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ABSTRACT

The report describes an interactive computer program that can be
used to determine the steady state piezometric surface profile for given
flow conditions in various hydraulic networks. The program is designed
for use in a time-sharing mode to facilitate the setup, calibration and
modification of cross-sectional data defining a hydraulic network. The
‘network may include open channels (either natural or manmade) or closed
conduits, or both, in configurations of single reach, multiple
tributaries or bifurcated branches with its resultant "island" flows.
In addition, bridges, weirs, culverts and manhcles can be modelled as
transitional structures. There is a choice of six resistance laws which
are selected during run time. The network geometry file is stored on
secondary devices such that relatively large systems can be handled on
computers of moderate size. A large part of the report comprises a set
of Appendices which can serve as independent manuals for the use and

modification of the programs.
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ANALYSIS OF FLOW PROFILES

CHAPTER 1

1.1 Introduction

With the increased use of storm water management
techniques, whether it be flood plain studies or the analysis of
overland flow in subdivision design, flow profiles are usually
required in order to determine the maximum extent of flooding. At
present, many computer programs are available to the designer for
modelling the system being studied ([9, 11, 12, 13]. These
programs are usually large, comprehensive programs designed for a
specific use and commonly used in batch mode. When some element
in design is involved where configurations or geometry may change,
requiring a number of trial runs, the use ¢f these comprehensive
programs can be both time ccnsuming and expensive. This project
involves the development and testing of a relatively simple
program intended specifically for the purpose of trial and error
analysis of various design alternatives for a number of differing
hydraulic networks.

The Appendices include a user's manual, worked examples,
and a programmer's manual. The appendices have been written sc as
to provide the potential user with a complete guide to program use

without having to refer to the technical information in this



paper. As such, the appendices repeat much of that which appears
in the text of this paper.

The worked examples in Appendix B cover a wide variety of
hydraulic configurations in order to aid the user in understanding
the methods used and the scope of applications available in the

program.

1.2 Background

The initial concept for the present program originated in
the need to compute steady state backwater profiles quickly,
easily and with limited data preparation, The result was a
library of subroutines, each of which performed specific
computations. The library has since been extended to cover a wide
variety of hydrologic and hydraulic computations, The library is
called the Civil Engineering Program Library (C.E.P.L.) or
"Civlib" for short [1].

The first backwater program developed for the library was
known as RIVER1/2. This program is a self contained subroutine in
the C.E.P.L. which calls upon other routines in the library for
specific computations. In this version, the gecmetry file was
stored in the computer core in order to facilitate the modifica-
tion of the channel gecmetry if required. It became apparent,
though, that for extensive networks, the amount of core memory
used toc retain the geometry limited the extent to which RIVER1/2

could be expanded to include various hydraulic phencmena. A new



subroutine was thus developed in which the geometry file resided
on secondary devices such as tapes or dises. The routine resulted
in greatly reduced core requirements such that programming could
be provided for additional hydraulic analysis., The one drawback
to the new subroutine is the increase in computation time by about
50%-60%. The new subroutine is known as RIVER4.

The original project was intended to be the preparation of
a set of manuals for the use of RIVER4. In addition, the program
was to be tested for use on a closed conduit network such as a
sewer system, This would enhance the program's generality by
being able to analyse both natural and man-made systems.

In preparing the manuals, it was noted that for practical
usage, certain aspects of the program could be greatly enhanced
with minor modifications. These included additional summary
output with each command, a reorganization of some of the commands
available and the addition of a command tc summarize the input
data. It was observed that in the branched flow computation,
closure was very slow with the existing algorithm if the system
included invert discontinuities, It was therefore decided to
improve the computations of branched networks to speed
convergence,

In addition, modelling of branches and their numbering was
quite restrictive. All branches had to start on the main channel
and end on the main channel. This wusually resulted in

inconsistent and discontinuous number sequences being used to



define a tributary. The numeric modelling was therefore revised
so that contiguous streams could be numbered independently of the
branching scheme.

The analysis of pipe flow presented problems in the
original program. Circular conduits were defined by a set of
coordinate pairs. When critical depth was being calculated, the
depth was often tooc high. The solutiocn was to use routines
specifically intended for circular sections and to define the pipe
as such (i.e. diameter and invert). This modification was
achieved by the device of using one set of coordinates in which
the horizontal value defines the diameter and the vertical
coordinate represents the invert, This procedure not only
increased the accuracy of the analysis, but also decreased the
amount of preparatory work required in creating and/or altering a
data file for sewer systems,.

In modelling sewer systems, it became apparent that the
number of nodes required was usually more than desired. This
usually resulted from modelling all tributaries with at least ocne
node in order to account for the flow contribution. Often the
profiles were not required on all the tributaries, In order to
eliminate excess modelling and still account for the flow
contribution, a method of entering point lateral inflows was
developed and added to the program,

In addition to the above mocdifications and improvements,

the project was intended to test the applicability of the model to



different problem types and, where appropriate or possible, to
compare the results with other solutions either published,
observed or computed by means of other programs.

Though much more work could be done on the program, it is
felt that that which is presented is a very useful and utilitarian

program for most backwater calculations.



CHAPTER 2

SYSTEM GEOMETRY

2.1 General

The hydraulic system for a RIVERY4 analysis is described by
a series of cross-sections spaced along the network so as to
adequately represent the system. Each section is described by a
set of coordinate pairs which approximates the cross-section
shape. The number of points may vary for each cross-section
depending on its complexity. 1In addition, the section is defined
by a characteristic resistance coefficient and chainage. Only one
resistance coefficient is used per cross-section., Chainage can be
either negative or positive but it must increase algebraicly in
the direction of flow.

It is recommended that if tributaries are being modelled,
negative chainage be used starting with 0.0 at the downstream end
and increasing in negative distance in the upstream direction.
This will result in confluences having the same chainage for
tributary and main channel.

Transitions can be modelled by using two consecutive cross-
sections with the same chainage. By doing so, contractions and
expansions can be modelled in order to represent bridges,
culverts, drop manholes or weirs. Complex transitions can be

modelled by three or more sections at the same chainage.



Each cross-section is described by two record types. The
first field of both record types (I5), contains the cross-section
number. The first record type also includes the number of points
in the cross-section, its chainage and roughness coefficient. The
second record contains the horizontal and vertical coordinate
pairs defining the cross-section shape. The horizontal stations
can be negative or positive.

Three pairs of coordinates can be accommodated on each type
two record. Table 2.1 details the information required for the
geometry file. If the user wishes to add additional comments to
the data file, the comments should start after column 10, In this
way, the comments are "transparent" to the program and processing
will occur normally.

Circular pipes are described by one pair of coordinates
(NPTS=1) in which HORZ(1) is the diameter and VERT(1) is the
invert elevation. Figure 2.1 shows the modelling of a transition
and the typical data for these cross-sections. The geometry file
of the system resides on secondary devices such as tapes or discs.
Though computation time is increased using secondary systems, the
reduction in core size enables computers of modest size to analyse
relatively large networks.

When computing a backwater profile, the geometry file is
assigned to unit 1 as input, (i.e. TAPE1 under CDC operating

systems) .



TABLE 2.1

GEOMETRY FILE FORMAT

Record Field Format Variable Description

1 1-5 I5 ISEC Cross—section number

1 6-10 I5 NPTS No. of points describing
the section

1 11-20 F10.1 CHAIN Cross-section chainage

1 21-30 F10.3 RC Roughness coefficient

2 1-5 I5 ISEC Cross-section number

2 6-15 F10.3 HORZ(1) Horiz. coord. of pt. 1

2 16-25 F10.3 VERT (1) Vert. coord. of pt. 1

2 26-35 F10.3 HORZ(2)

2 36-45 F10.3 VERT(2)

2 46-55 F10.3 HORZ(3) Coordinate pairs for

2 56-65 F10.3 VERT(3) points 2 & 3

3 ete. As record 2 for subsequent coordinate pairs.
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2.2 Network Configuration and Numbering

There are few limitations on the configuration of nodes and
their numbering. The basic rule is that there can be no more than
one tributary or bifurcated branch off of any one node.

