITION OF NAMELIST IN SPECIF? Y OR N 0,1100, 1320, 1800, 2420, 2640, 3520, 3740, 4180
N PROVIDE BOTTOM SLOPES FOR 9 INPUT SECTIONS

DEFAULT OPTIONS ARE: .01%9, .013, .00008, .00002,.0001, .015, .01, .0007, .00005

ITRAPE = 1 IOYES = 0 ERR = 0.00100 INFLOW = 1 MYSTRT = 0 PROBLEM SPECIFICATLONS

TUNSTE = 1 LINTER = 1 NCONT = O NPR = O X 0.0 1100.0 132G.0 1800.0 2420,0 2640.0 3520,0 3740.0 4180.0

DO YOU WANT ANY OF THESE CHANGED? ¥ OR N § 0.0190 0.01300 0.00008 0.00002 0,00010 0.01500 0.01000 0.00070

0.00005
Y
GIVE CHANGED OPTIONS IN & SPECIF LIST IS THERE LATERAL INFLOW? Y OR N
& BPECIF IDUNSTE = 0 & END h!
GIVE THE INPUT DATA AFTER THE NAME. IF YOU DO NOT UNDERSTAND NAME PROVIDE ¢ VALUES OF LATERAL INFLOW. IF Q0=0 THESE ARE ACTUAL FLOWS
WRITE, HELP
0,0, 5,5 0,0,0,0,0
NSI
8Q 0.000 0.000 5,000 5,000 0.000 0.000 0,000 0.000 0,000
9 .
PROVIDE 9 BOTTOM WIDTHS, THEN 9 SIDE SLOPES
NSO
12, 13, 15, 50, 25, 15, 16, 18, 20,
39
.5, .75, 1.5, 2., 1.5, 1., .75, 1., 1.5
Q0
B 12,000 13,000 15,000 50.000 25.000 15.000 16.000 18.000 20.000
80 .
M 0,500 0,750 1,500 2,000 1,500 1,000 0,750 1.000 1,500
XBEG
HAVE YOU MADE ANY MISTAKES Y OR N
0
N
XEND
WHERE SHOULD THE OUTPUT GO?7 GIVE 1) TTY IF TERM ONLY; 2) FILE NAME
4180
YSTART
100

PROVIDE OUTPUT STA. NO, WHERE GVG. IS T¢ BEG., I.E. 1 OR 39
34

79



SECTIONS ALONG CHANNEL
0.0 110.,0 220.0 33040 440,0 550.0 660.0 770.0
880.0 §90.0 1100.0 1210.0 1320.0
1430.0 1540.0 1650.0 1760.0 1870.0 198040 20%90.0 2200.0
231040 2420.0 2530.0 2640.,0 2750.,0
2860.0 2970.0 3080,0 3190.0 3300.0 3410.0 3520.0 3630:0
3740.0 3850.0 39460.0 4070.0 4180,0

DISCHARGE ALONG CHANNEL

80.00 80.00 80,00 80.00C 80.00 80,00 80.00 80.00
80.00 80.00 80,00 82,40 85,00
86,15 87.29 88,44 89.58 20.00 F0.00 90,00 90,00
?0.00 90.00 90,00 90,00 90.00
90400 90.00 90.00 90.00 90.00 90,00 90.00 20.00
?0.00 20,00 %0.00 90.00 ?0.00

BOTTOHM WIDTHS
12,000 12.100 12,200 12,300 12,400 12,500 12,600 12,700
12,800 12,900 13,000 14,000 15.000
23,021 31.042 39.043 47.083 47,177 42,742 38.304 33.871
29,435 25.000 20,000 15.000 15.125 '
15.250 15.375 15.500 15,628 15.750 15.875 16,000 17,000

18,000 18.500 19.000 19,500 20,000

SLOPES OF SIDE OF CHANNEL

0,500 0.525 0.55¢0 0.878 0,600 0.625 0.650 0.675
0.700 0.725 0.750 1,125 1.500
1.615 1.72¢9 1.844 1,958 1.944 1,855 1.766 1.677
1.589 1.500 1.250 1,000 0.949
0.738 0.906 0,875 0.844 0.813 0.781 0.750 0.875
1.000 14125 1.250 1.375 1,500

SLOPE OF CHANNEL ROTTOM AT SECTIONS
0,01%00 0.01840 0.01780 0.01720 0.01660 0.01600 0.01540 ¢.01480
0,01420 0.013460 0,01300 0,00654 0.00008
0.00007 0.00006 0.00005 0.,00003 0+,00004 0.,00005 0.00006 0.00008
0.00009 0,00010 0.00755 0.01500 0.01437
0.01375 0.,01312 0.01250 0.01187 0.01125  0.01063 0,01000 0.00535
0.00070 0.00054 0.00037 0.,00021 0.,00005

CRITICAL DEPTHS AT SECTIONS

1.0963 1.0896 1.0831 1.07466 1.0703 1.,0640 1,0879 1.0519
1.045% 1.0400 1.0343 0.9974& 0.9663
0.7443 0.6190 0.,5373 0.4794 0.4803 0.5125 0.3508 0.5970
0.6543 0.7275 0.84135 1,0141 1.0094
1.0051 1.0006 09961 0.7718 0.9874 0,9831 0.9788 0.9392

0.9035 0.8860 0:8694 0.B53é 0.8385

CRITICAL SLOPES AT SECTIONS
0.5411461 0.541239 0.541420 0.541658 0.541950 0.542291 0.542680 0.543112

0.543586 0.544099 0.544648 0.547024 0,532327
0.610759 0.662042 0.706809 0,746053 0.745581 0.722555 0.698206 0.472335

0:.644734 0,615396 0.579010 0.540916 0.541850
0.542825 0,5943822 0.544B41 0.545883 0.5446%48 0.,548039 0.549154 0.556143

0.563554 0.547510 0,571685 0.575959 0,.58B0343

AREAS CORRESPONDING TO CRITICAL DEPTH

13.76 13.81 13.86 13,91 13.96 14.01 14.06 14.11
14415 14,20 14,25 15.09 15,90

18.03 19.88 21,52 23,03 23,11 22,39 21,43 20.82
19,94 18.98 17.72 16.24 16.26

16,27 1629 16.31 16433 16,34 16.36 16.38 14.74
17 AR 17.99 17, a4 17,48 17.87 %
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VELOCITIES CORRESPONDING TO CRITICAL BEPTH

