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INTRODUCTION

The results of backwater profile computation have been extensively used
in the fields of design, planning, management and quality control of water
resources problems. Methods of integration of the equation of gradually
varied open channel flow have been presented by several investigators.
However, a rigid technique used to determine the hydraulic radius is'not
reliable because at the present time the vertical partition of the subchannel
associated with a given wetted perimeter is not a proper procedure in some
areas. An improper procedure used to partition the subchannel cross section
can cause a significant difference of backwater computation. A proper technique
used to compute the backwater profile should be studied further because an area
such as the District is flat in slope and very sensitive in stage difference.
Over 1,550 miles of canals and levees have been constructed for flood protection
and water supply. The average slope of those canals are between 0.3 and 0.4
foot per mile and the mean velocity is about one to two feet per second. It
is obvious that a few inches of the flow stage difference can cause a serious
impact of canal structures on an operating system. A technique to determine
the flow stage of the canal systems in South Florida becomes a very important
feature. Therefore, the technique used to compute the backwater profile should

be applied carefully in the South Florida area.

OBJECTIVES
The objectives of this report are:
(1) to introduce a basic theory used to perform the backwater profile

computation;




(2) to mathematically prove that the conveyance of the channel section
calculated by multiple section representations is never less than
that by a single section representation;

(3) to introduce the flow eguation and numerical technique used to
inteqrate the gradually varied flow;

(4) to dreelop the computer programs for cross section computatiocn
and backwater profile calculation;

(5) to exemplify numerically that different tachniques used to perform
the subcross sectional area associated with the wetted perimeter
gives different conveyances of the channel section;

{6) to present a water surface calculation which is affected signi-
ficantly by the different techniques used to partition the channel
cross section; and

(7) to demonstrate the applications of computer programs.

DESCRIPTION OF THE METHODS
1. BASIC THEORY.

The calculative procedure is based on the Bernoullis theorem for total
energy at each cross section and Manningsformula for the friction head Toss
between cross sections. In the program, average friction slope for a rzach
between two cross sections is determined in terms OT the average of the
conveyances at the two ends of the reach.

2. HYDRAULIC ELEMENTS OF FLOW CROSS SECTION

In an gpen channel, the flow which is transferred across a section equals
the product of the cross sectional area and mean velocity component at right
angles to the section. The equations commonly used for uniform flow in open

channel are the Chezy formula and the Manning formula. Both equations show




that the mean velocity of flow is directly proportional to the hydraulic radius

and slope of channel. In general, the slope of channel is assumed to be a
predeterministic value because the elevation between two reaches is near
constant. However, the determination of the hydraulic radius is a varying
procedure because the technique used to partition the subcross section asso-
ciated with a given wetted perimeter is not unique because the hydraulic
radius is not a constant value and the result of conveyance is also varied.
As mentioned in the introduction, most canals in South Florida are assumed
to be a one dimensional flow system because of the flat slopes of the canal,
Tow velocities and the long narrowness of the canal, etc. Based on the
existing canal systems in the District, the canals can be classified into
two categories: First, a canal with mean constant roughness coefficients;
second, a canal with varied roughness coefficient. The concept and summary
of the hydraulic representation of flow cross sections have been studied by
Shih and Hamrick (1975). The detailed analysis of the two categories are

introduced in the following sections.

Category A. Mean Constant Roughness Coefficient

A channel with irregular cross sections such as occurs in a natural channel
may be markedly different from a simple geometric channel such as a design channel.
However, it is usually possible to divide such irregular shapes into scme
geometric shapes for easy calculation. For instance, Figure 1 shows that this
irregular channel can be divided into three elementary forms, that is, two
triangles and one trapezoid shape. According to the equation of continuity,
total discharge in the entire channel is equal to the sum of discharges of

subchannels, I, II and III, i.e.,

Q=Q + 0 + 04 (1)




in which G, Qy, @5, and 0y are the discharges in the entire channel, subchannels
I, Il, and III, respectiveiy. Eguation 1 can be rewritten as:

AV = AV + ApVp + Agly (2}
in which A is the cross sectional area and also eauals Aj+Ap+As; where Aj,
AE’ Ay and Vs Vo, V3 are cross section areas and mean velocity of subsection
channels I, II, and III, respectively. After applying Manning's formula into
equation 2 and eliminating the common factors such as 1.486 rouginess coefficient
n, and slope of channel in both sides of the eguation gives

2/3
2/3 273 1213 4 ay(aprPp) Y% + R (Rg/Py)

N NIV L E R NIV SE A TV
where P = Py + Py + Py in which Py, Py, and P3 are wetted perimeters of
subchannels 1, II, and III, respectively. The -gual condition in both sides
of equation 3 exists onily if the following equivalent term of both sides are
equal, iT.e.,

A/P = Ay/Py = Ay/Ps = A3/Py (4)
However, in practical application, Py, P,, P3 are assumed predeter-
mined values,and Ay, Ay and A3 are performed by dividing the channel along
vertical coordinates whiﬁh are associated with the given wetted perimeterc Py,
P> and Py. The total area, Ay + A, + A3 obtained by any partitioning techni-
que, is a constant value; but the result of using the vertical partitioning
technique may not satisfy the condition as given in equation 4. If eguation
4 is not considered. the results of the right hand side of equation 3 is
never tess than the left hand side.
Proof:

Based on the convex function theorem {Rockafelier, 1970), if functien

f is a postively homogeneous proper convex function, then

(2]
——

f{’)‘lh oo apdm) < aFlxg) e fixg) (




whenever Ay > 0, ..., Ap > 0.

The equation 3 can be rewritten as

5/2 5/2 5/2
5/2 2/3
A 2/3 . Al Az .2/3 Az \2/3
R - (6)

The elements of equation 6 such as A, Ay, Ay, A3, P, Py, Pp, and Py are
all positive values, so each term of equation 6 is a positive function. The
wetted perimeters P, P1> Ps and P3 are some predetermined values, but A, Ay,
Ao, and A3 are functions of flow depth D, Dy, Dy, and Dy and multiple channel
width B, By, By, and By, respectively. For example, cross section A can
be expressed as

A = CDB, (7)
where C is some constant. Let D=pD and B=pB, in which p is any positive
number. Substituting equation 7 and new parameters pD and pB into the Teft-

hand side of equation 6 gives

5/2 5/2 5/2
({CoDoB)™ %y2/3 _ 10/3 (igggl___)2/3 2 1073 (5_5_)2,3 (8)

Based on Euler's Theorem on Homogeneous functions (Spiegel, 1963), a

function f(x], Xos <oty Xm) is called homogeneous of degree n if, for all

values of the parameter o and some constant n, we have the identity
f(pxls 0x23 sy pxm) = pnf(x]a XZ’ crey X-m)- (g)

5/2

/ /P)2/3

2/3

So the function of (A
/

is a homogeneous function, similarily,

2 52 2/3
0?3, (0327003, and (a7 %)™ can be

proved as homogeneous functions.

5
the functions of (A;
The results of first and second derivativeswith respect to D and B

in the left hand side of equation 6 can be expressed as

5/2.2/3 2/3 5/3
- D' B

(10)



5/2
(AT 5/2 2/3 5/3 2/3
P L ETT T e
3B 3P
5/2
2(A )23 05/2 2/3 1/3
P 10 L2 5
== ) (B7/D}
5/2
8372 973
25— ) / 10,5251 o 8)1/3
952 = 9 (5 / /

The right-hand side of equations 10, 11, 12 and 13 are all

zero, so the function (AS/Z/P)2/3

A5/2 2/3 5/2 2/3 5/2

A 2/3

of (

is a proper convex function.

s

greater than

The functions

can be proved in a similar way

as proper convex functions. Therefore, each term of equation & is a positively

homogeneous proper convex function.

According to the convex function theorem described,

then
5/2  5/2  5/2 5/2 5/2 5/2
LML A A3 A /3L A2 23, (A3 273
('\] + '*\2 k *3 ) = “I(—‘_ ) )2(”—‘ ) + 3(—’“‘ ]
P1 P2 P3 Pq Py P3
let the left-hand side egual to
A5/2 A5/2 A5/2 5/2 5/2 5/2
(A]—l + Rzﬂg. + K3—§ )2/3 - (A] A] + K2A2 + A3A3—?42/3
P1 P2 p3 xq P

This equal condition will exist under the condition of equivalent terms if

both sides are egual, i.e.

5/2 5/2
A1 A]A]
l'l-r-# = e
P} A4P

5/2 5/2
LYY

A2_ =

Pz R4P




A5/2 A5/2
3 _ A3A3
A3p3 AgP {(18)

Eliminating the conmon parameters of equations, 16, 17 and 18 and summing these
three equations together gives

g = 1/3 (19)
Based on the convex function theorem, the numerator of the right-hand side of

eguation 15 yields

5 5/2 5/2 5/2

l.l A-[/Z + )\2A2/ + A3A3/ bd (}\'IA] + )\ZAZ + X3A3) (20)

combining equations 14, 15, 19 and 20 together gives
5/2 5/2 5/ 2 5/2
(A1A1 * oAz * A3A3) 53 A, 2/3 a2 23 A3 | 2/3
As the convex function theorem indicated, A1,i2,A3 > 0, so let xy = dp =
A3 = 1/3, equation 21 yields
5/3 A5/3 A5/3 A5/3
[\l S S M (22)
p273 ~ p2/3 T p273 T p2/3
1 2 3
Multiplying a common factor of 1.486/n which was eliminated in equation 3,
back into equation 22 gives 5/3
5/3 5/3
1486 A 1486 M R A (23)

The terms of equation 23 are known as the conveyance of the channel section.
For convenience, the left-hand side of equation 15 is called a single section
representation {SR} and the right-hand side is termed a multipie section
representation (MR). As equation 23 shows, the following two conclusions

can be drawn:

Conclusion 1. If an equal mean velocity is assumed and the subchannels are

not partitioned based on the conditions given by equation 4, then the conveyance



of the channel section obtained by the MR methced is never less than that by the
SR methed.

Conclusion 2. If the stages and discharges of a one-dimensional flow canal

are recorded, then the elevation of the backwater profile calculated by the
SR method is lower than that of the MR method, because the SR method develops

less conveyance for the given channel section.

Category B. Varied Roughness Coefficient

Chow {1959) mentioned that the ¢ross section of a channel may be composed
of several distinct subsection with each subsection different in roughness
from the others. For example, an alluvial channel subject to seasonal floods
generally consists of a main channel and two side éhanne1s as shown in Figure
3. Henderson {1969) indiciated that the distinct regions of flow shown in
Figure 3 have different velocities. Kinori (1970) described that experience,
both in the field and in the laboratory, and indicated that it is meaningiess
to calculate such a cross section in the usual way; that is, to ireat it as
a whole. The mean velocity in the main channel is greater than the mean
velocities in the side channels because the side channels are usually found
to be rougher than the main channel. After applying the Manning formula to
equation 2 and eliminating the common factors such as 1.486 and slope of

channel,

A
1 A Az A A 2/3 A 2/3 2/3 2/3
L (8273, T2 0205, T3 By2IS L M A STS, Rp\RAS, Ay Bgy S gy
n n-p n 'p ny P‘I nz P2 ng P3

in which n is an equivalent roughness coefficient, Ny, Ny, and ng are
roughness coefficients of subsection channels I, II, III, A=A]+A2+A3 and
P=P1+P2+P3. The equal condition in both sides of equation 24 exists only

if the following equivalent terms of both sides are equal, i.e.
Aq ) A,

_ A3 _ (25)

3=




If the conditions of eguation 25 are not considered, then equation 24

can be rewritten as
5/2 5/2 5/2

l_(5?f22/3<.l_.5l 2/3, 1"{§g_)2/3 3_{f§_J2/3 (26)
n ‘P ) —-n](P1 Ny Py + nj P3

A similar technique as introduced in the section of constant roughness

coefficient is used to prove each term of equation 26 as a postively
homogeneous proper convex function. Based on the convex function theorem
as mentioned in equation 5, the right-hand side of equation 24 can be

expressed as

5/2 5/2 5/2 5/2 5/2
(A bl W 23 M s R 23
T LI O i 1 pyn3’ 2 2 a2

5/2
s (M )23 (27)

P3r13:2
Let the left-hand side of equation 27 equal
5/2 5/2 5/2 5/2 5/2 5/2
(1M R L IR MAY +aghy + A3 \2/3 (28)
372 2-——37 3 - 372
Pyn3 Pon3 2 Pgng/2 ag P

The equal condition in equation 28 will exist under the conditions of equivalent

terms of both sides are z2qual, i.e.,

1 - 1

1 S (2)
1 = 1

Pzng/z 3\4 Pn 2 (30)
] 1

Pd/Z o, A2 (31)
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After summing equations 29, 30, 31 together

P 3/2
P«in?/2+ Pzng/ + P3n3/

1 )
N o3/ 2

Reling on the convex function theorem, the numerator of the right-hand side

of equation 19 can be related as

5/2 5/2 5/2 5/2 ’
A]A]/ + AzAzf + Agfg i_(A]AT + apho + xaAB) (33)

Combining equations 27, 28, 32, and 33 together;

5/2 5/2
((A;A] + ApAp + A3A5) 23 (A1 )2/3+ \ (Az )2/3+ \ (A3 273
=M A e ) AINTTITT
2 3/ &
%(P]n?/2+ P2n3/2+ P3ng/2) P]n?/ P2n2/ P3n3

As the convex function theorem indicated, parameters iy, A and »3 can

be equal to 1/3, so equation 34 is rewritten as

5/3 5/3 5/3
p/3 o oy (35)
2.¢/3 = t oyt 35
(PI“?/2+ P2n§/2+ P3n%/ ) n]P1 n2P2 n3P3

The left and right side of equation 35 are termed as homogeneous techniques
with roughness coefficient (HTR) and composite technigue with roughness
coefficient {CTR), respectively.

The following two cases can be used to discuss the physical concept
of equation 35:

Case 1. Each subsection of channe] with different coefficients of
roughness has the same mean velocity which was assumed by Horton (1933).
This assumption may be existing in some design channel with different
consiruction material for side walls and channel bottom. According to this

assumption, Chow (1959) indicated the following relationship

(32)
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3/2 2/3 3/2 3/2 3/2.2/3

(P = (P} "+ pyny  # Pany’ ) (36)

where n is an equivalent coefficient of roughness. Substituting equation 36

into equation 35 gives

5/3 5/3 5/3 5/3
A Ay 2 Aq
np2/3 7 v l— 7 - (26)
n]P1 n2P2 n3P3

As equation 25 indicated, both sides of equation 26 will be equal under the
conditions introduced in equation 25. From equations 25 and 36, the

following functions can be drawn:

3/2
P]An]

pynd/ 2+ Py s pon3/2
3/2

PzAnzl

R T S T ST (38)

P]n] P2n2 + P3n3

A (37)

=
1

3/2
P3An3/

3= 372 372
Pyny" 7+ Pony

(39)
+ P3 3/2

If a channel is assumed such that each part of a subchannel has the same mean
velocity and the A1, Az, and A3 are not chosen by the conditions introduced
in equations 37, 38, and 39, then a higher mean velocity will be obtained

by the CTR method according to equation 26. A later example will show the
numerical difference between HTR and CTR methods.

Case 2. An alluvial channel with different roughness coefficients in
the main channel and side channels has a distinct different mean velocity in
each subchannel. 1In this type of channel, a CTR method is more reliabie
because the assumption of the same mean velocity in the entire channel is

not practical. However, it should be realized that the technique of selecting
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boundaries between side channels and main channel will affect the results or
computation. But, in practical application, a vertical boundary between

the main channel and side channel is assumed because of the following two
reasons: First, the number of mainchannel and side channel boundaries are
limited to a few numbersof subsections such as shown in Figure 3 as only

two boundary lines; second, the possible deviation of area due to the vertical
boundary assumption is also very small as compared with each subchannel area.
So the deviation caused by a different technique to partition the boundary
between the main channel and side channel is assumed a negligible value in

alluvial channel.

3. GRADUALLY VARIED FLOW EQUATION.

Chow (1959} indicated that the differential equation of gradually varied

flow is
Sp - Sf
dy . (40)
X 1 - a%zT
g

in which y is the depth of flow; x is the distance along the channel bed;

Sp is the slope of the stream bed; Sf is the energy gradient; = is the
energy coefficient; and ( is the discharge; T is the top width of the channel
section; g is the acceleration due to gravity; and A is the cross-sectional

area of the channel. When the Manning formula is used the energy slope is
n2V2

S, = — (a1)
PR A

Substituting V = Q/A and R = A/P into equations 41 and 40 vields

12q2p%/3
dy _ S0 = .22 A10/3 _ (42)
dx ] - GQZT -

gh3
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in which V is the velocity of flow; n is Manning's roughness coefficient;
R is the hydraulic radius; and P is the wetted perimeter. The parameters
A, P, nand T are functions of the depth of flow y and channel geometry.
So equation 42 is nonlinear. This nonlinear equation can be solved by
numerical procedure which is based on the iteration technique (Hildebrand,
1956; Prasad, 1970). However, as indicated in the previcus section of
hydraulic elements of open channel flow, the technique used to partition
the channel cross section was neglected. Therefore, some modifications
were made in this study. The value of a was introduced in detail value

by Chow (1959) as follows:

Value of a
CHANNELS Minimum  Average Maximum
Regular channels, flumes, spillways 1.10 1.15 1.20
Natural streams and torrents 1.15 1.30 1.50
Rivers under ice cover 1.20 1.50 2.00
River valleys, overflooded 1.50 1.75 2.00

As can be seen from the above table, the values of o ranged from 1 to 2.
Based on the author's previous study in the Kissimmee River area, the value

of o equaling 1 is quite satisfactory in most cases.
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COMPUTER PROGRAM DESCRIPTIONS
Three computer programs are involved in the backwater profile camrutat: -
First, the parameters of wetted perimeter and the top width in each reach i
computed based on different stages. Second, the backwater profile 15 comruted
by using an equal size of &X assignment. Third, the backwater profile °s

integrated by using an unequal size of &X.