If there are two tributaries at the "same" confluence, the
main channel must be modelled by two cross-sections with the same
chainage. Each tributary can be modelled by one cross-section if
so desired, representing a minor tributary. The program as later
modified allows point lateral inflows to be defined without the
necessity of defining tributaries in this way.

Each tributary is numbered consecutively from the upstream
limit to the downstream 1limit. The downstream 1limit of the
principle channel must have the highest node number.

Bifurcated branches are numbered as if they were a
tributary. The connectivity procedure defines the tributary as a
branch wusing an array KDS(node). In order to arrive at a
numbering scheme, the user should have a schematic of the
configuration present. Then, starting at the upstream end of the
shortest or least important tributary, number the nodes from one
to the downstream end of the tributary (say 5). The next
tributary would start at the upstream limit with 6 and continue to
its downstream limit. This would be continued until the main
channel is consecutively numbered with the highest set of numbers.

These rules can be summarized as follows:
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(1 All tributaries (branches) must be numbered consecutively

in the direction of flow.

(2) The furthest downstream section must have the highest
number representing the maximum number of sections in the

current geometry file.

(3) Only one tributary or branch can exist at any one node.

Figure 2.2 shows a correct numbering scheme and one with
typical violations. For further illustrations of the numbering

scheme see Appendix B - Worked Examples.

2.3 Use of EDITXS

The geometry file can be created by one of two methods. It
can be created using a text editing language or it can be created
using the subroutine EDITXS. This subroutine is command oriented

and is a part of the backwater library. The commands available

are:
ADD - to add a new section
CHANGE - to alter any section property

DELETE - to delete an existing section

END - to end this edit session



(a) Typical Network System (1| branch, 5 confluences)

Tributary No.i higher than
main channel

more than two sections

(50)
29—
¢. no. not

Se
continuous

Downstream limit not
equal to NXSEC(21)

(b} Typical Violations of Numbering and

Connectivity Constraints

NODE (V) 1 2 3 4 5 6 T 8 9 10 (R 12 13
KDS (V) o 7 -8 0 12 o 0 0 20 0 0 0 23
NODE (J4) 14 15 16 17 18 19 20 21 22 23 24 25 26
KDS(J) o) o] 0 22 0 o o 0 0 0 o] 0 999
(c) Connectivity Array for Network of (a) FIGURE 22
TYPICAL
NETWORK
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HELP - to print list of available commands
PRINT - to print out properties of section(s)

RETURN - to return to the calling routine

In order to use the subroutine to create a data file, a
simple driving program is required as follows:

Assume 25 cross-sections (NXSEC) with maximum number of

points being 5(MAXPTS).

PROGRAM TST(INPUT,OQOUTPUT,TAPES5=INPUT,TAPE6=0UTPUT, TAPE1, TAPE2)
C Program card for CDC6400

DIMENSION ITST(25),KSREC(100)

NTAPE1=1

NTAPE2=2

NXSEC=25

MAXPTS=5

NR=5

NW=6

CALL FILEXS(NTAPE1,KSREC,NXSEC,MAXPTS)
C This routine initializes KSREC()

CALL EDITXS(NTAPE1,NTAPE2,KSREC,ITST,NXSEC,MAXPTS,NR,NW,NOCOPY)

END

After the file has been created by entering commands and
responding to prompts within subroutine EDITXS, the file TAPE?
contains the data and is usually saved as a permanent file for
future use.

It should be noted that the subroutine is awkward to use in
ereating data files. In addition, when changes are made through
the command CHANGE, the whole of the cross-section data for both
record types must be reentered. Therefore it is, in general,

recommended that the computer text editing system be used for



14

modifying data or creating a file, especially if a screen editor
is available.

The useful part of the subroutine is in the commands ADD
and DELETE. After a data file has been created by some means and
a backwater calculation has been performed, it may be desired to
add a cross-section in the middle of the data set. Within the
subroutine RIVER4 (of which more will be said later), EDITXS can
be accessed. By using the command ADD, a new cross-section can be
inserted. 1In doing so, the routine adds one to all cross-sections
with the same and higher cross-section number resulting in NXSEC
being increased by one. This would be difficult to do with a text
editor. Likewise, a section can be deleted resulting in higher
section numbers being reduced by one. After alterations, the new
TAPE1 would have to be saved in order to preserve the altered
geometry.

For more information on the use of EDITXS, see Appendix

A.3.7-EDIT.



CHAPTER 3

THE PROGRAM

3.1 Organization

The backwater program consists of 19 subroutines in total.
The heart of the program is subroutine RIVERY4 which is command
structured. There are 14 commands available to the user (see
Table 3.1). After having typed one of the commands, the program
is directed to the appropriate section in the subroutine whence
specific information is requested from the user. The appropriate
computation is performed and the results returned to the user.
The calculations are usually performed by specialized subroutines
that reside in a 1library of subroutines, Throughout the
subroutine, a check is made that certain prerequisite information
is available before continuing, such as flows have been defined
before computing critical depth. If the information does not
exist, the program is redirected to the appropriate section and
the necessary data is requested. After each set of computations,
the user 1is invited to submit another command until the command
STOP is used which terminates the session. Results are printed
out in a simple tabular form, each <¢tributary being printed

separately with its own heading.

15
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TABLE 3.1

COMMANDS AVAILABLE IN ROUTINE RIVERY4

BRANCH

COMPUTE

CONNECT

CRITIC

DISCHARGE

D/S WL
EDIT
HELP

INFLOWS

LOSS COEFF

RESISTANCE

RESTART

STOP

SUMMARY

To define one or more branching junctions

To compute surface profiles between a specified
downstream control and any upstream section,

To define one or more confluence junctions.

To compute critical depth and energy level at any
section for current discharges.

To specify discharges in the channel system
explicitly.

To define the downstream control level.
To edit the current geometry file.
To list the available command options.

To specify inflow discharges at the upstream end of
tributary channels.

To define the wenergy 1loss coefficients at
transitions.

To define the desired flow resistance equation.

To begin again with the currently defined geometry
file.

To terminate the session.

To summarize input data.
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RIVERY4 has complete dynamic allocation of array dimensions.
The parameter list is quite extensive and the dimensioning has
been simplified through the use of an enclosing subroutine,
RIVER3. The advantage of the enclosing routine RIVER3, is the
simplicity of the driving program to be provided by the user,

consisting of three lines.

(a) a program description defining files
(b) a simple one-dimension work array

(e) a calling statement for RIVER3.

The files defined are TAPES, TAPE6 for input and output
respectively, TAPE1 for the geometry file and TAPE2 for a
"scratch" file.

The size of the work array is calculated by the user as

follows:

NWK = S*NXSEC + 4*MAXPTS

Using the previous example of NXSEC=25 and MAXPTS=5, the

work array would be

NWK

5%25 + L4*5

145

say, 200 in anticipation of adding cross-section.
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Therefore, the driving program takes the following form:

PROGRAM TST(INPUT,OUTPUT, TAPES=INPUT,TAPE6=0UTPUT,TAPE1,TAPE2)
C Program card for CDC 6400

DIMENSION WK (200)
CALL RIVER3(1,2,5,6,32.2,WK)
END

where 32.2 is the value of gravity in Imperial units. Though
intended for interactive use, the computations can be performed by
batch mode, Care must be taken in anticipating the order in which

data is entered (see Appendix A.6 - Batch Mode Usage).

3.2 Defining Connectivity

Each cross-section is identified by its own number and a
connectivity number called KDS(node). All KDS values are preset
to zero except for KDS(NXSEC) which is set to 999.