5,814 5.794 5,772 54751 5,731
5.452 5,433 5.4615 5.448 5,347
4,778 4,392 4,109 3.8%90 3,895
4,513 4.742 5.080 5.542 5,534
5.530 5.524 5,518 5.513 5.507
5,269 5.210 5.153 5,100 5,049
REYNOLD'S NUMBERS CORRESPONDING TO CRITICAL DEPTH
} 17,45 17.38 17,32 17.25 17.19
16,96 16,90 16,84 14,41 16.04
) 14,33 13,18 12,33 11.67 11.68
- 13,54 14.23 15,24 16,42 16:61
16,99 16.57 16,596 16.54 16,52
15,81 15,63 15,44 15,30 15,15
CHEZY’S NUMBERS CORRESPONDING TO CRITICAL DEPTH
8.10 8.09 8.07 . 8.06 8:.04
c T 7.98 7.97 796 7.8% 774
7.32 7,01 677 6.58 6.59
7.11 7.29 7456 7.90 7.90
7.89 7.89 7.89 7.88 7.88
7.70 7.66 7461 7457 7,53
NORMAL DEPTHS AT SECTIONS
6,762 6.789% 4,822 6,861 64907
7.161 74245 74338 9274 51,765
51,315 51,979 53,993 57,990 55.839%
- 46,007 45,455 7.665 6.424 6,572
6.729 6.899 7.084 7285 7.506
R 25,049 26.828 29,937 36,302 61,276
AREAS CORRESFONDING TO NORMAL DEPTHS
104.005 106.337 108,816 111,452  1%4.261
127,558 131.510 135,773 226.611 4A795,986
5432,809 6285.459 74B84.182 9315,880 J34v4.245
4716,957 4R267.990 226,742 137,690 141,237
145,062 149,203 153,702  158.611 163.994
; 1079.681 1306.050 1489.048 2519.940 4857,591
VELOCITIES CORRESPONDING TO NORMAL LEFTHS
h 0,749 0,752 0.735 0.718 0,700
0,627 0.408 0.589 0.364 0.018
0,016 0,014 0.012 0.010 0.010
” 0,019 0.021 0,397 0,654 0,637
0.620 0.603 0.584 0.567 0.549
0,083 0,069 0,053 0.036 0.013
REYNOLD’S NUMBERS CORRESPONDING TG NORMAL DEPTHS
2,31 2,26 2.21 2.15 2:10
1.88 1.82 1.77 1,09 0.05
.- 0.05 0.04 0,04 0.03 0.03
0.06 0.06 1.19 1.96 1.91
1,86 1.81 1.76 1.70 1465
£ 0.2% 0.21 0.16 0411 0,04
CHEZY’8 NUMBERS CORKESPONDBING TO NORMAL DEFTH
2,85 2,82 2,78 2,79 2,71
2,56 2.52 2,48 1,94 0.41
B .38 0,36 0,33 0,30 0,31
0.42 0,44 2.02 2.62 2.59
2,55 2.51 2.48 2.44 2,19
- 0,90 0,82 0.72 0.58 0,35
DEPTHS OF FLOW AT SECTIONS
e GAGY L ZLITN . /84187 73:%64 26,674

81

5,711
4,019

5.501

17413
12.06

16,50

6.959
51.3%94

7.749

1174256
7095.897

169,924

0.682
0.013

0.530

2,68

0.34

2.3%

78,332

5. 691
4,160

5.495

17.07
12.48

146.48

8.01
682

7.87

7:019
‘48,648

8,018

120,456
6043,200

176.500

0.664
0,015

0.510

2:44

0.37

2,30

79,924

5,671
4.323

5.377

17.01
12.97

16413

8,00
6495

7.78

7.086
46,953

10,343

123.882
5288.,446

270,144

0.646
0,017

0.332

0,40
1,85

81.4%9



82.932 84.344
87.017 87.022
87.050 87.058
91,533 92,900
99.854 99.915
CROSS-SECTIONAL AREAS
3245.9 3536.5
5875.9 6245.6
14228.7 15796.0
14601.3 13545.1
9250.6 ?249.7
11768.3 13079.4
VELOCITY
0,025 0.023
0.014 0,013
0.006 0.006
0.006 0.007
0.010 0.010
0.008 0.007
REYNOLDS NUMBERS FOR
0.074 0.068
0.041 0.038
0.018 0.017
0.018 0.020
0.029 0,029
0.023 0.021
WETTED FERIMETERS
167.3 173.3
215.3 221.3
353.5 378.7
356.3 338.9
266.2 26641
300.4 319.3
TOP WIDTH
81.46 87.02
128,90 135.20
304,01 331.99
306,03 286.17
186.87 183,76
217.71 243,31

1
1

1

GVF

85.695
87.026
87.453
94,203
99.960

3839.1
6621.8
7363.1
1309.2
9225.1
4389.2

0.021
0.012
0,005
0,008
0.010
0.006

0,063
0,036
0.015
0.024
0,029
0.019

179.3
227.2
404.1
300.0
265.8
339.0

92,71
141.54
359.97
238,63
180,36
268.90

86.682
87.029
88.608
954442
99.988

4153.3
2666.5
18930.0
9180.5
9177.2
15696.5

0,019
0.009
0.005
0.010
0.010
0.006

0.058
0.026
0.014
0.029
0.029
0.017

185.2
274,9
429.8
26546
265.4
359.35

98.51
209.03
387.95
192.22
176.68
294,47

82

87.011
87.031
90.103
96.618
100.000

£478.5
124661.5
18827.2
9227.6
?106.5
17000.0

0.018
0,007
0.005
0.010
0.010
0.005

0.054
0.020
0.014
0.029
0.030
0,016

191.2
328,72
427.6
266.0
264.7
380.6

104.41
276,03
385,48
189.70
172,75
320,00

87.035

974730

4814.1
17770.5

9013.3

0.017

0.005

0,010

0,050
0.015

0.030

197.2
409.5

263.9

110,42
365.61

168,58

87.039

98,778

5159.4
16713.9

8898.2

0.016
0.005

0.010

0,047
0,016

0,030

203.3
391.6

262.9

116,50
345.75

164.17

87.044

99.593

5513.6
15657.5

10364.4

0,015
0,006

0.009

0.044
0.017

0.026

209.3
373.8

281.6

122,67
325,89

191.22



SECTION% SLONG CH

ANNEL

110.0 220.0 330.0
880.0 990,0 1100.0 1210.0
1436,0 1546.0 1450.0 1760.0
2310.0 2420.0 2530.0 2640,0
3860.,0 2970.0 3080,0 3190.0
3740,0 3850.0 3940.0 4070,0
DISCHARGE ALONG CHANNEL
80,00 80.00 80.00 80.00
80.00 80,00 80.00 82,50
86415 87.29 88.44 89.58
90,00 90,00 90,00 90,00
90,00 90,00 90.00 90,00
90.00 90,00 90,00 90,00
BOTTOM WIDTHS
12,000 12,100 12,200 12,300
12.800 12,900 13,000 14,000
23,021 31,042 39,063 47,083
29.435 25,000 20,000 15.000
15,250 15,375 15,500 15,625
18.000 18,500 19.000 19,500
SLOPES OF SIDE OF CHANNEL
0,500 0.525 0.550 0.575
0.700 0.725 0.750 1,125
1.615 1.729 1.844 1.958
1.589 1.500 1,250 1.000
0.938 0,906 0.875 0.844
1.000 1.125 1,250 1.375
NANNINGS N FOR SECTIONS OF CHANNEL
0.035 0,035 6.035 0,035
0.035 0,035 0.035 0,035
0,035 0,035 0,035 0.035
0.035 0.035 0,035 0.035
0,035 0,035, 0,035 0,035
0,035 0.035 0,035 0,035
SLOPE OF CHANNEL BOTTOHM AT SECTIONS
0.01900 ©0.01840 0,01780  0.01720
0.01420 0.01340 0,01300 0.00654
0.00007 0,00005 0,00004  0.,00002
0.00009 0.00010 0,00755 0,01500
0.01375 0.01312 0.01250 0,01187
0.,00070 0.00054 0,00037 0,00021
CRITICAL DEPTHS AT SECTIONS
1,0943 1.0894°  1.0831 1.0766
1.0459 1.0400 1,0343 0.9976
0.7443 ¢.6190 06,5373 0.4794
0.6543 0.7275 0.B8415 1.0141
1,0051 1.0006 0.9961 0.9918
0,9035 0.8860 0.8694 0.8536
CRITICAL SLOPES AT SECTIONS
0,019931 0.019884 0,019841 0.019802
0,019651 0.019429 0,019409 0.019354
0.020369 0,021360 0.022229 0.022993
0.021028 0.020442 0.,019812 0.019248
0.019311  0,019344  0,019377 0.019412