1. EO70 - CHANNEL CROSS SECTION PERFORMANCE
The c¢hannel cross section performance was developed in a computer progran
cailed EQ70.

Input of Program:

{a) Canal Name (CN card): Each run of the program should be idantified
with a name such as the name of the canal, structure or location,
dates, etc.

(b} Elevation Limit and End of Siope (EL card): The maximum elevatian
1imit to which the end slopes of the canal are extended. [t should
be noted that the elevation limit needs to be higher than the possibie
stage of computation. Two options are involved in this card. Gption
1 is the siopes of both sides of the canal which are extended to th2
end point of the section. The main purpose of this onption is o
keep discharge in both floodplain and main channel. Ortion 2 is tne
slopes of both sides of the canal which are extended to the high
points in each side of the canal. The purpose of option 2 is to
keep the flow in the main design channel. The assignment of horizuntal
extension of slope for each foot of elevation to the elevation Tinit

is also required.
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(¢} Manning's "n" classification (CL card): Since Manning's "n"
coefficient depends on such factors as type and amount of
vegetation, seasonal variation of vegetation growing, channel
configuration and stage, several options are available to vary
"n". Five different coefficients are classified in this program:

(d) Channel Station (ST card): The input of station is based on
feet because the distance between two stations is subtracted
from two stations' jnput. Where it is desired to change the
flow beginning at a certain cross section, such as confluence
with another tributary or a significant variation of the cross
section configuration portion, a new station should be indicated.

{e) Range and Elevation: The cross sections may be oriented looking
either upstream or downstream since the program considers the
left side to be the lowest range number and the right side the
highest. The inputs of range and elevation are in feet.

Output of Program:

The inputs of canal name, elevation limit, channel station, range
of each coefficient classification, and range associated elevation
are all printed out. Rearrangement of range and elevations with
the end of slope adjustment, top width and wetted perimeter of

five coefficient classifications are also printed out.

E081 - BACKWATER COMPUTATION WITH EQUAL MESH SIZE ASSIGNMENT.

The backwater functions have been integrated by several investigations.
Chow (1955) presented a method of integration in which a set of tables
of the varied flow function is required. Keifer and Chu (1955) showed

a method of numerical integrétion for circular conduits. Pickward

(1963) demonstrated a numerical integration based on a finite series of




-

polylogarithms and polynomials. coooc, Prasad {13700 inteaduced o
numerical solution based on a simile raridly convergiog itor 1”
However, no single method has been found Lo ke suitabiie in Seut
because of the flat slopes of the canals and low velcu:ty of toe
Therefore, a modification of iterative method as indicatad in ol
hydraulic elements of cross sectiong s used in Lnis cumputer prais s

Due to several errors invelved in the numerical solution, Shin {197

a detailed description of six possibic errors which can mehe the nuse

2

solution meaningless. Therefore. the technigue used in this integeal.
of backwater function should be apulied carefully. For exampla. althe

a better approximation of the backwater function is desivable Tn using

a small mesh size, the cumulative ettect of error in rounding oft is

increased. Therefore, decreasing the mesh size will not always 1nore..

the accuracy of the finite difference calculations. Roundoff arvris
a random character, which makes it difficult to deal w th. In ti

the rahges of mesh size between 25' to 100' are suggesied. The user

note that if a smaller mesh size 15 used a longer compuTer Lipg 15~

Therefore, the decision of mesh size not only depends upon the oo oo

and computer time but also the size should be smaller than st tw
distance between two stations. for c.ample. i1 the diztance boloo
stations is only 50' then the mesh i:v should be sma!ller tnas oo

Input of Program:

Alfa = energy coefficient, dimensionless constant,
UPDWN = Either upstream run or downstream run; dimensionioss oan fop.
SIT = Mesh size for iterating mothad, in units of faet

NS = Number of stages. The maxiiwm value is 20,

It

NFC

Number of friction coefficien:s to change in voo PacTidion

R

frictiogn coefficionts. he mdchaum number 15
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NST1 = Position or location of station in run to start profile calculation.

NST2 = Position or location of station in run to end profile calculation.
SI(IS) = Initial stages to be used in runs. IS is ranged from 1 to RS.
SQ(IQ) = Station value (in feet) at which discharge is to be changed.

IQ is ranged from 1 to NO.
Q(I3) = New discharge at the corresponding SQ{IQ) station.
SF(IC) = Station valwe (feet) at which roughness coefficients for each

classification are to be changed. IC is ranged from 1 to NFC.
XFC{IC,J} = New roughness coefficients at the SF(IC) station. J is
ranged from 1 to 5.
The output of &the E070 program has also become an input of this E08]

program.

Qutput of Program:

The input data such as canal name, discharge, initial stage, roughness
coefficient and station are all printed out. The computed results are
listed as follows:

Water Stage: the stage of water in unit of feet.

Depth: The water depth in unit of feet.

Top Width: The width of water surface in unit of feet.

Area: Cross section area of water flowing in unit of square feet.

Conveyance: Conveyance of the canal section is defined in eguation

23 of the SR method.

Accumulated Surface Area: Accumulated average top width multiplied by

distance in unit of acres.

Accumulated Volume: Accumulated the average area multiplied by

distance in acre-ft.

Section Intercept at Left: Where the range is starting to flow, the
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water in unitzof feet.
Section Intercept at Right: Wnere the range is ending to flow the
water in unitsof feet. The difference between section intercept

at right and left equals the top width.

3. EO71 - BACKWATER COMPUTATION WITHCUT CONSIDERING THE MESH SIZE.
As mentioned in EO81, a smaller mesh size is used and a Tonger time is
recuired. Especially, if a short distance between two stations is used
and the mesh size is smaller than 25 feet, then a much longer computing
time is required. Therefore, an uneaual mesh size with only ten meshes
between two stations are used is applied to the program development.
Due to the uneven error propagation, the accuracy of the result is stightly

decreased, but a smaller computing time is expected.

EXAMPLES OF APPLICATION

Example 1: Simple Geometric Channel

As Figure 1 shows, a set of numerical values such as b=2', d=1', x=1'
and Manning coefficients n = 0.03 are used in this design channel section.
Two techniques are used to partition the entire channel section into three
subchannels. First, a vertical partition without considering the conditions
given by equation 4 is used to divide the entire channel secticn into two
right triangular and one rectangular subchannels. The results are shown as
dotted lines in Figure 1. The conveyance calculated by SR and MR methods
are equal to 108.18 and 123.83, respectively. The results obtained by the
MR method is 14.5 percent higher than by the SR method. This result is
also consistent with the theoretical description as stated in conclusion 1.
Second, the conditions given by equation 4 are used to partition the entire

channel section into two triangular and one trapezonidal subchannels. As
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menticned in 2 orevigus section, the vatues of A, P, Py, Pp and P3 can be
directly calculateu from the record data. The values of Ay, Ay and Aj
which can be obtained based on the condition given by eguation 4 are equal
to AP1/P, APZ/P, and AP3JP, respectively. The results are shown as inclined
dash-lines in Figure 1, and the value of x' is 1.757'. The conveyances
calculated by both methods are all equal to 108.18. This implies that the
SR method is independent of the technique used to partition the subchanne1s.
If a channel with a wide and shallow cross section is considered where the
hydraulic radius approximates the mean depth, then the conveyance calculated
by both methods is not significantly different. For instance, Tet b equal
100" in the above example, and without considering the condition given by
equation 4, the conveyance calculated by the SR method is 4943, and by the
MR methed, it is 4578. The difference between the two methods is less than
1 percent.
Example 2: Water Surface Profile Computation in C-123:

A canal such as C-123 (Corps of Engineers, 1966} located in Broward County,
Florida, is used ta illustrate the statement given by conclusion 2.
Manning's n value used to design the canal is 0.03, which was reported by
the Corps of Engineers (1953). This canal was opened by the FCD in September
1972. The roughness coefficients of this canal werealso re-evaluated by
Taylor and Tai (1974). The results of the roughness coefficients studied in
April, May, and July are shown in Table 1. The field data of stages and
discharges in those three studigs are also used to illustrate the weter surlaun
profile calculation. The roughﬁess coefficient varies until the elevation of
the computed water surface at the upstream end approaches the historical record.
As illustrated in Conclusion 1, if the condition given by equation 4 is used
to partition the subchannels, then both the SR and MR methods give the same

results. Therefore, only a vertical partition technique without considering
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the condition given by equation 4 is used in the MR method. The results of
the etevation of computed water surface are listed in Table 1. Two conclusions
can be drawn from Table 1: First, if the elevation of computed water surface
is expected to approach the historical data, then the roughness coefficient
computed based on the MR method is higher than the measured data. It is
higher by about 7 to 14%, and based on the SR method is within 4.4% difference
as compared with the measured data. This 4.4% difference is still within

the 95% statistical confidence 1imits. Hence, the roughness coefficient
computed based on the SR method does not distort the actual roughness
coefficient significantly. Second, if the approximate roughness coefficients
are known. then the upstream elevation computed, based on the MR method, is
Tower than the historical elevation difference by about 15%. However, based
on the SR method, it is only a 2% difference, which fs also within the 95%
statistical confidence T1imits. Hence, the SR method is more reliable than

the MR method in this example of backwater profile calculation. The results
of conveyance computed by both methods are Tisted on Table 2. As can be

seen from Table 2, if the same approximate roughness coefficients are used

in both methods, then the conveyance computed by the MR method is never less
than that by the SR method. Therefore, the elevation of the computed water

surface based on the MR method is never lower than that by the SR method.

EXAMPLE 3: WATER SURFACE PROFILE IN C-24 CANAL

A canal such as (-24 located in St. Lucie County, Florida, is ancther
example used to exemplify the statement given by Conclusion 2. The total
discharge is obtained by field observations. Manning's n value, which is
equal to 0.03, was used by the Corps of Engineers. The vertical coordinates

partitions, without considering equation 4 conditions, are used to perform
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the subchannel cross sections. The results of the water profile calculation
based on both the MR and SR methods are shown in Figure 4. As can be seen
from Figure 4, the water surface profile calculated by the MR method is one
foot lTower than that by the SR method. This result is consistent with the
statement given by conclusion 2 that the stage of backwater profile computed
by the MR method is Tower than that of the SR method. Although the difference
of stage is only one foot in this 20 miles of C-24, the error is as iarge

as 15 percent because the total elevation difference is only 6.6 feet. This
shows that the water surface profile computation is significantly affected

by the technique used to partition the channel cross section.

EXAMPLE 4: DESIGN CHANNEL WITH DIFFERENT ROUGHNESS COEFFICIENT MATERIALS

A design channel as shown in Figure 2 with b=é0', d=3', and x=3' is
constructed with a concrete bottom float finished, and the side walls are
built with dry rubble. Chow (1959) indicated that the roughness coefficients
are 0.015 for float finished concrete, 0.025 for cement rubble masonry. If
the conditions of equations 37, 38, and 39 are used to estimate the subsection
area as the dash line indicated, x'=10.98'; the values of CTR and HTR are
all equal to 6816. If an equivalent n=0.02 is used in.equation 35, the HTR
value s 6223. The difference between 6816 and 6223 is about 9 percent.
This result indicates that if an equivalent n value is not available in a
compound channel, but an assumption of the same mean velocity is used in the
entire channei, then the HTR method can be used to estimate the dischargé
based on individual parts of construction materials. However, if the subsection
channel is divided as a dotted Tine with x=3', the result of the CTR method
is 8695, which will be higher than 6816 by about 28 percent and higher than

6223 by about 40 percent. This result implies that if an equivalent roughness



-2 -

coefficient is not available, the HTR method is more reliable than the CTR

method.

DISCUSSION AND SUMMARY

Based on these studies of computaticn for hydraulic elements in open
channel cross section, four different techniques were demonstrated, i.e.,
homogeneous technique (SR} and composite technique (MR) for constant
roughness coefficient, homogeneous technique for varied roughness coefficient
(HTR) and composite technigue for varied roughness coefficient {(CTR). The
results of the theoretical proof and numerical exemplification showed that
the conveyance computed by composite technique is not less than by the
homogeneous technique. If a mean velogity is assumed =gqual in the entire
cross section, then the SR or HTR method is more reliable because this method
is relatively easy to use and the calculating result is also independent
of the technique used in partitioning the boundary between subchannels. A
design channel with different constructing materials for the channel bottom
and side walls, especially when an equivalent roughness coefficient is not
available during the time of designing, the HTR method is suggested to estimate
the primary discharge because the results obtained from the MR or CTR methods are
not unique. In other words, the MR or CTR methods are strongly dependent upon
the technique for partitioning the subchannel section. If a mean velocity
is obviously unegual in the whole cross section, for example, a designed channel
with one depth central channel and two shallow channels, or an alluvial
channel, the composite technique is more reliable because the mean velocities
in the central and side channels are distinctly different.

This study also concluded that the different techniques used to partition

the channel cross section will affect the water surface profile calculation.
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For instance, theC-24 canal at St. Lucie County, Florida, will have about a one
foot elevation difference between the SR method and MR method. This one foot
is about 16 percent of the total elevation difference.

Based on the study of C-123 canal backwater profile computation, the SR
method is more reliable. Therefore, the FCD backwater profile computation
program is based on the SR technique. Three computer programs are developed
in this backwater computation. The first is called EQ70 which is used to
develop the channel cross secticn, elevation control, roughness coefficient
classification, wetted perimeter, and top width of each stage. The second
is called EO81 which is used to compute the backwater profile computation with
an equal mesh size assignment. The third is called EQ71 which is also used
to calculate the backwater profile calculation without considering the mesh

size assignment.
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Table |. Comparison of the results of the elevation of water surface conputed
based on the single section representation (SR) and multiple section
representations (MR) .

Stations L Water Surface Elevation, M.S.L. - Ft.
(f rom May 22, 1974 April 24, 1974 July 25, 1974
downstream _SR = _ MR SR MR SR _ MR .
fr.) 0.03770.037 0.041 0.035 0.035 0.039 0.025 0.025 Q0,028
Q=590 cfs Q=630 cfs Q=1190 cfs
811450 6.75 6.75 6.75 7.03 7.03 7.03 9.96 ., 9.9 9,96
736400 6.94 6.90 6.93 7.25 7.20 7.24 10.14 10.08 10,12
735+00 £.94 £.90 6£.93 7.25 7.20 7.24 0.0 10.09 10.12
308+00 8.39 8.06 B8.31 8.85 8.49 §.78 11.40 §1.09 '1.34
- cls = cfs = cts
307+00 B.39 .8%0 8.31 8.85 g.ggo 8.78 1.4 ?]!d ° 11.34
214+50 8.76 8.37 B8.66 9.23 8.81 49.16 11.80 11.40 11.72
214+00 8.76 8.37 B8.¢6% 9.23 8.81 9.16 11.80 11.40 11.72
=310 ~fs n=30 cfs =165 ofs
162+00 9.17 8.74 9.07 9.62 9.17 9.53 12,11 11,69 12.05
161400 9.18 8.76 9.08 9.64 9.18 9.55 12.13 11.72 12.07
105+00 9.33 8.90 9.24 9.78 9.32 9.70 12.28 11.86 12.23
108+00 9.33 8.90 9,24 8.78 9.33 9.71 12.28 11.86 12.23
57+00 9.40 8.97 9.32 9.8 9.40 9.79 12.36 11.94 12.32
55+50 9.40 8.97 9.32 9.8 9,40 9.79 12.36 11.94 12.32
2+87 9.4 9.02 9.37 9.91 9.45 9.84 12.41 11.98 12.37
0+62 9.45 9.02 9.37 9.91 9.45 9.84 12.41 11.89 12.37
0+00 9.45 9,02 9.37 9,97 9.45 9.84 t2.41 11.99 12.37
Record[Downstream 6.75 7.03 9.96
Data |Upstream §.43 9.86 §2.39
Measured n value 0.0377 0.0341 0.0261

iRoughness coefficient used to compute the backwater profile.

Table 2. Comparison of the results of the conveyance computed by single section
representation (SR) and multiple section representations(MR).