By the use of commands CONNECT and BRANCH, individual KDS
values are changed. The KDS value defines the node on the "main"
channel that a tributary connects to. The value 1is always
positive for confluences. For bifurcated branches, the KDS value
is entered positive but made negative within the program. It
could be considered a negative confluence. Unless a node connects
to another node as a confluence or a branch, its KDS value remains
zero,

It is through the positive KDS wvalue that the program
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identifies the limits of the main channel and its tributaries. By
reference to Figures 3.1(a) and 3.1(b), it can be seen that each
fributary is bounded by positive KDS values. The downstream limit
has a positive KDS value and for the upstream node (J), the
KDS(J-1) is positive,

In addition, when accumulating flows in a downstream
direction, the positive KDS value indicates when a confluence has
been met requiring a change in the numbering system. Thus, in the
aforesaid figures, flows at node 6 are accumulated to node 9,
whence KDS(9)=23. Flows are now accumulated from 23 through to
NXSEC=26.

Within command SUMMARY, the connectivity table is printed
out indicating node number and its KDS value. The connectivity
can be checked before proceeding, thus eliminating potential

errors before the backwater computations are performed.

3.3 Defining Discharge

The discharge in the system can be defined using one of
either INFLOWS or DISCHARGE. Using either commands, the program
presets all flow values at each node to QMIN=0.0001 units per
second. When INFLOWS 1s used, the program checks the connectivity
array for the upstream limit of tributaries. The upstream limit
is presented to the user and the discharge value is requested.

The values of all tributaries are accumulated in the downstream
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FIGURE 3- (a) Typical Network

NODE(J) | 2 3 4 5 ) 7 8 9 10
KDS(J) 0 I =12 0 8 0 0 0 23 0
NODE(J) I 12 . 13 14 15 16 7 I8 9 20
KDS(J) 0 0 20 o 0 0 22 0 0 0

NODE(J) 21 22 23 24 25 26
KDS(J) 0 0 0 0 0 999

FIGURE 3-! (b) Connectivity Array

FIGURE 3l

CONNECTIVITY
ARRAY
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direction to the last node NXSEC, taking into consideration any
confluence that may occur. In addition, point lateral inflows may
be defined without having to model a tributary with one or more
nodes. These lateral inflows can be negative to represent a
withdrawal of water from the system if so desired.

If branched flows are being modelled, command INFLOWS
calculates the initial approximate division of flow between the
main and branching channels. Figure 3.2(a) represents a typical
branched network with the bifurcation from node 5 to node 1. With
reference to Figure 3.2(b), the algorithm takes the following

form:

(i t i th 1 enteri 4, .
) Determine the total flow Qtotal ering from node Qu's

(i1 Compute the critical energy level Ecr at section 5 for flow
Qtotal'
(iii) For the calculated energy level Ecr at section 1, compute

the critical discharge in section 1.

(iv) Calculate Q5,6 and Q1,2 in the same proportion as Qtotal
and Q
cr
Q. =0° . /(G +Q )
5,6 total total er
Q1,2 * %otal ~ 5.6

The alternative method using DISCHARGE, requires the user
to specify the number of different discharge values to be defined,

followed by a detailed itemization of flow values and the section
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MAIN

CHANNEL

(a) TYPICAL LOOP

Qiotal = Q4
Qer in Section | as
a function of E.,
Ecr for %7
Q f._JF_
k 2 / ?
Section |
Section 5

(b) INITIAL ESTIMATE OF BRANCHED FLOW

FIGURE

32

TYPICAL

LOOP
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downstream of which each value is to be used. This value is used
in all downstream reaches until overwritten by another input
value, As such, considerable care must be taken by the user in
accumulating tributary inflows and observing continuity at
confluences, Although more tedious, the use of DISCHARGE is more
general and allows each elementary reach to be assigned a
different flow if required (e.g. for quasi-steady flows in which

3Q/3x # 0 and 3Q/3t = 0).

3.4 Flow Resistance Equations

A choice of six resistance equations are available in the
program [2]. Therefore, it is important that the correct
roughness coefficient, including units, be used when setting up

the data file. The equations available are:

Chezy, Manning, Strickler, Colebrook-White, and

Nikuradse's smooth and rough turbulent equations.

A summary of the particular equations is presented in Table 3.2,
Except for Manning's equation, all are presented in the Chezy form
of Q = CA(RS)1/2. The value of kinematic viscosity has a default
value in the program equal to that of water at 60°F being:

VISC = 0.000012 G2/32.2°
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TABLE 3.2 FLOW RESISTANCE EQUATIONS

Chezy Equation

Q =cA VRS
Manning Equation
L 2 1
Q= (04671 G3) AR3s?

n

Strickler Equation

Q= 8-4!\/—(3—-(%)é A\/RS "

Colebrook-White Equation

= -|\/32 6 - |og,o( k_ 4 l2ss U ) A\/RS

14-8R R°/32 RSG

Nikuradse 'Rough’ Turbulent Equation

Q= [\/32 G » |og.o(|4-ksa)] A~\/RS

Nikuradse 'Smooth' Turbulent Equation

Q= 32 G - logo | RV32 RSG) A°\/RS’
255 UJ

where:

Q - discharge (ft¥sec , m3/s)

A - cross section area {ft2, m?)

R - hydraulic radius { ft, m)

S - slope of energy gradient (ft/ft, m/m)

G - gravitational acceleration (ft/sec?, m/s2)

v - kinematic viscosity (fta/sec, m%s )

C,n, k - roughness coefficient ( ft,m - where appropriate)
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The use of the gravitational constant, G, here and elsewhere in
the routine allows either Imperial or Metric units to be used, as

long as the units employed are otherwise consistent.

3.5 Head Loss Coefficient

Head losses at transitions are accounted for in the program
at contractions and expansions. The loss is defined as a constant
times the difference in velocity heads and is applied to the
energy levels at the transition [2,5,8]. 1In order to account for
the loss, the point in question must be modelled with two
consecutive cross-sections with the same chainage. When the
program detects a transition, a specialized subroutine is called
upon to analyze the sections. Complex transitions can be modelled
with three or more consecutive sections with the same chainage.

The coefficients have been defaulted in the program to:
contractions (CLC) = 0.0, expansions (CLE) = 1.0. These values
can be altered during run time through the command LOSS COEFF.

Typical values would be as follows

Coefficients
Contraction Expansion

No transition loss 0.0 0.0
Gradual transitions 0.1 0.3
Bridge Sections (with wing walls) 0.3 0.5
Bridge Sections (no wing walls) 0.6 0.8

Very abrupt transitions 0.7 0.9
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3.6 Method of Profile Computations

The profile computations are performed using the standard
step procedure as developed by A.A. Ezra and knoewn as the "Ezra®"
method [2,3,6]. Though originally designed as a graphical
procedure, it is ideally suited for computer use. Since only two
cross-sections are analysed at one time, the amount of core memory
required is significantly reduced.

The profiles are steady state profiles assuming one
dimensional flow. Two dimensional flow is assumed in subroutines
QCR2D and CRITIC which computes the critical discharge and the
critical depth, respectively. Referring to Figure 3.3(a), the

total energy for steady-state flow may be written as[4,7]:

V2 V2
Z., + + O 1. zZ. + + q 2 +h (3.1
1% 12g 22 Y2 % gt .
where 21. 22 ~ elevations above datum
Y1. Y2 - depth of water
V1, V2 - velocity
Gqr Op = velocity coefficient = 1.0
h_ - head loss between section 1 and 2

g - gravitational accleration
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The head loss is further defined as

(S, + S.)
1 2
hf = 5 Ax
where S1 ~ energy slope at section 1
S, - energy slope at section 2

2

Ax - distance between 1 and 2

(3.2)

In the Ezra method, the depth of flow and the elevation datum are

combined to produce the following equations:

Therefore, the steady state equation can be rewritten as:

v i
h1+é§=h2+§E+hf
or h1 + F<h1) = h2 + F(hz)

v
where F(h,) = EE - 3 Ax

(3.3

(3.4)

(3.5)

(3.6)

(3.7
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oS,
and F(h2) =55 * T + Ax (3.8)

The original method [6] as indicated above used the
arithmetic mean of the two friction slopes., It is felt, though,
that the geometric mean of the friction slopes gives a better

representation of the friction slope between the two sections.