" 0.019614

“0.019438

0.0{9877

0
0
(]
(]
0

440,0
1320.0
1870.0

2750.0
3300.,0

4180.0

80.00
85,00
20.00
20,00
#0.,00
?0.00

124400
15,000
47.177
15125
15,750
20.000

0+600
1.500
1.944
0.969
¢.813
1,500

06,035
0,035
0.035
0,035
0.03%
0.035

0.0156460
0.00008
0,00003
0.01437
0.01125
0.00005

1.0703
0.96463
0.4803
1.0096
0.9874
00,8385

1019745
019295
1022979
019279
«019448

0.019728 7 0.019784
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550.0

1980.0
3410.0

80.00
20.00

90.00

12,500
42,742
15.875

0,625
1,855

0,781

0.035
0,035

0,035

0.,01600

0,00004
0.,01043

1.0640
¢,51285

0.9831

0.019732
0.022535

0.019484

6460:0

20%90.0
3520.0

80.00
?0.00

?0.00

12,600
38.304

146.000

0,650
1,766

0.750

0.035
0.035

0,035

0.01540

0.,00004
0.01000

1.0579
0.5508

0.9788

0:019702

0.,022044

0.019522

770.0

2200.0
3463040

80.00
90,00

90.00

2,700
33.871
17.000

0.675
1,677

0.875

0.035
0,035

0,035

0.01480

0.00007

0.00535

1.0519

0.5970

0.9392

0.019675
0.021562

0.019549



AREAS CORREBPONDING YO CRITICAL DEFTH

13.76 13,81 13.846 13.91 13.96 14,01 14,04 14.11
14,15 14.20 14,25 15.09 16,90
18.03 19.88 21.52 23,03 23.11 22,39 21,63 20.82
19,94 18,98 17.72 16.24 15,26
16.27 16.29 16,31 146.33 16,34 16.36 16.38 16,74
17.08 17.27 17.46 17.468 17.83
VELDCITIES CORRESFONDING TO CRITICAL DEFTH
5.816 5.794 5.772 5.751 5.731 S.711 S.691 5.671
5.452 5.433 9.615 5.468 5.347
4,778 4,392 4,109 3.890 3.895 4.019 4,150 4,323
4,513 4,742 59.080 5.542 5.936
5,530 5.524 5.518 5,513 5.507 5,501 5,495 5,377
5,269 5.210 5.153 54100 5. 049
MORMAL DEFTHS AT SECTIONS
1.112 1,116 1,120 1.124 1,129 1,134 1,140 1,147
1.154 1,163 1,171 1:.379 4,656
3.988 3,451 34531 3634 3,486 347286 3,223 3.245
3.337 3,503 1,123 1,093 1,203
1.113 1,125 1,137 1,150 1,16% 1.181 1.199 1,388
2.452 2.5%0 2.814 34245 4,782

AREAS CORRESPONDING TO NORMAL DEFTHS
13:949 1441535 14,350 14,592 14.763 14,983 15,214 15.455
15.709 15.977 16.259 21,443 102,368
117.489 134,384 160.910 196,970 188.074 160.492 141.810 127.566

115,924 105.998 24.034 17.589 17.856
18,138 18,437 18.754 19,092 19,453 19.640 20.256 25.286

50,150 55.452 63,359 77766 129.958
VELOCITIES CORRESPONDING TO NORMAL DEFTHS

5.727 5.652 5875 5.498 3,419 5.339 5.258 F.176
5,093 5.007 4,920 3.847 0.830
0.733 0.5640 0.550 0.455 0,479, 0,561 0,635 0.704
0.774 0.849 3.745 5.117 5,040
4,962 4,881 4,799 4.714 4,627 4,536 4,443 3,559
1,795 1.623 1.421 1,157 0.693

DEFTHS OF FLOW AT SECTIONS |
69,323 71.230 73.075 74,860 76.583 78,245 794846 81,385
82,8464 B4.281 854637 86.627 86.959%
86.966 86,973 B86.977 86,981 86.984 86,987 84.992 B6.9%98

87.006 87.016 87.413 88.571 ?0.068
21.502 92.872 94,178 95.421 96,599 97.714 98,746 99.544
97.848 9%.711 99.957 99.987 100,000 ,

CROSS-SECTIONAL AREAS
3234,7 3528.5 3828.,5 4143.0 4468.6 4804.5 515040 35045

584671 623741 6613.5 9655.0 12647.1
14213.4 1577946 17345.6 18911.4 18808.9 17783.1 16697,7 15842, 6
14587.7 13532.9 1129946 ?173.3 9221,0
?244,7 ?244,5 9220.6 ¢173.4 ?103.2 9010.7 88946,2 10362.6
11766.,8 13078.2 14388, 4 156961 17000.0

VELOCITY
0,025 0,023 0,021 0.01% 0.018 0.017 0,016 0,015
0,014 0,013 0.012 0.009 0.007
0,006 0.006 ° 0.005 0.005 0,005 0,005 0,005 0,006
0.004 0.007 0.008 0.010 0,010
0.010 0,010 0.010 0.010 0.010 0,010 0,010 0.009
0.008 0007 0,006 0,006 0,005

WETTED PERIMETERS
1467.0 173.0 179.0 ©18%5.0 19140 1270 203.1 20541
2195.1 221.1 227.1 274.8 328.5
353.4 378.5 40Z,9 429.6 427 .4 40%.3 391.4 373.7
35é.1 330.7 24949 PL TR 28U Y
258641 26540 265,8 265.3 264.7 2639 262.% 281.8
300.4 319.3 339.0 a59.9 380.4

T InT

or u31.22 86.89 92.58 98,39 104,30 110,31 116,40 122,57

128,81 13%.11 141,46 208,91 27%5.88
303.85 331.82 357.79 B7.76 385,29 365.44

305.89 286,05 238,53 192.14 187.62 .
184,82 183,71 180.31 176,465 172,72 1648.55 164,15

217.70 243.30 268,89 294,46 320.+00

345.58 325.74
191.20
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SECTIONS ALONG CHANNEL
0.0 110,90 220.0 330.0 440.0 55040 660.0 770,0

880.0 990.,0 1100.0 1210.0 1320.0

1430,0 1540.0 165040 1760.,0 1870.0 1980.0 2090,0 2200,0
2310.0 2420,90 2530.0 2640.0 2750.0
28460.0 2970.0 3080,0 3190,0 3300.0 3410.0 3520.0 363040
3740.0 3850.0 3960.0 4070.,0 4180.0

DISCHARGE ALONG CHANNEL

80,00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
80.00 80.00 80.00 82.50 85.00
86415 87.29 88.44 89.58 90.00 ?0.00 90.00 #0.00
90,00 20,00 20,00 70,00 %0.00
20.00 §0.00 90,00 90.00 20,00 90,00 90,00 90,00
90.00 20.00 ?0.00 20,00 90,00
BOTTOM WIDTHS
12.000 12.100 12,200 12.300 12,400 12,500 12,600 12,700
12,800 12,900 13.000 14,000 15.000
23,021 31.042 39.063 47.083 47.177 42,742 38,306 33.871
29,435 25.000 20.000 15.000 15,125
15.250 15,375 15.500 15,625 15,750 15.875 16,000 17.000

18.000 18.500 19.000 17.500 20.000

SLOPES OF SIDE OF CHANNEL

0.500 0525 0.550 0.575 0.400 0,425 0.450 0.675
0,700 0.725 0.750 1,125 1.500
1.615 1,729 1.844 1,958 1.944 1.85%5 1.766 1,677
1.58% 1,500 1.250 1.000 0,949
0.938 0.90& 0.875 0,844 0.813 0.781 0.750 0.875
1.000 1.12S5 1,250 1.375 1.500
HANNINGS N FOR SECTIONS OF CHANNEL
0,050 0,050 0.050 0,050 0.050 0,050 0.050 0.050
0.050 0.050 0.050 0.050 v+ 050
0.050 0.050 0.050 0,030 0.050 0,050 0.050 0.050
0.050 0.050 0,050 0,050 0.050
0.050 0,000 0.050 0.050 0,050 0,050 0.050 0.050
0.050 0,050 - 0.050 0,050 0.050

