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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 profitle 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 equation and numerical technigue used to
integrate the gradually varied flow;

(4) to dcielop the computer programs for cross section computaticn
and backwater profile calculation;

(5) to exemplify numerically that different techniques used to perform
the subcross sectional area associated with the wetted perimeter
gives different conveyance 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 proceduré is based on the Bernoullis theorem for total
energy at each cross section and Manningsformula for the friction head loss
between cross sections. In the program, average friction siope for a reach
between two cross sections is determined in terms Of the average of the
conveyances at the two ends of the reach.

2. HYDRAULIC ELEMENTS OF FLOW CROSS SECTICN

In an open 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 some
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, j.e.,

Q=0 + 0 + 04 (1)



in which G, Qy, Qp, and 03 are the discharges in the entire channel, subchanneis
I, II, and III, respectively. Gtguation 1 can be rewritten as:

AV = A1V1 t AyVp + AqV4 (2)
in which A is the cross sectional area and also eauals Aj+Ap+Aq; where A7,
Az, A3 and V], Vo, U3 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 equation gives

2/3 2/3 2/3

Ay (/)72 sy tared B3 4 ag(ap) R = (A 4 mglagrPp) R e malay/p) T (3)
where P = Py + Py + Pqj in which Py, Py, and P3 are wetted perimeters of
subchannels 1, If, and III, respectively. The -gual condition in both sides
of equation 3 exists only if the following equivalent term of both sides are
equal, i.e.,

A/P = Ay/Py = By/Py = Ag/Py (4)
However, in practical application, Py, P,, P3 are assumed predeter-
mined values,and Ay, Ay and Aj are performed by dividing the channel along
vertical coordinates which are associated with the given wetted perimeters Py,
Pp and P3. The total area, Ay + A, + A3 obtained by any partitioning techni-
gue, is a constant value; but the result of using the vertical partitioning
technique may not satisfy the condition as given in equation 4. If equation
4 15 not considered, the results of the right hand side of equaticn 3 is
never less than the teft hand side.
Proof:

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

f is a postively homogeneous proper convex function, then

(2}
—

f{ATx] oo o) < aFlxg) + o+ fixg) (




whenever Ay > 0, ..., Ay > G.

The egquation 3 can be rewritten as

5/2 5/2 5/2
5/2 2/3
A 2/3 A7 Az 2/3 Ay \2/3
g PG T R (6)

The elements of equation 6 such as A, Ay, Ay, A3, P, Py, P2, and P3 are
all positive values, so each term of equation 6 is a positive function. The
wetted perimeters P, Py, P» and P3 are some predetermined values, but A, Ay,
Ao, and A3 are functions of fiow depth D, Dy, Dy, and D3 and multiple channel
width B, By, 32’ 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 left-

hand side of equation 6 gives

5/2 5/2
({CoDoB)™ %4273 . [10/3 (ggggl___)Z/a 10/3 (A )2/3 (8)

Based on Euler's Theorem on Homogeneous functions {Spiegel, 1963}, a
function f(X], Xos ooy X,) is called homogeneous of degree n if, for all
values of the parameter o and some constant n, we have the identity

f(DX1s szs tavs pxm) = an(x'l, X2’ “rey Xm)- (9)
5/2/P)2/3

the functions of (A1/ /?’})2/3

So the function of (A is a homogeneous function, similarily,

5/2
(028,03, and (A /

proved as homogeneous functions.

2/3
/P3) / can be

The results of first and second derivativeswith respect to D and B

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

(10)

a( )2/3 5/2 2/3 2/3 5/3
=2 (& s
3D "3



5/2
L S VE R TE & B2
SRRy | an
- G ) o8 2k
5/2
?(éﬁH 1213 Ly 5223 5 13
— =5 G ) (B7/D) (12}
302
5/2
2(§__ 23 512, s 173 -
) & (D°/B) (13)

Tne right-hand side of equations 10, 11, 12 and 13 are all greater than
zero, so the function (AS/Z/P)2/3 is a proper convex function. The functions
2/3 5/2 2/3 5/2 2/3
A?/Z/P]) / , (AZ/ /P2) ! and (A3/ /P3) / can be proved in a similar way

as proper convex functions. Therefore, each term of equation 6 is a positively

of {

homogeneous proper convex function.

According to the convex function theorem described,

then
YA 5/2 5/2 5/2 5/2 5/2

Al Ao A3,2/3 A1 \2/3 A" \2/3 A3 \2/3 ,
Lo— + A | p— ER Y + Aol— Ag =
( ]P] 2P2 3P3) < ‘](P] ) 2(P2 ) + 3(P3 ) (14)
Let the left-hand side egual to

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

1 A 1 A nahe 273 ‘

( ] "2 + 3 )2/3 - (M 1 + ARy 4 A3A3 ) / (15)

hg— e -
T 2P X3p3 g P

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

both sides are egual, i.e.

A5/2 5/2
i 1A
X — =
5/2 5/2
CAp R (17)

A2_ =

Py ~4P




KLY
3 . 233
"3y T TagP (18)

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

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

equation 15 yields

5/2 5/2 5/2 5/2
1 -[/ + )\2A2/ + A3A3 > (A]A] + )\2A2 + X3A3) (20)
combining equations 14, 15, 19 and 20 together gives
5/2 252 5/2 5/2
(A1A7 * *2A2 * A3A3) 53 2/3 2/3 A3\ 2/3
N5 23 < ay ) g (62 (el (21)
As the convex function theorem indicated, Ay,x2,A3 > 0, so let Ay = Xy =
A3 = 1/3, equation 21 yields
5/3 5/3 5/3
A5/3 AL . Ap N A3 (22)
P2/3 hl 2/3 2/3 2/3
Py P3
Multiplying a common factor of 1.486/n which was eliminated in equation 3,
back into equation 22 gives
1.486 A7, 1.486 LIS + ) (23)
BN Pz‘?;E P3

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 method is never less than that by the
SR method.

Conclusion 2. If the stages and discharges of a one-dimensicnal 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 c¢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 seasenal flcods
generally consists of a main channel and two side éhanne1s as shown in Figure
3. Henderson {1969) indicated 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 treat it as
a2 whole. The mean velocity in the main channel is greater than the mean
velocities in the side channels because the side channels are usuatly 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 ,A2/3 Az A Aq,A.2/3  A7,A7.2/3 As Ap.2/3. A 2/3
P RO 30T < LAY 220)% fahy (24)
11 2 Po ny P3

in which n is an equivalent roughness coefficient, N, Ny, and ny are
roughness coefficients of subsection channels I, IT. IIT, A=A;+Ap+A3 and
P=P]+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.

_ A3 (25)




If the conditions of eguation 25 are not considered, then equation 24
can be rewritten as
5/2, )5 5/2 5/2 5/2

1 YA 273 1 A2 273 1 A3 23 (26)
a5 ) iﬁﬁ—(ﬁ? Y. ﬁa{ﬁg') + n3(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

A?/z A5/2 o/e 2/3 Ay A5/2 2/3
(M + Az_&*__ + 33 3 )7 < A 1 )2/3 + xpf 2 )
pyny 2 pon3/ 2 a2~ ey’ Pon3’ 2
5/2
A3 2/3
+ a3 ) (27)
P3n3 %
Let the left-hand side of equation 27 equal
5/2 572 5/2
. / 5/2 A5/2 N A?/2+ oA / + 2ah /
(hqmr + AZAZ + A3—§—-—-)2/3= (- 2 § Vi 7 y2/3 (28)
Pim P2n2}2 P3ng/2 ag P

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

terms of both sides are =qual, i.e.,

1 1

Pini/2  agpn®? (29)
1 = ]

Pzn%/Z Ag pn>’ 2 (30)
1] |

Pan3/2 1, PR/ (31)



- 10 -

After summing equations 29, 30, 3 together

pynd! &+ Pon 32, pani/?
Rl "7 "3 (321
372 )

Ay =

w |

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 )
xlA]/ + kZAZ + K3A3 17(A1A1 + apho ¥ R3A3) (33)
Combining equations 27, 28, 32, and 33 together;
5/2 5/2
<\ — Ao\ e .7\3
2 3 [N | A
—(P1n3/2+ P2n3/2+ P3n§/2) piny/ pznz/ p3n§?2 34)

As the convex function theorem indicated, parameters Ay. rp and A3 can

be equal to 1/3, s0 pquation 34 is rewritten as

5/3 A5/3 A5/3 A2/3
—775.2/3 —~—273ﬂ —77 * (35)
(P1n1 + Pzng + P3n3/ ) n1P1 noPo n3P3

The left and right side of equation 35 are termed as homogeneous technigues
with roughness coefficient {HTR) and composite technique 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 channel 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
cons Ltruction material for side walls and channel bottom. According to this

assumption, Chow (1959) indicated the following relationship




-1 -

32 32 2/3
1213 2 (pynd P s bk e By (36)

3/2
Pn 5Ny

(

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

into equation 35 gives

5/3
RER + R RE »
< (26
2/ 3 Z
P mPr - ngP ngpdl”

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
hy - P1Ang _ (37)
P]n?/2+ P2n3/2+ Psng/2
3/2
Ay~ PaAgﬁz 72 32 (38)
P1n1 + P2n2 + P3n3
3/e
s - P3Ag?2 372, , 372 (39)
P]n] + Pong + P3n3

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

by thg 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. In this type of channel, a CTR method is more reliab1e
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 of
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 numbers of 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 gradualiy varied

flow is
Sg - St
dy _ (43)
X ] - u%zT
g

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

SU is the slope of the stream bed; Sf is the energy gradient; « is the
energy coefficient; and Q is the discharge; T is the top width of the channel
section; g is the acceleration due to gravity; and A is the cross-secticnal
area of the channel. When the Manning formula is used the energy siope is

nzv2

Sp = — (a1)
F22p"?

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

n2q2p4/3
dy _ 0 ~ ;.22 Al0/3 . (42)
dx _ aQZT -

1

g3
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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, n and T are functions of the depth of flow y and channel geometry.
So equation 42 is nenlinear. This nonlinear equation can be solved by
numerical procedure which is based on the iteration technique (Hitdebrand,
1956; Prasad, 1970). However, as indicated in the previous 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 Max1imum
Regular channels, flumes, spillways 1.10 1.15 1.20
Natural streams and torrents 1.15 1.30 1.50
Rivers under jce cover 1.20 1.50 2.00

River valleys, overfiooded 1.50 1.75 2.00

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

of o equaling 1 is gquite satisfactory in most cases.
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COMPUTER PROGRAM DESCRIPTLOMS
Three computer programs are involved in the backwater nrofile camrutats
First, the parameters of wetted perimeter and the top width in each reach i-
computed based on different stages. Second, the backwater profiie 15 comruted
by using an equal size of 2X assighment. Third, the backwater profile s

integrated by using an unequal size of aX.

1. EO70 - CHANNEL CROSS SECTION PERFORMANCE
The channel cross section performance was developed in a computer preograin
called EO70.

Input of Program:

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

(b) Elevation Limit and End of Slope (EL card): The maximum elevatian
1imit to which the end slopes of the canal are extended. [t should
be noted that the elevation Timit needs to be higher than the poessible
stage of computation. Two options are involved in this card. GpZion
1 is the siopes of both sides of the canal which are extended to the
end point of the section. The main purpose of this ootion is to
keep discharge in both floodplain and main channal. Ontion 2 1s wie
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 horizortal
extension of slope for each foot of elevation to the elevation lirit

is also required.




{c)

{e)
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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

[Epv 1}

n Five different coefficients are classified in this program:
Channel Station (ST card): The input of station is based on

feet because the distance between two stations is subtracted
from two stations' input. 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.
Range and Elevation: The cross sections may be oriented looking
either upstream or downstream since the program considers the
Jeft side to be the lowest range number and the right side the

highest. The inputs of range and elevation are in feet.

Qutput 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.

EQ81 - 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 1ntegrétion for circular conduits. Pickward

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



1o

700

polylogarithms and polynomials. coceo, Prasad {(19273F introduzed o
numerical solution based or a sirsle vadridly canverging oo,
However, no single method has been ftuund to be suitabile in Seutn

because of the flat slepes of the canals and Tow velocuity of ne
Therefore, a modification of iterative method as indicated in s
hydraulic elements of cross sectioms 15 used In tnis compuier prag: o

Due to several errors involved in the numerical solution, Shin {1975

a detailed description of six possibic errors which can make the nuee
solution meaningless. Therefore, the technique used in this integeat.
of backwater function should be anplied cérefu]]y. For erampla. althooo:
a better approximation of the backwater function is desirable in using

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

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

the accuracy of the finite difference calculations. woundoff erros oo

a random character, which makes it difficult to deal w.th., Ip tio v

the ranges of mesh size between 25" to 100' are sugegesied. The us.r
note that if a smaller mesh size is used a Jonger computer Lime 15 ¢
Therefore, the decision of mesh size net only depends upon the ol v
and computer time but also the size should be smaller than =il b

distance between two stations. For c.ample, i1 tho distance bulao

1

stations is only 50' then the mesh v shoutd be sinaller tnas 20

Input of Program:

Alfa = energy coefficient, dimensioniess constant,
UPDWN = Either upstream run or dosnstream run: dimensioniess con fie.
SIT = Mesh size for iterating mothd, in units of feet

NS = Number of stages. The maxinw value iz 20,

HFC Number of friction coeffivien:. to changs in vos i duadicg

i

frictign coefficionts. The cgcbmam manser is 04
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Position or tocation of station in run to start profile calculation.

NST1 =
NST2Z = Position or location of station in run to end profile calculation.
SI{IS) = 1Initial stages to be used in runs. IS is ranged from 1 to NS.
SQ{IQ) = Station value (in feet) at which discharge is to be changed.
10 is ranged from 1 to NQ.
Q(IQ) = 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 EQ70 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



- 18 -

water in unitsof feet.
Section Intercept at Right: Where 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. ED71 - BACKWATER COMPUTATION WITHGUT CONSIDERING THE MESH SIZE.
As mentioned in EOB1, a smaller mesh size is used and a longer 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 slightly

decreased, but a smaller computing time is expected.