Thus for
- ] [} 1/2
hf = AX (S1 SZ) (3.9)
Viz 172 Vg
F(h1) = h,‘ + é-g - Ax-(S1 '52) - h2 - 'é-g- =0 (3.10)

The friction slope is calculated using the discharge and

conveyance at the end sections, i.e.

Q2
S, = (-ﬁ;) (3.11)
= (L2
S, = (KZ) (3.12)

Since the water level at section 2 is known as an initial

condition, the total energy (H,) and friction slope (S,) are

2 2

easily calculated. 1In order to determine the energy terms of the
upstream section (1), the program calls on subroutine EZRA to

solve the basic equation (3.10) by interval halving techniques
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applied to an assumed water depth. If the initial estimate is in
error, the routine improves its estimate as follows, assuming yr

is the initial estimate and yr+ is the improved estimate.

1

The routine first determines a range of uncertainty, Y. <
Y, < Yre1 such that F1(yr) < 0 and F1(yr+1) > 0. The average
depth (Yr + yr+1)/2 is tested and the following strategy used to

shrink the interval of uncertainty, i.e.

y. = (yr + yr+1)/2 if F((yr + yr+1)/2) >0 (3.13)

Ypo1 © (yr + yr+1)/2 if F((yr + yr+1)/2) <0 (3.14)

A solution is reached when

-5
abs [(y. =¥y, /¥, 4] £ 10 (3.1%)

The routine EZRA is used in a loop analysing successive
pairs of cross-sections in an upstream direction using the
previously calculated water level as the starting water level for
the next set of computations.

Through the command D/S WL, the downstream limit of <the
profiles is defined while the command COMPUTE is used to define
the upstream limit of profile calculations. Only a part of the
geometry file need be aralysed if desired. Profile computations

start by first searching for the upstream 1limit of the first
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reach. This is done through the KDS(NODE-1) being greater than
zero. In addition, a check is made that NODE is equal to or
greater than the wupstream 1limit of profile computations. A
profile is then calculated for this particular reach. For each
node, critical depth is calculated and compared to the computed
water level. If the section is supercritical, the critical water
level is used and the section is flagged with the term ¥*CRIT¥.

After this tributary is calculated, a search is made for
the next tributary by searching for a section with a non-zero
water level. It is known that somewhere amongst the higher node
numbers, water levels have been computed. Therefore, the search
is made starting with node 1, for the node number with the highest
positive KDS value., A check is made that this node is between the
upstream and downstream limits of the overall computations. This
node becomes the new downstream limit of the tributary and the
local upstream limit is then defined. Again profiles are
calculated for this reach as previously stated and when finished,
a new tributary is sought. This time an additional check is made
to test the new KDS value such that it is less than the previous
highest KDS value used. This process of search and compute is
repeated until all profiles contained between the requisite limits
have been calculated.

As a sample, and referring to Figures 3.1(a) and 3.1(b),

the following would be the order of tributary computations

assuming the whole system is to be analysed.
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reach maximum KDS
26-18 999

9-6 23
17-14 22
13-10 20

2-1 1

5-3 8

For each new tributary, the starting water level is derived
from the energy level previously calculated for the confluence.
This level is compared to the critical energy level for the new
downstream node of the tributary. The higher of the two energy
levels is used. Again, if the section is ecritical, it is flagged
with the term *CRIT*,

After all tributaries have been analysed between the
prescribed limits, the user is invited to submit another command.
Now a new downstream water level can be selected and/or a new set
of discharge values can be entered to test alternate flow
conditions. This process can continue until the command STOP is
used to terminate the session. It may be desirable to change
crbss~section properties through the command EDIT and rerun the

profile computations for the same flow conditions.
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Branched Flow Computations

Once the profiles have been calculated, usually the energy

levels are incompatible at bifurcations when branches are being

modelled. The routine attempts to make the energy 1levels

compatible at the bifurcation by using a modified form of

Kirchoff's Laws, i.e.

(i)

(ii)

(1)

(ii)

the sum of the inflows equals the sum of the outflows at

the bifurcation;

the sum of the head loss around the loop is zero.

With reference to Figure 3.2(a), these can be rewritten as:

Q +Q = Q (3.16)

H + H + H + H + H + H =0 (3.17)

and H,, = K., Q. (3.18)
i]

ij ij

that is, for an unbalanced flow condition at the bifurcation

n
z KijQij £ 0 (3.19)

In order to improve the flow conditions, an increment of

flow is added to the branch.
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n
£ Kij(Qij + M) =0 (3.20)

Using a Taylor's expansion and ignoring higher order terms, then,

n n-1
IKyjQ;+nE (KijQij ) * 8 =0 (3.21)
5 Ki.0271
i.e. AQ = - ——-—J——Sﬁ (3.22)
nt K. .Q..
13713
From (3.18), it can be seen that
i
Kij = o
ij

which can be defined as the head loss per unit flow. This becomes
important when there are lateral inflows along the 1loop.
Therefore, by substitution and transposing of terms, the estimated

correction to flow is

Q= - —gd (3.23)

where the numerator is the energy difference at the bifurcation
and the summation in the denominator is the sum of the individual

reach head loss divided by the flow in that reach.
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Two problems must be considered when using (3.23). The
incremental head loss may be due to an invert discontinuity. If
50, this loss should not be included as it is the friction head
that is to be balanced. Therefore, a local check is made for
critical depth. If the section is critical, then the head 1loss
function between this section and the next downstream section is
not included. The other problem is the definition of the head
loss to be corrected (the numerator). The head loss to be
balanced is the difference between the energy 1levels and the
velocity head at the bifurcation. Strictly speaking, the velocity
head correction should be a function of the angle of diversion but
this would required additional input data to the program.

Therefore, using m and b to denote the main channel and
branch channel, respectively, at the bifurcation, and WL for water

level,

AE = Em - Eb - [(Em - WLm) - (Eb - WLb)]
=Em—Eb—Em+WLm+Eb-WLb
AE = WLm - WLb (3.24)

The index n in (3.18) and subsequently, is defaulted to a
value of 2.0 in the program. By applying (3.23) to each loop, the

local flow correction is determined and the flow values in the
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loop are adjusted accordingly. Equation (3.23) 1is completely
correct when using the complete head loss around the loop but when
invert discontinuities exist, it is possible that the sign of AQ
is incorrect. Therefore, in order to derive the correct sign, a

comparison is made of the relative energy elevations at the

bifurcation,

i.e. if (E 2 E), 4Q = |AQ (3.25a)

b

if (Em < Eb). AQ = -1AQ| (3.25b)

Due to the algorithm used, the downstream and upstream
limits of profile computations must encompass all branches
modelled.

The method of balancing used is a relaxation process
similar to the Hardy-Cross method used in water pipe network
analysis. As such, the solution oscillates about the final
answer. With not only the flow varying but also the
cross—sectional properties varying, the corrections calculated are
usually extreme such that an excessive number of iterations are
required to obtain a final acceptable solution, especially when
two or more loops are being modelled. Therefore, a relaxation
factor is applied to all calculated AQ corrections resulting in a
much faster closure on the sclution., The factor is based on the

average percentage error difference with respect to total depth of
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both the water 1level and energy level expressed as a decimal
value. If the average error 1is greater than 10 percent, then
FACTOR = 0.5. If the average error is less than 10 percent, then,
FACTOR = (percent error/100)%5.0. It has been found that,
assuming six loops are modelled, five loops will close very fast
while closure on the sixth loop is somewhat tardy. For single
loops, closure occurs well within six iterations depending on its
complexity.