Conveyance, x10°

Stations May 22, 1974 April 24, 1974 July 25, 1974

ft. SR MR SR MR SR MR
0.037" 0.037 0.047 0.035 0.035 0.039 0.025 0.025 0.028
?;;138 1.178 1.344 1,215 1.291 1.473 1.325  2.473 2.884 2.579
735400 1.055 1.197 1,085 1.160 1.316 1.187 2.260 2.610 2.340
308+00 1.015 1.128 1.038 1.129 1.253 1.150 2,184 2.457 2.230
307+00 0.959 1.054 0.983 1.075 1.179 1.098 2.031 2.261 2.075
5 14+50 0.826 0.910 0.85} 0.927 1.019 0.952 1.765 1.961 1.807
2 14400 0.699 0.752 0.711 0.795 0.851 0.805 1.625 1.737 1.616
162+00 0.574 0.597 0.574 0.662 0.688 0.660 1.482 1.514 1.425
161400 0.779 0.799 0.763 0.889 0.910 0.869 1.856 1.902 1.786
109+00 0.972 0.988 0.94] 1.103 1.119 1.064 2.2t1h  2.273 2.130
108400 1,141 1,171 1.114 1.299 1.322 1.257 2.570 2.652 2.484
57+00 1.318 1.350 1.283 1.490 1.522 1.445 2.919 3.02% 2.831
55450 1.510 1.544 1.L467 1.704 1.739 1.650  3.309 3.429 3.209
2+87 1.700 1.737 1.650 1.482 1.954 1.854 3.696 3.831 3.583
0+62 1.985 2.002 1.919 2.257 2.277 2.181 4,651 4.685 L4 408
0+00 2.261 2.262 2.183 2.592 2.594 2.501  5.515 5.527 5.212
Average 1.045 1.137 1.056 1.180 1.269 1.175 2.276 2.496 2.291

* Roughness coefficient uged to calculate the conveyance.
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Figure 1. Natural channel section with constant Manning's n.

Figure 2. Design channel cross section.

Figure 3 Example of overbank flow.
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25r WATER SURFACE PROFILE BASED ON HOMOGENEQUS TECHNINUE
e

WATER SURFACE PROFILE BASED ON
COMPOSITE TECHNIQUE

ZOF
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Figure 4. Comparing water surface profiles of C -~ 24, St. Luice
County, Florida.
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APPENDIX I: USERS MANUAL FOR EQ70

FOR PROGRAM TO BUILD TAPE FILE
OF SECTION GEOMETRY AND CHARACTERISTICS
FROM CROSS-SECTION DATA

EQ70

(BLDWS)

CENTRAL AND SOUTHERN FLORIDA
FLOOD CONTROL DISTRICT
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PROGRAM LIMITATIONS

1. Limit of 500 stations with section data in any one run.
2. Limit of 68 range and elevation points per section.

3. Limit of 5 coefficient classification codes in the range
of 1 to 5 inclusive.

4, Limit of 5 pairs of ranges for any of the 5 classification
codes (must all be on the same card).

5. Limit of 50 distinct elevations.

NWOTES: Error messages are printed and processing is discon-
tinued 1if any of the above limitations are exceeded.

A warning message is printed if the coefficient

classification ranges do not extend over the width
of the section; however, processing will continue.

REQUISITION FOR COMPUTER WORK

Fat. Time ~ - One minute is needed, approximately, for one
cross section in natural channel or for five
cross sections in designed channel.

Category =~ -~ Production Run

Job Run No. - E-070

Qutput Tapes- 11 = Tape No. is assigned by user

Disks ~ - 6100
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USER'S INFPUT DESCRIPTION

MISCELLANEQUS NOTES

CARD ORDER

The first input cards must be a "CN" card followed by an "EL" card.
The "CL'" card must be present before '"RE" cards are encountered.

The "CL'" card(s) may be present at intervals throughout the run; how-
ever, for a '"CL" card(s) to apply to a given station, the "CL'" card must
be placed between the "ST" card and the "RE" card(s) for that station. All
"RE" card{s) processed will use the last "CL" card(s) encountered for coeffi-
cient classification ranges.

The "EL" card{s) may be present at intervals throughout the run; how-
ever, for an"EL" card(s) to apply to a given station, the "EL" card must be
placed after the "ST" card for that station. All "ST" card(s) processed will
use the last "EL'" card(s) encountered for the elevation limit and end slopes.

The very last card of the run must be an "EN'" card.

The section data must be entered in an upstream order, also the ranges
on the "CL" card{s) must be in the same order as the ranges on the "RE" cards

{increasing in magnitude from left to right or right to left.)

FORMAT INFORMATION

Symbols used to indicate the proper method for numbers or letters entered
in card columns shown are -

RJ - Indicates that a whole number must be right justified
in card columns shown.

DI(XX-XX) - Indicates that the decimal point is implied between the
card columns shown :

A - Any alpha-numeric character



Do not indicate any decimal points on data sheets.

NOTES: "CL" card(s)

If at any time during the course of a run, a previously defined coeffi-
cient classification code is no longer used - insert a "CL” card with that

code present and the range fields blank at the point where it has been dis-

continued.
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USER'S INPUT DESCRIPTION
Card Format I[nformation

"CN" Card (Canal name card)

C.C. Symbo]l Description
1-2 A MCN"
6-11 A Contains canal name

"EL" Card (Elevation limit and end slope card)

C.C. Symbol Description

1-2 A "EL" .

5-13 DI(10-11) Elevation Timit to which the end slopes are
extended.

17 RJ 1-Slopes are extended from end points of
section.

0-Slopes are extended from high points aon
ends of section.

18-25 RJ Horizontal extension of slope for each foot
of elevation to the elevation limit.

"CL" Card ({coefficient classification card)

C.C. Symbo]l Description
1-2 A “cL”
4 RJ Coefficient classification code

5-12 pDI(11-12) ]
20-27 DI(26-27) ] Starting range for the area of the
35-42 DI(41-42 ] ........ section for which this coefficient
50-57 DI{56-57 classification applies.
65-72 pI(71-72) ]

]

]

13-19 DI§18-19)

28-34 DI1(33-34) Ending range for the area of the
43-49 DI(48-49) 1........ section for which this coefficient
58-64 DI{63-63) ] applies.

73-79 DI1(78-79) ]

"ST" Card (Station Card)

C.C. Symbol Description

1-2 A "ST"

5-13 DI(12-13) Station of section in feet.



"RE" Card

c.C.
-2
h-13
20-28
35-43
50-58
65-73

14-19
29-34
44-49
59-64
74-79

"EN" fard

C.C
1-2

Note - Blank code in C.C. 1-2 indicates to use previpus code encountered

(Range and

Symbol

A
DI{10-11)
DI(25-26)
DI{40-41)
DI(55-66)
DI(70-71)
)
)
)
)
)
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elevation card)

—_

--------

[ MK | Y Y N | TN | M | | SN | S ] —

(End of data card)

Svymbol

A

for this card.

Description
IIREII

Range of point at which elevation is

given.

Elevation of point for corresponding
above range.

Description
n EN "
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APPENDIX 2: USERS MANUAL FOR EOQ81

PROGRAM TO CALCULATE WATER
SURFACE PROFILE FROM SECTION
CHARACTERISTICS ON TAPE FILE

EQ81L
(WSPRF)



- EO081-2 -~

PROGRAM L BMITATTONS

1. Limit of 20 initial stages.

2. Limit of 20 discharge changes with corresponding station
values

3. Limit of 20 roughness coefficient changes with corresponding
station values.

REQUISTITION FOR COMPUTER WORK

Category - - Productien Run

Job Run No. - - EOSL

Input Tape - - ll=Assigned No. of tape from Job Run No. E070
Disks - - 6100

USER'S INPUT DESCRIPTION

Miscellaneous Notes

For each of the number of initial stages selected, the program
will calculate the water surface profile using the given discharge
and roughness coefficient information.

Symbols used to indicate the proper method for numhers entered
in card columns shown are:

RJ - Indicates that a whole number must be right justified in

card columns shown.
DP - Indicates that the number must have a decimal point indicated

in one of the card columns shown.
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USER'S INPUT DESCRIPTION

Card Format Information

PARALMNETER CARD

C.C. Symbol Description
1-10 DP Alpha value, a positive value is required. If

2 negative value, e, g.(-1.0), is used, the alpha
value will be changed with corresponding section

characteristics.

11-20 DP +1.0 - upstream run; -~1.0 - downstream run.

21-30 DP Ax, between 25.0 and 100.0 are recommended.

CONTROL CARD

C.C. Symbol Description

4-3 RJ Number of stages

9-10 RJ Number of discharges to change in run including
initial discharge

14-15 RJ Number of friction coefficients to change in run
including initial friction eoefficients

18-20 RJ Position or location of station in run to start
profile calculation

23-25 RJ Pasition or location of station in run to end

profile calculation

Note: For the last two entrys use the position number or location of statien
(not station value) in an upstream order.

INITIAL STAGES CARD(S)

€.C. Symbol Description
1-10 Dp
11-20 DP
21-30 DP

Initial stages to be used in runs.
31-40 DP

41-50 DP



C.C Symbol
31=-40 DP
61-70 DF
71-580 Dp
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Descripticon

Initial stages to be used in runs.

Use as many stage cards as necessary. No imbedded blank fields allcwed.

DISCHARGE CARD(3)

C.C. Symbol
1-10 DF
11-20 DP

ROUCHNESS COEFFICIENT CARD(S)

C.C. S

L-10

11-20

21-30

31-40

41-50

51-60

ol

pr

DP

DP

br

DP

DP

Description

Station value (feet) at which discharge is to
be changed.

New discharge at the above statien.

Description

Station value {(feet) at which roughness coefli-
cients for each classification are to be changed.

New roughness coefficients at the above station.
A positive value is required; if a negative value,
e. g. (~1.0), is used, the roughness coefficients
will be changed with corresponding depth of {low.
(This program at present time was developed only
for marsh area, if user wants to use this varia-
ble roughness coefficients in other area, please
contact personnel in Water Planning Division)

Note: At least one discharge and roughness coefficient card containing
starting station value must be present in run.

Station values on these cards must be in order of run, either upstream or

downstrean.
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PLOT CARD

c.C Symbol Description

5 RJ Plot code
Blank or 0 - Do not plot water surface profile
1 - Plot water surface profile

11-20 DP Horizontal scale of plot

21-30 DP Vertical scale of plot

Note: One plot card must be present after roughness coefficient card(s). Use

as many new parameter cards with succeeding cards as necessary. The last card

must be present as a blank form.
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APPENDIX 3: USERS FOR EO7L

PROGRAM TO CALCULATE WATLR
SURFACE PROFILE FROM SECTLON
CHARACTERISTICS ON TAPF FILE

EQ71

(WSPRF)

The input used in this program is the same as E081 except the celumns from
21 to 30 in the first card is not considered. In other words, the same set
of EQBl cards can be run in E071 because the data between columns 21 and 30

is automatically not used in EO71.

o
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APPENDIX 4: EO70 COMPUTER PROGRAM
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NECwx /s 1=01.L
PROGRAM KRLOWS
NDIMENSTION FIT03aR{TOYaKODF (T aKARDITI) oL (GeTe2) a6
ATMENSTON TCONFE (7)) «T-TALLISHeNCAAL (A« ISTHLISY « TROK ()
DATA ((KODFE (I} aTl=1 a7 m2HST «2HRF « 2HOM A ZHF N AHF L 2H  « 2HCL
DATA ((ICODF LTI 2I=1a 73 =7 01 a{MT=] 1Y« ({TC{IYeT=1aB)Y=5(0))
DATE ((((CLCl oK) a1 aD) 4 0=l o)X= e2)=503(0,0)) (121 UK=1H )
FORMAT (1H]1«17HILLEGAL CARD CODFY
FORMAT (IHTWSTHSTATIAN CARD ENCOUNTFEED WITH NN PREVINOS CANal MNAME
1 CARD)
FORMAT (1M1 & 2HSTATIAMN CARD ENCOVINTEQED W iThH NO PRFVIANS FLEVATINN
ILTMIT cAarD)
FORMAT (1IR3 10 1TH%) ¢ 13- CHANNEL STATTNON =4 1%A1«2AH =  FLNOON PLATN
ISTATION e 1GA]«2X4 10 H*))
FORMAT (1HO«IIHCRITICAL ELEVATIAM NNFS NOT APPLY)
FORMAT (IHA2OHCRITICAL ELEVATION =,Fh.2)
FORMAT (IH] «6H-RPANGE AMD FLEVATION ~ARD FNOOUNTERED wWITH NO RRFVIO
1S STATIOMN CARD)
FORMAT (1H1 4 BSHRANGE AMND ELFVATINON CARD FNCOUNTFRED WITH NI PREVION
1S COEFFICIFNT CLASSIFICATINON CaPRp)
FORMAT (IHNSSSHALLOWA-| F NUMHER OF DaANGE AND FLEVATION POINTS FXCFFH
1DEN)
FORMAT (1H] «AHCANAL +/ALY)
FARMAT (1HO« 1 7HFLFYATION LIMIT =+FIn,2)
FORMAT (1HI 4 1HRANGES FOR COEFFICIFENT CLASSTFICATION NN« l2epeH =2
1 IH caaS(FO9.24lH=eF2,2elHeaZ%)) '

REAN naTA CARH

READ (AN 2NNIKLPND

FORMAT (ROAL)

CALL PACKIKARD e 1 aRa IPCKe])
ISAVE =«

Nog 20 w=1a7

IF(IPCK LY =KONE (K1 327421220
CONT InF

WRITEF(A1430%)

GO TN Q999

NDETFRAINE TYRPE 0OF CarD

IF(K=-6141a4204]
K=TSAVF
GO TN{]e2932495¢] a7} ex

STATI ' CARD

IFCICHNE (3112242227
WrITF{nla301)

nY T agy
IFLICANE(5)Y) 2R PR A
WRITF{R1lsIN1}

G T 299

Ina=1
TFIICOANE (11 Pu P4 25
STATN=SGETIKARN G a1 1", 1)
DO P4d L=l4a.p?

IFIKRAE (L) =T8LNK) P4l « 24042461
COMNT I™E

STAT“=5TATN

HO T P47

nannl
orng,
anQna
GroQe
oG0S
GO0k
o007
Nannd
3500
Gani g
ftnn] ]
hrnt2
o343
annia
onnls
Grnls
0nal?
gnniA
trol-
nan20
03Gel
ene2rs
unezi]
(R el gt
Gnh 24
Gon~A
fnAap27

innzn
0"021
N~ Qg3
areil
naniA
unral
nani

(VR4 IS
Opnady
0rfna
NrGLr
N0
grhdH
0,04%
onpse
rensl
nras A
590573
6M554
HNnsSs
DAnSAl
nI057
r}\"‘O"—nAi
Onnsig
050hHw




261
242

. 250

251

- 252

253

2564
255

DOV OOO0

o000

12
11

34
33

STATM=SGET (KARD«luwe22e0,1} - AC4-2 -
DO 250 L=23.30

IF(KARN (LY =TRBELNKI 251425864251
CONT INUE

CRELY==9999,0F30

60 TO P52
CRELV=SGET(KAPD+23+3040,01)
CALL STAT(STATNISTA)

CALL STAT{(STATMeISTR}
WRITE(A1+500) ISTA,ISTR

IF(CRFI. V+99398,0F30)2534253+254
WRTTF (A1e51D)

GQ THh 2585

WRITE(K1+3511)CRELY

ICONDE (1) =1

N=(

GN T 10

PROCFSS PRFVINUS STATION
CALCULATE GEOMETRY
CALL DFSCT(N+E«REL [T KODFLsSL)

ROUTINF TO CHFCk FOR SECTION COVERAGE WITH COFFFICIFENT RANGES

CALL CNFCHIR (1) «R(N)«CL+IC)
CALCULATE SECTION CHRPACTERISTICS

CALL SCHAR{(NSEsR«CL+IC+STATNSSTATMWCRELV)
GO TO{”4+301:1GO

RANGE AND ELEVATION CARD

IF(ICONE{1) 131431429
WRITFE(A]1+304)

GO0 TO 999
IFLICODE(TY)IALl 6137
WHRITE(61+305)

G0 TO 999

NN+

M=N+&

MK ==

DO 33 L=NM

MK =MK+15
TF{L=TN)Y11+11+12
WRITF(A1+]1 )

GH TN 9999
R{L)=SGET(KAPDyMK=] +MK+7+40.001)
F{L)I=SHETIKARD MK +B MK +]1340.01)
IF{R{L Y1 3F+¢ 3437
IF(F{LYY33+35433
CONTINuE

N=M

GO TN 16

N=t. -1

ICONE(?Y=1

GO TO 10

CANAL NAME CARD

gnnal
00062
Denbd
gcoes
pones
Onos6
pone?
0ApAR
Rran6Y
0n070
onn7l
01072
0Tl
0ng7s
tnn7Ts
0rpTh
onevT?
gnn?R
06np79
0nnsn
OnoARl
OnnAZ
0anA3
0nnR4
0nnAS
Dn0RG
OnoR7
0npRA
OnoRY
0n09¢
o003
0onve
04npo3
Gon94
nnp9es
0096
4noo7
0p09Aa
LNO9Y
60100
00101
nIn2
ap103
0n104
0n105
0oninh
0107
00108
00109
0n1lMn
0011t
on112
fin113
ontle
DO115S
nn1is6
on1l7
enllA
oc115
on120
09121
on12?