EXAMPLES OF APPLICATION

Example 1: Simplte 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 sectiecn 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 trapezoidal subchannels. As
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mentioned in 2 previcus section, the values of A, P, Py, Pp and P3 can b
directly calcuiatec fram the record data. The values of A1, Ap and Ag
which can be obtained based on the condition given by equation 4 are equal
ta AP]/P, APE/P, and AP4/P, respectively. The results are shown as tnclined
dash-1ines 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 subchanneis.
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, let b equal
100" in the above example, and without considering the condition givan by
equation 4, the conveyance calculated by the SR method is 4943, and by the
MR method, it is 4378. The difference between the two methods is less than
1 percent.
Example 2: Water Surface Profile Computation in C-123:

A canal such as (-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 n
April, May, and July are shown in Table 1. The field data of stages and
discharges in those three studies are also used to illustrate the weter cuvlaun
profile calculation. The roughﬁess coefficient varies until the elevatioun 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. Therefare, 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 T1: 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 limits. Hence, the roughness coefficient
corputed based on the SR method does not distort the actual roughness
coefficient significantly. Second, if the approximate roughness coefficients
are known. then the upsiream elevation computed, based on the MR method, is
Tawer than the historical elevation difference by about 15%. However, Lased
on the SR method, it is only a 2% difference, which fs also within the 95%
statistical confidence 1imits. Hence, the SR method is more reliakle than

the MR method in this example of backwater nrofile 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.

XAMPLE 3: WATER SURFACE PROFILE IN C-24 CANAL
A canal such as C-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 Tower 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 congrete 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 HIR are
all equal to 6816. If an equivalent n=0.02 is used in.equation 35, the HTR
value is 6223. The difference between 6816 and 6223 is about 9 percent.
This result indicates that if an equivalent n value is not availabie in a
compound channel, but an assumption of the same mean velocity is used in the
entire channel, 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 line 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
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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 technigques were demonstrated, i.e.,
homogeneous technique (SR} and composite technigue (MR} for constant
roughness coefficient, homogeneous technigue for varied roughness coefficient
(HTR) and composite technique 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 velocity is assumed egual 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 priméry discharge because the results obtained from the MR or CTR methods are
not unigue. 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 unequal 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 velacities
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 E081 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 computed
based on the single section representation (SR) and multiple section
representations (MR) .

Stations Water Surface Elevation, M.S5.L. - Ft.
(from May 22, 13974 Aprit 24, 1974 July 25, 1974
downstream _SR_____ MR SR MR SR _ MR o
Ft.) 0.037°0.037 0.041 0.035 0.035 0.039 0.025 0.025 0,028
Q=590 cfts Q=630 <fs Q=1190 cfs
B11+50 6.75 6.75 6.75 7.03 7.03 7.03 9.96 .9.96 9.9
736+00 6.94 6.90 6.93 7.25 7.20 7.24 10.14 10.09 10.12
735+00 6.94 6.90 6£.93 7.25 7.20 7.24 10.14 10.09 10.12
308+00 8.39 8.06 8.3 4.85 8.49 §.78 11.450 11.09 11.34
= cts = cts = cts
307+00 8.39 3.8%0 8.31 8.85 3.?80 8.78 1.4 ?1.5 0 11.34
214+50 B.76 8.37 8.66 9.23 8.8 9.16 11.80 11.40 11.72
214+Q0 8.76 8.317 B.&% g.23 8.81 9.16 11.80 11.43 11.72
=310 ~¥s n=50 efs =1165 ofs
162+00 9.17 8.74 49.07 9.62 9.17 9.53 12.11 11.69 12.05
161+Q0 9.18 8.76 9.08 9.64 9,18 9.55 12,13 1.72 12.07
109400 9.33 8.90 9.24 9,78 9.32 9.70 12.28 11.86 12.23
108+00 9,33 B.30 9.24 5.78 9.33 9.71 12.28 11.86 12.23
57+00 9.40 8.97 9.32 9.86 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 9.45 9.02 9.37 9.91 9,45 9 84 12.41 11.99 12.37
0+62 9.45 9.02 9.37 4.9t 9.45 9.84 12,40 11.99 12.37
0+00 9.45 9.02 9.37 9.91 9.45 9.84 2.4 11,99 12,37
Record|Downstream &.75 7.03 9.96
Data Upstream §.43 9.86 12.39
Measured n value 0.0377 0.0341 0.0261

*Roughness 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, x{0°

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

ft. Sk WR SR MR SR MR
0.037 0.037 0.04) 0.035 0.035 0.039 0.025 0.025 0.028
AR 1,178 1.346 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  2.18% 2.457 2.230
307400 0.955 1.054 0.983 1.075 1.179 1.098  2.031 2.261 2.075
214450 0.826 0.910 0.851  0.927 1.019 0.952  1.765 1.961 1.807
2 14+00 0.699 0.752 0.711 0.795 0.851 0.805 1.625 1.737 1.616
62400 0.574 0.597 0.57h  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 1.302 1.786
109400 0.972 0.988 0.941 1.103 1.119 1.06k  2.214 2.273 2.130
108400 1,141 1,171 1.1k 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.L45 2.919 3.024 2.831
55450 1.510 1.544 1,467 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
0462 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 1.140 1.269 1.175 2.276 2.496 2.291

* Roughness coefficient uged to calculate the conveyance.
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Figqure 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 PRCFILE BASED ON HOMOGENEOUS TECHNINUE

WATER SURFACE PROFILE BASED ON
COMPOSITE TECHNIQUE
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o
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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 EOQ70

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

EO70

(BLDWS)

CENTRAL AND SOUTHERN FLORIDA
FLOOD CONTROL DISTRICT



- EG70-2 -

PROGRAM LIMITATIONS

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

3. Limit of 5 coefficient c¢lassification 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 distinect elevations.

NOTES: Error messages are printed and processing is discon-
tinued 1f 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

FEst. 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

Irisks - - 6100
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USER'S INFUT DESCRIFTION

MISCELLANEOUS 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 glven stationm, the "CL" card must
be placed between the "ST" card and the "RE'" card(s) for that station. All
YRE" 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

( .ncreasing 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 columng 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 coetfi-
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 Information

"CN" Card (Canal name card)

C.C. Symbo] Description
1-2 A "CNY
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 limit 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 on
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. Symbo1l Description
1-2 A “cL”
4 RJ Coefficient classification code

5-12 pI(11-12) 1]
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 DI(71-72) ]

]

]

13-19 DI§18-19)

28-34 DI(33-34) Ending range for the area of the
43-49  DI(48-49) ]........ section for which this coefficient
58-64 D1(63-63) ] applies.

73-79 01(78-79) ]

"ST" Card (Station Card)

C.C. Symbol Description

]_2 A "ST"
5-13 DI{(12-13) Station of section in feet.



"RE" Card

c.C.
i-2
5-13
2G-28
35-43
50-58
65-73

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

"EN" Card

C.C.

1-

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

(Range and

Symbol

A
DI(10-11)
DI({25-26)
DI({40-41
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elevation card)

[ T | N | I | S—) R} | O ) S Y T | T S_—

(End of data card)

Symbo]l

A

for this card.

Description
IIREII

Range of point at which elevation is

given.

Elevation of point for corresponding
above range.

Description
1] ENII
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APPENDIX 2: USERS MANUAL FOR E081

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

EQB1
(WSPRF)



PROGRAM L EMITATIONS

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.

REQUISITION FOR COMPUTER WORK

Category - - Production Run

Job Run No. - - EDS1

Input Tape - - ll=Assigned No. of tape from Job Run Neo. EQ70
Disks - - 56100

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
i card columns shown are:

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

card columns shown.
DP - I[ndicates that the number must have a decimal point indicated

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

Card Format Information

PARAMETER CARD

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

a 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

4-5 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 coefficients

1§8-20 RJ Position or location of station in run to start
profile calculation

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

profile calculation

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

INITIAL STAGES CARD(S)

C.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



51-00

61-70

Svmbol
——

DF

DF

op
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Description

Initial stages to be used in runs.

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

DISCHARGE CARD(S)

11-20

ROUGHNESS COEFFICIENT CARD(S)

Symbaol

DF

DP

C.C.

1-10

11-20

21-30

31-40

41-50

51-60

Note:

S ol

Dp

DP

DP

bp

DpP

Dp

Description

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

New discharge at the above station.

Description

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

New roughness coefficients at the above statiocn.
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)

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
downstream,
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PLOT CARD

c.C. Symbol Description

5 RJ Plot code
Blank or O - 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 EQ71

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

EQY1

(WSPRF)

The input used in this program is the same as E(81 except the columns from
21 to 30 in the first card is not considered. In other words, the same set
of E0B8l cards can be run in E07] because the data between columns 21 and 30

is automatically not used in ED71.

o
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APPENDIX 4: EO70 COMPUTER PROGRAM
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NECw / T=01.L
PROGRAM HBLDWS
NIMENSTON FIT0YaR{TOHYAKNADFE (T «KARN{TI) 4L (SeFHe?) a0 {GY
ATMENSTON ICONF (7)) « I -TALISYoNCAML AT s ISTH (IS« TPCK O
DATA ((KODE (T Y aT=1 a7 m2HSTa2HRE « 2HOM e ZHFNe AHE L o 21 « 2HCL Y
DATA ((ICODF LI l=1e7)1=T7{(B1) e {MT=11 e {(TC(IYeT=]eBV=2570))
DATA ((((CL{TaJaXK)aT=1a5) 0=l a ) eK=]e2¥=B0(0,0}) {12 K=1H )
FORMAT (1]« 17HILLEGAL CARD CNODFY
FORMATEIH] «STHSTATINN CARD ENCOUNTFEED wWwlTH nn PREVINDS CANal NAME
1 CARD)
FORMAT (1HL «£2HSTATIAN CARD FNCOINTFRED WiTh NO PRFVIMGS FLEVATINN
1LT™IT cARD)
FORMAT(IHD 10 TTHRE) o134 CHANNEL STATTNN =4 ]15%A) «2AH = FLOOD P ATN
ISTATINN =6 1581 «2X 10 (1H®))
FORMAT (1HG«3IHCRITICAL ELEVATIOM NNFS NOT ARPPLY)
FORMAT (1HN20HCRITICAL ELEVATINN =,Fh.?)
FORPUAT (IH]1 +66-PANGE ANMD FLEVATION ~ARD FNCOOUNTFRED wiTH NO RRFVIO
1S STATTOM CARD)
FORMAT (1HY 4 BSHRANGFE AND FEFVATION CARD FNCOUNTFRED WITH NO PREVIOD
1S COEFFICIFENT CLASSIFICATINN CARD)Y
FORMAT (1HNSSHALLOWAS{ F NUMHER OF DaNGF AND FLFVATENY POINTS FXCFFH
1DED)
FORMAT (1H]I «AHCANA|. «AAL}
FORMAT (1HO« 1 7HFLFYATION LIMIT =+F1ln,2)
FORMAT {1HD 4 1 HRANMGBRS FAR COEFFICTIENT CLASSTIFICATION NN o fl2epH =2
I 1H eaxaS(F9.28y1H=eF3,20lHesln)) ’

REAND NaTA CARD

REAND (AN 2NNIKARPD

FORMAT (ADAL)

CALL PACK(KARMDe 1P IPMK])
ISAVE =w

N 20 w=]147

IF(IPrk (1)=KONFE (K112742120
CONT [MYE

WHRITE(Al.300)

GO TO 9989

DETFRINE TYPE 0OF (Caeh

IF (M=t 4] ad2eoi]
K=T5A4AvF
GO TN(le21 30249541 a7) K

STATI- ' CARD

IFCICHANE (312240224277
WRITFiART.IND)

I T Quy
IF{ICOANE(5) Y28 4PR4A0
WRITF {/A]l.1n1}

G T 299

In0=1
FFLICANE (1Y) 2u et e 25
STATN=SGET(KAFRMN «B a1 37, 1)
DO P4 L=14s72?

IF KA (L) =TRLNE) P41 «240020]
COMT InHE

STAT“=5TATN

N TO P47

nannl
ornge
N LHE
LGroQa
0BG nsS
G000k
08007
Oannd
3400
Gynid
ftnn)l
nrnt2
31t 3
annla
nnnls
tholn
annl7
0nni=
crol
N2
naGel
eno2?
anne
060724y
GohH 25
000 ~H
fiap2?

(TR Re ™S
No0ay
frfna
NGk
06
grnaH
05,04
0ros.
ronsl
nros A
590579
00554
BRI
B NSA
nyns7
NngsA
gnnsyf
05050




L2l
242

. 250

251
252

253

254
25%

OG0 OO0 O0

N VRaRe N

12

11

34
33

36

OO

STATM=SOET (KARDelw 220,11}
DO 290 L=23.30
IFIKARNDILY=TBENK) 2514250251
CONTINUE

CRFELV==99343,.0F30

G TO P2S%2
CRELV=SGET(KAPD+23+30+0,01}
CALL STAT(STATN.ISTA)

CALL STAT{(STATM.ISTR}

WRITE (ALl +S00)VISTALISTH
IF(CDFLV+QQQ8.0E30)25302530254
WETTF(61e510)

GJ TN 3255

WRITE(ALWS11ICRELY
ICODE(1) =1

N=¢

6N TO 10

PRNOCFSS PRFVINUS STATION
CALCULATE GEOMETRY

CALL DFSCT(NeFeRGELIHMT«KODEL S

ROUTINF TO CHFCk FOR SECTION COVERAGE WwITH COFFFICIENT RANGLS

CALL CNFCH(R (1) +R(N)CL+IC)

CALCULATE SECTION CHAPACTERISTICS

- AC4-2 -

CALL SCHAR{N+EsReCLsIC+STATNsSTATM CRELV}

GO TO(244+30),160
RANGE AND ELEVATION CARD

IFCICONE(1)1)313]1+29
WRITE (A14304)

GO TO 999
IFCICONE(TYIIOL 6137
WRITE(61.305)

60 TO 999

N=N+]

M=N+&

MK ==Y

DO 33 L=NM

MK=MK +15
IF(L=Tn)11ellsl2
WRITF (ALl

GJY TN 9999
R{L)=SHET{KAPN¢MK=]1sMK+T740.001)
E(LI=SOHETIKARD MK +R MK+ 340,01)
IF{R{I.Y)Y33+434433
IF{(F(LY)Y33+435+33
CONTINUE

N=M

GO TN 36

N=L -1

ICONE(2) =1

GO TO 10

CANAL NAME CARD

ganneil
o6po6”
Orn63
0nnea
pnNes
0noha6
pone?
0n0AR
RAOHY
0nn70
gnn7l
0an7?
073
0n0T4
tnn7s
0076
0noT77?
0nn7Rh
onp79
Nnnso
0noAi
ONnnAz
0anA3
OnnRYG
0nnA/S
01086
0087
0noRA
onnRY
00090
onnal
00092
anpo93
0onN94a
nnges
00096
0n097
0p09A
0n099
00100
o101l
0n102
0e103
00104
0n105
00106
pn107
0n108
0p109
0n11lo
00111}
on112
11l
0otla
00115
Nn1ls
onpl7
enllA
o119
0n120
on121
on122