When branches are modelled and the command COMPUTE is used,
an information statement is printed informing the user that two
options are available for branched computations; either profiles
and/or error limits can be printed out for every iteration, or
printout starts after a predefined error in depth has been
reached. If the former option is selected (every iteration
printed out), the program asks for the upstream 1limit of the
profiles as previously described. If the user chooses the latter
option, the user is asked to define the percent error 1limit in
depth of water relative to the shallower of the two depths at a
branch,

It is difficult %to say what the percentage should be,
although a value suggested in 10.0 percent. Engineering judgement
must be used as best fits the problem at hand. The program then
asks for the upstream limit of the profiles to be computed.

If the user has chosen to have every iteration printed out,

the routine asks if this particular iteration is to be printed
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out. If the answer is yes, then the title and the profiles are
printed out. At the end of the profiles, the error in energy
level and water level is printed out together with the correction
to flow required to try to balance the energy levels. If printout
for the particular iteration is not desired then only the error
limits are printed out. In either case, after the error limits
are presented, the user is asked if profiles are to be recomputed.
If the answer is yes, then the program reverts to the beginning of
the command and starts over again. If the answer is no, control
passes to COMMAND.

If the user had selected to have printout start after a
predetermined error limit is reached, then all previous printout
does not appear. One of two statements will appear. If due to
the geometric or flow configuration, the balancing process takes
more than 10 iterations, the word COMPUTING is printed out to
inform the user that computations are proceeding normally. This
information is printed every 10 iterations, When the maximum
error in all branches is less than the percent error set by the
user, the program responds with the request if the next iteration
is to be printed out. The error in the next iteration will be
less than the error limit defined, since the correction to flow
has been added from the previous iteration.

It should be noted that after 50 iterations, the program
prints a message accordingly with the comment that one more

iteration will be tried.
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In actuality, the program reverts to user control,
iteration by iteration. If this 1limit is reached, either the

configuration is extremely complex or there is an error in

information or data (i.e. flows, connectivity or cross-section
data, resistance law) and these should be checked carefully.

In the solution of bifurcated branches, two options
presented themselves; explicit solution by trial and error, or,
implicit solution by matrix analysis. The method used is the
former by applying EZRA around the loop and calculating a flow
correction. The implicit method would compute a solution directly
but would require a large matrix if the geometry file 1is
extensive, In addition, the speed of computation would probably
not be any faster. For channel systems without branches, the
explicit method is fast and efficient whereas the implicit method
would be no faster than if branches were being modelled. The
method used in this program has been selected in consideration
that the majority use of the program is the analysis of

nonbranched systems,



CHAPTER 4

BRIDGE MODELLING

4,0 GENERAL

One of the main uses of a backwater program is the analysis
of the potential inundation of bridges. Therefore, it is
incunbent that all sorts of bridge configurations are able to be
modelled with reasonable accuracy, taking into consideration size
and shape of the cpening and the elevation of the road relative to
the top of the opening. It is possible for three flow conditions
to exist at a bridge, (1) low fldw. (2)_Pressure flow through the
opening, (3) weir flow over the roadway, or, any combination of
the three types of flow [8,9,10,13].

As such, there are basically three types of bridges to be
modelled. Figures 4.1, 4,2 and 4.3 show typical flow conditions
at a bridge together with the schematic representation. (The
figures appearing in those sections describing the particular
bridge type.) In addition, the cross-sections mocdelled are shown.
Most bridges will be modelled as cone of these three types or as a
combination of them.

It should be noted that pressure flow and weir flow are
analyzed using the flow resistance equation selected by the user

at the beginning of the program. Pressure flow is not analyzed

4o
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using an orifice equation and road flow is not treated as a weir
using the weir equation., For flooded roads, a Type 2 or Type 3
bridge should be used as explained further in this chapter.

Since the flow resistance equation alone is used, it is
difficult to model culverts and bridges with piers in them.
Yarnell's work on piers and pier shape is not accounted for in

this program [8,9,101].

4.1 Type 1 Bridge

This type of bridge is one in which the rcadway or top of
the embankment does not flood (Figure U4.1). In addition, the
conduit consists of a single structure such as a pipe or box
culvert, or as twin box culverts with the same invert and obvert,
This bridge represents the simplest form of embankment condition
with a closed conduit. The following example illustrates the
definition of a twin box culvert as a single cross-section. 1In
Table 4.1.1, the complete geometry file is presented which
corresponds to the system shown in Figure 4,1,

It will be noted in cross-secticns 3 and 4, that the
thickness of the common wall is not represented in the coordinate
pairs., Instead, the boundary wall is defined as having =zero
width, starting at the fourth pair of coordinates and ending with
the sixth pair (see Figure 2.1 for typical section).

Using Manning's equation, the system was analyzed for four

flow conditions, these being 250 cfs, 500 cfs, 750 <fs and 1000
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TABLE 4.1.1

TYPE 1

TYPE 1 ERIDGE

BRIDGE DATA

MAIN CHANNEL 1 - 6
TWIN BOX 3 - 4

6 "80000 00035

0.0 100.0 20.0 ?5.0
100.0 ?2.5 122.0 92.5
6 -500.,0 0,035

0.0 100.0 20,0 ?25.0
100.0 22.0 122.0 922.0
k4 -3500.,0 0.013
110.0 ?27.0 100.0 ?7.0
110.0 ?2.0 110.0 ?7.0
120.0 ?2.0 120.0 ?7.0
4 -300,0 0.013
110.0 ?26.8 100.0 ?6.8
110.0 ?1.8 110.0 946.8
120.0 ?1.8 120.0 ?6.8
é "'30000 0,035

0.0 100.0 20.0 ?5.0
100.0 ?1.8 122,0 ?1.8
- 0.0 0.035

0.0 100.0 20.0 ?4.0
100.0 ?1.0 122.0 ?1.0

98.0
150.0

98.0
150.0

100.0
110.0
110.0

100.0
110.0
110.0

98.0
150.0

?8.0
150.0

24,0
100.0

94,0
100.0

?2.0
92,0
?7.0

?1.8
?21.8
96.8

?4.0
100.0

?3.0
100.0
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TABLE 4.1.2 TYPE 1 BRIDGE (250 c.f.s.)

SUMMARY DF INPUT DRTH

TYPE 1 ERIIDCE

FCR

UNITS USED PRE ~IMPERIAL -

COMNNECTIVITY TRELE

MODE NC. 1
kDS INDODES C

(=

2 4
c 0

| 4
ot
0 29

Do

INITIRL FLOW VRLUES RT ERCH NCDE CDIMG FPOM

1 70 6 INCLUSIVE .

c50.000 £50.000
c50.000

IN DOPDER: -

250.000

INITIRL WRTER LEVEL AT MNODE

RESISTRNCE LAW BEIMG USED IS

2

6

HERD LDSS COEFF. RT COMTRRCTIDNS

RT EXPRNSIDONS

COMMAND T

T COMPUTE

SPECIFY UPSTREPM LIMIT OF PRCFILEC(S)

LS P
? 1

TYPE 1 PBRIDCE

SEC. STRTM. CHPIMRGE DISCH.

c.cC
~200.0
-200.0
-500.0
-~S00.0
-£00.0

DO AM

CoOMHRAMD T

-~
.

Jee.cee
2S50.000
cS0.000
250.000
290.000
250.000

<0.000

IS

= MANMNIMNG

cLC
CLE

won

W.l.

g Ia ")68

v B .

24,524
24 .£54
4.7V
25.207
25 .49V

-

S0.000

EM.LEY.