& OO

30

[*s e e N

-~ 300

52
51

S0

53

71

9999

300

302

11

10

CALL MOVE(KARDs6el11eMCAALS])
WRITE (A1 +501INCAAL

REWIND NT

WRITFE (MNT)INCAAL

ICODE t3) =1

GO TO 10

Eny OF DATA CARD

I1GH=p

GO TH 25
END FILFE NT
REWIND NT
GO TN a99u

ELEVATION LIMIT CARD

ELIMT=SGET({XKARD«Se131.0.001)
KODEL=SGET(KARDs1741741.0)
SL=SGET{XARD+1B+75¢1,7)
WRITE (A14502)FLIMT

[CONnE (=) =]

Gy TO D

COFFFICIENT CLASSIFICATION CARD

II=SOGET(KAPDst4s4el .0}
ICtIE)=0

MK==9

DO 5C U=1.5

MK =MK +15

RRI=SAETIKARDsMK=] eMK+A+0,1)
RRP2=SOHFT{KARD«MK+7+MK+13sD.1)
IF{(RR1151+452451

IF(RRP1IS1 453551

MM=TC(11)+1

CL{TTamMy ) =RP]
CL{IIsMe2)=RR2
IC(IT)Y=IC(IIY+1

COMNT TNLIE

ICONE (7)) =1

J=IC(I1)

IFLDY 101071

WRTITE(ALS03)TTa ({CL(TITaMMeID) «TO=]12) sMM=10 )

GO TO 10
CALLL FxIT
Ewn

SURROUTINE COFCHIRLsRR«CLWIC)
FNRMAT (1HD 120 (14H=) /)

FORMAT (1H +9AHRANGES FOR COEFFICIFNT CILLASSIFTCATINNS
1GUOUS OR D0 NOT EXTEND REYOND SECTION LIMITS)

DIMENSTION CLI{S45«2)2IC(5)+XR(50)
N=9

DO 10 4=1+5

NMC=TIC () .

IF(NCY10W1N1}

DO 10 1=1+NC

XR(N+1Y=CL(Jelwl}
XR(N+2y=CL(JaT a2}

N=N+ 2

CONTINUE

AC4-3

ARE NOT CONTIT

op123
0n124
00128
on125
o227
da12~n
0129
011349
gn131
00132
0ny33
00134
00135
0n1is
0n137
0o11A
oel13v
o140
nnlal
¢nlaz
Q143
0nlas
0n145
00146
00147
anlas
0149
0n159
017151
09152
0n153
0n19a
00155
anis6
00157
in]58
ON1s9
0n160
fotspl
00162
0n1A~3
0rl164
Gn165
0n1a6
nni6?
Cn1mA
{40169
03170
nn1ill
on172
00173
on) 74
0n17s
on17v6
on177
o0l TA
og17v
Gnl130
Gl
fp14az2
0fF1R3 |
0N8R4




60
70
20
30

5S¢

any

99

300
3p2
303
3c4
59

il

12

OO Oy o=

CALL SORTL(NsXRa1) - AC4-4 -

IF(RL-XR{1))50.604+60
IF(RR=XR(N)Y)TD+T704+59
[F(N=2)199¢994+20

K=N=1}

N0 RO 1=2+Ks2
IF1ABRS(XR(I)=XR({[+)))1=0,01)1804804+50
CONT IHIJE

GO TO 99

WRITE(A]1«300)

WRITE (Al19302)
WRITF(Ale30L){XR{T)aT=1aN)
FORMAT (1H «12F10.1)

WRITF (51+300)

RETURM

EriD

SULROUTINE DFSCT(NSER«ELIMT+KONEL «SL)

DIMENSTION EC1Y oR(1Y XL {701 YL (70« XPITD)YR(TO)

FORMAT (1HD«2THINPLIT RANGES AND FLEVATIONS)

FORMAT (1HO+36HSECTION UN=NEFINEN On LEFT HAND SIDF)
FORMAT (1HD ITHSECTINN UN=DFFINFD ON RIGHT HAND SIDE)

FORYAT (IHN+ 1342090 POINTS AROVE FLEVATION LIMIT)

FORMAT {1HN«SOHALLNWARLF NUMBER NF nANAGE AND FLFVATION POINT> EXCEE
10ED WwITH ADDITION OF CALCUILATEND POINTS)

FORMAT (1HO «4DHRE=-NEF INED SECTINM RANGES AND FLFVATINONS)

SORT PAINTS IM ASCENNING QRDER RY RANGF
CALL SNRTZ2IN«RWE~1}
PRINT TNPUT RANGE ANN ELEVATION DATA

WRITE(A]1.300)

NO 56 [=1N
WRITE(ARL«IQIIRIII«F (1)
CONTINUE

FORMAT (1H +2F10.2)

SORT PNINTS IN ASCFNNING ORDER RY FLEVATION

CALL SQRTZ2(N+ERy1)

USING SANGE OF LOWEST FLEVATION = PLACF POINTS ON LEFT OR RIGHT

L=t

M=t

NO 10 T=}N
IF(E(I)=R{13})]11+11s17
L=l ]
ALL)=R(1)
YL =F (D)
6O TO 16
M=Me ]
XR(MI=R(T)
YR{(MY=F (1)
CONTINIE

DETFRMINE IF SECTION UN=DEF INED

IF(L=1)113+13,14
IF(M)]15¢]5¢16

“H1RS
no186
00147
NN 1AR
pg189
00199
0n1921
ftnyv2
00193
Gh19a
onias
0n196
nnyI7
0ny13A4
dn199
on>0n
naznl
on202
tor03
06204
01295
0206
0n>207
tn208
209
gn2l0
9211
o212
06213
Lp2le
00215
0n?lé
o217
o0n21A
0n219
onz20
0ng2l
apre?
nneel
0nz22ae
692?25
00226
00227
0nz228
onz2y
nn239
nn231
onp32
0a233
06234
0”15
an>236
onz37v
On21387
on>139
0N 40
onral
onz24r’
0nr43l
Ner4d
UNP45
03246




13

15

WO~ 000D
jo ]

o

[N ]
—

32

33

OO W

37
39

(P o B o TN

WRITE (A1+302) - AC4-5 -
L=L+l

XL (L) =XL(L=1)=({FLIMT-YL{L=-1)) %5y

YL(LY=FLIMT

RO 70 16

WRITF(A)«303)

M=

X (M} =x (1) + (ELIMT=Yi (1)) #SL

YR{MY=FL IMT

TEST FNR EXTENSION 0OF SLOPES ON FAR LFFT OR RIGHT
IF (KODFL) 29429430
EXTEND SLNPES FROM FaR LEFT AND RIGHT

CALL SNRT2(LesXLeYL2)

IFAYL(LY=-ELIMT)I 3143232

L=L+1

YL{L)=FLIMT

XL =xL(L=1)=(FLIMT=-YL(L=1})%5_-¢,001
CALL SNRTZ2(MsXRasYRy |}
IF(YR{M)~-ELIMT}33499.9G

Mz=M+ ]

XR(M)=XR(M=]}+ (ELIMT=vR(M=1)1#S5_+0,001
YR{(M)=FIL IMT

K=

J=M

GO TO 4

ELIMINATE POINTS TO LEFT NF HIGHEST ELEVATION ON | HS

K=0

DO 35 7=1«L
IF{XLET)-XL (LYY 3%5436436
K=K+1

XL(KYy=XL ()

YL(K) =YL (1)

CONTIMNUE

ELIMINATE POINTS WITH EQUAL ELEVATTIONS ON FAR LHS

CALL SNRTZ{KeXL YL 2}
IF(YL{K)=YL(K=1))3R4+439+34
K=K-1

G} TO 7

ELIMINATE POINTS TO RIGHT QF HIGHEST ELEVATION ON FAR RHS

J=0

DO 41 I=l.™
IF(XRIT)=XR(M) 4242441
J=Jde

XR{JY=XR (I}

YR =YR(I)

CONTINUE

ELIMINATE POINTS WITH FOQUAL ELFVATINNS OM FAP RHS
CALL SNRT2(JsXRsYR. ]

IF(YR{ ) =YR(J=1))19R 444498
J=J=-1

n247
ELLN
0nr4a9
00250
rarsl’
Noes?

Nn>53
nar54

Gn=2%5

0n7Sh
Go257

00?5A
00259

0n>69

097261

0n262
00263
BnPk4
0n2é6sS
onz2éae
6oz67
00768
0n269
0oP7¢
0n271

onz272
08273
nn>274
0prP75
Ny>76
on2'1?
nNn>TA
0n>79
0C2K0
0n2ZRr1
Onp8a2
6nza3
nn2a4s
03745
On2836
on=n7
0OCc>”8RR
00289
0290
0n291

nap932
0g7213
onr294s
00295
03296
002937
00293
0oe9I9
on30o0
oniol

0n3062
0n3Q3
o0nida
nalgs
gr0s
on3d7

0n308




(" EeNaNeNa N N

60

GO 70 o - AC4-6 -
L=x
M=)
G TO 30

TRUNCATE ANY AREA ARNVE FLEVATION |LIMIT ON ROTH SIDES

SORT PNINTS ON LHS IM NESCENDING ORNER RY RANGE AND RF-CALCULATF
POINTS ABOVE ELEVATINN LIMIT ON FAR LHS

L=x
IF(YLIL)Y=FLIMTI17417418
L=.-1

IFI(YL(L)=FLIMT)I19417413

XL tL+1y=XL(Lel)+ (XL (LY=XLAL*#1Y)2(YL(L*1)}=FL IMTY/(YL(L+1)}=YL (L))
YL L+ YY) =ELIMT

L=+

SORT PNINTS ON RHS Tx ASCENDING ORNDFR RY RANGE AND
POINTS ARNVE ELEVATINN LIMIT ON FAR RHS

M=
IFIYR(M)=FLIMT}YZ2]1 2122
M=M=

IF(YR(M)=ELIMT)23,21.22
XR{M+1)=SXR(M+1)={XRP(M+])~XR(MII#{YR(M+])=ELIMT)I/(YR(M+1)=YR(M))
YR(M+1)=gLIMT

M=K+

RE=SET ELEVATIONS ARNVE ELEVATION LIMIT ON LHS

K=0

DO 20 1=1.L
IF(YL(T)=FLIMT)I20020474
YL{IY=FLIMT

K=K+]

COMTINUE

RE-SET ELEVATIONS AROVE ELEVATION LTMIT ON RHS

00 25 1=1.M
IF(YR(I)=FLIMT) 25425426
YR(T)=FLIMT

K=K+]

CONTINIIE

IF(K)I2T742742R
WRITE (Al +304)K

PLACF REMAINING PNINTS IN RANGE ANMD ELFVATION ARRAYS

DO 58 I=1.L
Im=L+1-1
RIT)Y=x; (M)
E(Ty=ypL (IM)
DO 60 T=1+M
J=L+1
R{J)=Xr(1}
E{Iy=Yr(])
N=|. +M

CALL AMXMM(FeN4sEMAXFMIN)
L=0

K=N-1

00109
ar31
0311
anile
o313
tnla
nnls
nnile
ey 7
an3lH
on3iy
NP0
nnaz2i
npl22
nn323
GN324
un125
o326
On327
091328
n329
01330
¢n331
01337
np333
na33a
00335
00336
0n337
003348
91339
00340
634l
0n342
093473
gnlad
00345
00346
G047
3348
0n349
05355
ftn3sl
%3752
00353
401354
6013155
0nIS6
n03IS7
093548
0n359
00360
00361
031362
003673
to36s
00365
06366
Jole7
0Q 368
00364
on37o



71
72

70

57

55

300

3n2

OO0

12

13
11

20

o NaNe e

e Ne]

DO TO0 T=2.K
[IFE(IY~E(I+1)) 707170
[F(E(T)=EMIN}TOs7072
L=L+1

LL=N«+L
F(LL)=F(I)Y-0.000]
R{LLY=R(])

COMTIHUIE

N=h+(

IF(N=7n)57+45T7.58
WRITE (A1 +59)

STNP

CALL SNRTZ(NsReEs])
WRITE(R]2D3)

NO 55 T=1eN
WRITE(S]1«301IR{I) «F (T
CONTIMUE

RE TUR?MN

END

SUBROUTINE SCHAR(N+FI FVsRANGE+CLs TC«STATNSSTATM«CREL VY

- ACA-7 -

DIMENSTON ELEY (1) 9RANGE (1) +CL(55+2)«1C(5)+Y3(70)

DIMENSTION TW{S0.5) 4WRP{50:5)
pDaTa (~»T=11)
FORMAT({1HO«SYRATOP WINTHS BY N

1EVATIOM)
FORMAT {1HO+66HWETTED PERIMETERS AY
TINCT Ei EVATION)

DETERMINE DISTINCT ELEVATIONS

00 10 1=1+N
Y3I{1)=FLFVI])
CONTIMUE

CALL SORTL1(NsY3+2)
L=0

DO 206 1=1sN
IF(I=-N)12+41111
M=T+1

DO 13 J=MsN
IF(Y3I(T)=Y3(J)} 132413
CONT INIE

L=L+1
Y3I(L)=y3(D)
CONT INUE
LLL=L

CLASSIFICATION AT EACH DISTINCT EL

N  CLASSIFICATION AT EACH DIST

INITIAL IZF TOP WiDTH AND WETTEN PEQTMETER ARRAYS

N 3¢ w=1.LLL
DO 3¢ J=1.5
TwiK«J)=0.0
WP(KqJ)=0-0
CONTINUE
M=N-]

ENTER | OOP FOR DETERMINATION OF TOP WINTH ANND WETTEN oERIMETER

FOR EACH DISTINCT ELFVATION

DD 40 k=]«LLL

CALCULATE TOP WIDTH AND WETTED PERIMETERS FOR EACH CLASSIFICATINN

ganTl
0Q372
0n3I73 |
L9374
GoTs
076
0onar?
g 3TH
Qo374
00140
1341
0n 3Rz
on3al
0n3A4
0n385
00136 |
Qa7
003A4R
0089
003990
0n3ivl
o392
0n393
6nisa
09395
00396
00397
001394
001399
Onatn
30401
00402
004073
00404
00405
0nadb
00497
00408
004939
Q0410
00411
00412
00413
00414
004lb
0nalb
00417
0nals
00419
00420
004zl
0g4le
00423
0n4ls
AnazsS
00426
Qo427
nNoa’n
0nae9
00410
Ngall
onaiz




iSRS

OO

DYDY ON Y

N W

HCTF)D(?;fﬁ(ﬁfﬁﬂ(ﬁrﬁflﬂfﬁ

J1

la

[ e B B |

AT THIS DISTINCT €1 FVATION - AC4-8 -

00 G0 J=1leb
IF(IC( ) )IBNe5)e58]
NC=IC ()

CALCULATE TR WwIDTH At WETTED PERIMETFR FNR FACH PATD OF RAMGFS
WITHIN THIS CLASSIFICATION AT THIS DISTINCT ELEVATION

L=t
N0 AU T=1eNr
160=}

RUN ALNONG SECTION Tn CALCULLATE TOP wINTH AMD WFTTFDN PFRIMETER
FOR E4CH PAIR 0OF RANGES WITHIN THIS CLASSIFICATION AT THIS
DISTINCT ELEVATION

N0 70 =L eM
GO TO(T73+74) 5160

FIND STARTING INTERSECTION

IF{CL{ e Ial)=RANGE (L 11)1AS«71971

IF(CL{ 2T o2V =RANGE (L NI160RD+91

[B3n=2

RGL=Re¢NGE (LJ)

EL1=ELEV LY

GO TO g2

TF(CLE eI o] )=-RANGF(LJU+1))BL+T0H«70

I150=2

RGI=CL{Js14+1) )
ELISELFVILJY*(ELEV (L 1+ 1Y=FELFVIL.I) f(RANGE(LJ+ 1) =RANGE (LLJ) )} #
1 (RG1=-RANGE (LJ)})

RGZ=RANGE (LJe+])

EL2=ELFV{LJ+1?