£ YO0

390

S0 B I

~ 00

52
51

S0

53

71

9999

300

302

il

10

CALL MAVE (KARDs6e114MCAALST) - AC4-3 -
WRITE (Al +SO1INCAAL

REWIMD NT

WRTITF (MT)NCAAL

ICODE (3) =1

GO TO 10

ExD OF DATA CARD

I1GNH=7

GO TO 25
END FILF NT
REWIND NT
GO TN 9999

ELEVATION LIMIT CARD

FLIMT=SGET{KARD S 130,001
KODEL=SGET(KARDs17+1741.0)
SL=SGET(KARD1R+25e1,4)
WRITE (A1 eS02)FLIMT
ICONE (=) =1

GO T 10

COFFFICIENT CLASSIFICATION CARD

[I1=SOFT(KAPDs4s&4alad)
ICtIE)Y=0

MK==9

DO 5C =15

MK =MK +15
RRI=SAFT(KARD«MK=1 MK +6+0,.1)
RR2=9GFT(KARDsMK+T7+MK+13+03a1)
IF(RRI151+452+51
IFIRR2151+453+51

MM=TC(T])+1

CL{TTemM4])=RP]
CL(IlsMa2)=RR2
IC(ITY=IC(TIIY+1

CONT INLIE

ICONE(7) =]

J=IC(11)

IFINN 101071
WQITF(&ln§O3)IIO((CL(II-MM-ID)QTD=1-2)QMM=10J)

GO TO 10
cAalLL. FxIT
END

SURRDUTINE COFCHIRLsRRCLWIC)
FNORMAT (1H0 120 (1H=) /)
FORMAT (1H +9AHRANGES FOR COEFFICIENT CLASSIFICATINNS ARE NOT CONTI

16U0US OR 00 NOT EXTEND REYOND SECTION LIMITS)

DIMENSTON CLIS+S¢2)+IC(5) +XR(5T)
N=1)

nog tn d=1+5

NC=IC () )

IF(NCYIOa1R 1}

DG 10 1=1.NC

XR{N+1y=CL(JeIel)
XR(N+2y=CL(Js T2}

N=N+2

CONTINLIE

por23
00124
0012%
pn12s
geryer
an1 24
oc129
011349
o131
0n137
0ny33
Dg134
00135
0ntis
on137
0011A
o139
Q0140
n914al
0n1az
0n143
06 1a4d
on1esS
anl146
00147
0nlasg
D149
0n15%
012151
03152
0n153
0n1%4a
00155
an1%6
00157
0n158
on159
0n160
potel
00167
gn1A~l
0ol164
6n165
on16a6
nn167
cn1AA
{n16h9
aM1 70
nnlll
ony7e
00173
on174
on17s
oni176
on177
o)A
no1ve
Gn1830
Gn1sl
fp1Aa2
0r133]
00184




&0
70
20
a0

5S¢

anyg

99

300
302
303
3ca
59

3¢S

il

12

Oy 3 0y =

CALL SORTI(NsXRs1) - AC4-4 -

IFIRL=XR(1))50,60440
IF{RR=XR(N))YTQ«T7059
[F{N=2)39,+99+20

K=N=1

D0 BRG T1=2«Ko2
IFIABS{AR({I)=XRI{[+]1}1)=0,01180¢80:59
CONT IHWIJE

GO TO 99

WRITE(41300)
WRITE(R14302)

WRITF {12301 {XR{I)eT=1sN)
FORMAT (1R +12F10.1)

WRTTF (41s300)

RETURM

ErD

SUHMROUTINE DFSCTINER+ELIMTWKNONEL «SL)

DIMENSTION ECLVaR{1) o XL ETO) oYL (T70) 4 XR(TNY2YR(TQ)
FOPMAT (1HOW2THINPUT RPANGES AND FLEVATIONS)

FORMAT (1HQ«36HSECTINN UN=-NDEFINED ON LEFT HAND SIDF)
FORMAT (1HUO«3THSECTINN UN=DNFFINFD ON RIGHT HAND SINE)
FORPMAT (1H0+ 134290 POINTS AROVE FLEVATINN LIMIT)

FORMAT (1HN«GOHALLNOWARLFE NUMBER OF oaNGF AND FLFVATINN POINTS EXCEE

1DED WITH ADDITION OF CALCULLATED POINTS)
FORMAT { 1H) «4DHRE~DEF INED SECTINN RANGES &ND F{FVATIONS)

SORT PNAINTS IM ASCEMDING ORDER RY RANGF
CALL SNRTZ2(N«RsE«1)}

PRINT INPUT RANGE ANN ELEVATION DATA
WRITE(AL«300)

NG 56 1=1N

WRITE(AL+IOLIR(TI)F(T)

CONT INUE

FORMAT (1H «2F10.2)

SORT PNIMTS IN ASCFNDING ORDER RY L EVATIOM

CALL SQRTZ2(N+E+Rs]}

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

L=0
M=

DO 19 1=1aN
IF(G([)=R{1)I111+11s17
L=t «]

XL(LYy=R(D)

YL(LY=F(T)

GO TO 10

M=M4+ ]

XR(M)I=R ()

YR{(MY=F(I)

CONTINIIE

DETFRMINE IF SECTIOM UN-DEFINED

IF(L=1113413s14
IF (M1 1541516

“n1AS
npi186
08137
0N )[R
00189
06139
00131
tny92
01933
G194
0ni3s
0n196
finy97
0n19A4
oAty
Qn>200
nnz0l
00202
RO TI
06204
0n20%
Nn206
0n207
on208
In209
cn?2l0
1”211
o212
10213
Gp2la
nn215
onrP1é6
Ngz217
onzl1A
0n21%
onz2eau
nnhz2)
npr2?
nne23l
on224
0n2725
ggP26
0pr227
gnp28
onz22y
an2390
nnP3l
on2132
00237
ne234
0”15
an236
onz37
Op213R
on>39
on>40
0nral
0nzarz
0n243
NQ244
V0245
03746



13

15

WD~ OOD
jo )

o

w
—

32
33

OO0 W

37
a9

WD

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

XL (L) =XL (L=1)=(FLIMT=YL(L=1))#St

YL (L)=FLIMT

GO TO 16

WRITF(AY«303)

M=

X2 (M) =xL (1) + (FLIMT=YI (1)) #5L

YR (M)=FLIMT

TEST FOR EXTENSION NF SLOPES ON FAR LEFT OFP RIGHT
IF (KODFLI 2929430
EXTEND SLNPES FROM FaR LEFT AND RIGHT

CALL SORT2(LeXLeY0La2)
IFAYL{L)Y=-ELIMT)I3132.32

L=t+1

YL (L) =FLIMT
XL(L)=XL(L'13-(ELIMT-YL(L'1))*SL-0.00I
CALL SNRTZ2{(MsaXRaYRs1}
[F(YR(M)=-FLIMT)33499.99

M=M+ ]
XQ(M1=XQ{M-1)*(ELIMT—#Q(M—])}*§L¢0.001
YR (My=c L [MT

K=L

J=M

GO0 TO 4

ELIMINATE POINTS TO LFFT NF HIGHEST ELEVATION ON IHS

K=0

DO 35 71=1.L
IFIXLIT)=XLI{LY)I35e36.36
K=K+1]

XU(KY=xL({I)

YLKy =YL (D)

CONT IMNE

ELIMINATE POINTS WITH FQUAL ELEVATTONS ON FAR LHS

CALL SNRTZ{KeXL YL +2)
IF(YL{K)=YL(K=11)3R+39,38
K=K=1

GO TO 7

FLIMINATE POINTS TO 2IGHT OF HIGHEST ELEVATION ON FAR RHS

J=0

DO 41 T=1+M
IF(XRIT)=XR({M) )42 42441
J=J+i

AR{JY=xXRP (I}

YR(JY=YR(I)

CONTINUE

ELIMINATE POINTS WITH FOUAL ELFVATINANS ON FAR RHS
CALL SOART2{JsXRs¥YR« 1D

IF(YR () =YR(J=1)1)19R 44498
J=J-1

ono47
QpP4LR
onrag
0n>250
rarslt’
no2s5°
in=>573
Nnzha
0n>255
0n756
507257
0n>5%A
00259
0n>6Q
0a761
00262
00263
0nz2ka
0nz65
0n26é
60767
0nP6E8
0nz69
00”70
0n271
onzre
00273
na>274
007275
na>76
on2t?
Nn>748
00279
0p2R0
on2R1
Onp82
gnpa3
nn>2as
0a7Aas
on>86
on=R7
0C”RA
00289
00290
0n291
nnp92
00,973
IN234%
00295
03296
0n2937
0gP293
00299
0on0o
0on30l
0o302
0n303
6n304
00305
gr0h
an3id7
0n30R




sl
il

W OO0

&0

GO TO 40 - AC4-6 -
L=K
M=)
G TO 30

TRUNCATE ANY AREA ARNVE ELEVATINN LIMIT ON BOTH SIDES

SORT PNINTS ON LHS IM RESCENDING ORNER RY RANGE AND RF-CALCULATE
POINTS ABOVE FLEVATINN LIMIT ON FAR LHS

L=x

IF(YL(L)=FLIMT)I 17417418

L=t.~-1

IF(YL(L)=FLIMT} 19417413

XLIL+1y=xL AL+ )+ (XL (LY=XLAL+LY )2 (YL (L#1}=FL IMTY/Z{YL{L+1)=YL (L))
YLIL+«)y sELIMT

L=l.+1

SORT PnINTS ON RHS Tr ASCENDING ORNDFR RY RANGE AND
POINTS ARNVE ELEVATINN LIMIT DN FAR RHS

M=}
[IFIYR(MY=FLIMT)Z2]1+21422
M=M=

IF(YR(MY=ELIMT)Z23,2].22

XR{M+1)=XR(M+]1 1= (XR(M+ 1)1 =XR(MIIBLYR(M+])=E) IMT)/(YR({M+]1}=YR(M))
YR(M«1)=ELIMT

M=Me+]

RE=-SET ELEVATIQNS ARNVE ELEVATION LIMIT ON LHS

K=0

DO 20 1=1.L
IF(YL(T)Y=ELIMT)I20020+74
YLUI)Y=FLIMT

K=K+]

CONTINUE

RE=SET ELEVATIONS AROVE ELEVATION LTMIT ON RHS

DO 25 1=1.M
IF(YR(I)=FLIMT)25425.26
YR(Ty=FLIMT

K=K+]

CONTINIE

[F(K)Y2T7+27+2R
WRITE(AL1+304)K

PLACF PEMAINING PNINTS IN RANGE AND E{LFVATION ARRAYS

DO SO I=1.L
Im=L+1-1
RIT)Y=Xp (IM)}
E(TYy=YL ()}
DO 60 T=]M
J=L+1
RiN=XR (I}
E{)y=ye(])
Nzl +M

CALL AMXMM(FoeNsEMAXJFMIN)
L=08

K=N-=1

0309
G310
No3ll
anit2
o313
65314
nni3ls
nnila
o317
om 3l
on3149
nn3An
o2l
npi2e
na32l
40324
UNa25
0326
Or327
09328
03729
09330
40331
01332
UEERE!
n0334
an233%
002336
0a337
0n334
91339
0n340
6c 341
0n42
093473
00344
00345
6n346
Gnae?
"5348
0Nn349
037359
Nn3s1
4352
00353
001354
601355
00156
N0357
00358
0n359
00360
03361
01362
00363
po3k4s
00365
0666
J0367
Dg36a
o369
an3ivro



71
72

70

57

55

300

3n2

[ Ne R

12

13

20

DO O

o0

DO 70 T1=2.K
IF(E(TY=E(I+1}) 707170
IF(E(T)Y=EMINITOs70+72
L=L+1

LL=N«L
E(LL)=F([)-0.0001
RILLY=R(])

COMTIHIE

N=M+|

IFIN=-TN)I5T7457+58
WRITE(A1+59)

STNP

CALL SORTZ(NsRsEs}1)
WRITE(R],ANS)

NG 85 T1=1«N
WRITE(RL30IIR{I)F (]
CONTINNE

RETURMN

END

SUBROUTINE SCHAR(NeF| FVeRANGE «CLs TC«STATNSSTATM«CRELVY

- AC4-7 -

DIMENSTON ELEV (1)} +RANGE (1) aCL (545211051 «Y3(70)

DIMENSTION TWIS0a5) WP (50.5)

DATA (1 T=11)

FORMAT (1HO«SY9HTOP WINTHS BY
1EVATION)
FORMAT (1H0O«66HWETTED PERIMETERS BY
1INCT £1 EVATION)

DETERMINE DISTINCT EILEVATIONS

DO 10 T=1+N

Y31 =FLEV(])
CONTIMNUE

CALL SORT1I(NsY3+2)
L=0

DO 29 1=1.M
IF(I=-N)y12+11011
M=T+1

NO 13 J=MsN
IF(Y3(T)=Y3(J)}13+29413
CONTINIJE

L=L+1
Y3(L)=Y3(1)
COMT INUE
LLL=L

CLASSIFICATION AT EACH DISTINCT EL

N  CLASSIFICATION

INITIAL [ZF TOP wjDTH AND WETTED PEQIMETER ARRAYS

DD 30 w=1-LLL
DO 30 J=1+5
TwiK«Yy=0.0
WP (KsJ)=0.0
CONTINUE
M=N-]

ENTER | OOP FOR DETERMINATION OF TOP WINTH AND WETTEDN oERIMETER
FOR EACH DISTINCT ELFVATION

0N &9 Kk=1sLLL

CALCULATE TOP WIDTH aAND WETTED PERIMETERS FOR EACH CLASSIFICATINN

AT EACH DIST

ganrl
Q3?2
0n3IT3 |
91374
GoT7s.
0176
00377
O 37TA
Qo TY
007140
01341
0n3IR2
an3sa
00334
0n1385 |
007336 |
00”7
003A4A
00189
003390
0n3vl1
Q392
0n3g93
on3dae
09139S
Q0396
ce337
003194
001399
anshn
40401
00402
00403
00404
0405
0n4a0sé
00407
00408
00409
004l
0n4ll
0pal?
00a4l3
004l
004ls
0n4al6
00417
0n4ls
004l
00420
0n42l
00422
Dp4s23
0na2s
Nnazs
00426
Qoaz’?
Noarn
00n4z9
0040
043l |
0nal’




ioNe!