23.02¢
4.720
94.952
95.088

05.2351

25.353¢

BV SEC. MC...CIZO

INY.

21.000
21.200
21.200
22.000
22.000
22.500
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TABLE 4.1.2 (CONT'D) (500 c.f.s.)

SUMMARY OF INPUT DRTR FCOR

TYPE 1 ERIDGE
UMITS UCED RARE ~IMPERIAL--

COMNECTIVITY TRELE

MODE MNO. 1

2 4
kDS (NCDES e c ¢

OM

=
R
¢ 29

o)

INITIPL FLOW VYPLUES RT ERCH NCDE GOING FPOM
1 7C € INCLUSIVE, IN CPDER:-

gee.cee see.o00 s00.000 seeo.000 cee.co0
Eee.cce

INITIAL WRTER LEVEL AT MCIE D 2T.221
FESICTRANCE LAW BEIMG LUTED IS - MPAMNING -

HERD LOSS CDEFF. AT COMTPRCTICMS CLC = 00
AT EWPRNSIDONS CLE = .£00

COMPPENDT

* COMPUTE
SPECIFY UPSTPERM LIMIT OF PROFILEC(S> BY SEC. MD...(1%)
'S

K
-
: 1

TYPE 1 TPIDCE

IEC. ZTRTMN, CHRIMAGE DITCH. Ww.t. Er.LEV. S ARSI WEL o
2 .0 see.eeo aTLI0 sELtve 21.000 1.71
< -2@ec.C see.ecee DT L.E04 RN 24¢) 2r.oe0 c.TC01
e ] -2e0.0 coe.00e 2T .40 .14 21,200 LoDl
2 -<ce.e cce.cee 0T .74C 2 .427 2,000 AN S
. -Set.C see.oce o¢ .78 o 222 Pe.ete 1.w74
1 -getC.C scee.cce 2¢ ,go7 S LDBC20 o2L.E00 1w

CoPPeNDT
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cfs. The summary listing and profile results for 250 cfs and 1000
cfs are presented in Table 4,1.2. The initial water level at
section 6 was assumed to be twice critical depth. As 1is to be
expected, the higher the discharge, the higher is the water level
upstream of the bridge. At a flow of 1000 cfs, the accleration
created by the head upstream of the bridge has forced the flow to
be supercritical at the downstream end of the bridge. This is
shown by the term ¥*CRIT* listed for section 4 indicating the
possibility of a hydraulic jump occuring.

In section 3, the water level is listed as 97.521 which is
above the crown of the culvert. What has been printed is not the
"water level", but the piezometric surface,. For very 1long
culverts, it may be desirable to model one or more sections
between the inlet and outlet in order to determine the piezometric
profile throughout its length. The ccomputed results have been
compared to those obtained by other more traditional methods and

the results are quite similar.

4,2 Type 2 Bridge

The bridge shown in Figure 4,2 represents the typical
bridge that may be subject to flooding of the roadway. The flow
path for the flocded roadway is represented as a bifurcated branch
using nodes 1 to 3 inclusive. The example also defines a perched

bridge where the road may be subject to flcoding while low flow
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TABLE 4.2.1

E 2 BRIDGE DATA

FE 2 BRIDGE
MAIN CHANNEL 4 - 9 WITH BRIDGE AT
TOF OF ROAD 1 - 3 » CONNECT @ 8»
700.0 0.035
120.0 50.0 102.0 8
100.0 910.0 100.0 ?
600.0 0.02
120.0 200.0 107.0 7
120.0
500.0 0.035
120.0 $0.0 102.0 8
100.0 ?10.0 100.0 K4
000.0 0.035
120.5 50.0 102.5 8
100.5 ?10.0 100.5 k4
700.0 0,035
120,0 50.0 102,0 8
100.,0 910.0 100.0 9
700.0 0.018
110.0 860.0 100.0 ?
112.5 860.0 110.0
500.0 0.018
110.0 860.0 100.0 ?
112.5 860.0 110.0
500.0 0.035
120.0 50.0 102.0 8
100.0 ?10.0 100.0 k4
0.0 0.035
119.5 30.0 101.5 8
?9.5 ?10.0 P95 9

br7
ERANCH @

50.0
60.0
00.0
50.0
60.0

50.0
60,0

$0.0
60.0

10.0

10.0

50.0
60.0

$0.0
60.0



49

still exists through the bridge. As a design alternative, it may
be advisable to have the road flcod in order to save the bridge.
If the bridge were to be washed out, the cost in money and time to
replace it are usually quite high whereas if the rcad is washed
out, the cost in time and money is considerably less in hauling
and compacting earth fill.

A typical data set for the system shown in Figure 4.2 is
presented in Table 4,2.1. The system was analysed using Mannings
equation for several discharge values. 1Initially, the system was
represented as having only a tributary (nodes 1 to 3, inclusive)
and no branches, A flow of 1,000 cofs entering at node 4 was
modelled in which the computed profile indicated the existence of
low flow through the bridge. The tributary 1-3 was said to have a
discharge of QMIN. Profiles were not calculated for this
tributary as no flow existed (i.e. upstream and downstream limits
of computations were defined as 4 and 9, respectively). The
starting downstream water level was arbitrarily defined as twice
eritical depth for the previous and all subsequent discharges.
When the discharge was increased to 2,500 cfs, the calculated
water elevation at node 5 was higher than the low elevation of the
road indicating that the rcad was flcoding. Command BRANCH was
then used to define a bifurcation from node 5 to node 1, and the
profile was recalculated for a flow of 2,500 cfs. Figure 4.2,1

shows a plot of the calculated profiles for flows ranging from
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1,000 cfs to 15,000 cfs. The percent error limit for termination
of computations was set at 10 percent.

Though the road flow is not calculated using a weir
formula, it is of interest to compare the computed depth of flow
to the weir formula. The road cross-section in the direction of
flow is similar to that of a broad crested weir {3,4,8,10]. The

brcad crested weir formula is

Q = 3.087L(hen,)3"2 (4.1)

where Q flow, cfs
L - average length of the weir (road) (ft)
h -~ depth of water upstream of weir above the weir

(road) elevation (ft)

h ~ corresponding velocity head of approach (ft)

The term in brackets is the same as the difference between
the energy elevation upstream and the elevation of the road.
Using the average of the energy levels at nodes 1 and 5, the
theoretical depth (h+hv) for the computed road flow has been
calculated and the percent error determined. These results are
presented in Table 4,2.2. The results are in gocd agreement
especially at the higher flow levels, At the low flows,

the percent error is quite high buf considering the actual depth,



TABLE

4,2.2

COMPARISON OF ROAD FLOW AND WEIR FLOW

h(weir) = [Q(weir)] 2/3

Road Elevation = 107.0

Elevation in feet

3,087 L Flow in c.f.s.
EL% No.of % error
Q(Total) Q(bridge) EL(bridge) Q(road) EL(road) error Comp. he(avg.) L(avg.) h(weir) in h
2,500 2371.122 107.335 128.878 107.193 1.98 3 0.264 504.06 0.190 +38.00
3,500 2511.292 107.606 988.708 107.746 1.85 3 0.676 510.40 0.733 - 7.77
4,000 2548.399 107,681 1451.601 107.962 3.67 2 0.822 512.65 0.944 -12.93
5,000 2684.892 107.971 2315.108 108.306 4.21 2 1,139 517.52 1.281 -11.05
7,000 3320.667 109.149 3679.333 108.766 4.36 2 1.958 530.12 1.714 +14.09
8,000 3460.721 109.428 4539. 279 109.024 4.47 2 2,226 534.25 1.964 +13.34
10,000 3190.896 109.259 6809.105 109.627 3.97 2 2.443 $37.958 2.563 - 4.68
12,000 3295.690 109f676 8704.310 110.073 4.10 3 2.875 544.23 2.994 - 3.98
15,000 3273.979 110.148 11726.021 110.711 5.55 6 3.430 552.177 3.604 - 5.10
Q - discharge (cfs); EL -~ energy level; he(avg.) ~ effective head over road (h + h)

EL% error

No. of comp

L(avg.)

h{weir)

% error in h

1

- average length of flooded road
- computed equivalent weir depth for given Q(road)

number of iterations computed to reduce error to below 10%

error in computed energy level expressed as a percentage of depth

percentage difference between h of weir formula and computed depth over road

14
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the results are acceptable. The item "No. of Comp" indicates the
number of iterations required to reduce the error to less than 10
percent,

The stage-discharge relationship at the bifurcation has
been plotted in Figure 4.2.2 together with the maximum velccity at
the downstream end of the bridge. It will be noted in the stage
curves that the road system begins to take more and more of the
flow for small increased in elevation. The curves also indicate
that the road would start to flood at a discharge of about 2,400
cfs.