SLOPE OF CHANNEL BOTTOM AT SECTIONS
0.01900 0.01840 0.,01780 0.01720 0.01460 0.01400 0.01540 0.01480

0.,01420 0.01340 0,01300 0,005654 0,00008
0.00007 0.00005 0,00004 0,00002 0.00003 0.00004 0.00004 0.00007

0.00009 0.00010 0.00755 0.01500 0.01437 .
0,01375 0.01312 0.01250 0,01187 0.,01125 0.01063 0,01000 0.00535
0.00070 0.00054 0.00037 0,00021 0.,00005

CRITICAL DEPTHS AT SECTIONS
1.0963 1.0894 1.0831 1,0766 1.0703 1.0640 1.0579 1.0519

1.0459 1.0400 1.0343 0.9974 0.%9663
0.7443 0.46190 0.5373 0.,47%4 0.4803 0.5125 0.5508 0.5970

0.6543 0.7275 0.8415 1.0141 1.0096
1.0051 1.0006 0.99561 0.9718 0.9874 0.9831 0.9788 0.9392

0.9035 0.8860 0,86%94 0.8536 0.,8385

CRITICAL SLOPES AT SECTIONS
0.0406746 0.040580 0.,040492 0,040411 0.040337 0.040270 0,040209 0.040153

0.,040103 0.040058 0.040018 0,039498 0.039378
0.041570 0.,043592 0.0453646 0.0446924 0.0468%96 0,045990 0.045028 0.044005

0.042915 0.04175% 0.040433 0.039281 0.039345
0.035410 0.039477 0.039546 0.039617 0.,039489 0.039764 0,039841 0.0378%96

L 0.04009R 0.040078 0.04015R 0040241 _ 0. 0AOBRL o e ee oo e e e e e e
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AREAS CORKESPONDING TO CRITICAL DEFTH

13.76 13.81 13.86 13,91 13.96 14,01 14.06 14.11
14.1% 14,20 14,25 15,09 . 15.90
18.03 19,88 21,52 23.03 23.11 22,39 21.63 20.82
19.94 ‘18,98 17.72 16,24 16,26
16.27 16.29 16,31 16.33 16434 16,36 146,38 16.74
17.08 17.27 17.44 17,45 17.83

VELOCITIES CORRESPONDING TO CRITICAL DEPTH -
5.816 5.794 5.772 5,751 5,731 5.711 5.491 5.671
5.652 5,633 5.615 5,448 5,347
4.778 4,392 4,109 3,890 3.895 4,019 4,160 4,323
4,513 4,742 5.080 5,542 5,536
5.530 5.524 5.518 5,513 5,507 5,501 5,495 5.377
5,249 5.210 5,153 5,100 5.049

FAILED TO CONVERGE FOR SECTION, 13 DIF=0.7807E-0% Y0O= 5,639

NORMAL DEPTHS AT SECTIONS
1.386 1.389 1.394 1.399 1,404 1.410 1.417 1.42%
1.434 1,444 1.454 1.704 5,639
4,873 4,479 4,340 4,470 4,289 4,044 3.966 3.991
4.101 | 4.299 1.389 1,354 1,366
1.379 1,394 1.410 1,427 1.445 1.446 1.488 1,721
3.030 3,193 3.462 3.980 5.821

AREAS CORRESPONDING TO NORHAL DEPTHS
17.591 17.826 18,072 18.327 18.5%4 18.873 19.163 19,472
19.794 20,133 20.491 27.124 132+267
150,523 173.725 204,234 249.581 2384110 203.206 179.702 1561.892
147,434 135.209 30.196 22,137 227470
22.821 23,193 23.589 24.011 24.460 24.944 25.467 31.849
63.715 70,545 80.749 99.402 167.2560

VELOCITIES CORRESPONDING TO NORMAL DEPTHS

4,548 4,488 4,427 4,345 4.302 4,239 4,174 4,109
4.042 3.974 3,904 3,042 0,643
0.572 0,502 0.433 0,359 0.378 0,443 0.501 0,556
0.610 0.666 2.981 4,046 4,005
3.944 3.880 3.815 3,748 34679 3.408 3.534 2,826
1.413 1.276 1,115 0.905 0.538

DEPTHS OF FLOM AT SECTIONS !
69,323 71,230 73.075 74,860 76.583 78.245 79.846 81,385
82. 854 24,281 85,637 B6.627 86,959
86,9466 86,973 86,977 86.981 86,984 86,987 86.992 86,998
87,006 87.016 87,413 88.571 50,068
91,502 92,872 94,178 95,421 96,599 97,714 98,766 99,544
99,848 99.911 . 99,957 99,987 100,000

CROSS-SECTIONAL AREAS
3234.7 3525.5 3828.5 4143,0 4468.6 4804,5 5150.0 5504,5
5867.1 6237.1 6613.,5 P655.0  12647.1
14213,4 15779.6 17345.6 18911.4 18808.9 17753.1 = 166%7,7 15642.6
14587.7 13532.9  11299.4 9173.3 9221,0 _
9244,7 9244,5 9220,4 9173 .4 9103.2 9010.7 8896,2 10362.4
11766.8 13078.2 14388.4  1546%6.1  17000.0

VELOCITY
0,025 0.023 0,021 0.019 0.018 0.017 0.016 0.015
. . 0,009 0.007
8:842 §:843 §:842 6,005 $.005 0,005 0.005 0,006
0,006 0,007 0.008 0,010 0,010
0,010 0.010 6,010 6.010 0.010 0,010 0.010 0.009
0,008 0,007 0.006 0,006 0,005
WETTED PERIMETERS .
167.0 173.0 179.0 185.0 191.0 197,0 203.1 209.1
215.1 221.1 227.1 274.8 328.5
353.4 . 378.5 403.9 429.6 . 427.4 409.3 . . 391.4 . _ 373.7
3561 338.7 299.9 245.5 265.9
266.1 266.0 265.8 265.3 264.7 263.9 262.,9 281.5
300.4 219.3 339.0 359.5 380,46
TOP WIDTH
81,32 86.89 92,58 98,39 104,30 110,31 116,40 122,57
128.81 135,11 141,46 208,91 275,88

303.85 331.82 359.79 387.76 385.29 365.44 345,58 325.74

305.89. 285,05 238,53 192,14 189.43
186,82 183,71 180,31 176,65 172.72 168,55 144,15 191,20

217470 243.30 248.89 294,46 320,00
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SECTION% sLONG CHANNEL

110.,0 220.0 330.0
880.0 990.0 1100.0 1210.0
1430,0 1540,0 1650.0 1760.0
2310.0 2420.0 2530.0 2640.0
2860.0 2970.0 3080.0 3190.0
3740.,0 3850.,0 39460.0 4070.0
DISCHARGE ALONB CHANNEL
80,00 80.00 80.00 80,00
80.00 80.00 80.00 82.50
86,15 87,29 88,44 89.58
?0.00 20,00 90.00 ?0.00
20.00 20.00 90,00 90.00
20,00 90,00 90,00 ?0.00
BOTTOM WIDTHS
12.000 12,100 12,200 12.300
12,800 12,900 13.000 14,000
23.021 31.042 39.063 47 .08B3
29,435 25,000 20.000 15.000
15,250 15.37% 15.500 15,625
18,000 18,500 19.000 19.500
SLOPES OF SIDE OF CHANNEL
0500 0.5295 0.850 0.575
0.700 0,725 0.750 1,125
1.615 1.729 1.844 1.958
1,589 1.500 1,250 1.000
0.938 0,706 0.875 0.844
1.000 1,125 1,250 1.375
MANNINBS N FOR SECTIONS OF CHANNEL
0.080 0,080 0.080 0,080
0.080 0.080 0.080 0,080
0,080 0.080 0.080 0,080
0,080 0.080 0,080 0.080
0.080 0,080 0.080 0,080
0.080 0.080 0.0BC 0.080
SLOPE OF CHANNEL BOTTOM AT SECTIONS
0.01900 0.01840 0,01780 0.01220
0.01420 0.01360 0.01300 0.00654
0,00007 0.00005 0.00004 0.00002
0,00009 0.00010 0,00755 0.01500
0.01375 0,01312 ¢.012%0 0.,01187
0.00070 0,00054 0,00037 0.00021
CRITICAL DEPTHS AT SECTIONS
1,0963 1.0896 1.0831 1.0766
1.0459 1.0400 1.0343 0.99276
0.7443 0.46190 0.5373 0.47%4
0,.6543 0.7275 0.8415 1.0141
1.,0051 1.0006 0.99641 0.9718
00,9035 0.8840 0.86%94 0.8534
CRITICAL SLOPES AT SECTIONS
-0.104131 0,103884 0,10346460 0.103453
0,102644 0.102549 0.1024446 0.1011146
0,105418 0.111594 0,116137 0.120126
0.109861 0.,106902 0,103510 0.100560
0,100890 0,101061 ©.101237 0.101419
N102APT ALAGTABO DLINPR0% 0.103047