D OOy

TYYDYOI Y

W

— 3OO~ O N0 DD
o

J1

la

s e I

AT THIS DISTINCT E1 FVATION - AC4-8 -

DD 50 J=1e>
TFCIC (1SN e50451
NC=IC ()

CALCULATE TOP WIDTH AnD WETTED PERTIMETFR FNR FACH PATC OF RAMGFS
WITHIN THIS CLASSIFICATION AT THIS DNISTINAT ELEVATION

L=1
DO AU T=1WNr
160=1

RUN ALANG SECTION TN CALCUILATE TOP wINTH AMD WFTTFD PFRIMETER
FOR FAcH PAIR OF RANGFEFS WITHIN THIS CLASSIFICATION AT THIS
DISTINCT ELEVATION

NO 70 |LJ=+M
GO TO(TA+74)+16G0

FIND STARTING INTERSECTION

IF(CLE JaTlel)=RANGE (L N)IAST 17

IF(CL j9e2)=RANGE (L 1N)60.AD+91

I5n=2

RGL=ReNGE (LJ)

ELI=ELFEV LY

GO TO 92

TF(CLCJeT ol ) =RANGF (LI+1))}RL70470

InN=2

RG1I=CL{J1s1) i
EL1=ELEV(LJ)+(ELEV!Ll*l)—ELFV(LJ))/(9ANGE(LJ+!)-RANGE(LJ))“
1(RGL=2ANGE(LJ)}

RG2=RANGE (L Je¢l}

Et.2=FELFVILJ+1)

NETERMINE IF THIS LINE SEGMENT [S nn 0OR AFLOW THIS DISTINCT
FLEVATTION

IF(FLI=-Y3(K))T2+T72475
IF(FLP=Y3(K))TH6sTHATH

DETERMINE IF SECOND CLASSIFICATION FALLS WITHIN THIS 1ILINE SEGMENT

IFICL(JeT«2)=RG2IALaH1462
SECOND CLASSIFICATINN FALLS WITHIN THIS LINE SEGMFNT

IF(CL(JeI1421=RG1) 16414415
RGZ2=CL(Js1+2) .
ELP2=FLFV (LJ) + (ELEV (L 1+ 1) =FELEVIL.1)) /7 (RANGE (LJ+1) ~RANGF (LJ)) &
1 (RG2=RANGE (L JY)
TWIKe J)=TW{K s J) +RAZ=R"]
WP (KeJ)=WP (KsJ) +SART ((EL1-FL2) @22+ (RG2-RG]) ##2)
L=L-1
TIF(LY1As16460
L=1
G0 TO &0

ACCUMULATE TOP WIDTH &ND WETTED PERTMETER FOR THIS LTNE SEGMENT

TWiKeJ)=TW{Ky ) +RG2-RG]

NGail
N4 4
0n4 3S
On4a3h
ny4d7
arais
Noall
Oo4dd
LYY
g 4d?
Nhdh
NCLas
-’-{;«’-»'45
Coaub
NGasd
Nn4aH
Quaés9
D458
GnasSl
crase
00453
an4asa
09455
L0456
00457
0nasSh
00459
ona6ld
0na6l
0pabrz
0o4a63
Gnaba
Gou6S
a0466
Loab?
Gnubh
Ogaby
00’47“
anall
Quat?
Donatl
03474
Goavs
onale6
Q0atl?
Cas78
Binato
004A0
0y481
00&32
0n&BR3
0nN4adL
0c4aRS
GaaRb
GuaB?
013488
Qe BY
Do4as0
00491l
00497
054973
0naIse



~NO D)

60
30
41)

301

WP (K J)=WP(Ke JY+SART (LELL1-EL2) 282+ (RG2=RGLl ) ##2) - AC4-9 -

RGLI=RANGE (LJ+1)
ELI=ELFV{LJ+1)

GO 10 70
IF(FL2=Y3(K))}TT7+82.82

LINE SEGMENT INTERSECTS THIS DISTINCT FLEVATION WITH nEGATIVE
SLOPE

RGL=RG1+ (RG2-RG1Y®(FI1=-Y3(K})/(FL1=FL2)
EL1I=Y3(K)

G0 TO 76

IF(ELL1~Y3({K))AR4GsR2+R?

LIMNFE SFGMENT INTERSFCTS THIS DISTINCT FLEVATION WITH ROSITIVE
SLNOPE

RG2=RG1+(RGZ2=-RG1)# (Y3I(K)=EL1) 7/ (ELZ2=FL1)
FL2=Y3(K)"'
GO TO 76

FIRST CLASS RANGE PREVIOUSLY ENCOUNTERFN - CHFCK FOR SECOND

RG2=RANGE{(LJ+ 1)

EL2=ELEVILJ+]1)

GO To 8”3

CONTINUE

CONTINUE

COMTINYE

CONTINUE

WRITF{A1+300}

WRITE(AL o301 {Y3(K) s {TW{KsJ)sJ=195)K=1sLLL)}
WRITE (614302)
WRITF(AL+IV1II{YI (K)o (WP {KsJ) e Jd=1eD)eK=1+LLL)
FORMAT (1H +F10Q,2+5F20.5) :
WRITE(NTISTATNSSTATM CRELV+Ne (RANGE (1) +ELEV(IYeTI=1eN)obLLLy
1OYS(K)Y o (TW{Ks J) s WP({KsJ)eJ=1e5)eK=1aLL)

RE TURN

END




- AC5-0 -

APPENDIX 5: ECB1 - COMPUTER PROGRAM



COSY V3.3 - MS0S V5.0 09/,09/75 - AC5-1 -

EORI] NECx /s I=irlsL
PROGRAM WSPRF Aan
NIMENSTON Q621 «ST(PEY sNCAAL{A) SFC(E) o XFC(204S) oSN {aN «SFC (200 $ng 2
DIMENSTION Y325 + AP (245045 ) 2T (2805 aR(TNYF (7)) gnan 3
AIMFMSTON TOPW (2} aCO(2) s ARFA(2) «STATN({?) L L (2} ARTRE
DIMENSTION ISTA(LIS) «STATMZ2) «CREIV (P2 JrC{24S) « I0CI2DaS) «SNC (2D 0aD0s
DIMFNSTON TRUF{125)Y.74(20) nAy O
COYMMO™ QeSTeNCAALFCaYIaTACAP TADPWACN s ARPFALSTATN o1 ¢ enny
coMMON TA arndA
COMUMMN ReF e NToALFASIDPNWMaNOaNSaNSTL o NST2aNSTeNNST WS erRPF e Z8LF ST T onnny
COMMOY JTFRR« [N ISDFEPTHs IST «SNaXFC o SFCaNFCe ICCeSNCerrm NGl
EOUIVALFNCE (7STASTAIEY) « (ZWSTA(I 1 (7OPTHZTA(S) Y (7TOPTA(T1 ) W Ae0ll
1 (ZARSTA Y2 (Z2CO2TALEY Yo (ACARFATAILIN Y« (ACVOL+ [A(15)) otnle
Z A (SLPLaTACITI Y2 (SLPRaTA(]IY)) G013
kTR FORMAT{IHE 1 2HDISCHARGE = «F10,1) peNla
neg FORMAT (THD « 24HROUGHNFSS CHOFFFICTENTS =W45F10.7) unnls
399 CALL LNCATF (40483 MMM 2T lA
WRITF (40) MMM oonL7
CALL DnPENIIBIF 14042146} GrolA
IPEC=N 0nglY
C Ci0lv
C READ WATER SURFACF P20FILE CONTROL NATA tnangl
o ) G0l
CAlLL WSRED a3
r Lrpla
C LOOP FnR EACH STASGF TR
C ' Len2s
NY 30 15=1+M5 Araz?
C arpz28
C SET DISCHARGE ANMD FRICTION COFFFICTIFNTS AT INITIAL STATION Capey
c 06030
DO 1C =15 pr03tl
FCUlJOY=xFC(1«J} G032
JCC(1le N =1CCL1 ) : arniy
JCC(2« 1}=1CC{1«. 0} NG
10 CONTINMUE Nnris
1Q=1 nepiA
C onn37
C READ InNITIAL SECTINN DATA AND PRINT HEANINGS Gn@ 3R
cC unniy
REWTIND NT Gaosv
READ (ANTINCAAL nanGgl
C BAnL2
C NETERYMINE IF TAPE TN RF REAN UPSTREAM DR NOWNSTREAM 27043
C Cr0as
IF (UPDWN) T4+ 75475 Nnnes
74 NTAR=NST2-1 unoae
DO 7R K=]«NTAP 0nga7
READ(IT)Y Oghan
7A COMTINUIE G004z
GO TO =7l BA0S0
75 [FINSTI-11RYeR] 4R 0nnsSl
R2 NTAP=NST1 -1 0npG2
DO K3 k=] NTAP 00053
READ(MT) . IN0S4
B3 COMTIMIIE : 25055
A1 READIMTISTATNI LY aSTATM{1 o TRELVI]) «MREa(R{TI) oF(I)aT=1aMNREY2LLY» oHrnsShA
TUOY I {Tak) « (TWl{leKaM) ¢ AP (] eKoeM)aMT]laS)aK=1al L1) onpns?
WS=S1(15) NCO05R
LL{1y=1L1 NnnNE

CALLL wWSsTAP aroaQ |




DO —000 0D

YO0

OO0 D

OO

LI O D

JFr=2 - AC5-2 -

TRANSFFR TN BATTNY NF 1 O [F £0RIP PRFSFAT

GO T4« 30)  TFRRP

DETFRAINE SECTION TUTFRCFRTS FNR INTTIAL STATIOM

Call., SCINT{WS «niRE « P 4F o« SI_PL, « 5 PR )

DETFWUATINE SECTTON CHAGACTFRISTICS FAR TMITTAL STATION

Cat L iCHWRILL () e D P THa Y Ja Tw e AR F M 7T G 700 e 70K CPFL /61 0 10Ce] o
TalLFA.7ALF)

PRINT aMD STORFE INTTTAL STATIOW DATA

Cal L. STATI/STALISTA)
NQITF18193RQ)I%TA-?Mﬁ-7UDTH¢ZTQD-7AU-?PD-ACLPF~ACVOLQCLPLQSLPQ'
1761 F

FORUAT (IHGal10A) 0 2F R, 248F 13,27 2,54Fn, )

[«FC=TRECH]

Cat Ll NPRUTH{IRUFSTREC«TAY

FATFR TTERATION PRACFSS FIx THIS CHANNE|

LONE FaR EACH STATIOM
N0 4™ 1ST=1a%ST
FRTER TNTFRPOILATION AND ITFRATIAN PROCSSS FOR THIS STATION

IF RO T T TRATH

DO "% y=1e2

RACKSPACE NT

CANT ITMNHIE
RPESDINTISTATNIZ)Y « STATM(2Y «CHFI V{2 «MRE (R {T ) aF{T) eIz sigrF Y a L P
1Y I (P s (TW(2aK o) s AP (29K aM) ezl o0y aK=] sl L2)

LLI2Yy=1 L2

DETERYMINE IF CHAMMFEIL DESTGMATIONS TN 4F CHAMGFN AT THIS STATION

[IF(KCO=NCCYL2ebP bk
[F{aHSE{SMCIKCC)I =STATA(P) Y =i 01 )43t 0bA
D 4% J=1 5

JCC (2 N=1CCHIKCT D

CONT ErE

KCC=Krec+]

CAlLL ~CINT{STATMCYFEI Vo JCCH

OG0 TO(Y49e 1) « 1FRR

CALCULATE SECTINM INTFRCOFPTS AT TuTS WATER SURFACF

CALL SCINT (WS NRE P aF «SLPLSL»2)

Cal L STAT(7STa «ISTAY

WRTTF(RI3ARI TS TACZWS e /NP THaZTNR e 7424 /0 ACERE S ACVOL « SLFLSLPH
1741 F

[QFC=ToEC+)

Calt NPRUT{TAUF - IRFCelA)

YR A
oA
I o Y
Monns
L RS
LR T
CNE
T Aa
RS I
PRt A
Fang o
e T
T4
1l \(\.77’
roe I
e ¥
(. N7
LTNTY
NESR e
ERRTY
VIR R
Mn
NS
TAAS
SR
nenAd
o HH
GraRy
Lo a9y
"
{

~. s

T3l
M2
W43
foy Q4
e D99
096
097
JUPYH
[
YRR 1
(10
crpng
LA B
Th1t4a
HY199
10/
42107
A
Cryg-
w1l
D
il b
113
Larlle
EER N ="
JLs
re117
JTILR
LREN WA
da1en
(S e |
AR



- AC5-3 -

C DETERIME IF DISCHALAF IS TN KFE CHAYGEN AT THIS STATIOW Lrled

r Yl ALy
IF(IN+}=-t0121 2117 Jr ] 25

21 IF(ARS{SOITIR+1Y=STATH (1Y) =0.01)11e1t0l? Tl A

11 Ta=10+] el 2T
WRITF(AL«3INLYI{TYY neyPA

C Tl A
C NETERMINE IF FRICTINY COFFFICIFMTS TO 2F CHANGEDN AT TwlS STATINM Lot
C SN BRI

12 [FCIFC=MFC Y2222 40 NI

22 IF(ARSHUISFCUIFC)=STATHM 1) =0,01)1 312442 70133

12 DY 1S J=145 vl Y

FCUN=YFCLIFC o) £o135

15 CANTIMNHIFE 0136

JEC=UFC ] 63137

WRITF{(AY1«322)FC VR R

40 COHTINUIE o1

a0 CONTIMNUE | Giylad
CALL DCLAS(1RUF) Yalal

REAN (AN AN1Y IRPLOT S0 AL s vSCAL Anla?

201 FORAAT ([S«5X-2F10,.%) Na1a3

[F{IPLAT)IYYG+'955 43491 Sl ba

99Aa CALL PLOTS{0«"40) CAlas

CALL WSPLT(NNSTWNCAAL sHSCAL ¢+ VSOAL «1iPDWh) Arla6

CALL PLOT(3.00,0999 N R

G0 TN 209 Irlas

FrMO Gl oY

- na15%

SURRAUTINE SCINT{WSsMaRsE+SLPLT«SLDRT) w0151

DIMFNSTON RI{1Y«F (1) tr192

DD 17 K=]1aN 1153

IF(wS=F{K}) 1011417 Y154

10 CONTIMNE D155

SLPLT=n.0 4115h

GO TN 20 631597

11 SLPLT=P (K} 3115R

GDY TO 20 00159

1> SLPLT=P(K=1)+{F(K=1)~WwS) AIF{K=1)=F (¥} I 2(R(k)=R(K=]1)) C-ilbu
20 DO 30 w=1aN Gi1hl

L=h=K s 23142

IFIWS=c(L.1)39+31432 7153

30 CONTINNE C.1h4

SLPRPT=n,N 05165

GO TO a9 tolsh

N SLPRT=pI{L} tn16?