The velocity curve indicates a design condition for the
bridge occurs at about 2,400 efs just as the road begins to flood.
At this discharge, the maximum velccity cccurs at the downstream
end of the bridge. This would be the critical velocity as an
upper limit to be designed for when considering erosion of
footings and channel materials. At about 7,000 cfs, a secondary
peak velocity cccurs though it is lower than that which occurs at
2,400 cfs, At higher discharges upstream, the velocity through
the bridge tends to decrease. It will be noted in the curve that
the flow through the bridge begins to decrease as the total flow
inereases., The profile results for an initial flow of 5,000 cfs
is presented in Table 4.2.3.

The use of the program as a design tool is indicated by the
time spent analyzing all the flow ranges, from 1,000 cfs tc 15,000

cefs. In three-quarters of an hour, the road flooding discharge,
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TABLE 4.2.3 TYPE 2 BRIDGE
PROFILE FOR 5000 CFS

TWPE & ERIDCE

IEC.  ITeTM, CHRIMPGE DIICH. Wl . EM.LEY. M. WEL .

3 2. Saec.ooe tos.eee oS 0EE Lo 1.282
2 ~TRR.0 Sono.en 1.1 tRE .21 too.ogn 1.727
D -SO0.0 Zesd .2l 122,122 10e 23532 toe.cen 100240
v ~TRRLD ZE24.232 10T .342 107 .214 o0, enn 302
= ~TRRLY 2eRg 222 107 .37 tav.3vt {ec.gone Lo
4 1R, Sone,oen tov.e2n 107 .33 tog.san 1.012

. ITPTM. CHRINRGE DISCH.

—
L]

EM.LEY. INY., YEL .

JEC v .
2 ~Z00,0 232t1s.1c02 toc.aen 1N .2te toe,.oQn RS
Py -~ .0 2212.102 {1ov.2e¢ 102,221 {toev.oen S.C1C+CRITe
1 TR 221s.102 102,209 102,202 fee.a0g o 2

LPRNCH < 1O 1 .
E.L. 107T.271  102.206 DIFF AS PCNT OF ZMPLLER DEFTH= 4.2
W.l.  1BT.26T  102.204 DIFF PS PCMT OF IMPLLER DEPTH= 4.22
CORPECTIOM TC ERPANCH FLOM FOR EMERGY EPLANCE=  -~22.709

DO 'O WANT PROFILES RECCOMPUTED...VES. NOT
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the maximum erosion velocity for both the bridge and the roadway,
and maximum stage upstream were all determined. The turnaround
speed is sufficiently fast enough that an additional one-half hour
could be spent testing the effects of changing the value of the
head loss coefficients. If desired a wider or narrower bridge may
also be considered for analysis.

Of importance in this example is the use of defining
branched flows. At the initial stages, branch flow was assumed
not to exist until information was presented indicating that
flooding of the road was likely toc occur. Then the BRANCH option
was used toc define the road system, By not defining the road
system at low flows, the computation time has been reduced

significantly.

4,3 Type 3 Bridge

In this example, the bridge structure is represented by two
pipe culverts of different diameters. Due to the difference in
diameters, each culvert is modelled separately and joined together
by command BRANCH at the beginning of the cocmputations. In
addition, there is a possibility of the road being flooded and it,
too, is modelled separately. The example as shown illustrates the
consideration that should be given to the numbering of the nodes,
As presented, the small culvert is modelled by nodes 1 and 2 and

the road by nodes 3 to 5, inclusive. This means that the limits
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TYPE 3 BRIDGE DATA
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of computations must include the rcad tributary even at low flows,
as only by including the road can the bifurcated flow through the
culverts be assessed, When the results are printed out, it will
be noted that the road flcow is listed with Q = ,000 (i.e. QMIN)
and an appropriate velocity, Although the example has been
modelled as shown to illustrate this point, it would have been
better to model the road by node numbers 1 to 3 inclusive and the
smaller culvert by nodes 4 and 5., The example shows that some
thought should be given to the overall numbering of networks. It
should alsc be noted that the bifurcation for the culvert occurs
further upstream followed by the road bifurcation. By modelling
this way, the culvert receives its share of the divided flow
before the road does. 1In addition, the culvert joins the main
stream before the road.

Table 4.3.1 shows a typical data list for a Type 3 bridge
and corresponds to the network shown in Figure 4.3. The system
was subjected to flows ranging from 25 efs to 150 efs using
Mannings equation, The downstream water level was set at twice
critical depth.

At flows above 50 cfs, the rcadway begins to flood. The
profile results for 25 cfs, 75 cfs, and 150 cfs are plotted in
Figure 4,3.1,. Again the error 1limits for termination of
computation was set at 10 percent. The division of flow between

the two culverts and the roadway has been plotted in Figure 4.3.2.
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TABLE 4.3.2(a)

TYPE 3 BRIDGE

PROFILE FOR 50 CFS
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TABLE 4.3.2(b) TYPE 3 BRIDGE
PROFILE FOR 150 CFS

TWPE 3 DRIDGE
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As is to be expected, the rcadway takes the majority flow at high
initial flow levels., The figure indicates that flooding of the
road occurs at about 53 cfs.

Tables 4,3.2(a) and (b) show the computed profiles for 50
efs and 150 cfs respectively, In part (a) the flow over the

roadway has been defined as Q = .000 (i.e. QMIN).

4.4 Modelling Overland Flow

The previous "bridge" types serve as an introduction to
modelling sewer systems with or without overland flow. The basic
sewer system is modelled as a plain network without cconsidering
manholes. If the discharge is sufficiently large, causing the
sewer(s) to surcharge, the system is acting similar to a Type 1
bridge. That is, the water level printed out is the pieozometric
surface. From this information, the potential of reverse slope
driveways being flooded can be assessed [5].