0
0
[
0
0
[¢]
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440.0
1320.0
1870.0
2750.0
3300.0
4180.0

B0.00
BS.00
920,00
90.00
20.00
20.00

12.400
12,000
47.177
15,125
15.750
20,000

0.600
1,500
1.944
0969
0.813
1.500

0.080
0.080
0.080
0.080
0.080
0,080

0,01460
0,00008
0.00003
0.01437
0.01125
0.00005

1.0703
0.9663
0.4803
1.00946
0.9874

0.8385

10326464
+ 100808
+120053
+v100723
+101605
+103374

550.0

1980.0
3410.0

80.00
90,00
90,00

17.500

42,742

15.875

0.625
1.855
0.781

0.080
0.080

0.080

0.014600
0.00004

0.01063

1.0640
0.5125

0.9831

0.103091
0.,11773%

0.101796

460.0

2090.0
3520.0

80.00
?0.00
90,00

12,400
38,306

14.000

0.650
1 §766
0.750

0.080
0,080

0.080

¢.01540
0.00006

0.,01000

1.0579
0.5508

0.9788

04102934
0.115272

0.101993

770.0

2200.0
3630.0

80,00
90.00
20.00

12,700
33.871

17.000

0,675
1.4677

0.875

0.080
0,080

¢.080

0.01480
0.00007

0.00535

0.5970

0.9392

0.102792
0.112652

0.102135



AREAS CORKESPONDING TO CRITICAL DEPTH

13.76 13.81 13.84 13.91
14,15 14,20 14.25 15,09
18.03 19.88 21.52 23,03
19.94 18,98 17,72 16.24
16,27 16.29 16,31 16.33
17.08 17.27 17.46 17.65
VELOCITIES CORRESFONDING TO CRITICAL DEPTH
5.816 5.794 S.772 $.751
5.652 5.633 S.4615 5,468
4,778 4,392 4.109 3.890
4.513 4,742 5.080 5.542
5.530 5.524 5.518 §.513
5.246%9 5.210 5,153 5,100

FAILED TO CONVERGE FOR SECTION:

NORMAL DEPTHS AT SECTIONS

13 DIF=0.2576E402

13.96
1%.90
23411
16,26
16,34
17.83

5.731
5.347
3,893
§5.936
5.507
5,049

1.853 1.857 1.861 1.866 1,873
1,908 1,920 1,933 2,248 55,673
6.313 5,839 5.675 5,852 5,620
5,361 5,607 1.837 1.793 1.810
1,829 1.849 1.870 1.894 1.920
3.994 4,196 4,532 5,184 7.498
AREAS CORRESPONDING TO NORMAL DEPTHS
23,954 24.275 24,610 24,960 25,325
26,972 27,419 27.933 37,162 11147.237
209,485 240,231 281,073 342,407  326.545
203,448  187.329 40.954 30,109 30,554
31,025 31.522 32,053 32,620 33.228
87.838 97,420 111,776 138,097  234.296
VELOCITIES CORRESPONDING TO NORMWAL DEPTHS
3,340 3,296 3,251 3,205 3,159
2,966 2.916 7,864 2,220 . 0,008
0,411 0.3463 6.315 0,261 0,276
0,442 0.480 2,198 2.989 2.946
2,901 2,855 2.808 2,759 2.709
1,025 0.924 0,805 0.652 0.384
DEPTHS OF FLOW AT SECTIONS
69.323 71,230 73,075 74,860 76.583
B2.864 84,281 85,437 86.627 86.959
86,966 84,973 86,977 86.981 86,784
87.006 87,016 87.413 88.571 90,068
91,502 92,872 94,178 95,421 96,599
99.848 99,911 99.957 99,987 100,000
CROS5-SECTIONAL AREAS
3234,7 3525.5 3828,5 4143.0 4468.6
5847.1 6237.1 6613.5 9655.0 12647.1
14213.4 15779.6 17345.6 18911.4  18808,~
14587.7 13532,9  11299.é 9173.3 9221.0
9244.,7 9244.5 9220.6 9173.4 9103.2
11766.8 13078.2  143B8.4  15696.1  17000.0
VELOCITY
0.025 0,023 0.021 0.019 0.018
0.014 0.013 0.012 0,009 0.0067
0,004 0,006 0.005 0,005 0.005
0,006 0,007 0.008 0.010 0,010
0.010 0.010 0.010 0,010 0.010
0,008 0.007 0.006 0.006 0.005
WETTED PERIMETERS
147.0 173.0 179.0 185.0 191.0
215,1 221,1 227.1 274.8 328.5
353.4. . _378.5 - .403.9 429.6 427.4
356.1 338.7 299.9 265,5 265.%
2661 266.,0 265.8 265,3 264.7
300.4 319.3 339.0 359.5 380.4
TOP WIDTH
81.32 86.89 92,58 98,39 104.30
128.81 135,11 141.46 208,91 275,88
303,85 331.82 359,79 387,74 385,29
305,89 286,05 238,53 192.14 189.43
184.82 183,71 180,31 176,65 172.72
217,70 243,30 268.89 294,46 320.00