GO TO 09 01164

12 SLPRT=p (L) +(adS=F (LI} /(F{L+1)=F (L) #(R{_+1}=-R({L)) 0Aa1hY

439 RETUR: 0n17u

END Cr171

Ir172

SUARNUTINE wWSPLT (NOSTWNCAAL » HSCAL « VSCAL s UPDWN) cr173

DIMENSTIQOGN ISTA{1S)«NCAAL (&) Nn17a

DIMENSTION TRBUF(125)+«18(20)M55(11) 0175

DIMEMSTON LCHAR({3ZY,IPLI1(1S)sIPL2(T) 00174

DATA (C(IPLI(TYoI=1+8)=4HELEV e4HATTINOHN INe4H FFEs4HT ) ar177

DATAC(TIPL2(T ) s1=1e7)=4HWATF 0 4H S 4HRFACsaHE PR.AHOFTL«4HE FQOu 03174

1 4HR ) nnl17y

DATA (M4SG=41HSEFT PFM NN PLAIN DAPER AGAINST RIGHT STno) uniae
EAUIVALENCE (STA«TA(I ) o {WS«TAa() L (DEPTHTA(S)Y) Ge1Ht

300 FORMAT (1 H] +SOHPROFTILF NILL NOT FIT TN 27 INCHFS WITH IVEN VERTTICA Q182

1L scalLs) Gul+=3

CALL FACTNR(N.53) 0s1R4




T

1A
26

eNeNe

[l I I ]

e Re Ry

CAILL DNAPEN(IRIF+40421 o &)
OFTERMINE MAXIMUM AMD MINIMUM STATINN wALUFS

CAILL NDRETI(IIRUF <11
ST1=5T+

CALL ORET(IRUF«NOSTTA)
ST2=57a
IF{STI=ST2)2T+28+28
SON=1 .0

~y TN 29

5AN==1,0

DETERMINFE MAXIMUM AN MINIMUM aNTTOM Ef FVATION AND

WSMX==-Q39993,07 30
WStNzZ+093933 ,(F 1)

30 17 V=1|NOST

Cat L NRET(IRUF«Xa T8
TF(uS=wSMX)1Re1AR1IO

WSMX=wg
IF({NS=NFPTH) =WSMN)I PR 417417
WSMN=WS=DEPTH

CONT INUF

- AC5-4 -

WATFR SUxFACE

DETERMINE IF PLOT wiILl FIT ON PLOTTFR «1TH GTVEM SCALFS

XMIN=TF IX (WSMN)=VSCAI
AMAX=TFIX (WSMX) +VSCAI
XKINCH= (XMaX=XMIN} /VSOAL
IF(XINPH=27,0)Y10«1C411
WRPTTE (A1 «300)

G0 T 9999

PASTITION PENs PLOT AN LARFL FLFEVATTINN AXIS

CALL SETHMSG(11.M5G)

CALL EPLOT(1+3.,042.M

CALL SCALF(1.0+1.,0/VSCAL+0,0+0,0}

CALL ERRID{1e(0a0s00+VSCAL/2en« IFIXI(XINCH) #2)
CALL FEPLNT{1+04040.0

CALL SCALE(I.G!I-O‘“-QCD.O)

¥==1.08

YV=XMIM=VSCAL

N=XTMNCH+]

DY 12 w=1eM

Y=Yel.n

YV=YV+yS5CAL

CALL PHTRC(YVeZsLCHARW] 16}

CALL FOHAR(=0.T0¢Y a0 o1 00,140,04LCHARSE)
CONTINNE .

CALL A4A1I{IPLL+«1+5+LCHAR,]1)

CAILL FCHAR(=0.9001.0aNo24042+1.5707LCHAR]1T)

PLOT anD LABEL STATINN AXIS

CALL EPLNT(1+7,0+0.0}

CALL SCALF (L «N/HSCAL Y JNaSTI2SAN=0 S#HSCALSD,0)

NO 13 wk=1+NOST

CALL DGETIIBUFK«IA)

CALL FPLOT(2+STA®SGNADLI)
CALL EPLOT(1+STARSGNWL,04)

R
wllBs
LRI
GrrAas
anl1-44
Jrp 4L
frn14l
Gnyus
}iova3
£ ) e
PR
(1194
TR RN
T 19 A
i
L 2Ge
" 2Gl
tn”20”2
02073
£12%4
N2 0N
40206
Ca207 -
92204
L2049
N2l
anpll
gnPle
su713
0n2le
(nP15
tr2lsb
Cu?l?
Nn21Rk
aprly
nerec
nr22l
tgeee
P23
‘pPeh
unr2s
00226
onz2?
Na224
opR2Y
002340
na23l
0232
0233
U234
in”235
an236
Anp37
nr27343
cnr73-
Q0249
ne2al
nnzrsp
6747
Dn7244
1245
nNe468



13
c
C
24
25
1
20
i
c
C
34
35
36
1
3n
3994
3Ca
1
25
22
|
2
L
300
1

CALL EPLOT({Z+STARSON=),04) - AC5-5 -

CALL STAT(S5TA «ISTM)

CALL ECHAR(STA#SON+G . LG*HSCAL v+~1.h0+0e140,.1+1,.5707+15T4415)
CALL FPLOT{1«STA®SGN-G.0)

COMTINGE

CALL AQALT(IRPLZ2sleTeLrHARS]L)

CALL MNVE(NCAAL 1 oAl NHAR.27)

CALL FOHAR(STI®SON+HICAL 4 =2 a0 2020”700, 6sLCHARS3?Y

PLNT WATER SURFACE PPNFILE

CALL EDRLOT(]l«STIH#SGMN' T 0)

CALL SCALE()l «O/HSCAL « 1l 40 /VYSCAl «ST12SGNXMIN)
NO 20 k=] «NNST

CALL DGEET(IBUF «KaTA)

[FiK=1)29+244+725

CALL FRLOT{1+STA#SONWS)

CALL FPLOT{2+STA%SONNS)

CALL PHTDC{WS«2+L_CHAR«1en)

CALL FCHAR(STA#SON+D, 35%4SCAL#S + 0 0SBVSCAL Ul 90410149707
LOHAR « &)

CALL FPLNT(1«5TARSONAWS)

CONTIMVIE

PLAT «0TTOM ELEVATINM PROFILE

D0 3n k=] +NOST

LENQST-K+]

CALL NGETITHUF <L« TA)Y

[F(X=11344+344+35

CALL EPLOT(1+3TA®SRN S =NEPTH )

GO TH 16

CALL DASLN(XSTA»AWS=XNP«STASSON e WS=NEPTHW G, 25«HSCALY

CALL POTNC{WS=-DEPTHs?+I.CHAR ] 44} ‘

CALL FrHAR(STARSON+Q ,NS5€HSCAL WS =NEPTH ~( A58 VSCA_ s 0els0ele
} 5707 «LCHAR « /)

XSTA=STA#SGN

XWS=WS

XDE=NFPTH

CONT TMUE

CALL FPLOT(I+ST29SON+3.G*HSCAL «XMIN)

CALL ERLNDT{999 400+ o)

RETIIRL

EnND

SURRMITIME WSTAP

DIMENSTON Q40 ST (R0 ) sNCAALIOY «FCIS) eXFC(P048) 2SN 4DV SFC{20)
DIMEMSTON Y3({2eSM) « AR (25N a5) e TWIP4S0e3)«RIT0)F LTI

DIMENSTON TOPWI(2) «CO(2) sAREA(PISTATN(Z)Y ol ()

COMMOMN Qe ST eNCAALSFCaYA4TWLAPS TNOWS N AREALSTATN |

COMMON 7ZSTAs7WS e ZDPTHaZTOP« ZAR S 7CN W ACARE S ACVOL «SLPL «SI PR

COMMNN RaF aNT o ALFAUPDWN s NDaNSeMSTL o NSTZ2aNSTaMOST e WS aNRESZALF#STT

COMMON TER2 4 INe [SeNF2THL IST oSN YFC 4 SFCeNFC

FORMAT(IH1+S1X+6A1//1H 233X 11ANISCHARGE SaF9,0e2Xa
1SHINTTTAL STAGE =y FE 2/1HD s 4K« 2PHROIIGHNFSS COEFFICTIENTS)

FORMAT (1M +41Xe¢l14HCLASSIFICATINNGSIZ3H = +FT.4)

FORPMAT (1M o 18X« SHNATFRa14Xe IHTNO 4 IG¥a2 (134 ACCUMULLATED) «3X
18HSErTION INTERCEPTS/1HM «AXaTHSTATIONS X« ] 3HSTAGE NEPTHSX
SHWINDTH«BX e aHAREA«AX « 24HCONVE YANCF SIIRFACE ARFASXscHVUOLUME «
AR eaH EFTabX eSHRIGHT ¢4 X e SHALPHA)

FORMAT (1HD4 Y THIMITIA STAGE OF «F7.2+27H RELOW ROTTOM FLEVATION OF

«F7.2)

nyPa7
354N
GapuY
4r 25y

N9251

P52
2R3
0N P54
An255
Nn256
(o257
G254
r. 25y
NN DAY
LAaPR]
An2fh2
U263
Cnka
nnrAY
i26A
Gnz2RT
Qn268
nr2RY
Qn>270
Cr271
6e272
Ix273
QuPTa
1275
Qn27F
ne277
anaTH
onpgTY
0230
PR
fic232
Na>2373
09234
An AR5
Nt 2HA
finaR7
Nn2RA3
012RY
Q272940
eyl
unz29z2
G293
Gu294e
G795
R £
P97
(a2 34
[t ]
L3NG
7371
0 o 1 0‘2
0303
fir3Na
CnInsg
0306
04307
0394

L




01 FOSMAT (IHNL L 7HINITI AL STAGFE OF .égﬁﬁ
1F7.2)

LLI=LL )

WRTTF (AL« 3H4IMNCAAL N (T « WS

NO 23 JdL=1.5

IF(FC( LI I234234 P4

«21H ARNVE TOP FLEVATION OF .

24 WREITE (A1 291 dJLeFC (L)
21 CONTIWIE
WRITF (Ale2?)
C
C DETERMINE TF INITTAL STAGE OUT NF RPANGF
C
[F(WS=y3(laLLINI1IYa1YW1P
11 WRITF{e] «9001dSeY3 (1L
77 IFRQ=p
PETLHR
12 IF(WS=y3 (141} 16414015
15 WOTTE(R] 29011 WSeY3I(1al)
GOy 1In 77
14 IFPR=1
C
C FInD DFPT= AT [MITiA! STATION
r
NEPTH=WS=-Y3(1.LL1)
C
C DETERMINE SECTION CHADACTERISTICS AT INITIAL STAGF
r.
ZNPTH =NERTH
Z5Ta =STATNI])
WS =WS
ACALF =M,
ACHOL =V, 06
DF TR
NI

SURROUTINE WSRED
OIMEFNSTON QU4 aST(2 -) «NCAALIN)Y 4FC(E) v XFC{FUeR) oSNIGNY «SFC (200
DIMENSTON Y3(Pe50) e AT (24534014 TWI2.R0eRY s RITNYE(TH)
NIMENSTION TOPW(2)Y sCNIF) s ARER(ZY ASTATNI2) 2L L (234 ICH P38 «SNL(20)
COMMON QaSTeNCAALSFCaY3aTAeaP TNPWeCOLAFFALSTATN |
COMMON ZSTAZWSe7ZNPTHeZTOP + 78R 470Ny ACARE 2 ACYOL +SLPL S| PR
COMMON R eE aNT o ALFAUPDWN s NI s NS aMNST] «NSTPaNSTaNNSTa VS eMRE«ZALF oCTT
COMMON TERAR s IN IS eNFROTHe [STeSN e XFCSFCaMFCe I« SNC AN
NT=11
READ{AN2CG1) ALFAHPDINGSIT
201 FOPYMAT(RF10 .3}
[IF{UPOYNI S bl aSh
650 CaLl FxIT
59 READ (AN« 202 INSaND s NFCNST]1 «NST2WNCE
2n2 FOPMAT 161%)
REAN(AN«2D1Y{ST(ISYs [S=1eNS)
DO 1n 1G=1+NQ

13 REAA(AD«201) ST« 010)
DO 20 TC=1NFC

29 REAN(AN2TIISFCIICI S (XFC{ICaJ) a iz a5)
TFINCC)Y L el o2

2 0N 3 NMC=1eNCC

an READ (AN s 203)SMCIME) « (ICC(NCa ) 0 0= 145D

203 FORMAT(F10.,3+1CG15)

1 NST=HST?=NST]

NOST=HST +
RETUR

ne 3y
Jo3le
ARURD I
312
tf e 3
o3l
ABRIE T B
R B )
5317
RN
Y39
PIRA,
R TR
3l A
AR VR
AL
S hapy
I Pt
w27
{ 13”2+
P
AEHER
331
13327
rr33n
11334
U339
1334
Cri37
00344
{339
HERE LN
HREETS
']1..‘-“4.)
{7343
D344
f 345
J1 34k
Colal
nnaq
(G Va9
G035
2051
ARl LW
G393
04154
90,3559
I1356
- 8357
NNIvA
TOREE
Nk
m5el
NniIfR>
fa3n i
1 InG
L3165
i I6A
Hnint
no3aA
(I
35370



14

11

41
43
42

21
e?

3n
24

51

52

24

25

el

2R

P27
29

E“i“ - ACS"? -

SUARMITIME WSOCHR (FMNE X s DFPTHeY 1a T e AP F e TORWCOARFALCHEI Vo G e

1ALFACALF)

DIMENSTOM Y3(PaE0) +Tw (2a80a5) s AR (24N« «F OB IO {2}
DIMENSTON ARRIS) «uF| (5
WS=NE2TH+Y3I{ T« THDFX)

NI 10 w=P«ITMIFX

IFfwS=y3 (T3 1allsll

CONTTHIE

STno
FATIOD=(WS=Y3I(FeK) ) /(Y3 (a1 =YA(T ek}
TNPW=" 0

ca=n.n

AQF A= 0

DY 20 =15

IF(CREL V+39GR NEINI 4P ale4]

[F(WS=CPFELV)a3 043447

IF(ICr (Te N YauaaDea?