DETERMINE IF THIS LIMNE SEGMENT IS nn OR AFLOW THIS DISTINCT
FLEVATION

IFIFLI=Y3(K))T2472475
IF(FLP~Y3(K))YTHATHTH

DETERMINE IF SECOND CLASSIFICATION FALLS WITHIN THIS | INE SEGMFNT

IF(CL{JsT42)=RG2YA1aH]a62
SECOND CLASSIFICATINON FALLS WITHIN THIS LINE SEGMENT

IF(CLIJoIe2)=5G1)16414415
RG2=CL (Js 12} .
ELP=FLFV (LD +(FELEV(L 1+ 1) =ELEVIL.N ) /(RANGE (LJ+1)=RANGF (LJ) ) &
) (RG2=-RANGE(L.))
TWiKeJ)=TWI{KyJ) +R(2Z=RN(]
WP (KeJ)=wP(KeJ) +SORT((ELLI-EL2) 282+ (RG2=-RG]) #8?2)
L=_-1
IF(LY1Ael6e60
L=1
GO TG w0

ACCUMULATE TOP WIDTH AND WETTED PERIMETER FOR THIS LINE SEGMENT

TWIKeJ)=TW{K ) +RG2-RG]

Ngaiy
I PR T
0nais
0na36h
nug 3y
drals
D43l
Coaad
ra46l
Heaa?
R T T
NC b
L4445
Coaub
NiaaT
NnaaH
Quaay
00450
Gnas)
cras’
0naS3
0naSs
09455
0456
06457
a8
00459
0nako
0nasl
Goaé?
0pa63
Gnaba
GOabsS
An466
roabt
Lna6h
0)469
onato
anatTl
0natl?
Duail
03474
Gnals
0nal6
0Lt
Goa7i
04?9
004RD
034831
Doun?
0n&B3
HE PR T
004RS
{1aRb6
GouaBd?
00488
TN b
Dp4avp
0ou9l
Qndu92
05493
00as



~NOOoO0D

60
30
40

301

WP K ) =WP (KeJY+SARTIIELL=-ELZ2) #0824+ (RG2=-RG1) #3#2) - AC4-8 -

RGLI=RANGE (L J+1)
ELI=ELFV(LJ+1)

GO TO 70
IF(FL2=Y3(K))TT+824.82

LINE SEGMENT INTERSECTS THIS DISTINCT ELLEVATION WITH MEGATIVE
SLOPE

RGL=RG1+ (RGZ-RGLY#{FL1-Y3(K))/(FL]1=FL2)
EL1=Y3(K)

GO TO 76

IF(ELL=Y3({K))ALsAR2+R?P

LINF SFGMENT INTERSFCTS THIS DISTINCT FLEVATION WITH POSITIVE
SLNPE

RG2=RGI+(RGZ2=-RGL1)#{YI(K)=ELL)/(ELZ2=FL1)
FL2=Y3(K) "'
GO TO 76

FIRST CLASS RANGE PREVIOQUSLY ENCOUNTEREN = CHFCK FOR SECOND

RG2=RANGE (LJ+1)

ELZ2=ELEVILJ+])

GO TO A3

CONMTINUE

CONTIMNUE

COMTINYE

CONTINUE

WRITF{A]1+300)

WRITE(ART «301{YI(K) s ({TW{K+J)sJ=195)«K=]sLLL)
WRITE(Rle302)
WRITF(ARL+301)(YI(K) o (WP (KyJY o d=1e5) eK=1lLL)
FORMAT (1H +F10Q,2+5F20.%) '
WRITE(MNTISTATNGSTATMCRELVeNe (RANGE (1) oELEVIIY«TI=1aN)obLLLo
TOYS(KY o {TWIKs ) s WRP{Ks JY o J=195) e K=1gLLL)
RETURFN

END

0ns1q
0051
00514
06511
05514
00514
0ns514
00517
oeslg
00S1Y
04552
00%21
gns2

0652

0Ns2;
tos2
0052
ons2
0052
0052
0ns3
0053
0053
0053
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APPENDIX 5: ECB1 - COMPUTER PROGRAM
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E0R]

¢t
ing
339

e Ne ] e NS

O O0On

O

)

Ta

7h
75
Aeg

B3
A1

—r

DECK /s I=01L
PROGRAM WSPRF
NDIMENSTON Q(47) «ST(20) sNCAALIE) oFCIS) 9 XFCI2045) +SN (a0 «SFC (20}
DIMEFNSTION Y3025 « AP {2480 e5)aTW (2GRS «R(THY«F (T
AIMFNSTON TOPW(2)«CO(2) vARFA(2) «STATN(?) L L (2}
DIMENSTION TSTA(1S) 4STATM(2) «CREIV(2) 4 JCC(2+S) o TOC(R04%) «SNC (2
DIMFNSTON THUF{I25Y.TA(20)
COMMOM QeSTaNCAALSFCaYIaTHaAPY FABWeCN s APFA+STATN o1
covMny 1A
COAMMON ReF oNToeALFAIDNNMNaNOaNSaNSTL e NST2aNSTONNST aWS et PR o ZALF«STT
COMMOY TFRReINeISeNFPTH [STeSAXFCoSFCINFCeICCaSNC orer
EOUIVALFENCE (7STA«TA(LI)) o (ZWSeTACII 1o (ZDPTH TA(S) 1« (7TOPSTA(T 1)«
(7AR«TA (I Y (ZCOaTA LI o (ACARE S TACL IV o (ACVOL S LA(IS)
s {SLPLyTACLIT) ) (SLPRATA(]Y})
FORMAT {1 HP 1 2HNISCHADGF = «F10,1)
FORMAT (1H) « 24HROUGHNFSS COFFFICTENTS =45F16.7)
CALL LNCATF (40483 eMHMM)
WRTITF (403 MMM
CALL OINPEN(IAUF «4042714hR}
IPEC=N

READ WATER SURFACF C20FILE CONTROL NATA

CAl.L WSRED

LOOP FOR EACH <TAGE

PG 36 TS=1+85

SET DISCHARGE AND FRICTION COFFFICTIFNTS AT INITIAL STATION

DO 1T =145
FCUD)=xFC(]l«J}
JCCl1e I=1CCL1 )
JCC(2+ N=1CCLLa .}
CONTIMUE

10=1

READ InITIAL SECTINN DATA AND DORINT HEANINGS

REATNN NT
READ (NTINCAAL

NDETERMTINE IF TAPE TN RF READ UPSTREAY NR NOWNSTREAM

IF CUPDWN) T4 +75475

NTAP=KST2=1

DO 7H xz=]«NTAP

READ (T

COMNT IHE

GO TO at

[IFINSTI=11R14R] 4R

NTAP=NST ] -1

DO A3 w=]NTAP

READ(T)

COMT IMIIE

READINMTISTATNI LY o STATM{ 1} o CRELV 1) «MRE(R{I)oF (IY o I=1aNREY LT
(Y3 {T ok} o (TH{LalKoM) ¢ AP{] eKoeM)aM=] Sl aK=)al L]}
WS=SI(1S)

LL{Ly= LY

CAILL wWsTAR

Oo0anl
g inc 2
gnang
Aanas
RIS
e R
Ieany
arnga
onnoy
enGlu
A0l
atnle
Gaxnl 3
fponla
unnis
214
B0y
GrolA
angla
¢t/
G2l
Gh0ee
nrn2l
(rila
I
Lenes
nraz27
gr o
Lhes
P03
fr03t
o032
ann3ii
Nagls
Anris
00013k
Gnn37
Gng 348
unniy
Gaosav
nNynegl
BAnLZ
37043
Crgas
Nnoss
tLnise
0npa?
aphan
Goanav
naps0
GnnsSl
0nQp&2
095053
Jngse
245055
arnsSeh
0npS7?
0c05R
N6NS9
ONrAAQ




DY Oy

YYD =y OV O

N B o B

OO MmN

in e el

JFeeD - AC5-2 -
KCC=2

TRANSFFR TN BATTNY NF 10N [F EDRIP PRFSF YT

GO T4« « TFRR

DETFRAINE SECTION [HTFRCERTS FAR INTTIAL STATTAM

CALL SCINT{WS+NRE«PFoSIPL St PP )

DETFRATNE SECTION CHARACTFRISTICS FAR TNITTAL STATION

Catll #-CHRILL ) aDFRTHaY 3T H e AR FCa7ZTNR G /CN /AR CPFL St Y)Y 0o ICCa] e
TalLFAL7ALF)

PWYTNT aMD STORE IMTTTAL STaflnw DATA

CAall. STATU/STALISTA)

WRTTF (Al « 3RA)TSTAS 7S e 7OPTH AT 7857 N a ACLRF a ACVOL a S P sSLPe
174l F

FAORUAT (1HG 1541 e 2F R, 2aGF 1 3,h«?F 172 .5aFh 71

I +FC=12EC+]

CAal L NRPUTHLIRUFSIRECSTA)

ENTEw TTERATION PROACTSS Fx THIS CHANNF

LONBE FaR EACH STATIOM
N 4” IST=188T
FATER TNTERPOILATION AND JTTFRATIAOAN PROCSSS FOP THIS STATION

IF OBy 7T 73678

DO R =12

PACKSPACE NT

CONTIMNE
READ(NTISTATNIZ2)Y «STATMI2) «CHFI VU2V aMRE«{RET ) aF [ T)alz] «NREY o P
TIYI{P K a {TW(2eK o) s AP (P oeKaM) oMzl aCyaX=]sLL )

LLI2y=0 L2

DETERAINFE IF CHANMFI. DESTGMATIONN TN 4F CHAMGEN AT THIS STATIOM

IF{KCN=NCCYL2 4P v b4h
IF{ARSHESMCTRKCCI=STATH{2)Y )=, 011430084
DD 45 J=1.+5

JCC U2« N=ICC(KCC.D

CoONT IME

KCC=Kre+])

CalLl ~CINT{STATMSCREI YV JCC)

H0O TOIQLI« 0] « TFRR

CALCULATE SECTIon [HTERCOEPRTS AT TuTS WATER SURFACFK

CALLL SCTINTIWSHNPE «RoF aSLPL «SL~D2)

Cat L STAT(7STaA «ISTA)

W ITF(RI3ARA)N TST A7 WSy /NP THeZTAP 740 /O ACHRF «ACVNOL o SLLPL o SLPH
178LF

IQFC=T0EC+]

Cal L APHUTITHUF « [RFCe1n)

RS
[E N
' 4."")"
U R
LR AT
RS
L oAn T
R
F e
N7
onl
P ang e
e T A
T Ta
[ \f:?f.‘
R O
t-n7?
f n7-
R
REERI R Tt
Tdl
IRt Ra Vet
Nned
s
U aAS
AT
nenA?
d KA
R
£ a90
NN L R
[ R g
G093
Qo
e 99
D96
a7
JNPYH
i hay
ar1n .
(inl
coyng
Arind
fhna
GY1n5
L0104/
20107
[ I
ey
sl
r‘.-lll]
TRER N e
SRR
L]l
ca115
Jilla
L )
JT1LR
el
Halé
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- AC5-3 -

C DETFR:IME IF DISCHARGE IS TN KE CHA*GEN AT THTS STATINM LAl

r (TR ey &
IF(IN+1=t1)Y2]1«2Plal? AR IR

21 IF(ARS(SUITIQ+ 1 =STATM{I 1) =0.01)111e71412 Tl Ak

11 Ta=17+) SR
WRITFIAL«3IN1IOLTN nragd

C IR
C NETFRMINE IF FRICTIOAN COEFFICIFMTS TN AF CHANGED AT ThlS STATINON BT I
C el il

12 IF(JFC=MFCYP2 P2 e i N I

2z IFIARS(SFCUIFC)=STATH 1) 1 =0,01)13a1e4] UEal BE ]

13 DD 19 1=1.5 ] 4.

FCUN=xFCULJIFT o) n-135

15 CONTIMIE ge1 36

JFO=JFe+] G137

WRITF (A1« 332)FC VRN b

G40 COnTINUE G139

an CONTIMNIE boiad
CaLi DCLAS(IRIE) Jntal

READ (AN2NY1) IPLDTsHSC AL« VSCAL Jela?

201 FORAAT ([G5Xe2F10,3) 4143

[F{IPLAT)H99+9994394 G0l b

g9Aa CALL PLOTS{De«N«Q) CaluS

CALE WSPLTINNDSTeNCAAL «HSCAL ¢ WSOAL «11PNIWN) fataeh

CALL PLOT{I.,00,0e099) noya’d

af TN aag Irtas

Frif Crlayd

- el )

SURRAUTIME SCINTIWS sNaReE«SLPLT«SLDRT) w0151

DIMFNSTON RPI1YFE {1 tr152

D0 15 kK=1aN 153

IF(WS=F (K} 1011412 PN R-12

18 CONTIMIE D155

SLPLT=n.0 _ 4n15h

GO TN 20 L3157

11 SLPLT=R (K]} 2115R

GO TO 20 gnyss

1> SLPLT=P(K=]1+{F(K=1)=wS) /(F{(K=1)=F (¥} ) H(R(E)=D(K=]1)) 0-ilmu
20 D3 30 w=1N Gilhl

L=M=K+} gr1m2

IF WS- (L)) 394314732 ¢11%63

EX¢ CONT INNE CL1h4

SLPRT=n,N ﬁ.“p165

GO TO ag tolsh

11 SLPRT=R (L) G167

GO TN 99 07164

12 SLPRT=D LI+ (WS- (LIVZ/(F{L+1)=E (L 1V =(R{_+1=-R{L)) 1Ak

99 RETHRr inl17u

END cr17l

Ir17e

SUARNUTINE WSPLT (NOST NCAAL , HSCAL + VSCAL s UPDUN) €r173

DIMENSION ISTA(1S) «NCAAL (F) N1 7a

DIMENSTON TRBUF(1285)«18({20)«M5G(11) anl7s

DIMENSTION LCHAR({I3IZ)ZIPLI(1S)«IPL2(T) 011756

DATA ((IPLI(T)Yal=14S)=4HELEVe4HATINOHY TNe4H FFEs4HT } ar177

DATAC(TRPLZ2(TI) o1=1s7)=4HWATF a4H? St 4HRFACOHE PRe4HANFTL«4HE FQu 63174

1 4HR ) nol17s

DATA (MSG=41HSFT PFM 0N PLAIN PAPER AGAINST RIGHT STno) uniae
FAUIVALENCE (STACTAI1I) ) o {WS+ 1A JIDEPTHCTA(S)) Goldl

300 FORMAT {1H1+5GHPROFTILF NILL NMOT FIT IN 237 [NCHFS WITH GIVEN VERTTCA Qn1H2

L SCAaLF) Giu1~3

CalL FACTNR(N.S) 0] 8a
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26
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11

[

— 0]

oMo

CALL NDAPEN(IBIIF s40 421 4F) - AC5-4 -
OETERMINE MAXTIMUM ANMD MINIMUM STATION VALIFS

CALL DRETITRUF«1s1A)
5T1=5T+r

CALL ORET(TRUF «NOSTT4)
S5TP2=5T4
[IF{STI=ST2)2T7+28+2R
SHAN=] .1

RO TN 29

SHN==-1,0

DETERMINF MAXTMUM AND MINTIMUM ROTTNM £ FVATION AND WaTFR SUxFACF

WSMYX==930949 .05 3N
WSMN=+aQ6y, JF 10

D0 17 Kk=1.NNST

Cat L NDARET(IRUF e+ ]2
JFluS=wSMX)]181R419

WSMX=wg

IF{{NS=DNFPTH) ~dSMN)PA 417417
WSMN=WS=NFEPTH

CONT IMNUF

DFTERMINE IF PLOT wiLl FIT ON PLOTTFR «1TH GTYFM SCALFS

XMIN=TF [X {WSMN)=VSCAI
XMAXSTFIX (WSMX) +VSCAI
XINCH= (XMAX=XMIN) /VSOaY
TF{XINCH=2T7,0)1041CW 11
WRTITE (A]«300)

G0 TH Q4989

PASITION PENe PLOT At LARFL FLEVATION AXIS

CALL SFTHMSG(11.MSG)

CAlLL EPLOT(193.0¢2.M

CALL SCALF(1.G+1.0/VSCAL+0, 00, 1)

CALL ENRRID(Le(.090e0+VSCAL/2.nalFIXIXINCH)®#2)
CALL EPLNT{1+0.0+0.00

CALL SCALE(1l.04]1.0e0,.04040)

¥Y==-1,05

YV=XMIn=-VYSCAL

N=XTHCH+]

DO 12 x=]1aN

Y=Y+} N

YV=YV+ySCAL

CALL PHTDC(YVeZ2+LCHARA]146)

CALL FOCHAR(=0.T70¢Y 40 100,100 .04LCHARSE)
CONTINNE .