88

14.01
22.39

16,36

5.711
4,019
5.501

YO0=

1.880
5,301

1.948

25.708
278.712

33.882

3.112
0,323

2,656

78,245
86.987

97.714

4804.5
177531

901047

0.017
0,005

0.010

197.0
409.3
263.9

110,31
345.44

168,55

14,06
21,63

16.38

5.691
4,160
5.495

$5.673

i.888
5.197

1.978

264109
246,748

34,588

34,064
0+365

2.602

79.846
86.992

98.766

5150.0
16697.7

B8876.2

0.014
0,005

0.010

20341
371.4
262.,9

116.40
345.58

164415

14,11
20,82

16.74

5671
4,323

5.377

1.898
5.225

2.283

26,529
222,766

43,369

3.016
0,404

2.075

81,385
B84.998

99.544

5504.5
15564244

10362.4

0.015
0.006

0.009

209.1

L .37347.
281.5

122.57
325.74

191,20



BECTIDNS ALONG CHANNEL

0.0 110.0 220.0 330.0
880,0 990.0 1100,0 1210.0
1430.0 1540.0 1650.0 1760.0
2310,0 2420.0 2530,0 2640.0
2860.0 2970,0 3080.0 3190.0
3740.0 3850.0 3960.0 4070.0
DISCHARGE ALONG CHANNEL
80.00 80.00 80,00 80,00
80.00 80,00 80,00 82.50
85,15 87,29 88,44 89,58
90,00 90,00 90.00 90,00
90,00 ?20.00 90,00 90,00
90.00 90,00 90,00 90,00
BOTTOM WIDTHS
12.000 12.100 12,200 12,300
12.800 12.%00 13,000 14.000
23,021 31,042 39.063 47,083
29,435 25,000 20.000 15,000
15.250 15,375 15.500 154625
18,000 18,500 19.000 19,500
SLOPES OF SIDE OF CHANNEL
0.500 0,525 0.550 0.575
0,700 0,725 0.750 1,125
1,615 1.729 1.844 1.958
1.589 1.500 14250 1,000
0.938 0.906 0.875 0.844
1,000 1.125 1,250 1.375
MANNINGS N FOR SECTIONS OF CHANNEL
0,050 0.04% 0.048 6,047
0,042 0,041 0.040 0.030
0.020 0.019 0.019 0.018
0.019 0.01% 0,030 0,040
0.041 0,042 0+043 0:043
0,020 0,020 0,019 0.01%9
SLOPE OF CHANNEL EOTTOM AT SECTIONS
0,01900 ©.01840 ©0.01780 0.01720
0.01420 0,01350 0,01300 0.,00654
0,00007 0.,00006 0.00005 (.00003
0.00009 0,00010 ©,00755  0.01500
0.01375 0.01312 0,01250 0.01187
0,00070 0.00054 ©0.00037  0,00021
CRITICAL DEPTHS AT SECTIONS
1,0943 1.08%96 1.0831  1.07464
1.0459 1.0400 1.0343 0.9974
0.7443 0+61%0 00,5373 0.,4794
0.6543 0.7275 0.8415 1.,0141
1,0051 1.0004 0,9961 0.9918
0.9035 0.8860 0.84694 0.8536
CRITICAL SLOPES AT SECTIONS
0.040674 0.,038973 0.,037318 0,035707
0.028297 0.026935 0.,025612 0,014219
0.006350 0,006350 0.006295 0.0041%5
0.006082 0.,006030 0.,014075 0.025140
0.029572

0.026823 0.02748%9

0.,029471

440.0
1320.0
1870.0
275040
3300.0
4180.0

80.00
85,00
90,00
90.00
90.00
20:00

12.400
15.000
47.177
15,125
15.750
20.000

0,600
1.500
1.944
0.967
0.813
1.500

0.046
0,020
0.018
0.041
°i°44
0.018

0.01660
0.00008
0,00004
0.01437
0.01125
0,00005

1.0703
0.9643
0.,4803
1.0096
0.9874
0,8385

0.034142
0,006301
0.006154
0.025974

89

0.030387

550.0

1980.0

34100

80,00
90.00

90,00

12,500
42,742
15.875

0.625

1,855

0.781

~0.045
0.018

0,044

0.01600
0.00005

0.01063

1.0640
0.5125

0.9831

0.0324619
0.006154

0.031320

6600
2090,0

3520.0

80.00
90.00

90,00

12.600
38,306

16,000

0,650
1.766

0,750

0.044
0.018

0.045

0.01540
0.00004

0.01000

1.057¢9
0.5508

¢,9788

0.031138

0.006143

770.0
2200.0

3630,0

80.00
20,00

20,00

12.700
32,871
17.000

0.475
1.677

0.875

0,043
0.012

0,033

0.01480
0.00008

0.00535

1.0519
0.5970

0.93%2

0.029697

0,006119

0.014856



0.006405 0.,006096 0.,005799

0,005512

AREAS CORRESPONDING TO CRITICAL DEFTH

0

13.76 13.81 13.86 13,21
14,15 14.20 14.25 15,09
18.03 19.88 21,52 23,03
12.94 18.98 17.72 16.24
16.27 16.29 16,31 16,33
17.08 17.27 17.46 17.65
VELOCITIES CORRESPONDING TO CRITICAL [EPTH
5.816 5.794 5.772 5.751
5.652 5.633 5+615 S5.468
4,778 4,392 4,109 3.890
4,513 4,742 5.080 5.542
5.530 5.524 5.518 5.513
5.269 5.210 5.153 5.100
NORMAL DEPTHS AT SECTIONS
1.386 1,372 1,359 1.347
1,290 1,280 1.270 1.258
2,829 2.505 2,327 2,257
2,308 2.455 1.014 1.184
1,229 1.253 1,278 1.305
1.756 1.831 1,965 24240
AREAS CORRESPONDING TO NORMAL DEPTHS
17,591 17.5%94 17.599 17.605
17.673 17.6%96 17.724 19.392
78.058 88,602 100.884 116,220
76,400 70,425 21,562 19.165
20,155 20.684 21.240 21.824
34.686 37.646 42,156 50.586
VELOCITIES CORRESFONDING TO NORMAL DEPTHS
4,548 4,547 4,546 4,544
4,527 4,521 4,514 4,234
1.104 0.9835 0.877 0.771
1.178 1,278 4.174 4,696
4,465 4,351 4,237 4.124
2,595 2,391 ‘24135 1.779
DEPTHS OF FLOW AT SECTIONS
69.318 71.224 73.070 74.854
82.858 84.276 85.632 86,622
86,961 86.968 86.974 86.978
87.006 87.016 87.413 88,571
?1.502 92,872 ?4.178 ?5.421
99.848 ?9.911 ?9.957 ?9.987
CROSS-SECTIONAL AREAS
3234.3 3525.1 3828.0 4142.5
586645 6236.4 6612.8 9653.9
14211.9 15778.1 . .17344.3 18910,3
14587.7 13532.9 11299.6 ?173.3
9244.7 9244.,5 9220.6 ?173.4
11766.8 13078.2 14388.4 1569641
VELOCITY
0,025 0,023 0.021 0,019
8.0&4 0,013 0.012 0,009
+ 006 0.006 04005 0,005
0,006 0,007 0.008 0,010
0,010 0,010 0,010 0,010
0.008 0,007 0,006 0.006
WETTED PERIMETERS
167.0 173.0 179.0 185.0
#3:3 . #3819 B3
. - . . L]
356.1 338.7 299.9 265.9
26641 266.0 265.8 265.3
300.4 319.3 339.0 359.5
TOP WIDTH
81,32 86.89 92.58 98.38
128.80 135.10 141.45 208.90
3032.83 331.81 35%.78 387.75
305.89 286.05 238.53 192.14
186,82 183.71 180.31 176,635
217,70 243.30 248.89 294.46

90

.005233

13.96
15.90
23.11
16.26
16,34
17.83

5.731
5,347
3.895
5.536
5.507
5.049

1,334
3.422
2.189
1,206
1,333
3.286

17.614
68.888
112,563
19,649
22,442
81.912

4,542
1.234
0.800
4,580
4,010
1,099

76,578
86.954
86.981
20.068
96.599
100,000

4468.0
12645.7
18808.0

2221.0

2103.2
17000.0

0.018
0.007
0.00S

0,010
0,010

0.005

191.0

104,29
275.86
385.28
189.43
172.72
320.00

14,01
22,39
16.36

1,322

2.146

1,343

17.624
100,258

23,097

4,539
0.898

3.897

78.240
86.986

?7.714

4803.9

17752.6
9010.,7

0.017
0.005

0.010

197.0

409.3 ...

263.9

110.30
365.43

168,55

14.06
21.63
16.38

5.691
4,160

5+495

1,311

2.157

1.396

17.637
90.842

23.795

4,336
0,991

3.782

79.840
86.991

198,766

5149.4
16697.4

8896.2

0.016
0,005

0,010

203.0
. 391.4

262.9
116,39
345,58

164.15

14,11
20.82

16.74

17.654
83.092

24,110

4,532
1.083

3.733

81,380
86,998

?9.544

5503.9

15642.5

10362.6

0.015
0,006

0,009

209.1

373.7
281.5

122,56
325,74

191,20



Appendix E.