TF(FC{ 1 21eaNe2]

TFITAH(TaK=1aJ) )40 e&3aP?

Tz (Tw (T sK=)a ) =T ([arK+J) ) HRATIN+THITawedy
AR= (TR +TW{TaKad) ) /P, #(AdS=Y3{TaK})
IF(K=THNEXY 2P T4 P4

M=TNDE ¥ =]

N0 3 | =K M

ARZAR+ (TWw(Toel o) +TW Tl +lad) ) /72,02 (Y3 {Tel)=YA(TalL+]l1)
COMTINUE

WP=(AB (T 4K=1y J)=AP ([ KeJ))¥RATTNCAD (T 4x o)
ARRP () =AR

TNEN=TNPW+TP

ARFA=ADEA+AR

IFI(FC(I1)18Y 572452

N=AR/T™
FN=Y.5A13-1.0R471#0+5,49G179%D23472=0, [249T72%Nas3+( 017309580824 -

1 0.00121418D8%549,006034119940%26

CO=C0+1 JH4RBHETARRR (S, V/3.0) /WPH#{2,0/3.9)1)/FM
GO TO 25

COzZCO+] J4rRABIARSR{G /3, 0) /WPE2(2,.0/3.0))7FCL))
FN=FC £ 5) .
VEL(J) = ((ARRID) /WP #+(2,0/3,00) 7F*

GO TN 20

APR(J) =040

VEFL(Jr=0.0

CONTINYE

TF(ALFAY PRa27477

ARl=M.n

AVF) =010

avz=n,.n

N0 2R =15

AR =AF ] +ARR (D)
AVELSVEL () 843, 0%ARP ¢ JYy +AVEL

AVESVEL (J)#ARK(J)+ Ay
ALF=AVFEL AR #A8W] / (AYR*AVR#AVR)

6O TO 29

ALF=ALFA

RETURM

EnD

SURSNUTIMNE RCINTI(STATHACREL Vs JCM)
DIMENSTON N(4N) aST{2 ) aNCAAL () «FOH{R} o XFCIZ20+5) «50(00eSFC(2D)
DIMENSTON Y3(24501 AR (Pa5Na5) «TW{2,C045) R (70 F (TN

oA e T
POV
r X -~
agulit ==

b S = BN N
S
s
1
-

[Sanlt b}
ol
X X
-~

o B T
. P e
P
PR

Ny o—

o Cs
P
<
+

jgp X R
A R
Fo o
2D
F N0

e
5 -
o
—
[O R

A I -4 BRIt B TN
5 ol
—
£




370
2
I6HA

164

W N

DOOTITOOOO0

DIAFNSTON TOPW(?)vCﬂrP)-ARFA(QF.QQ%ﬁkf?).LL{Q).ner(:1

DIMFESTON ICCI20a8) «SNC(20) «STATMI2) 9 CRFLV(2) 0 JCO 2R}

COMMNE Qe T o NCAALSFCoYTaTHe AP TOPW«CNa ARPEALSTATN |

COMMON ZSTAZWS e 7ZDPTHZTOP«7AR7CN 4 ACARF « ACVOL o+ SLPL «SI PR

COMMON 2 oE sNT s ALFA 112D WNeMD e NS ST «NSTR o ST aNNST ewS P e ZALF «STT

COM40ON IEHQ' [0 ISeDFATHS IsT QSO-‘FC.QFCINFC. ICC.SN(‘.?\JF(‘

FOWMAT (1HD« ARHINARLFE TN CANVERGRF AFTER 20 TTFRATIONS)

FARMAT (1ML« 18HANERTH NUT NF RANGF)

FORMAT (1R« THNFPTH =eF AR, 271 «20HITFRATION ENTFRVAL = [3/1H o
254TRTERROLATION THOREMENT =aF10,271H 220RPFACH ROTTAM SLOPE =.

2 F1S.771% J?2BHDISTANCE FROM LAST STAaTION =4F10.3/1H JVIHTOP WINTH

= F}5.7/1H « 1PHCONVEYANCE =«E18,T/1h «AHARFA =4rF15,7)

FORAAT (YR e ITHSUPFR=-FRITICAL FILOW AT & NISTAMOFE OF «F 17, 3
1R+ DAST LAST STATINN/ZIH «11HTA® WwINTH =.F13,A«7H ARFA =4F 3.5
130 CONVEYAMOE =4E13,.,A}

LLi=LL Dy

LL?=LL (2}

DETFRMINE RFACH CNONT20L DATA

REACH=ARS{STATM(L) =STATNI(Z2))
MIT=RFACH/SIT+N,5

FRTT=NTT

DX=REACH/FNTT
TF(HPOWNIS32e532457
SLAPE=(¥3(2+L1.2)=Y3 ({11 L]1)) /REACH
A0 TO 534

SLOPE=(Y3(1+LL1I)=Y3( «LL2)V)/RFACH

FEryTER [TERATION PROCFSS FNR THIS LFACH

Ny 55 m=]«NIT
[cny1=n
START=FLNDAT (M ) #pX
TR LR T1e12e1?2
START=sTART~-DX
YSTRT=NFPTH

I50=w

CHECK FOR EXCFSS NUAlFR NF TTERATIONS

ICOUT=1COUT+Y
IFLICOHT=20)16584ARe98Y
=1

ERROR NISCOVERPEN = PRIMT NATA TN THIS POINT WITH PFRITTINENT pATA

GO TO(1e2) oM

WRTITF (A1 4970)

GO TO N

WRITF(r14902) .

WATTF (AL «96BINEPTH M NIX s SLOPESSTART < XTNPW s XCO 9 XAR
JERR=2

RFETURH

CALCULATE TNITIAL AN ENDING STATION TaP #IDTHS. AREAS AND
COMVEYANCES FOR [NTE=4FDIATE PNINT ralciLATIONS

DO 90 I=1.2

CHECK FOR ALLOWABLF RANGE OF DFEPTH

rooa3id
Moy 4
AR
Gk
ra iy
"o Am
o3
frodoadt
v asl
s 2
Vg 3
Mo Lal
Tea4h
D Lah
e 7
T

-

Yol

=2 S A

NG
a5l
152
rea53
{ngsa
(o455
NraSo
A |
Mha5A
Cia99
Grany
forabl
Jtahe
Giah 3
GT4ba
NALhS
InLbb
nia67
Nn4hA
tHIY N
04T
gnavl
nja72
I P AL |
Lala
uralsh
Jn4Th
baad?
Gr4aTa
eray
LRy
a4l
L4y
InaR]
GngHa
f; 1435
014834
G ad?
NnaAg
CisR%
G490
eyl
0naY’
07493
Nr4a94s

—~ s



aNe!

224

225

226

15

00

21
554

555

O NeNn NVIRV]
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IMOFX= L (I}

IF(NFRPTH) 44«44 445

IF((DFOTH+Y3(T«IMNDF XY Y=Y 3 (Tl Yahataradd

MO=2?

Gn T Al

CALL wSCH2(LL{I) «NFPTHaY 32T AP LECTNPW{TY«CH{TY A FA{T ),
ICRELVAIT)«JCCe ToALFALALFF(T))

COMT INMYE

FIND TNP WwINTHs ARFA 8ND COMVFYANCE AT INTERMFOIATFE PATNT

ATOP#=(TOPW (2)=TORPW (1}) /REACHRSTART+TOPW (1)
X4R=(ARDFA(2)=ARFA(]1)) /REACH®START +APEA(])
XCO=(CO(21=CO01) ) /REACHRSTART N (]

XALF= (ALFF(2)=ALFF (1)) /REACH®#START+ALFF (1)

CALCULATE SLOPE AT THIS DEPTH

SE=(0{I0) /XCO) &2
FRONZ=(XALFEQ(IQ)#224XxTNPW) /37 2/ KAR/XAR/ X AR
IF(FRMNNZ=1.0)224+225¢225
SLNP2={=]10%STGN(].0.ULDWNY YH (3| NPF=SE)y /(] ,0-FROD?)
GO TO 226

FRANZ=0.01

WRITE (A1 «96G4)START A XTNRWs XAR XN

GO TO 274

IF‘IGF‘) 19'190?1

SAVE CALCULATED SLOPE OF FIRST TTERATION

SLOPI=5LOP2

I50=1
CALCULATE NEW DEPTH

TEMP=SLOP?

DEPTH=YSTRT+(SLOPL+SLOPRy /2,0%#0X

GO TO KRB .

IF(ARS(TEMP=SLOP2}I~0,00001) 555.955.555

TEMP=5t OP2

DEPTH=YSTRT+(SLOPL+SILNP2)y /2. 0%DX

GO TO 43

IFtUPDWNI &4 +545
XTOPW=(TOPW(2)=TOPW{1})/REACH®(STACT +DX )+ TOPW (1)
XAR= (ARPEA(2)=AREA(I)Y) /REACH®{START+NX) «AREA(])
XCA=(CO(2V=COMLYY/RFACHE(START +DX) +0 (1) -
XALF=(ALFF(2)~ALFF (1)) /REACH®R(START+DX) +AILLFF (1)
WS=(YA(2¢LL2V=YI(1oLL1)}}/REACHE(M#NX)+Y3(1+LL]1)+DFPTH
CONTIMNIUE

FIND WATER STAGE AT FNNING STATION FOR THIS DFPTH
WS=DEPTH+Y3(Z2.LL2)
TRANSFFR ENDINMG STATION paTA TN IMITIAL STATION

STATN(1)=STATN({Z2)
CRELV(1)=CRELV(2)
LLE1Yy=1 L {2)
INDEX=1 L (2)

DO 65 x=14INOFEX
YI(1eR)I=YI(20K)

DIRTAT LY
(¢ 1ade
0 raw?
Jrd s
U."r,“%;
Grege
Hrenl
S05N7
naGgns
AN Qa
0505
Brsids
0nSQ7
NS08
c~s0-
0i51¢
v51t
n-gle?
215513
BIsl4e
0as15
Arslae
“a517
AAREA
gnsly
UM
0as2l
89572
(n523
"R 24
01525
0525
Gne27
0G2R
0ns2s
06534
005131
nn532
d¢533
s34
0ns 35
0nsi6
0nsiy
Ing 3R
£ns39
0ng4(
Nusaet
NS4 2
0Nnss3
tnsa4
(ns45
BOS46
nps4a’v
NOS48
Gn549
onsse
03551
01552
8n553
NrsSS4 |
01555 |
I1NS36




DD 65 =15

AP {1 aK M)=2AP (P sK o M)
TA(leK MIZSTW(2sKaM)
CONTINIE

DD &A M=) 5
JCC(1-M)=JCC (7™M}
CONTIMNIUIE

CALCULATE AREA ANN VNOLIME RETWFFN STATINONS

SRFAR= (ZTOP+XTNPW) /7, "#ARSISTATM(2)1=5STAaTM(1)}7435A0.10
VOLUM=S (ZARSXARY /2 e AdS(STATM (2 =5TATM(1) ) /743560,.0

STATM(1)}=STATV(2)

- AC5-10 -

STOLF CALCULATER DATA AT THIS STAT[NM

Z5TA =STATH(2)
WS =WS

ZNPTH =NEPTH
2T10P =XTOPW
ZAR =XAW

7Cn =XCN

Zal F=xXaALF
ACVOL=ACVOL +VNL UM
ACADPF =ACARE +SRFAR
[Eer=1

RETURMN

END

0n537
Lt
a5y
Nrnssa0
TRELY!
ANRSeZ
¢ 1563
10564
(i S A
“LRAA
Lise T
3568
UNEH
Sa-T3
LS|
AL

1573
LS 7a
53575
JiG5T6
nysT?
¢ns78
0ongi7oy
080
0A5R1
VRN -
0158373
O0rSRG
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:0SY V3.3 - 4505 V5,0 09/08/75

CEOT

301
o2
399

OO0

e Ng el alealel

10

00

T4

76
75
iz

i3
.31

DECK/ 1=01.L
PROGRAM WSPRF
DIMENSTION Q{&a0) ST (27) oNCAALIGY «FC(SY+XFCI20+5)45N140)SFCL20)
DIMENSTION Y3(2450) AP (2¢5045) «TW{2:450¢5)4R{TO)FITOH)
DIMENSTION TOPW(Z2)2CNI(2)Y«AREALIZ)4STATN(2YoLL (2
DIMENSTION EISTAC(LIS) «STATM(2) +CRELVI2Y v JCC(249Y 4 ICC(2045)+SNC(20)
ODIMENSTON TRUF (125)1A120)
COMMON NaSTWNCAALSFCaY3eTWaAP, TAPWCOCARFAZSTATN I
COMMON TA
COMMON RyEaNT ALFALZUPDWNeNAaNSaNSTI aNST2eNSToNOST e WS HRE
COMMON TERReTQeIS+NEPTHeISTeSOAXFCsSFCaNFCaICC oSN aNCr
EQUIVALENCE (ZSTATA(LI) o (7ZWSeTA{B Yo {7DPTHTAIS) Y« (7TNPsTA(T) )
1 {7ARSTA(D)} )2 {ZCO0TAIL1) Y o {ACARFE «JA (1IN ) (ACVYOLsIA(CIS )

2 s (SLPL«TA(LITII W (SLPR«IA(IT9))

FORMAT (1HO 1 2HDISCHARGE = «F10,1)
FORMAT (1HD + 24HROUGHNFSS COEFFICTIENTS =u5F10.3)
CALL LOCATE (40 «RB MMM

WRITF (40) MMM

CALL DOPENC(IB\'FeaQePNeb}

IrREC="

READ WATER SURFACE PwOFILE CONTROL NATA
CALL WSPRED

LOOP FNR EACH STAGFE

DO 30 [S=1eNS

SET DISCHARGE AND FRICTION COEFFICIFNTS AT INITIAL STATION

DO 10 1=1.45
FCUJY=XFC(1leJ)
JCC(1e ) =ICC(L1eJd)
JCC(2+.N=ICC( (1)
CONT INUE

[a=1

READ INITIAL SECTION DATA AND PRINT HEADINGS

REWIND NT
READ(NTINCAAL

DETERYINE IF TAPE TN RE READ UPSTREAM 0OR NOWNSTREAM

IF(UPDWN)T74+T7547S

NTAP=NgTY2~]

DO 76 w=]1+NTAP

READ (MT)

CONT INHE

G T0O R]

IF{NST1-1181+R1482

NTAP=NST] -1

DO B3 k=]1+NTAP

READ{(NT)