CALL A4AY {TPL1+1+5+L.CHAR,])

Cal_L ECHADC-O-QGOI-0‘0.2'0-201057071LCHAQ117)

PLOT anD LABEL STATINN AXIS

CALL EPLOT (1N 00,0

CALL SCALE(l oN/HSCAL Y . NeSTI2SaN=0 S#4STAL0,D)
PO 13 W=} +NOST

CALL DGET(IBUF.K+IA}

CALL FPLOT(2+STARSGNADLI)

CALL EPLOT (1 +STA®SGN.,04)

Gy yRs
VIR R
Lo lAT
nr1 a3
N1~
Jl 9L
a1l
Gnu’
Jir3
[ANsS I P
G195
(1 139hn
DITREE N
fben 194
HEN )
(e 20
na2Gl
fin>207
0203
L1294
N2y
dr206
cA207 -
0~r0A4
Gou”2h4
N321Q
anr2ll
enPle
su”213
0621a
(215
Gt2l6
Curl?
Nn21lA
doPly
Gp22.
60221
eg222
nnp23
‘pPeh
Unr2s
0726
bog2?
Nn22A
0GRy
op23¢
nap3l
0232
30233
V234
Gn”235
on23i6
NAp37
nn23K
Gn>34
dn,49
nnzal
naBLp
vl s
Nn 44
4245
nn246




CALL EPLOT(2+STARSON.=2,04) - ACS-5 -

CALL STAT(STA +ISTA)
CALL ECHAR (STABSGNSG.(5#HSCAL e =1ah0s0u1000101.57074 [STA415)
CALL FPLOTI1STA®SOGN.T,0)
13 COMTIMIE
CALL AGAT{TIPLZsle7eLCHARS])
CALL MNOVE(NCAAL 1 +Asl CHARSZT)
CALL FOHAR(STI®SON+HSCAL ¢ =200 a0 0.60LCHAR. 3P

PLNAT WATED SURFACE PONFILE

YOO

CALL ERLOT(leSTIH#SGN.r,0)
CALL SCALE(Ll+D/HSCAL « 1 JO/VSCAL «STI2#SOGNGXMIN)
NO 20 k=] «NNST
CALL DGET(IRUF«KaTA)
[FiK~=1)24+204+25
2 CALL FrLOT(1+STA#S50ONWS)
25 CALL SPLOTH(2+STA®SGNWS)
CALL PUTDC(WS+2«LCHAR L1 98)
CALL FCHAR{(STARSGONO . ISH#HSCAL NS +(0 o 0S52YSCAL Dl 9041+1.5707
ILCHAR « /)
CALL FPRLNTI1«S5TARSGNWS)
v CONTIMIIE

PLAT «nTTOM ELFVATINN PROFILE

[ B NV

DO 3N =] 4NOST
L=NOS Tk
CALL NRET(IBUF«LsIAY
[F(K=11344+34+35
4 CALL FoLOT({1+3TARSAr .S <NEPTH )
GO TN 16
15 CALL DASLNIXSTASXWS=XNP «STARSAN«WS=-NFRPTH [ . 25+HSCALY
35 CALL PHTNC(WS-DEPTHs2+I.CHAF ] +54) ‘
CALL FrHAR(STARSON+Q I5¥HSCAL WS =hEPTH =0 h5#VSCAL «0elaDels
1 LoS707+LCHAR A
XSTA=STA#SGN
XAS=WS
XNe=NEPTH
39 CONTIMIIE
CALL EPLOT(IST28SGN+3.0*HSCAL « XMIN)
5999  CALL ERPLNT{99940.,0+041)
RETHR
END

SURRMITIME WSTAP
DIMEFNSTION Q(4nY«ST{P: ) sNCAALIOI «FCIS) «XFCIP0+8) oSN(401«SFC{20)
OTMEMSTON Y3{2+45M) « AR (2450 e5) o TWI(24S0e51eRITOVFITO)
DIMENSTON TOPW(2) «COL2)Y AREA{P)Y2STATNI2)Y ol (2)
COMAMON e ST eNCAALSFCaY 14 TW4 AP, TNPW N« AREASSTATN G|
COMMON ZSTA«ZWS NP THAZTOP s ZAR7C N« ACARE S ACYOL « SLPL S| BR
COMMNN ReF aNToALFAUPDWN s ND o NSeMNSTT o NST2sNSToNNST e WS MRESZALF4STT
COMMON TFERR 4 IN [SyNFI3TH IST oSN XFCySFCWNFC
304 FORMAT (1H1+S1X+6A1//1H +33Xel1ANISCHARGE =F9,Ne2Xa
1 1SHINTTTIAL STAGE =4FA,.2/1H0+4IX+2PHROIIGHNFSS COEFFICTFNTS)
25 FORMAT (IH +41Xe¢)l4HCLASSIFICATINNGIZ3H = JFT.4)
22 FOPMAT (1M« 18X« SHNATFR e 14XeIHTNPe3GXa2 (134 ACCUMUILATFEN) 3 X
1 LBHSECTION INTERCEPTS/1H «AX«THSTATIONAS X« 1 3HSTAGE NEPTHsSX
? SHUIDTHsBX e aHARECAWAX « 24HCONVEYANCF  SIIRFACE ARFACSX ¢ cHVUL UMFE 4
TV AL cA4H EFTe6XeBHRIGHT ¢ X « SHAL PHA)
900 FORMAT(IHT«YTHIMNITIAIL STAGE OF «F7.2+27H RELOW ROTTOM FLEVATINN OF
1 «F7.2)

Nyrad
J5 PN
6749
Gr2sy

02517

pnnph 2
253
T
An255
6N256
(,,257
0254
r. P25y
LR
na2R]
Ne262
U263
Crets
nnr2es
Gi26A
GnAAT
in268
nr2hY
an>27n
Crr71
G277
Irx2T3
ADERAN
1275
Qn276
ne277
N2t
Nnp7Y
ferag
R
n-23e2
Nn>2AR3
09234
JIn2A5
Do PHA
NnoR7
Nn2RA
017289
02294
nn291
Jn29z
gr293
G294
G795
Gopd6
P97
(a7 44
02299
Y306
€~ 321
05302
cni03
fir304
£5305
01306
04307
03394

|




24
213

MO0

201

60
59
2n2

n
203

L ACS6
FOSMAT (ITHD QI 7HINITTAL STAGE OF «F7.7
1F7,.2)

LLYI=LL1t])
WRITF{A]l « 374 IMNCAAL D (T} WS

ND 23 JJdL=1s"

IFIFCO)ILIIZ2 3472320

WMRITE{ALl «2S)JdJLsFC (1)

CONT IHE

WRITF {Ala22)

oé?H ARNVFE TOP FLFVATION NF .

DETERMINE TF INITTAF STAGE OQUT NF PANGF

[F(WS=y3{1aLLI))I11a1YHt?
WRITF(A] «9N001dS«Y 340141 LY
IFERQ =2

pPsTHR
IF(WS=Y3(lal))]1belaalh
WITTH (AT 4301} WS eY3(1e1)
GOy 10 77

IFenR=1

FIND DFPT= AT INTTTAIL STATION
NEPTH=WS-y3(1eLL 1)

DETERMINE SECTION CHAPACTERISTIOS AT INITTAL STAGF

NP TH =DERPTH
Z5TA =STATHN(]?
FNS WS

ACALF =44
ACMO =7.10
PFETUR

Enn

SURROUTINE WSRED

DIMENSTON QU4 sST (2 ) «NCAALIN) «FCIE) e XFCIFGT1aSN{4N«5FC(20)
DIMFNSTON Y3(PsS0) «ACT245345) e TWI2.R0a8)4RITN)E(TD)

DIMENSTON TOPW{2) sCNURAY v AREA(Z) ASTATNI2) oL (234 [ICH (23S aSNL (20
COMMONY QeSTaNCAALSFC Y 3aTAHeaP TOPWsCOAFFASSTATN Gt

COMMON ZSTA W ZWS e 7ZNPTHeZTORP e 2AR ¢ ZCN G ACARE s ACYNL « SLLPL +SI PR
COMMON Ry E aNT v ALFALUPDWN N s NS aNMGT] aNST2aNSToNDST e ¥SoMRECZALF STT
COMMON TFRRA TN IS eNFOTHe ST eSNeXF Lo SFCAMFCoICTsSNC e

NT=11

REAN(AN2C 1) ALFAHPNAINGSIT

FOPMAT {BF10.3})

IF(UPAYNYISC b aSh

CALLL #x1T7

READ AN 2NZINSaNDGNFCWNST] «NST2WNCE

FOPHMAT (HI5%)

READ (AN 201 {ST(ISYs [5=]1NS)

DO 15 10=1NQ

REAN(AD«2L]) SOLTINYNE1N)

DO 2% TC=1NFC

REAN{AD«2MIISFCIICI W (XFCITIC e n )= 4}

TEINCCY el e

00 31 NC=1«NCC

PEAD (AN 203ISMCIMNC) o {ICC(NCa ) o 051 5)

FORMAT{FI0,3+101%)

NST=NST?2=N5T]

NOST=HST + 1

RETURY
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~n311
r3i
tr 313
. 31a
3]
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HAREE I A
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32
IO Y
AT
BT ey 41
C RPN
(ORI Vgt
LR 7
1374
TP
3N
0331
1332
333
133y
¥ 1335
11334
Cr33y
SR L
¢33
Ny a0l
134
DT T
{7343
PR L Y48
f 345
34k
e T
MRS
HERR TS
HEEE LT
S35l
A
59353
85354
3355
31356
- Ais7
0NnasA
u; 5N
RT3
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Nala?
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SUARMNITIME WSCHR(IMNFE X 4 DFPTHeY 3a T o AP eFCaTNPRPW«CO e ARFALCRELI VealCre ]

1ALFAALF )

DIMEFNSTOM Y3{24506) e T (PaG0a5) s AP (PaRNe3) oFC{5) 0 ICM {252

DIMENSTON ARPR{IS) «VF (5)
WS=NE2TH+Y 3]« THDFX)

DD 1 w=pP«IMIFX

IF{wS=y3(TekK}1]liwllell

CONTTHUE

S57no
FATTIO=(WS=Y3{T K1 /(Y LaK=]11=YI(T ek}
TOPwW=n_10

co=t,.n

ARF A=A N

DY 2. J=1.5

TF(CREL V+3uGR,NEINI AP ealea]

[F (WS=CRFLV) 434347

IF(ICrtTedd)YaindaDaa?

TFIFCE Y1421

TEITWITaRK=1ed)}&4N4b}e?P?

TRz (T (T oK=1a ) =T (Tare ) 1 #RATIN+TW{Tarvel)
AR=(TR+Tw(laKed)) /2, #lAS=YI{T K} )
IF{K=TRNNEXYP2 3?4024

M=TNDE ¥ =]

NO 3L 1+ =K aM

ARZAR+ (Tw{Toelod)+TW({Fell¢lad) /72,0203 {Tal)=Y3(TeL+1l1)
COMTINUE
Wp:(AD(IQK"IJJ)-Ap(IQKQJ))*QATrq‘ﬁDfIl'(oJ)
ARP () = AR

TAOW=TNPwW+TP

ARFA=ADEA+AR

IFIFC U IIR] «52.52

N=AR/To

FN=1,5013=1,0Ra7170+%,430G]179%#D242=0_1264972%Nas3+( 01710958024~

1 0.0n121A418D%25+3,3000n3411994#0%8A
CO=CO+) J4RBE(ARBR (S V7 /3,0) /WP (2, 0/3.0)/FM
GO TO 25

CO=C0+] unpB{ARRR {6 /3,00 /WPRH(2,0/3.M)) 2FC ()
FN=FCt )

VELIY = {ARR I N /WP #(2,0/3,001) 7F0
GO T0 20

ARPR( =040

VELJy=0.0

CONTINYIE

IF(ALFAY 2842777

Arl=N.n

AVF) =0, 0

Avz=r.n

O 2»M r:]-':;

AR AR +ARR ()
AVEL=VEL () #43,0%ARP (. 1) +AVEL
AVER=SVF (J)®aRRK{J) + 4V
ALF=AVFL#AR#AK] / (AVRSFAVRZAVR)

GO 70 29

ALF=ALFA

RETURN

END

SURRAUTIMNE RCINT(STATMCRELVsJCM)

NDIMENSTON R4 aST{2 ) aNCAAL (A sFCHLEY s XFC{Z2045) « SN (40 «SFC{20)

DIMFNSTON Y3(2430)1 0 AR (245045« TW{2.5069)aR(T0IF (7N}

3T
tit A7
AN I
1174
L AT
AT A
7T
G dlA
A3y
BREal
TR
e
~ 3= d
S3Ha
RN
AR Eela!
CTANT
CoRA
7 3RY
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1yl
3972
o193
g, 194
A IYS
[T RCER I ¥ o)
Jrg7
Ny 3M
a0 309
vaaly
Arat T
N56n7
SRV
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07405
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Qaa0R
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J,62n
Lna2y
g
w4l
Oha 3l

T

Fogi e, BEVS: B

[ad3

o




370
w2
I6A

164

¢

[#% SIS V)

OO0 TFOO000

DIFNSTON T()Pw{?)oCﬂrP)-AF?FTMP.!.-QQ‘%-TQ\J'?P!cLL.(F:‘l-ﬂLF'FtTH

DIMFRSTON TCCIPNG) «SNC{2M) «STATMIP2)Y s CRELY (2) « JCC L2 a5

COMMON Qe o NCAALGFCAaY1aTHeAP. TOPW«CNa AREA«STATN G

COMmN ZSTAqZW,c'n?DDTH-?Tﬂp‘7&5207(:“0 %CADFCACan_!SLDLQq, =

COMMOMN el sNT s ALF AP WNeMND e NS e ST e NSTR NS T o NOST e WS e PF e ZALF «STT

COMMON TERRP e IN A IS eNIFATHa ST e SN e XFC e SFCaNFCQ [CCeSNCaNrr

FORMAT (1HOIRHINARLF TN COMVERGFE AFTER 20 JTFRATIONS)

FARMAT (1HG184NERPTH DT NF RANGF)

FORMAT (1M« THNFRTH =eFA A7/ 1k «204TTFRATTON INTFRVAL =.13/1H
ASINTERROLATION THCREMENT =aF10,271H «23HPFACH ROATTAM SLOPE =.
F15.7710 JPBHDISTANGE FROM LAST STATION =eF10.3/1R JH1HTOP WwIDTH

= F15.7/1H4 + IPHCONVFEYANCE =4FE18,7/1F sAHARFA =+F 15,7}

FORUAT (1HO 9 ATHSUPFR~-CRITICALL FLOW AT A DISTAMOCF OF «F 1 "4 3
1AH PAST LAST STATINNZIH <1IHTAR wiDTH =4E13,A«TH ARFA =4F ] 1.R,
13H CONVEYAMCE =2F13,.A)

LLi=LL Dy

LL”=LL 1 2)

DETFRUMINE RFEACH CNNTYR0I1 NDATA

REACH=ARS (STATM{]1)=STATN(Z2))
MIT=RFACH/SIT+N, 5

FRTT=NHIT

NX=REACH/FNTT
TFIPOWNIE32e532.517
SLOPE=(Y3[2+L1.2Y=Y3{1a1.L1)Y)/REACH
no TH 534

SLOPE=(Y3I(]«LLI)=Y3( aLL2Y)/RFACH

FNTER TTERATION PROCFSS FOR THIS PFACH

N 55 w=1«NIT
Icmyy=n
START=FLNAT (M )upX
IFBENyYN)Elel2e12
START =4 TART=DX%
YSTRT=NFPTH

[50=4

CHECK FOR FEXCFSS NUMIER NF TTERATIONS

ICAT=1CONITH ]
IFIICOUT=20)6R4RR 964
My=q

ERROR NISCOVEREN = PRIMT NATA TN THIS POINT WITH PFRTINENT JATA

G0 TO(142) oMD

WRTTF {A]l«970)

GO TO 1

WRITF (a1 4902) .

WRITFIRL «968INEPTH M DX o SLOPE «START < XTNPW e XCO 9 XAR
[EmR=?

RETURN

CALCULATE THITIAL AND FNDING STATION TaR ATDTHS, AREAS AHD
COMVEYANCES FOR [INTERMFDIATE PAOINT ralctiLaTIONS

NG @90 I=1.2

CHECK FOR ALLOWABLE RANGE OF DEPTH

el
Mg 34
AT b
PR T
r~aid
wagy Am
VLA
oty
AT
TG
Vg3
Mo4ah
Trads
D abh
il
ShaH

Yo

-

=2 S

ATy
taS]
N2
r- f’_qr_)B
tng9a
G455
nrash
,as7
2Thg5A
¢iasy9
Grany
faabl
Jahkh?
widh3
O 4aba
NALhY
I4bh
HRTNY)
ALhA
ALY
Y/ A
ana7l
u]a72
6417
Loals
unaTs
I04T6H
Onat?
477
nraly
LR
el
uiass
a8
Y1
G a"5S
0N4Rk
a7
NnaAR
C{any
GraSe
iaaq]
0n4a9’
AR |
NrL94

o~



™MD

224

225

2e6

21
554

555

o NeNe NYIRT)

- AC5-9 -
TRDOFX = L LT)
IF(NEPTH) 44«44 045
IF{(DFOTH+YI3{T«IMDF XY Y=Y 3 (Tal Vb ebaratey
M= 2
GO TN A1)

CALL wSCH(LL{I) «NDFPTHeY 34T AP JFCAaTNPRPWLIYCN(TY A FA{T)

1CRELVIT)I v JCCoTeALFACALFF(T))
CONTINUE

FIND TP WINTHs ARFA AND COMVFYANCE AT INTERMFOIATFE PNINT

AXTNP 4= (TOPW({Z2)=TOPW (1)) /REACH#START+TOPwW (1)
XAR= (ADFA{(Z2I=ARFEA(]l} ) /REACH®START+APEA(] )
XCO=(CO{2Y=CNU1) ) /REACHRESTART+MA (1)
XALF={ALFF(2)=ALFF (1Y) /REACH®START+ALFF (1)

CaLCULATE SLOPE AT TwIS DEPTH

SE=(N(10) /XCQ) #e2

FRODZ= (XALF#0(T10) #2284 XTNPW) /37, 2/ KAR/XAR/ X AR
IF(FRNIN2-1.0)2264+225.225

SLAPZ= (=] D5STON(1.0aURDWNY Y (31 NPF=SE) /(] ,0-FROD?)
GO TO 226

FRAN2=0.01

WRITE (41 «966)ISTART +XTNRWXaR XN

GO TO 224

IF(I6N119419.21

SAVE CALCULATED SLOPE OF FIRST TTERATION

SLNP1I=5LOP2

I50=1
CALCULATE NEW DEPTH

TEMP=S| OR 7
DEPTH=YSTRT+ (SLOP1+SLOP2) /2, 0%#0X

GO TO &R :

IF (ABS (TEMP=SLOP2)=0.220001) 555.555.556
TEMP=5t 0P2

NEPTH=YSTRT+ (SLOP1+SI.NP2) /2,0%NX

6O TO 43

IF (UPDWN)I 44545
XTOPW=(TOPW(2)=TOPW (1)) /REACH#(START «NX) +TOPW (1)

XAR= (AREA(2)=AREA (1)) /REACH®(START+NX) +AREA (])
XCA=(CO(2Y=CO1I Y /RFACH® (START +DX) +C0O(]) _
XALF=(ALFF(2)=ALFF (1)) /REACH® (START+DX) +ALFF (1)