Example 4

Input data for Example 4, Debris Flow

Input gata for Example 4. Debris Flow {continued)

$ RUN MAIN

DO YOU WANT A DEFINITION OF NAMELIST IN SPECIF? Y OR N

N

DEFAULT OPTIONS ARE

ITRAPE = 1 TIOYES = 0 ERR = 0.00100 INFLOW = 1 MYSTRT = 0

IUNSTE = 1 LINTER = 1 NCONT = 0 NPR = O

DO YOU WANT ANY OF THESE CHANGED? Y OR N

b4

GIVE CHANGED OPTIONS IN & SPECIF LIST

& SPECIF IUNSTE = 0 & END

GIVE THE INPUT DATA AFLER THE NAME, IF YOU DO NOT UNDERSTAND NAME
WRITE, HELP

NSI

3

NSO

11

Qo

100

XBEG

XEND
4000

YSTART

91

100

PROVIDE QUTPUT STA. NO. WHERE GVF IS TO BEG: I.E. 1 or 11
11

PROVIDE 5 X- DIST. FOR 3 INPUT SECTIONS

0, 1000, 2000, 3000, 4000

PROVIDE BOTTOM SLOPES FOR 5 INPUT SECTIONS

0.1, 0.05, 0.005, 0.001, 0.0003

PROBLEM SPECIFICATIONS

X 0.0 100.0 2000.0 3000.0 4000.0

X 0.10000 0.0500 0.00500 0.00100 0.00050

IS THERE LATERAL INFLOW Y OR N

N

sqQ 0.000 0.000 0.000 0.000 O.000

PROVIDE 5 BOTTOM WIDTHS, TEEN 5 SIDE SLOPES

100, 200, 900, 3500, 3000, O, 0, O, 0, O

B 100.000 200.000 900.000 3500.000 5000.000

H 0.000 0.000 0.000 0.000 0.000
HAVE YOU MADE ANY MISTAKES Y OR NO

N

WHERE SHOULD THE OUTPUT GOt 1)ITTY IF TERM ONLY; 2)FILE NAME



BECTIONS ALONO CHANREL

0.0 400.0 800.0 1200,0 14600.0
3200.90 3600.0 4000.0
DISCHARGE ALONG CHANNEL
1060.00 100.00 160.00 100.00 100,00
100.00 100.00 100.00
BOTTOM WIDTHS
100.000 140,000 180.000 340.000 620,000
3800.000 4400,000 5000.000
SLOPES OF SIDE OF CHANNEL
0.000 0.000 0,000 0.000 0,000
0.000 0.000 0.000
MANNINGS N FOR SECTIONS OF CHANNEL
0,035 0,035 0,035 0.035 0,035
0,035 0,035 0,035
SLOPE OF CHANMNEL BOTTOM AT SECTIONS
0.10000 0.08000 0,06000 0.04100 0.02300
0.000%90 0.00070 0,00050
CRITICAL DEPTHS AT SECTIONS
0.3143 02512 0.2124 0.13%90 0,0931
0.0278 0.0252 0.0232
CRITICAL SLOPES AT SECTIONS
0.,026352 0.,028296 0,029872 0.034337 0.039214
0.,058648 0.,050589 0.062335
AREAS CORRESPONDINS TO CRITICAL DEPTH
31.42 35.16 38.24 47.2% 57.76
105.74 110.98 115.80
VELOCITIES CORRESPONDING TO CRITICAL DEPTH
3181 2.844 2,615 2.115 1,731
0.944 0,901 0,864
NORMAL DEPTHS AT SECTIONS
0.211 0.184 0.172 0,132 0.109
0,097 0.094 0.099 :
AREAS CORRESPONDING TO NORMAL DEPTHS
21.051 25.734 31,012 44,824 67.772
346%9.980 423,049 492,627
VELOCITIES CORRESFPONDING TO NORMAL DEPTHS
4.730 3.8846 3.225 2.231 1.476
0.236 0.203

0.270

THIS PROGRAM ASSUMES
S5 MUST BE INCREASED
THIE PROGRAM ASSUMES
§S MUST BE INCREASED
THIS PROGRAM ASSUMES
§8 MUST BE INCREASED AT SECTION
DEPTHS OF FLOW AT SECTIONS

AT SECTION

AT SECTION

79.543

1,665 34.991 40,881 ?1.347
$9.482 99.778 100,000
CROBS~-SECTIONAL AREAS
166,5 4898,7 10958.7 27044.7 564635.1
378032.4 437024.,0 500000.0
VELOCITY
0.4601 0.020 0.009 0.004 0.002
0.000 0.000 0.000
WETTED PERIMETERS
103.3 210.90 301.8 499,1 802.7
3999.0 4599.4 $200.0
TOP WIDTH
100.00 140,00 180.00 340400 620.00
3800.00 4400.00 5000,00

92

2000.0 2400.0 2800.0
100.00 100.00 100.00
900,000 1940,000 2980,000
0.000 0.000 0.000
0.+035 0.035 0.035
0.00500 0.00340 0.00180
0.0726 0.,0435 0,0327
0,042592 0,050510 0.055564
65.?8 84,59 97445
1.529 1.182 1,026
0,138 0.098 0.092
124'§47 189,874 272,675
0,804 0.527 0,367

NATURAL CHANNELS IN WHICH FLOW MUST BE SUBCRITICAL-~ROUBHNE
NATURAL CHANNELS IN WHICH FLOW MUST BE SUBCRITICAL--ROUGHNE

NATURAL CHANNELS IN WHICH FLOW HMUST BE SUBCRITICAL--ROUGHNE

96474 28.024 98,985
86826.8 190170.9 294974.6
0.001 0.001 0.000
1092.9 213641 3178.0
900400 1940.,00 2980.00



SECTIONS ALONG CHANNEL
0,0 400,0 800.,0 1200.0 16000 2000,0 2400.0 2800.0
3200.0 3600.0 4000.0

DISCHARGE ALONG CHANNEL
160,00 100.00 160,00 100.00 100.00 100.00 100.00 100.00
100,00 100.00 10000

BOTTOM WIDTHS
100,000 140.000 180,000 3664667 6334333 900.000 1940.000 2980.,000
3800,000 4400.,000 5$5000,000

SLOPES OF SIDE OF CHANNEL

0.000 0.000 0.000 0,000 0.000 0,000 0,000 0,000
0,000 0.000 0.000

MANNINGS N FOR SBECTIONS OF CHANNEL
0,035 0.035 04.035 0.033 0.035 06.035 0,035 0.033
0,035 . Q.035 0.035

SLOPE OF CHANNEL BOTTOM AT SECTIONS
0.,10000 0.08000 0.06000 0.00047 0.00273 0,00800 0.,00340 0.00180
0.,00090 0.,00070 0,00050

CRITICAL DEFPTHS AT SECTIONS
0.3143 042512 0,2124 0.1322 0.0918 0.0726 0.0435 0.0327
0.0278 0.,0252 ' 00,0232 :

CRITICAL SLOPES AT SECTIONS
0.026352 0,028296 0.029872 0,034%13 0,03739% 0.042592 0.050510 0.055564
0.058648 0,060589 0.062335

AREAS CORRESPONDING TO CRITICAL DEPTH

31.432 35.16 38.24 48.47 58,16 65,38 84.59 97 . 4%
10%.74 110.98 115.80 i

VELGCITIES CORRESPONDING TO CRITICAL DEPTH
3.181 2.844 2,615 2,043 1.719 1,429 1.182 1,026
0,944 0.901 0.864

NORMAL DEPTHS AT SECTIONS
0,211 0,184 0.172 0483 0,204 0,138 0.098 0.092
¢.097 0.094 0,099

AREAS CORRESFONDING TO NORMAL DEFPTHS
21,051 25.734 31,012 177.008 129.524 124,334 18%9.874 272,675
369,980 423,069 492,627 N