CONTINHE .
READ (NTISTATN(LY«STATM{L1) o CRELV 1) «NRES(RITY2F (I} oTI=1«NRE)oLL1ow
FOYI{1 oK a ({TW{LoKeM) AP (]l eKoeM) eM=15) oK=1slL 1)
WS=ST{IS

LL(IYy =L}

CALL WSsTAP

napotl
0n002
orno3
00004
000G5
00006
0c007
0000~
Da0OY
doanl?
ftantl
feple
AnNl3
aonla
cnnls
00016
onnl7
gp0las
05019
0an20
ganzl
anp22
Nn023
03024
000625
fon2é
00027
0ngen
00029
0n03v
06031
onnaiz2
gnni3
0a034
00035
000236
0no37?
80038
00019
vaoao
Gonsal
0n0s?Z2
0noa3
Do04as
0Nn04sS
00046
0a04a7?
0g048
Q0049
00050
0ang51
00052
00053
00054
00055
00056
0nos?
00058
go05v
00060



OO0 OO0
&

OO0

38R

OO0 N

OO

RGO
T8

42
43

45

1o N el
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KCC=2

TRANSFFR TO BOTTOM OF LOOP IF FRROR PRESENT

GO TN(14+2C)s+IFRR

DETERMINE SECTION INTFRCEPTS FNR INTTIAL STATION

CALL SCINT{WS.NRE+RWFEsSLPL 1SLPR )

DETERMINE SECTINN CHARACTERISTICS FAR IMNITTAL STATION

CALL WSCHRILL(1)sDEPTHsY 3+ TWeAPGFC 7?TO0PvZC09sZARCOFLY (1) ¢ JCCe1)
PRINT AND STOPE INITIAL STATION DATA

CALL STAT(ZSTASISTA)

WRITE(AL ¢3RRI ISTAZWS o+ 7DPTHAZTNP s 7ARZCOsACARF «ACVAOL«SLPLSLPR
FORPMAT(IHO 1581 +42FR.2435F13.h2F12.5)

IRFC=IREC+]

CALL DPUTI(IBUFIREC.TA)

ENTER ITERATION PROCESS FOR THIS CHANNEL

LOOP FNR EACH STATION
DO 40 1ST=1aNST
ENTER INTERPOLATION AND ITERATINN PROCFSS FOP THIS STATION

IF{UPDWN) 7 Te 7878

DO 80 M=1.2

BACKSPACE NT

CONTINIE
READ(NT)ISTATNI(2) s STATM(2) +CRELV(2) sMRE S (RIT)aE (L) eIz «NRE) oLLZ

JUYI(29K) s (TWI{2eK M) g AP (2o KaM) gM=] 48 s K=)14b12)

LL(2)y=LL2
DETERMINE IF CHANNEL DESIGNATION TO BE CHANGEN AT THTS STATION

IFIKCC=NCC)a2+a2+46

IF (ARS(SNC(KCC)=STATN(2))=0.01343+47F+46
D0 45 J=145

JCC({Z2«J)=ICCA{KCC+.))

CONTINUE

KCC=KCC+

CALL RCINT(STATMCRELV+JCC)H

GO TO(94930)+IERR

CALCULATE SECTION INTERCEPTS AT THIS WATER SURFACE

CALL SCINT(WSeNRE«R+F+SLPL+SLPR)

CALL STAT(ZSTA + [STA)

WRITE(AL 38RV ISTA+ZWSeZDPTHZTORP «ZARZCO«ACARF &CVOLoﬁLPL!SLpQ
IREC=IREC+]

CALL DPUT(IRUF+IRECsIA}

DETFRMINME IF DISCHARAGE IS TO BE CHANGEN AT THIS STATINN

IF{IQ+1=MNOQ) 2121912

00061
onpe6/a
0noka
0nohs
nne6s
00064
nnoR7
ocnnA
coge9
o070
ono7l
anp72
gnoT3l
Gunia
0nQ7s
oa07s
ono7T
00078
000?4
0a0R0
00081
090“1
0noR3
0nNHAY
0n0AS
fgo08
0003
2008
0p0RY
onos
LR
onn9
0ng9
goos
00099
0no9Hy
ooy
0009¢
00094
0010
0gl0
on104
001073
00104
00104
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40
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201l

994
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IF(ABS(SO(IO*I)-STATM(II)-0.0llllvllcla
[a=10+)
WRITF(8]1+3010001IQ)

DETERMINE IF FRICTINN COEFFICIENTS TO RE CHANGED AT THIS STATION

IF(JFCaNFCY22422040
IFIABS(SFC(JFC)—STATM(I)1-0.01)13013040
DO 15 J=1+5

FCUN)=xFC(JIFC+ )

CONT INUF

JFC=JFC+1

WRITE (&14302)FC

CONTINUE

CONTINIE

CALL DcLOS(IBUF)
READ(ﬁﬂcaﬂllIDLOTOHSCALOVSCAL

FORMAT {1S+SXe2F10.3)
IF(IPLOTI9994+9994998

CALL PLOTS(0+040) )

CALL WSPLT (NOSTeNCAAL ¢ HSCAL s VSCAL «UIPDWN)
CALL PLOT(0.0+0.0+999)

GO TO 999

END

SURROUTINE SCINT (WSeMeRWE+SLPLT«SLPRT)
DIMENSION R(1}+E(])

DO 10 K=1.N

IF(WS=F(K})10e11e1?2

CONT INUE

SLPLT=0 «0

GO TO PO

SLPL T=p(K)

GO TO 20
SLPLT=D(K-1J+{E(K-l)—HS)/(E(K-I)-E(K))'(R(KI-D{K-I))
D0 30 K=1+N

L=N=-K4+)

IF{WS=F{L) 1303132

CONTINIIE

SLPRT=OOO

GO TO a9

SLPRT=R{L)}

GO TO 99
SLDRT=P(L‘¢(HS-E(L)l/tE(LOI)‘E(L))G(R(LOI)-P(L))
RETURN

END

SURROUTINE WSPLT(NOST«NCAAL HSCAL » VSCAL «UPNWN)

DIMENSTON ISTA(15)+NCAAL{6)

DIMENSTON IBUF(125)+TA(20)«MSG(11)

DIMENSTON LCHAR(32)4IPLY(15)4IPL2(T}

DATA ((IPL1(IVYsI=14S)=4HELEV+s4HATTO4HN INe4H FEE«4HT )
DATACCIPL2(I) 2 I=1e7)=4HWATE+4HR St)e4HRFAC4HE PRyGHOFTLAGHE FO.
1  4HR )

DATA (MSG=41HSET PEN ON PLAIN PAPER AGAINST RIGHT S5T0P)
EQUIVALENCE (STAsTAC1)) e (WSeIA() ) (DEPTH«IA(S))

FORMAT (1H1+S9HPROFILE WILL NOT FIT [N 27 INCHES WITH GIVEN VERTICA
1L SCALE)

CALL FACTOR(0.5)

CALL DOPEN(IBUF 34042046)

DETERMINE MAXIMUM AND MINIMUM STATION VALUES

01123
Gnl2a
0n125
gni126
on127
00128
0c129
09130
0n131
ager32
0¢133
"l 3a
02135
00135
00137
an128
00139
Gol14¢
0nial
0nl14a2
00143
00144
0n145
0ntlaé
00147
00148
00149
ani50
00151
00152
C0153
00154
00155
00156
0n157
00158
6niS9
00160
00161
nni6e
0nt63
Nol164a
03165
80166
0n167
00168
00169
coi70
00171
nor7e
00173
Do174
00175
Imnt7e6
oov77
£n178
0079
60180
or181
0p182
001483
00184



27

28

29

19
18
26
17

-0 00

12

aNe RS
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CALL DGET(IRUf+1.+14)
ST1=5T4

CALL NGET(IBUF+NOST.TA)
ST2=5Ta
IF(ST1-5T2)27.28,28
SGM=1.0

GO TO P29

SGN==1.1

DETERMINE MAXIMUM AND MINIMUM AOTTNM ELEVATION AND WATER SURFACF

WSMX=-9999,0FE30
WSMN=+G99G ,3E 30

DO 17 K=1NOST

CALL DGET(IBUFsKaTA)

IF (WS=wSMX)18+184+19

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

CONT INUE

DETERMINE IF PLOT WILL FIT ON PLOTTFR WITH GIVEN SCAIFS

XMIN=TFIX (WSMN) =VSCAL
XMAX=TFIX (WSMX) «VSCA|
XINCH= (XMAX=XMIN) /VSCAL
IF(XINCH=27.0)10910411
WRITE(A1s300)

GO TO 9999

POSITINN PENs PLOT AND LABEL ELEVATION AXIS

CALL SFTMSG (1) +MS5G)

CALL EPLOT{(1+3.09+2.0)

CALL SCALE(140e¢1.0/vSCAL+0.0+,0.0)

CALL EGRID(190.000.0sVSCAL/2.0+TFIXIXINCH)Y®#2)
CALL FPLOT(1+0.0+0.0)

CALL SCALE(1,0+1.000.0+0.0)

¥Y==1.08

YV=XMIN=VSCAL

N=XINCH* |

DO 12 K=14+N

Y=Y+1.0

YV=YV+ySCAL

CALL PUTDCIYVe2+LCHARs146}

CALL ECHAR(~=0+.709Y204190s1900+LCHARH)
CONTINIIE

CALL A4A1(IPL1+1+SeLCHARW])

CALL ECHAR(=0.90+1 004290291 .5707+LCHARSLT7)

PLOT AND LAREL STATION AXIS

CALL EPLOT(1+0.0+0.0)

CALL SCALE(1.0/HSCALs1.0+ST1#SGN=-0 ,S4HSCAL.0.0)

DO 13 k=1sNOST

CALL DGET(TBUF+KeIA)

CALL EPLOT(2+STA#SGNeQ.0)
CALL EPLOT(1+sSTA®SGN.0.04)
CALL EPLOT(23sSTA#SGNe=0,04)
CALL STAT(STA  +1STA)

CALL ECHAR(STA#SGN+0.05#HSCALs=1+460+0e1+0419145707+1STA+IS)

NGO 1HE
00184
0N1A7
0N1AR
gni18ay
00190
00191
00192
00153
00194
001495
00196
00197
046198
00199
00200
00201l
coz202
0nz03
00204
00205
0n206
06207
00208
00209
00210
0n2ll
00212
00213
00214
0215
00216
00217
00218
0021y
Onz220
00221
00222
0n223}
00224
00225
00226
00227
00228
00229
00230
pn231
00232
0n>33
00234
00235
0n236
0n237
00234
00239
00240
an241
ng262
00243
0n244
00245
00246
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v

LS ]

34

.35
16

10

1999

104

=t
2

00

01

CALL FOLOT(1+STA%SGN+0.0) - AC6-5 -

CONT INIJE

CALL A4AL(IPLZs1sTsLCHARGT)

CALL MOVEINCAAL«]l+hs| CHAR+2T)

CALL FCHAR(STI®SGN*HSCAL+=2404022+025040LCHARS3?)

PLOT wATER SURFACE PROFILE

CALL EPLOTI(]1+STI®SGN,0)

CALL SCALEA(l.0/HSCAL+1.0/VSCALSTI#SGNJXMIN)
NO 20 w=]1+NOST

CALL DGET{IRUF +KsT14}

IF(K=1124+24+25

CALL FPLOT(1«STA#SGN.WS)

CALL FPLOT(2.S5TA#SGN.WS)

CALL PUTDCIWS+2sLCHARs] 46}

CALLL ECHAR(STA#SGON+Q , O5%HSCAL WS 40 ,05#VSCAL+0,190.141.5707
ILCHAR R}

CALL EPLNT({1+STA#SGMWWS)

CONT INUE

PLOT ROTTOM ELEVATYION PROFILE

NJ 30 x=1«NOST

L=NOST=-Ke]

CALL DGRET(IBUF.L.IA)

IF(K=1)34+34+35

CALL EPLOT(1+STA®SGN.+WS =NEPTH )

GO TO 16

CALL NASLN(XSTAXWS<XDP,STA®SON,WS=NEPTH.0.25,HSCAL)
CALL PUTDC(WS=DEPTH«?sLCHARs1+5)

CALL ECHAR(STA®#SGN+N ySHHSCAL WS =DEFPTH =0 55*VSCAL »0s)aDals
1 1.5707+LCHAR«6)

XSTA=STASGN

XWS=WS

ADP=DEPTH

CONT INMUE

CALL FPLOT(I+ST24SGN+ 3. 0#HSCAL + XMIN)Y

CALL FPRLOT{(99940.04+0,0)

RETURN

EnD

SURRQITINE WSTAP

DIMENSTON Q(40)+SI(20) «NCAAL(B) FCISY e XFC(2045)4850(40)5FC(20)
DIMENSTON Y3(2eS0)+AD(2450¢S)aTW 25045 sR(TOYE(T70)

DIMENSION TOPW{Z)+CO(2)sAREA(Z2Y+STATN(Z2)YsLL (2

COMMON Q¢S TeNCAALSFCoeY3eTW AP TOCWCOWARFASSTATNS 1

- COMMON ZSTASZWS+ZDPTH.ZTOP+ZAR7CND4ACAREsACVOL «SLPL +SILPR

COMMON R-EoNT.ALFA-UPDWN.NO.NS.MSTt.NSTE.NST.NOST.NS-NRE

COMMON JTERRSINsISsDEPTHIST+ S« XFCoSFCWNFC

FORMAT (1H1 «S1Xs6A1//71H «33X+11HDISCAHARGE =¢F9,042%

1 1SHINTTIAL STAGE =sF6.2/1H0+4 31X 20HROUGHNESS COEFFICTENTS)
FORMAT (1H 941X e 14HCLASSIFICATINNGT23H = «F7,.4)

FORMAT (1HN o 1BX +SHWATFER 14X+ 3HTNP+ 30X+ 2(13H ACCUMULATFD) »3X,

1 1AHSERTION INTERCEPTS/IH +6XsTHSTATIONSX e 13HSTAGE DEPTH5X

2 SHWIDTHBX+4HAREASAY s 24HCONVEYANCE  SURFACE AREA«SX»AHVOLUME »

3 BXWGHLEFT+6XeSHRIGHT)

FORMAT(IHOLYITHINITIAL STAGE OF JF7,.P«27H RELOW ROTTOM ELEVATION OF
1 «F7.2)

FORMAT (QHCQ+ 1 THINITTIAL STAGE OF +F7.7¢23H ABROVFE TOP ELFVATION OF o
1F7.2)