WSS {YI(2¢LL21=Y3 (1ol L 1)) /REACH#(M#NX)+Y3 (el L]} +DFPTH
CONTINUE

FIMD WATER STAGE AT FNNING STATTION FOR THIS DFPTH
WS=DEPTHs+Y3(2+LL2)
TRAMNSFFR ENDING STATTON pATA TO INITIAL STATION_

STATN(1)=STATN(Z2)
CRELV(1)=CRELV(2)
LLE1Yy=t L E2)
INDEX=| L (2}

DO 65 w=14INDFX
YI(1eK)=YI(2eK)

DR LY
ONPARTS
0rav7?
J g
Up“w;
Crege
hrong
052
NASGY
AnEQa
917505
greds
0asQ7
Nrs08
eSO
nas1e
VR
neg12
15513
BIs14
01815
ArS16
TaglT
RAST A
Jgusly
npe 2R
01521
839522
(n523
"R824
01525
0n525
o527
NS 2%
ons24
00533
625131
nn532
0533
ans3a
{(n5 39
0nsi6
ongiy
ins38 |
6539

0ns4a(

Nusal

DSLe
0nS43

tne44

(1545

NS46

nos4’v

nnssn

0n569

ansse

04551

01552

0n583

nessSse

06555 |
11556




DD 65 “=1e5H

AP{laK MI=AP (P oeK M)
TA(l K MISTW (2 4KaM)
CONTINIE

N AA A=] 45
JCC{la)=JCC(2eM)
CONTIMNIIE

CALCULATE AREA AND VOLUME HETWFFEN STATINONS

SRFAR=(ZTOP«XTNPWY /P, "¢ ARS(STATH{?21=STATM( 1)) 7435A0.0
VOLUM= (ZAR+XARY /2, n#A3S(STATM(2)Y=S5TATM( 1)) /43540 ,0

STATM(1)=STATI(2)

- AC5-10 -

STOLE CALCULATER DATA AT THIS STAT[IOM

Z5TA =STATH{(2)
WS =WS

ZNPTH =NERTH
2TNP =XTOPW
AR =X AR

7Cn =XCO
ZALF=xALF

ACVOL =ACYOL +VOL UM
ACAPF =ACARE +SPFAR
[FRR=]

RETURN

EMD

nrS37
: 1858
Ars5Y
frsal
TRETY]
ArSéH2
g 56a3
10564
(i NS A
"L RAA
LiSeT
3568
Ui h
85373

157
LY

2573
rns7a
G305575
G576
nysT7?
0ns78
Ongs79
0r=890
0nsAal
ans8z2
39581
0rSA4
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APPENDIX 6: EO71 - COMPUTER PROGRAM
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0SY V3.3 - 4S50S V5,0 09/08,75

CEOT

301
g2
299

[eNeoNe!

e NgRe] OO0

10

OO0

T4

76
75
iz

i3
- 31

DECK/ 1=01L
PROGRAM WSPRF
DIMENSTION QUa0) +S5T(20) +NCAALIE) oFC(SYoXFC(2045)45N140)SFC(20)
DIMENSTION Y3{(2+4S50) AP (245045 ) «TW(Z2,50S)+R{TO)+F(TD)
DIMENSTION TOPW(2)+CN(Z2Y«ARFAIZ «STATN(2)sLL(2)
DIMENSTON ISTA(LS) «STATM(2) +CRELV(2) 2 JdCC(249) 4 ICC(2045)«SNC(Z20)
DIMENSTION TRUF (125)+TA{20)
COMMON QeSTsNCAALFCaY3IeTWeAP TAPWCOWARFA«STATN Gt |
COMMON 1A
COMMON RIESNT o ALFAGUPDWNeNDaNSaNST] aNST2eNST o NOST « WS «HRE
COMMON TERReIQeISsNEPTHaIST oSN XFC e SFCoNFCaICC+ SN o N
EQUIVALENCE (ZSTA«TA(L) Y o {ZWSe A o (7DPTHSTAIS) )« (7TNRsTA(T) )
1 (ZARSTA(D)I Y0 (ZC0+TA{11) 1+ (ACARF «TA(I ) o (ACYOLeIACIS)

2 v (SLPL«TA(LIT)I I o (SLPR.TA(19))

FORMAT (1HO« 1 2HDISCHARGFE = +F10G.1)

FORMAT (1HD+26HROUGHNFSS COEFFICTENTS =4SF10.3)
CALL LOCATE (404R84MMM)

WRITF (40)MMM

CALL ODPENIIBIIF+40s2Ne6)

IREC=1

READ WATER SURFACE PROFILE CONTROL NATA
CALL WSRED

LOOP FAOR EACH STAGF
DO 30 1S=1..NS

SET DISCHARGE AND FRICTION COEFFICIFNTS AT INITIAL STATION

N 10 1=1.+5
FCLN=XFC(1+J)
JCCle=ICcC(le)
JCC(2eN=ICC(Ye))
CONT INIE

[0=1

READ INITIAL SECTION DATA AND PRINT HEADINGS

REWIND NT
READ (NTINCAAL

DETER4INE IF TAPE TN RE READ UPSTREAM OR DOWNSTREAM

IFLUPNWNYT4+75475

NTAR=NST2~1

DO 76 w=]+NTAP

READ(MT)

CONTINHE

G 70 R’1

IFINST1=1)1814+81482

NTAP=NST] -1

DO B3 K=1+NTAP

READ(NT)

CONTINHE ,
HEAD INTISTATN(L) s STATML{1) s CRELV (1) e NRES (R(TVsF{(I)sI=]1NRE}YsLL]1
TOYZ(1sKY a (TW{LoKoM) s AP (] eKoeM) sM=]la5) oK=1sLL1)
WS=SI(TS)

LL{1Y =L}

CALL WsTaP

nnapol
0n0o2
ocno3
00004
000G5
0g006
0c007
0co0A
D00ov
ganln
tnnll
oeple
AnOl3
onlsa
cnnl1s
opo0l16
onnl?
gtynla
05019
00n20
gon2il
Onp27
Nn023
03024
00625
Pnnzé6
ao027
ang2n
00029
02030
ggn3l
onnle
onni3
0nola
00035
00036
0n07
00038
000139
Vogal
80041
0np4a’
0ngal
Dp04us
00045
B004b
Cooat
00048
00049
00050
onpS1
00052
00053
00054
00055
0n0S6
0n0s7
00058
00059
00060



OO0

OO D=0 0D
£

s NeNe]

388

OO O0OnN

e NeEe]

’e
T8

oy

JFC=2 - ACe-2 -

KCC=2

TRANSFFR TO BOTTOM OF LOOP [F FRROR PRESENT

GO TO(14e3C)eTERR

DETERMINE SECTION INTERCEPTS FOR INTTIAL STATION

CALL SCINT(WSsNRE«RWFSLPL s SLPR )

DETERMINE SECTION CHARACTERISTICS FAR INITTAL STATION

CALL WSCHRILL(LI)Y eNEPTHY 3o TWa AP «FC72TOPZC09ZARSCRFLV (11 +JCCe1)
PRINT AND STORE INITIAL STATION DATA

CALL STAT(ZSTA.ISTA)

WRITE(AL+3ARR) ISTAZWS o 7DPTHZTNP s ZAR Y 2COsACARF vACYOL+SLPLWSLPR
FORMAT(1H04 1581 42FR.24SFE13.A92F12.5)

IRFC=IREC+]

CALL DPUT(IRUFsIREC«14)}

ENTER ITERATION PROCESS FOR THIS CHANNFL

LOOP FNP EACH STATION
DO 46 [ST=14NST
ENTER INTERPOLATION AND ITERATION PROCFSS FOP THIS STaTION

IF{UPDWN) 7T+ 7878

DO By M=le2

BACKSPACE NT

CONTINUE
READ(NT)ISTATNA{2)sSTATM{2) sCRELV (2} +NRES (R{TYaE(T) s I=) o NRE) oLLZ
JUVY3(24K) s (TWI24KaMY g AP (20K M) s M1 +T) o K=14L L 2)

LLi2)y=LL2

DETERMINE IF CHANNEL DESIGNATION TO BE CHANGEN AT THIS STATION

IF{KCC=NCC)a2+ra2+46

IF (ARS{SNC(KCC)=STATN(Z2))1=0.01)43+43 046
DO 45 J=145

JCC L2« JY=ICC(KCC.))

CONTINUE

KCC=KCC+1

CALL RCINTI(STATMWCRELVJCC)H

GO TO(949+30) «1ERR

CALCULATE SECTION INTERCEPTS AT THIS WATER SURFACE

CALL SCINT(WSeNRE+R+E«SLPLSLPR)

CALL STAT(ZSTA +ISTA)
NRITE(AI»?BR)ISTAoZW%-ZDPTH.ZTOP-ZAP~ZCO-ACARF-ACVOL9ﬁLPLoSLPP
IREC=IREC+]

CalLL DPUT(IRUF+IREC.1A)

DETERMINE IF NISCHARGE IS5 TO BE CHANGEN AT THIS STATINN

IF(IN«)1=NQ) 2121912

Gposel
onp6s
0nnAa3
0nehy
nnnes
0o6A
nngR7
0cnAA
Coge9
orn70
onoil
gno7e
a0l
Ounta
0ng75
o075
ongTy
0n078|

00074
0a0R0
0o081
Oooﬂq
00083

006384
0nQRS

00104
00109
00104
0,107
00104
00109
00110




40
30

201

994

11

S

0

. - AC6-3 -
IF(ABS(SQ(IQ+1}=STATM(11)=0.01)11e11012
[a=1q+]
WRITF (/1301001

DETERMINE [F FRICTINN COEFFICIENTS TO RE CHANGED AT THIS STATION

IF(JFC=NFC}Y22+22+40
IF(ABS(SFCIJFC)=STATN{]1)1=0.01)13+13e40
DO 15 .J=1+5

FCUU)=XFCU{JFCa )}

CONTINLIE

JFC=JFC+1

WRITE(AR14302)FC

CONTINUE

CONTINIE

CALL DCLOS(IBUF)
READ(60+201) IPLOT «HSCAL ¢ VSCAL

FORMAT {1S+5Xe2F10,3)

IFIIPLOTI 99949994938

CALL PLOTS{(0+0+0) .

CALL WSPLT(NOSTeNCAAL +HSCAL »VSCAL «UPDWN)
CALL PLOT(0.0+0,0+999)

GO TO 999

EMD

SUBROUTINE SCINT (WSeMsRWE«SLPLT+SLPRT)
DIMENSION RU1YSE{])

DO 10 K=1«N

IF (WS=F(K})10elle12

CONTINUE

SLPLT=0.0

GO TO 20

SLPLT=p (K}

GO TO 20

SLPLT=R(K=1) +({E(K=]1)=WS) /(E(K=1)=E(K) )} E(R{K}=R{K=1))
DD 30 K=1eN

L=N=-K+]

IF{WS=F{L))30+31432

CONTINGE

SLPRT=0.0

G0 TO 99

SLPRT=R (L)

GO TO 99

SLPRT=R (L) + (WS=E(L)} 7 E(L+1)=E(L) o (R(L+1)=R(L))
RETURN

END

SURROUTINE WSPLT(NOSTWNCAALSs HSCAL « VSCAL s UPHWN)

DIMENSTON ISTA(15) +NCAAL (6)

DIMENSION IBUF(125)4TA(20)«MSG(11)

DIMENSTON LCHAR(32)IPLI(IS)YsIPL2(TY

DATA ((IPLLCI)»I=1eS)=4HELEVe4HATIO«4HN INe4H FEE+4HT )

DATA(CIPL2(I) eIzl o7 ) =4HWATE s4HR SU4HRFAC4HE PR44HOFTL«4HE FO.
LHR )

DATA (MSG=41HSET PEN ON PLAIN PAPER AGAINST RIGHT STOP}

EQUIVALENCE (STAsIA(]))e(WSeIA() )4 (DEPTHIAIS))

FORMAT (1HL+S9HPROFILE wiLL NOT FIT IN 27 INCHES WITH GIVEN VERTICA
1L SCALE)

CALL FACTOR(0.5)
CALL DOPEN(IBUF 4404204+8)

DETERMINE MAXIMUM AND MINIMUM STATION VALUES

01123
o124«
H012%
on126
00127
0n128
fol129
023130
0n131
G0132
06133
"Nl 34
02135
00136
90137
0n138
00139
60140
0014l
00142
00143
Q0144
0n145
0n146
00147
00148
00149
30150
00151
00152
Cals3
00154
00155
An154
oni1s57
00158
tn159
00160
00161
Nn162
0n163
N0164
DAL6S
0166
on167
0016A
00169
ger70
00171
notv2
00173
0174
00175
Mn176
00177
0n178
00179
0018¢
gri181
001R2
001”3
00184



27

28

29

19
18
26
17

_y OO

12

YO0
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CALL DGET(IRUF 1T 8)
ST1=STa

CALL NGET(IBUF«NQST,TA)
STZ2=5Ta
IF(ST1-5T2127+28,78
SGM=1,0

GO TO P29

5GN=-1.,n

DETERMINE MAXIMUM aND MINIMUM AOTTNM ELEVATION AND WATER SURFACF

WSMXz=9999 ,0E30
WSMN=+G909G ,0E 30

DO 17 K=1«NOST

CALL DGET(IBUF+KasT &)
IF(WS=wSMX) 18418419

WSMX=WS
IF({WS=-DEPTH) -WSMN) 26417417
WSMN=WS~DEPTH

CONTINUE

DETERMINE IF PLOT WILL FIT ON PLOTTFR WITH GIVEN SCALFS

XMIN=TFIX (WSMN)=VSCAL
AMAXZTFIX {WSMX) «VSCA|
XINCH= (XMAX=XMTN) /VSCAL
IF(XINCH=-27.0110+10011
WRITE(615300)

GO TO 9999

POSITINN PENs PLOT AND LABEL ELEVATION AXIS

CALL SFTMSGI(]] «MS5G)

CaLL EPLOT(19+3.0+2.0)

CALL SCALE(140+1.0/VSCALs0.0+0.0)

CALL EGRID(1s0.0v0,0+VSCAL/2e0+TFIXIXINCH)Y®2)
CALL FPLOT(1+0.0+0.0)

CALL SCALE(‘-O!I.O’D-O!O-O)

Yy==1.,05

YV=XMIN=-VSCAL

N=XINCH+1]

DO 12 K=1sN

YV=YV+ySCAL

CALL PUTDCI(YVe2el CHARS])+6)

CALL ECHAR(=0+70+Y40e190.19040+L.CHARSH)
CONTINIIE

CALL A4AI(IPL1+1+SeLCHARWD)

CALL ECHAR(=0.9091.040.2904241.5707+LCHARS17)

PLOT AND LABEL STATION AXIS

CALL EPLOT(150.0+0.0)

CALL SCALE(1.0/HSCAL+1.0+sST1#SGN=0,54HSCAL+0.0)

D0 13 k=1sNOST :

CALL DGET(TRUF.KsIA)

CALL EPLOT{(2+STA%SGNe0.0)

CALL EPLOT(1sSTA®SGN+0,04)

CALL EPLOT(2sSTASGNe=0,04)

CALL STAT(STA  +(STA)

CALL ECHAR(STA2SGN+3.05#%HSCALs=1460+0e12+04151.5707+15TAs15)

NG 1HG
0N18A
6N1R7
0N1RA3
0n189q
00190
60191
No192
00153
00194
00195
09196
H0197
0198
00199
00200
00201
00202
0n203
00204
00205
00206
06207
00208
00209
00210
0nzll
00212
00213
00214
o215
00216
00217
00218
0g219y
onz220
00221
no222
00223]
00224
00225
00226
anz2eTv
0022%
00229
00230
0n23l
00232
00233
00234
00235
00236
0n237
00234
00239
00240
an241
92462
00243
00244
00245
np2aeb




13

Lo I N |

[ N A )

Is

35
16

10

1999

104

'S
2

100

0l

CALL FPLOT(1+STA%SGN+G.0) - AC6-5 -

CONT INIJE

CALL A4AL(IPLZels7sLCHARGT)

CALL MOVE(NCAAL ¢« 1 +Hh 4| CHAR2T}

CALL FCHAR(STI#SGN+HSCAL+=2.00002+0.220.0+LCHARS32}

PLOT WATER SURFACE PROFILE

CALL EPLOT (1 «STI®SGN«1.0)

CALL SCALE(]l+a/HSCAL+1.0/VSCAL+STI®SGNXMIN)
NO 20 w=]4,NOST

CALL DGET({IRUF«KaTa)

IF(K=1124+24425

CALL FPLOT(1+STA®SGNWS)

CALL FPLOT(2+STARSGN.WS)

CALL PUTDC(WSe29.CHARS146)

CALL ECHAR(STA4SGN+Q,052HSCAL WS  +0 . 05%VSCAL 0, 10041415707
ILCHAR R}

CALL EPLNT(1+STA#SGN«WS)

CONTINUE

PLOT ROTTOM ELEVATION PROFILE

N3 30 w=1a4NOST

L=NOST-K+1]

CALL DGET(IBUF.L+IA)

IF{K=1334+34+35

CALL EPLOT(1+STA®SGN.WS =DEPTH )

GO TO 16

CALL DASLN{XSTAJXWS«XNP4STASSON,WS=NEPTH.0.25,HS5CAL)
CALL PUTDC(WS-DEPTH« 2+ LCHARs 1 +5)