VELOCITIES CORRESPONDING TO NORMAL DEFTHS .
4.730 3.886 3,225 0,563 0,772 G804 ¢.+327 0.367
0.270 0.236 0,203
THIS PROGRAM ASSUMES NATURAL CHANNELS IN WHICH FLOW MUST BE SUBCRITICAL~~ROUGHNE
S8 MUST BE INCREASED AT SECTION
THIS PROGRAM ASSUMES NATURAL CHANNELS IN WHICH FLOW MUST RE SURCRITICAL~-~ROUGHNE
S8 MUST BE INCREASED AT SECTION
DEPTHS OF FLOW AT SECTIONS
24,233 57.542 83,433 74,430 95.032 946.474 98,026 98.985
99.482 99.778 100,000
CROSS~-SECTIONAL AREAS
2423.,3 805%5.9 15017.9 33624.4 60186.8 86824.8 190170.9 294974.46
378032.4 439024.0 500000,0

VELACTITY
0,041 0.012 0,007 0,003 0.002 6,001 0.001 0.000
0.000 ¢,000 6,000
WETTED PERIMETERS .
148.5 255.1 346 .9 555.5 823,4 1692,9 2136.1 3178.0
3999.0 4399, 6 5200.0
TOP WIDTH

100,00 140,00 180,00 365,67 633,33 200,00 1940.00 2980.00
3800.00 4400.00 5000.00

93



SECTIONS ALONG CHANNEL

0.0 400,0 800.,0 1200.0 1600,0
3200.0  3600.0  4000.0
DISCHARGE ALONG CHANNEL
100,00 100,00 100,00 100,00 100,00
100.00  100.00  100.00
BOTTOM WIDTHS
100.000 140,000  180.000 366,667 633,333
3800.000 4400.000 5000.000
SLOPES OF SIDE OF CHANNEL A
0.000 0.000 0.000 6,000 0.000
0.000 0.000 0.000
SLOPE OF CHANNEL BOTTON AT SECTIONS
0.10000  0.08000 0.06000 0.00047  0.00273
0.00090  0.00070  0.00050
CRITICAL DEFTHS AT SECTIONS
0.3143  '0.2512  0.2124  0.1322  0.0918
0.0278  0.0252  0,0232
CRITICAL SLOPES AT SECTIONS
0.920379 1.030479 1.122495 1.431833 1.727117
3,197512 3.3464533 3.518294
AREAS CORRESPONDING TO CRITICAL DEPTH
31,43 35,16 38,24 48.47 58.16
105.74  110.98  115.80
YELBCITIES CORRESPONDING TO CRITICAL DEPTH
3.181 2,844 2.615 2,063 1.719
0.946 0.901 0.864
REYNOLD’S NUMBERS CORRESPONDING TO CRITICAL DEPTH
9.54 8.53 7.85 6.19 5.14
2.84 2,70 2.59
CHEZY’S NUMBERS CORRESPONDING TO CRITICAL DEFTH
5.93 5. 60 5.36 4.74 4,32
3.17 3.09 2,03
NORMAL DEPTHS AT SECTIONS
0,978 0.926 0.946 8.005 2.447
1.778 1.880 2,095
AREAS CORRESPONDING TO NORMAL DEPTHS
97.813  129.595 170,221 2935.100 1549,498
4756.075 B8270.490 10472.803
UELOCITIES CORRESPONDING TO NORMAL DEPTHS
1,022 0.772 0.587 0.034 0.065
0.015 0.012 0.010
REYNOLD’S NUMBERS CORRESPONDING TO NORMAL DEPTHS
3.07 2,31 1.76 0.10 6,19
.04 6.04 0.03
CHEZY’S NUMBERS CORRESPONDING TO NORMAL DEPTH
3.30 2,85 2,48 0.57 0.7%
0.37 0.33 0.30
DEPT FLOW A TION
HP S0V OF SEFTIONS a0 o4.433 95,014
99,482  99.778  100.000
CROSS-SECTIONAL AREAS °
2429.5  B0S8.3  15019.2 34625.6  60188.0
378033.2 439024.5 500000.0
VELOCITY
0.041 0.012 0.007 0.003 0.002
0.000 0.000 0.000
REYNOLDS NUMBERS FOR GUF
0.123 0.037 0.020 0,009 0,005
0,001 0.001 0.001
WETTED PERIMETERS
148.5 255, 1 346.9 555.5 823.4
3999.0  4599.6  5200.0
TOP WIDTH
100,00 140,00 180,00  366.67 633,33
3800.00  4400.00 5000.00
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2000.0 2400,0 2800.0
100,00 100,00 100,00
900,000 1740.000 2980.,000
0,000 0.000 0,000
0.00500 0.00340 0.00180
0.0726 ¢.0435 6.0327
1.949626 2.5317466 2,944095
65.38 84.59 ?7.45
1,529 1,182 1.026
4,59 3.55 3.08

.
4.06 3546 3.31
1,511 1.259 1.408
1359.968 2442.4467 4197.257
0.074 0.041 0.024
0.22 0.12 0,07
0.85 0.63 0+47
964475 98.027 ?8.985
86827,7 190172.0 294975.,7
0,001 0,001 0.000
0.003 0.002 0.001
10%3.0 2136.1 3178.0
200.00 1740.00 2980,00



SECTIONS ALONG CHANNEL
0.0 400.0 800.0 1200.0 1600.0

3200.0 3600,.0 4000.0

BISCHARGE ALONG CHANNEL
100.00 100,00 106,00 100,00 1006.00

100,00 100,00 100,00

BEOTTOM WIDTHS
100.000 140.000 180,000 340.000 620,000
3800.000 4400.000 5000,000

SLOPES OF SIDE OF CHANNEL
0.000 0.000 0,000 0.000 0.000
0.000 0.000 0.000

SLOPE OF CHANNEL BOTTOM AT BECTIONS
0.,10000 0.08000 0,046000 0,04100 0.02300
0.000%90 0.,00070  0,00050

CRITICAL DEPTHS AT SECTIONS
0.3143 0,2512 0.2124 0.13%0 0.,0931
0.0278 0.0252 ¢.0232

CRITICAL SLOPES AT SECTIONS

0.720379 1,03047% 1.122495 1.393996 1.714033

34197512 3.366533 3.0518274
AREAS CORRESPONDING TO CRITICAL HEPTH

31,43 35,16 38.24 47.29 57,76
105.74 110.98 115.80
VELOCITIES CORRESPONDING TO CRITICAL DEPTH
3.181 2.844 2,615 2,115 1.731
0.946 0.901 0.864
REYNOLD’S NUMBERS CORRESPONDING TO CRITICAL DEPTH
9.54 8,53 7.85 4,34 5,19
2,84 2,70 2.59 :
CHEZY'S NUMBERS CORRESPONGING TO CRITICAL DEPTH
5,93 5.60 5,36 4,80 4.33
3.17 3.09 2,03
NORMAL DEPTHS AT SECTIONS
0.978 0.926 0.944 0.837 0.835
1.778 1.880 2.095

AREAS CORRESPONDING TO NORMAL DEPTHS
27.813 129,595 170,221 284,664 S517.780

6756.075 B8270.6%90 10472.803
VELOCITIES CORRESFONDING TO NORMAL DEPTHS

1,022 0,772 0,587 0,351 0.193
0,015 0,012 0.010

REYNOLD’S NUMBERS CORRESPONDING TO NORMAL DEFPTHS
3.07 2.31 1.76 1,05 0.58
0,04 0,04 0.03

CHEZY’S NUMBERS CORRESPONDING TO NURMAL DEPTH
3.30 2.8% 2,48 1,90 1,40
"oy A 1Y A oTA

DEPTHS OF FLOW AT SECTIONS
2,739 35.020 - 60.8%1 79.547 21.34%
?9.482 99.778 100.000

CROS5~SECTIONAL AREAS
273.,9 4902.8 10960.4 27046.90 56636.3
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