LLI=LL(])

nag>247
0 24R
0r>249
0n>59
on2sl
onz2s2
02253
00”54
an255
np2%6
on>rs7
0n2SA
00259
o268
0n261
00262
0pPH3
0264
0nr"6SsS
on266
onrPR7
onPhA
onr6e9
00270
tn”271
onrP72
on273
05274
nnr7TsS
00276
on277
0n278
onz279
00280
onz81
CnPR2
60283
00”84
0n285
1N2R6
0cr87
O02RA
on>R9
0n290
00291
0nz2o2
0n>93
on294
00295
00n~96
0n>Pe7
00298
4n>Pa9
907300
00301
tc30?
00303
0n304
00305
nn106
¢n07
06308



201
50
50
202
10
290

30
203

- AC6-6 -
WRITE (A14304)NCABLLO(TIQ) +WS
N0 23 JJL=1+5
[F(FC{)JL})I23423+24
WRITE(£1+25)JJLSFC(IIL)
CONTINUE
WRITE{(Al+22)

DETFRMINE TIF INITIAL STAGE OUT OF RaNGF

IFUAS=Y3{]LLI)I )l Wl?
WRITF (&1 «300)WSaY3(lalL1)
[ERR="

RETURN

IF(WS=Y3 (1411014414415
WRITF (A]«901)WSeYI(]al)
GO T0O 77

[IERR=]

FIND DEPTH AT INITIAL STATION
DEPTH=wWS-Y3{1sLL1}
DETERMINE SECTION CHARACTERISTINS AT INITIAL STAGF

ZOPTH =NEPTH
ZSTA =STATN (D)
ZwS =WS
ACARE =
ACvOL =
RETUR"
ErND

SURROUT INE WSRED

DIMENSTION Q(a0)oST(PNM) sNCAAL () sFC (S o XFC{20e5)12SN140)«SFC(20)
DIMENSION Y3(245034AC({295065) ¢ TW(2+50+S)R{T0)F (70}
DIMENSTON TOPWI(Z2)+CO{2) s AREA(Z2) «STATNAZ2) o LL{Z2)«ICC{20.5)sSNC{20)
COMMOMN QeSTeNCAALsFCeYI9TWeAP TOPWACOsAPEASTATN |
COMMON ZSTAsZWS s ZDPTHZTOR s ZARS7COC ACARE + ACVOL +SLPL «SILPR
COMMON R4EsNTsALFALUPDWNsNNsNSINST ] «NSTZ2eNSToNNSTaWSeRE
COMMON TERRsIQeIS+DEPTH ISToSAGXFCySFCANFC o ICC+SNCNCr
NT=11

READ{6END201)ALFASUPDWN

FORMAT (BF14.3)

IF (UPDWNIS0+60.50

CALL EXIT

READ (60 «202INSeNQeNFCeNSTL«NMST24NCC

FORMAT(H1S)

READ(AO201)1(ST(IS)«IS=]1+¢NS)

DO 1N 1Q=1+NG

REAND{AD201) SACIQY+N(IN)

DO 2C I1C=1sNFC

READ{ARO201)SFCUICI s (XFC{IC+ )Y nJ=1+5)

IF(NCC)Y1 o192

DO 30 NC=1sNCC

READ(AO+2031SNCINCY s {ICCHINC s J) 4 J=145)

FORMAT(F10.3+1015)

NST=NSTZ2-NST]

NOST=NST+1

RE TURM

ErD

SURBROUTINE WSCHR (INDEX s DEPTHeY 1aTW o AP FCoTOPWA TN ARFEALCRELV Y JCCW 11}

060309

0r310GC

nglt

13317
20313
mn3ls

0n315

anllé

0ni17

0071R

80131y
gn320

019321

on32’2
tni23
CH3ca
nnl2s
0n3rlh
0327
0n328
00329
003130
0n331

un332
0n3i’
no334a
nn313s
gn33s
0n117
an338
00339
00340
40341
0n3462
00343
00344
03345
0n34hk
on347
00348
on349
06350
05351
npase
0n1s3
00354
on3sSs
0035A
00157
00n15A
00359
00360
00361
00362
03363
00316
09365
00R6
pna6T
Qn68
00169
00370




0N = PJ G

on

70
02
68

64

DIMENSTION Y3{2+s5M) +sTW(2+s50.5) vﬁAisC(sazq()og) sFCIS)Y JCT (2,45)
WS=DEPTH+Y3 (I + INDEX)

D0 10 k=24 INDEX

IF (WS=Y23(T+X))10s1lls1}

CONT INYE

STNP

RATIO=(WS=Y3(TsK})IZ(Y3([eK=1)=YA{TWK))

TOPwW=0,0

Co=0.9

AREA=9,0

0 20 =145

IF(CRFILV+999R,0E£30)147 44244
[F(WS=CRELV)I43+43+42

IF(JCC(TaJ} 120420042

IF(FC {1 12Ya20.21

IF{TW(TeK=Ys 0312042072
TP=(TW(TlsK=1e ) =TW(TeKaJ))H#RATIO+TW (LK )

ARZ (TP +TWI TeKad) ) /2,08 (WS=Y3 (1))
IFIK=INDEX)23+244+24

M=INDEX=1

DO 3N L=KaM

AR=AR+ (TW{T ol o ) +TW(TsLe¢la D}/ /2,08 (YI(TaL)=YI(Tal_+1))
CONTINIE

WP={AP ([ sK=10J)t=AP (T +Ke N I#RATIN+AP (I eKs.))
TOPW=TOPW+TP

AREA=ARE A+ AR

IF(FC{J)Y 15152452

D=AR/TP
FNT145613=-1,084712D+),490179#D242-0,124972D##3+0,01730952Dao4<
1 0.,0012191#D#25+0,00003411994D##5
CO=CO+1.,4868(ARBR(S 0/3,0)/WP85(2,0/3.0))/FN
GO TO 20
CO=CO+].4R6% (ARAS (S, /3,0 /WPe8(2,0/3.00)/FC())
CONTINUE

RETURN

END

SURRAOUTINE RCINT(STATMsCRELVJEN)

DIMENSTON Q(40)+ST(21n) +NCAAL (6) +FC(S) s XFC(2045) +SN140)+SFC(20)
DIMENSTION YI{2+50) +AP (2¢504S) aTW(2:50+5)«R(T70)E(70)

DIMENSTION TOPWI(2)aCOI2Y+AREA(2) «STATN(2)oLL (2) )

DIMENSION ICC(2045)+SNC(20)1«STATM(2)+CRFLV(Z2)+JCC{2+5)

COMMON Qo ST W NCAALSFCeYIeTWeAP TNPWeCNeAREASTATN )

COMMON 7ZSTAZWS+ZDPTHGZTOP +ZARW7CNLACARE 4 ACVOL + SLPL+SLPR

COMMON RyEsNTsALFA+UPDWNINQINSoNSTL sNST2+NSTeNOSTWSMRE

COMMON TERRINGISDEPTHIST oSN XFCsSFCeNFCaTCO SN WNOT
FORMAT {1HD 4 38HUNARLE TO CONVERGE AFTER 20 ITERATINNS)
FORMAT (1HO+ 13HDEPTH QUT OF RANGE)

FORMAT (1HO+ THDEPTH =+F6.2/1H «20HITERATION INTERVAL =,13/1H »

I 2SHINTERPOLATION INCREMENT =.F10.2/1H +20HREACH ROTTNM SLOPE =,
2 E15.7/1H +2BHDISTANCE FROM LAST STATION =sF10.3/1H +11HTOP WINDTH
ZeF15.7/7/1H s 12HCONVEYANCE =+E1S5.7/1H «AHARFEA =+FE15.7)

FORMAT {1HQ « ITHSUPER=CRITICAL FLOW AT A DISTANCE OF oF10.3s

1 18H PAST LAST STATION/LH s11HTAP WIDTH =4f13,6+7H ARFA “+E13.6
2 13H CONVEYANCE =+E13,6)

LLl=LL (D)

LLZ2=LL &)

DETERMINE RFACH CONTROL DATA

REACH=ARS (STATN{1)=STATN(2))
DX=REACH/10.0

na371
gn37e
0ni73
oni7a
on37s
0n76
00377
onaTa
0n3T7TI
0n3RY
0n3A1
G03R?
00383
00384
gn18ss
0386
0073R7
On3AAx
0n389
00390
00391
00n392
nnr393
0niva
001395
on3vs
0n1se7
o0n398
00399
o400
0nall
006402
00403
00404
00405
00406
00407
0g408
0n409
0o4ale
N¢4all
00412
0pal3
0o4la
00415
nnals
00al?
0418
006419
00420
0nazl
eosz?
00423
06424
00425
00476
024627
0042k
00429
00430
o4l
Gnal2
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224

225

IF (1PIWM)I 53245322533 - AC6-8 -
SLOPE=(Y3(2eLL2)=Y3(1sLL1)) /RFACH

G0 TO 534
SLOPF=(Y3{]1+LLI)=YA(PeLL2)Y)/RFACH

ENTER ITERATION PROCFSS FOR THIS PFACH

NN 65 m=1.10
ICOYT=n
START=FLDAT(M ) #Dx
IF (uPDWNY 11212012
START=START=-DX
YSTRT=NEPTH

1Ga=n

CHECK FOR EXCESS NUMRFR OF ITERATIONS
[CNAUT=TCOUT+]

IFIICOUT-20)6R»6R46569
Mo=1

ERRNR NISCOVERED = PRINT NATA TO THIS POINT WITH PERTINENT DATA

GO TO(142) M0

WRITE(814970)

GO TO 3

WRITE(A1+902)
WRITE(AL+96RIDEPTHeMaN N o SLOPESTART+XTOPWeXCOeXAR
[ErR=p

RETURM

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

DN 90 [=1l.2
CHECK FOR ALLOWABLE PANGE OF DEPTH

INDEX=LL{I)

IF{DEPTH) 44 + 44 ¢+ 45

IF((NEPTH+Y3({I«INDEX))I=Y3(Tal))abrsb+44

MQ=p

&GN TO &1

CALL WSCHRILL(IY+DEPTHsY34TWs AP LFCeaTOPWITI)«COIUI) «ADRFALITL)
1CRFLVY{T)Y . ICCTY

CONT INIIE

FIND TNP WIDTHs AREA AND CONVEYANCE AT INTERMEDIATE PnINT

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

CALCULATE SLOPE AT THIS DEPTH

SE=(G{1Q) /XCO)#t?
FRONDZ=(ALFA®Q(IQ) 2423 XTOPW) /32 .7/ XAP/XAR/XAR
IF(FRON2=1.0)224+2254+225
SLOPZ=(=1.,0#SIGN({1.0«UPNDWN)I®(SLOPE=SEY/{]1.0=-FRODZ)
GO TO 276

FRONZ=0.01

WRITE{AL1964)START+XTOPW e XAR+XCN

nai’
nRG 3y
0n43s
UnG A
0nair
004k
gnag iy
0na4d
Tnas
0naa’
enaal
ON4La
Hnass
NGLa6
Noans?
0naan
0ne4e9
00450
08451
Nous?
00453
00454
Lnass
npasa
00457
0nasSA
00asSe
00460
00461
fna62
004613
00464
Nn465
00466
gnadd
Q468
on4a6s
0naTU
onatl
00472
00473
OGaTse
Qo4ai?s
analé
on4a7T
0na78
0479
004890
0ngBl
0nan?2
ansaRi
00484
0n4nrsS
0n4Rs
0C487
048R
00489
00490
00491
00492
0C¢493
00494

|




[N EaRY RV
[§)}

OO0

OO0

o Ne R

GO TO 724 - AC6-9 -

IF(IGD)I19«19+2]
SAVE CALCULATED SLORE OF FIRST ITERATINN

SLoP1=5L0P2
1G6n=]

CALCULATE NEW DEPTH

YLAST=DEPTH

DEPTH=YSTRT+ (SLOP1+SLOP2) /2 ,0%NX

IF (ABS(YLAST=NEPTH) =0,.N011555+4555+473

IF(1PNWNY4 505
XTOPW=(TOPWI2)=TOPW (1)) /REACH®ISTART +DX) +TOPW ()
XAR=(AREA(2Y-AREA (1)) /REACH#(START4NX) +ARFA{])
XCO={CN(2)=CO(1)Y/RFACH®(START+NX1+0( 1)

WS= (Y (Z+LL2)=YI(1aLL1) Y /RFEACH® (MEnx) +¥ (14 L1) «DFPTH
CONTINIE

FIND WATER STAGE AT ENDING STATIONM FOR THIS DEPTH
WS=DERTH+Y3(24LL2)
TRANSFER ENDING STATION DATA T0 INITIAL STATION

STATN(1)=STATNI(2)
CRELV(1)=CRELV(2)
LL(l)=rL (2}
INDEX=L {2}

DO AS K=1+INDFX
Y3I(lex)=¥Y3(24K)

DO K5 M=1.5

AP (1 aKMIZAP {2 eK M)
TH{leaK MI=STW(ZeK M)
CONTINNE

DO 66 M=1,5
JCC(Llam)=JCC(24M)
CONTIMUE

CALCULATE AREA AND VNLUME BETwWEFN STATIONS
SRFAR=({ZTOP+XTOPW) /2 ,N®ABS(STATM(2)~STATM({1)) 7435A0.0
VOLUM= {ZAR+XAR) /2, 0#ABS{STATM(2)~STATM(1)) £43560.0
STATM (1) =STATM(2)

STORE CALCULATED NATA AT THIS STATION

25Ta =STATN(2)

WS =WS

INPTH =NEPTH

ZTnp =XTOPW

ZAR =XAR

Zcn =xCnN

ACVOL =ACVOL+VNOLLIM

ACAPE =ACARE +SRFAR
IERR=1

RETURM

END

0n4ass
DraI6
0na37
Cng9R
0ONLIY
00s00
00501
R 0
10503
onsoa
arsgs
00506
00507
09=013
pgrsQy9
0ns10
56511
onal?
06513
0nslae
0ns15
n3516
63517
055183
0csSl1y
06520
04521
nns2e
00523
Nos2a
Uns2s
0G526
0ns27
06528
Hng2Y
0ns30
ar831
06S32
30533
0c534
005136
nesar
0533
00539
00540
0nsal
0nR4?
05473
00544
0545
0546
00s4a7
Cnsa48
0rca9
0nss50
0Cs51
cGes2
o553
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ANNEX C: EXAMPLE OF EO71 OUTPUT
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