CALL ECHAR(STA#SGN+N,S#HSCAL+WS =NEPTH =0 b5#VSCAl #DuloDale
| 1+5707+LCHAR+6)

ASTA=STA#SGN

XWS=WS

ADP=DEPTH

CONTIMUE

CALL FPLOT(1+ST2aSGN+ 3. 0#HSCAL « XMIN)

CALL EPLOT(999+0.0+0,0)

RETURN

EnD

SURRQOUTINE WSTAP

DIMENSTION QU&40) «ST(20) oNCAAL(B) JFCIS) o XFCL2045) 50040 SFC(20)
DIMENSTON Y3(2+¢501 480 (2+45045)eTW(2450+5)«R(T0)«E{7D)

DIMENSTON TOPW{2)+CO(2) «AREA(Z2Y+STATN(Z2)sLL(2)

COMMON QsST«NCAALSFCaY3IeTWeAP TOPW«COARFALSTATNGL 1

- COMMNN ZSTAWZWSsZDPTHZTOP s ZARWZCO4ACARE«ACVOL o SLPL ¢ SILPR

COMMON R-EoNT-ALFA-UPDWN.NO;Nb.NSTt.NSTZ-MST NOST « WSoNRE

COMMON TERR4INeISsDFPTHIST+SA«XFCoaSFCeNFC

FORMAT (1H1 «S1X9BA1//1H «33Xe11HNISCHARGE =4F9,042%

1 ISHINITIAL STAGE =sF6.2/1H0+43X222HROUGHNFSS COFEFFICTENTS)
FORMAT (1H +41Xe14HCLASSIFICATINNGTIZ23H = «F7,.4)

FORMAT {IHN ¢+ 18X «SHWATFR+ 14X+ 3HTNRP 30X 92 (13H ACCUMULATFD) »3X,

1 1RHSErTION INTERCEPTS/IH «6XsTHSTATION+SXe13HSTAGE NEFPTH«SX
2 SHWINTH+BX s 4HAREA+AY ¢ 24HCONVEYANCE SURFACE AREA«SXsAHVOLUME »
J BXHHLEFT«6X«SHRIGHT)

FORMAT (1HO <Y 7THINITIAL STAGE QOF JF7.7«27H RELOW ROTTOM ELEVATION OF
1 «F7.2)

FORMAT(IHO+1THINITIAL STAGE OF «F7.7¢23H AROVF TOP ELFVATION OF o
1F7.2)

LLl=LL ()

np>247
002 24R
or>249
0n>259
6nesl
ongse
01253
00754
an2s5
np~25h
0n>57
¢n~5A8
o0nr59
00268
6n261
0neh?z
0G2h3
0264
0Onr6hY
On266
onre7?
onP68
anre6env
00270
to271
onP72
00273
G274
nnr7TsS
0276
on277
0n278
o279
00280
gnz281
¢orR2
on7a3
00r84
61285
Ta2R6
0cr87
002BAR
0n>2R9
0n290
00291
0n292
0n~293
0nPo4
00295
0D~>936
0nrPI7
00298
¢n299
907300
00301
gc30?
00303
06304
00305
No106k
agnl07
00308


TORW.CO.AREA.STATN.il

201
Y]
50
202
10
20

30
203

- AC6-6 -
WRITE (A1 +304)NCAAL 2O (TIG) «WS
NO 23 }1JL=15
[IF(FC{)JLYI23+723024
WRITE (A1 25} JIL+FC (L)
CONTINUE
WRITE (A]l+22)

DETFRMINE IF INITIAL STAGE OUT OF RANGF

IFiWa=y3¢1sLLINITI1W11W12
WRITF (A1 +«900)WSeYI(1al LY}
[ERR=?

RETURN
IF(WS=Y3(1e1))14e14.15
WRITFE (ALl «901)WSeY3(Js1}
GO 10O 77

[ERR=]

FIND DEPTH AT INITIAL STATION
DEPTH=wWS-Y3(1+L L1}
DETERMINE SECTION CHARACTERISTINS a7 INITIAL STAGF

ZOPTH =DEPTH
Z5TA =STAT~ (1)
ZWS =WS
ACARE =
ACvoL =
RE TUR"
£rn

0.0
0.0

SURROUTINE WSRED

DIMENSTON QUa0)sST(Pr) aNCAAL (B) sFC(S) o XFC{2045)+5N 140V «SFC(20)
DIMENSION Y3(2+504AC{2s50+5) +sTW (245045 +R{T0)+F (70}
DIMENSTON TOPWIZ2)«aCN(2) s AREA(Z2) «STATNA(Z2) L L {2)«ICC{205)+SNC(20)
COMMON QeSTsNCAALsFCaY39sTWeAP TOPWsCOrAPEA+STATN |
COMMON ZSTAsZWS+ ZDPTHZTOP « ZARW7CO+ACARE +ACVOL « SLPL &S PR
COMMON R4EsNT s ALFALUPDWNeNGaNSINSTI aNSTZ2eNSTINNSTeWSaNRE
COMMON TERR s IQe ISDEPTH IST s SN XFCoSFC W NFC e ICC+SNCNCH
NT=11

READ (6D 201) ALFASUPDWN

FORMAT (RF10.3)

IF(UPDWNISO 604,50

CALL EXIT

READ (60 «202INSeNQeNFC o NSTL «NST24NCE

FORMAT(&]S)

READ(AQO201)YIST{IS) +I1S5=1+NS)

DO 1N 1Q=14N0

READ(ADZ201) SACIQ)+N(IQ)

DO 28 1C=1sNFC

READ (AN 201)SFCUICI s (XFC{ICJY s J=1+5)

IF(NCCYLlels2

DO 38 NC=14NCC

READ (A0 +203)SNCINC) « (ICCHINCsJ) s J=145)

FORMAT (F10.3+1015)

NST=NST2=-NST]

NOST=N5T+1

RETURN

g£nn

SUBROUTINE WSCHR(INDEXsDEPTHeY 1eTWe AP FCeTOPWCNWARFALCRELVJCC D

00309
ar310
ngalt

13317
n13
314
0r3ls
onile
on3tlvy
00731R
031y
gn3z2o
03321

aniz2
tniz23
Cn3l24
n“nI2S
00326
00327
0n328
00329
00330
0n331
in33?
00333
00334
n33s
an3is
8n1317
0n338
00339
00340
06341
00n34a2
00343
00344
09345
00346
0nl47
06344
0n349
80350
071351
na3ise
0n3is3
101354
an3ss
0Hh1356
00357
0013519
00353
onl6h
00361
06362
00363
00164
00365%
0nIR6
Doe7
0n168
001693
00370




0D e Y G

o N

70
02
68

54

DIMENSTION Y3{295010Td(295n-519A§?23§095)cFC!S)-JCF(ZoQI
WS=DEPTH+Y3 (14 INDEX) '
DO 10 k=24 INDEX

IF(WS~-Y3(T+X))10911411}

CONT TNOIE

STNP

RATIO= (WS=Y3{TsK)I I/ (Y3 (I gK=]1)=YT{]WK))
TOPW=0,0

CO=0,0

AREA=9,0

DO 20 =145

IF(CRFLV+9998,0E30)142+42+4]
[F(WS=CRELV)IA3+43+42

IF(JCC(Te))20e2064?

IF(FC(U1)IP1420.21

IF{TW(TeK=12aJ))120a20+72

TP=(TW (T sK=1e¢J)=TW{TeKaJI)HRATIN+TW ([ +Ks L)
AR (TP +TW I {T+Ka )} /2. 0% (WS=Y3([at))
IF(K=-INDEX) 234249124

M=TNDEX=1

DO 3N L=KaM

AR=AR+ (TW{Tal o 1 +TWLIToLele D72, 0%(YI(ToLI=YI(TsL+1))
CONTINIE

WP= (AP (1 sK=1 o ) =AP{f4Ke NI ERATIN+ARP ([ oK.}
TOPW=TOPW+TP

AREA=ARE A+AR

IFIFCUU) )51 +52+52

D=AR/TP

FN=145A13=1.08471#D+2,4901798D252-0,1249724D2#3+0,0173095%#Det4-

1 0.0012181#D#e5+0,000034]1)998Da#6
CO=CO+1,486%2 (AR®®(S5,0/3.0)/WPas(2,0/3,0))/FN
GG TQ 20
CO=CO*1.4R6%(ARRH(S,0/3,0) /WPe#(2,0/3.0))/FC(N
CONT INUE
RETURN
END

SURRAOUTINE RCINT(STATMICRELV+JCC)

DIMENSTION QU403 aST(20) oNCAAL(6)+FC(S) e XFC(2005) +SN(40)1SFC(20)
DIMENSTON ¥Y3(2+50) AP (2¢5045)sTW(2450+5)4R(70)E(T7TD)
DIMENSTON TOPW(2)«COIZ2)Y+AREA(2) «STATN(2) oLL (2) )
DIMENSION ICC(20¢5) oSNC(20) «STATM(21+CAFLV(2) +JCC (245

COMMON Qe STWNCAALFCaY e TWeAP TNOWCNIAREACSTATN ()

COMMON 7STAZWS 4 7DPTHGZTOR 4 7AR G ZENLACARE  ACVOL « SLPL +SIL PR
COMMON ReFEsNToALFA+UPDWNINRQsNSeNST] sNST2+NSTeNNSTWSMRE
COMMON TERRSINWISsNERPTHs ISTaSNXFCoSFCNFCaICC SN NOR
FORMAT (1HO 4 38HUNARLE TO CONVERGFE AFTER 20 ITERATINNS)
FORMAT (1HO 13HDEPTH QUT OF RANGFE)

FORMAT (1HO s THDEPTH =eF6e2/71H +20HITERATION INTERVAL =,13/1H »

I 2SHINTERPOLATION INCREMENT =+F10.2/1H «20HREACH ROTTNM SLOPE =,
2 E15.7/1H +2BHDISTANCE FROM LAST STATION =+F1043/1H +11HTOP WINTH

A=4F15.7/1H 1 12HCONVEYANCE =+E15.7/1H +6HARFA =+F15,7)
FORMAT {1HQ « 37THSUPER=CRITICAL FLOW AT A DISTANCE OF oF10e3s

1 18H PAST LAST STATINN/LH s1LHTOP WINDTH =9+F13.6¢7TH ARFA =9+E13.6¢

2 13H CONVEYANCE =+E173,6)
LLI=LL (D)
LLZ=LL (2}

DETERMINE RFACH CONTROL DATA

REACH=ABS (STATN(1)=STATN(2))
DX=REACH/10.0

00371
toiz72
00373
0374
on37s
0ni76
00377
onaTAa
0079
Qn3RY
0n3AR1
GO3R?
0a383
00384
gai8s
00386
00387
0n3AA
00389
00390
00391
00392
0p193
0n394
001395
0n396
o097
0n398
00399
00ad0
0nadl
00402
00403
G0404
0040s
00406
00407
00408
0n4ng
00410
No4ld
004l?
0p4l3d
0o4tla
00415
nnalbd
004l?
ors18
00419
00420
0na’zl
toacz?
00423
06424
00425
00476
02427
Gn42R
0ns29
004730
60411
Goald2



OO0 [SV Y]
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S
&£

+
L= >

OO0

OO0

224

22%

IF(1IPIWHM)5324532.533 - AC6-8 -
SLOPE=(Y3(2+LL2)=Y3(1sLL1)) /RFACH

60 TO 534
SLOPE=({Y3(1+LL11=YA(PeLL2)) /RFACH

ENTER ITERATION PROCFSS FOR THIS PFACH

NGO 55 M=].10
ICOUT=n
START=FLOAT(M I#DX
IF(UPDWNYL1+12412
START=START-NX
YSTRT=NEPTH

IGo=h

CHECK FOR EXCESS NUMIFR OF ITERATIONS

[COUT=TCOUT+1
IF(ICOUT-20)6R+6R+G89
MO=]

ERROR DISCOVERED - PRINT NATA T0O THIS POINT WITH PERTINENT DATA

GO TO(142) M0

WRITE {41970}

GO TO 3

WRITE (A14902)
WRITE(AL+96RIDEPTHIMaNN o« SLOPE «START«XTNPWeXCDe XAR
[ERR=2

RFETURM

CALCULATE INITIAL AND ENDING STATION TOP WIDTHS. AREAS AND
CONVEYANCES FOR INTEQMEDIATE POINT rALCULATIONS

DO 90 I=1.2
CHECK FOR ALLOWABLE PANGE OF DEPTH

INDEX=1_L (1)

IF{DEPTH) 44 444 445

IF((NEPTH+Y3(I+INDEX))=YI(Ta1l1)146046e44

MQO=p

GN 10 61

CALL WSCHRILL(IVY+DEPTH«Y3oTWs AP +FCosTOPWITL)Y+CNIT) «APFALT)
1CRELV T Y JCCe T

CONTINIJE

FIND TOP WIDTHe AREA AND CONVEYANCE AT INTERMEDIATE PnINT

XTOPW=(TOPW{2)-TOPW(1)) /REACH®START+TOPW (1)
XAR={AREA(2)=-AREA(1)) /REACH®#START+AREA(])
XCO=(CO(2)Y=CO(1))Y/REACH®START+CO(])

CALCULATE SLOPE AT THIS DEPTH

SE=((TQ) /XCO) #ap
FRODZ=(ALFA#QIIQ) #4223 XTOPW) /32 .P/XAR/XAR/XAR
IF(FRONZ=1.0)22442254225
SLOPZ2={=1.,0%#SIGNI1.0.UPDWN))I®#{S{ OPE=SE}Y/{1.0=FRODZ)
GO TO P26

FRANZ=0.01

WRITE(AL«+964)START + XTNPW e XAR+XCN

00433
LN AT
0n41s
UNg A
a7
0948
dna 1y
ONG 4D
Tnadsl
0nas/
Oradl
(L YANA
Onaas
NG4st
Noga?l
0n44an
0n449
004590
0n4asl
Noas?
00453
00454
Lnass
npasShH
00457
0n4ash
GnasS9
004646
00461
Onab’
0okl
Coabs
Nn465
00466
onubT7
00468
00469
0naTU
0natl
004712
00473
0GaTs
0p&a?s
0nalé
LT
00s78
90479
00480
0nuRdl
0nan?
dnaR’
Gnafa
0n&4RsS
0pans
W
0483
00489
00490
00691
0n4aa?
LR
00494

|



226

GO TO 224 - AC6-9 -

IFIIGD119+419421
SAVE CALCULATED SLOPF OF FIRST ITERATINN

SLOP1=SLOPZ
1GN=1]

CALCULATE NEW NEPTH

YLAST=DEPTH

DEPTH=YSTRT+ (SLOP1+SLOP2) F2.0%#NX

IF (ABS{YLAST=NEPTH)=3,00]11555+555+47

IF (11PNWN) 4545
XTORPW=(TOPWIZ2)=-TOPW (1)) /REACH®ISTART+DX) +TOPW(])
XAR=(ARPEA(2)Y-AREA (1)) /REACH®(START+NX) «AREA(])
XCO=(CO(2)=CO(1))Y/RFACH®(START+NX)+0O ()

WSZ (YA (24eLL2)=Y3(1aLL1})/RFACH®(MONX) +Y (1ot L1) +DFRPTH
CONTINIE

FIND WATER STAGE AT ENDING STATTIONM FOR THIS DFEPTH
WS=PRERTH+Y3(24.LL2)Y
TRANSFEFR ENDING STATION DATA T0 INITIAL STATION

STATN(1)Y=STATN(2)
CRELYV(1)=CRELV(2)
LL{l)=LL(2)
INDEX=| L {2}

D0 A5 K=1+INDFX
Y3[{leK1=Y3(2eK)

DO KS M=],5

AR (14K MY=ZAP{PeaK M)
TH{1eK MISTW(ZeKsM)
CONTINNIE

DO 66 M=1,5
JCC{1em)=JCC(24M)
CONTIMNUE

CALCULATE AREA AND VNLUME RETwEFN STATIONS
SRFAR={ZTOP+XTOPW) /2 ., A#ABS (STATM(2)~-STATM(1)) /435A0,0
VOLUM=z (ZAR+XAR) /2, 0#ABS{STATM(2)=STATM(1)) /43560.0
STATM(1)=STATM (2}

STORE CALCULATED DATA AT THIS STATION

Z5TaA =STATN (2}

ZWS =WS

ZNPTH =NFPTH

ZTop =XTOPW

ZAR =XAR

Zcn =XCH

ACVOL=ACVOL +VOLUM

ACAPE =ACARE +SRF AR
IEgR=1

RETURM

END

anass
046
Gng=7

Cna9”

0NLIY
0000

003501

06sn”
0503
0ns04
0rs50S
gos0h
00s07?
09=33
grsQy
nes13d
56511

onsle
06513
0nsl4s
ans15
23516
04517
0s513
06519
06520
44521

o0ns22
00523
39524
0525
L5226
Nnsa7
0cs528
nrs2y
00530
0r531
006532
onn33
0Ccs534
0GS3s
005136
0cs37
06533
04539
00s40
0nseal
065472
0,563
CO544s
0545
tnsah
0QSa?
0ns48
0rcuy
0nsso
6CSS1
06552
£e553
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ANNEX C: EXAMPLE OF EO71 OUTPUT
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