If the flow is very large, it is possible that manholes may
be flooded causing overland flow through gutters and ditches to
occur., When such a situation occurs, the manhole is usually
mcdelled in order to represent the road elevation. Figure 4.4
shows such a system. In addition, the system has been designed to
flood by using a sub-diameter pipe from nodes 22 to 23. The
technique can be used to force overland flow around some

particularly sensitive location. Alternatively, an elevated sewer
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TABLE 4.4.1 SEWER SYSTEM DATA

SCWER SWSTCM WITH COYERLAMD FLCOW
MPAIM v av
TRIES 7 i€ COMNECT @ 2C
2 - 11 COBMMECT @ 2€, DPRMCH 9 2t
: J COMMHECT @ 4

ERCk YRRD DRPIMACE DITCH
3 -i20¢C. c.c2¢e
e.c iic.CC c.C 114.¢C¢C i2.¢ iie.CC
2 ~i40¢C. c.c2e
c.¢ ii4.00C €.0
MRIM CYERFLOW DITCH (¢ 2--1
2 -ivee. c.c2¢

rJ

0 o

.C ii4.CC

Qo
e ¢
n
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re pa
AN X

c.c 1i14.¢CC €.t ii2.cee .t ii4.0¢
2 -14CC. c.c2e
.0 114.C0 ic.C ii1c.%¢C cc.C i14.0C

PCHD
4 -=12¢C¢C. c.cec

c.c ii14.C¢C 2c.¢C igs.ce 4C.C igcs.ce
c.c
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>
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[ ]
e
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VERFLOW CONTRCL PIPL FCR PCMD

: -igdcee. C.024

1.0 iic.ec
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1.0 i02.5¢
9 --iCCC. c.c2¢

e.c 112.¢¢C ic.c ig2.ce ie.¢ ig2.c0
22.0 i12.c¢
2 -€00. c.c2¢

c.e iie.cc €.0 icc.ce ic.C iic.ce
2 -200C. g.c2ce

c.c ic2.ce £.C 10C.2¢C ic.¢c ic2.ccC

TRIBUTARY SEWER (12 - 1€

i —-ivC4. c.ci2
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: ~1304. C.CiS
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: 1204, e.C1i<
1.0 107V.2C

i -204. C.0iS
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TABLE 4.4.1 (CONT'D)

MAIN CEWER FROM MHEPE TC EMD COF FILE
-1504. g.o0:2
2.0 i0e.co
-1204. 0.0i2
.0 10€.50
-304. 0.0:12
2.0 105.00
-204. 0.0:2 :
0.0 ii2.00 0.0 igs.o0 4.0 105.00
4.0 112.00
(20 & 215 MPANMOLE
-200. 0.012
0.0 1i2.00 0.0 10S.00 4.0 105.00
4.0 112.00
MEXT 2 SEC. - RESTRICTIONM IM SEVER SIC
-200. 0.015
1.5 105.00
~&00. 0.0:13
1.5 102.50
-€00. 0.012
2.0 i02.5
-200. 0.012
2.0 101.7S
~-200. 0.012
2.0 100.7
: 0. 0.0:12
2.0 100.00
MEORPAT IDH
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cutlet could be used to divert flow to another sewer system.
Table 4.4.1 comprises the typical data for this system.

In the system, the overland flow is defined as going to a
detention pond for which the cutlet is a one foot diameter pipe.
Flows then go to a ditch inlet and drop into the sewer system.
Nodes 1 and 2 represent a ditch or a backyard swale.

The system was assumed to have an inflow condition of:

NODE INFLOW
1 1 cfs
12 1 cfs
17 15 efs

The computed profile results are presented in Table 4,4.2.
In order to derive the profile, 14 iterations were required due to
the invert difference between nodes 21 and 3, The initial
computation has computed a critical depth considerably lower than
the invert at ncde 3. Therefore, the branch flow starts with a
flow of QMIN requiring the increased number of iterations to
reduce the error in water level.

It should be noted that the 5 percent error in water levels
is referenced to the depth of the ditch at node 3 (being 1.59

feet) and not the depth of the manhole, it being 8.66 feet deep.
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CHAPTER 5

TESTING THE PROGRAM

5.1 Thecretical Configurations

In Chapter 4, four theoretical configuratiocns were
considered from the point of view of flooded rcads due to
inadequate capacity of bridges and overland flow resulting from a
surcharged sewer system, This section concerns itself with two
samples of open channel flow in order to test the versatility of
the program. The first example considers a typical river system
with tributaries and drop structures together with water being
withdrawn from the system and replaced further downstream. The
second example considers a multiple island network which indicates
the complexity of networks that the program can analyse. The next
two examples compare the accuracy of the new program to profiles

determined by the Corp. of Army Engineers' program - HEC2.

5.17.1 River System

Figure 5.1 shows the schematic of a typical river system.
The channels have been defined as trapezoidal having a side slope
of 2:1. Table 5.1,1. contains the data for the river system shown

in Figure 5.1. Drop structures exist at nodes 21, 11 and 7. A 5'
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DATA FOR RIVER SYSTEM
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X 10' box culvert under an embankment is modelled at nodes 18 and
19. Water is withdrawn by an industry at node 6 and put back into
the system at ncde 21.

Using command INFLOWS, the initial flow condition was set

as follows:

NODE FLOW

1 50 cfs

y 100 efs

8 100 cfs

12 10 cfs

14 100 cfs

Point lateral inflows NODE FLOW
6 =20 efs

21 +20 efs

Table 5.1.2 presents the summary table and the computed
profile for the typical river system. Each tributary is printed
out under its own heading such that tributaries of interest can be
easily identified, The two tributaries that contain a drop at the
confluence have their profiles at critical depth as indicated by

the term *CRIT#* at the end of the line.

5.1.2 Multiple Islands

As previously stated, this example has been designed to
indicate the complexity of networks that can be analysed with the

routine RIVER4. It comprises six islands in total as shown in
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Figure 5.2. An attempt has been made to model division of flow
for all possible combinations. The channels have been represented
as being rectangular, thus only two stations need be defined per
section as the program will add the vertical extensions as
required, The system geometry is shown in Table 5.2.1.
Transitions and bridges have not been modelled in this network.
The network may be said to be similar to a river delta or a baycu.

The initial flow condition was set at 10,000.0 cfs entering
at node 26. The program then computed the divison of flow and the
profiles, terminating at a ten percent error limit, Twe
iterations were required to arrive at all branches having less
than the requisite error with the third iteration being printed
out, Table 5.2.2 presents the summary of the input data while
Table 5.2.3 contains the computed profile together with the
calculated error at each branch. Figure 5.2.1 summarizes the
division of flow as calculated together with the ccomputed error in
energy level and water level. In the calculated error it will be
noted that all the errors are quite small except for one (node 27
to 6) but it is well within acceptable limits.

From the proposed correction to branch flow, the branch
from 16 to 12 presents an interesting result. The flow correction
is considerably larger than the flow in the channel at 12.
Together with the energy 1levels and water levels, this may

indicate that the flow is in the other direction even though the
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TABLE 5.2.2 SUMMARY OF INPUT DATA
FOR ISLAND NETWORK
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PROFILE FOR ISLAND NETWORK
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inverts indicate the flow is in the direction shown. It may be of
interest to reverse the node numbers at 12 and 13, redefine the
confluence as being at node 16 and the branch occurring at 22.
The new system could then be tested for the same initial flow
conditicn to check the potential of flow in the opposite
direction.

In general, sclving this type of network would be quite
tedicus and difficult with other programming available in common

usage,

5.2 Upper Spencer Creek

In order to validate the program RIVER3/4, a comparison was
made with an uncalibrated HEC~-2 analysis of the Spencer Creek in
Wentworth County. A program was written which converted the HEC-2
data format intc RIVERY4 data format. After conversion with the
new program, the bridges were defined using a modified form of
subroutine EDITXS.

For the Upper Spencer (Creek, the limits of analysis were
set from Christie Dam at the downstream end to Westover Road at
the upstream end. The reach included the Christie reservoir. A
schematic of the reach is shown in Figure 5.3. The flow condition
analyzed was that of the regional storm as represented by
Hurricane Hazel. The initial water level at the downstream limit

was set at critical depth over the dam.
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The reach originally included two bridges, one at Highway 5
and the other at Westover Road. The latter bridge was not
modelled in the RIVERY4 analysis. The bridge dimensions are quite
small in comparison to the flow passing the section, 1In addition,
the minimum top of road elevation is lower than the elevation of
the crown of the bridge. Thus the section was modelled as a
combination weir using the elevation of the road with a
rectangular notch equivalent to the width and invert of the
original bridge. The computed profile-by RIVERY4 is presented in
Table 5.3.1. In the analysis of the bifurcation over Highway 5,
the computed differences in energy and water levels are very low,
being considerably 1less than normally expected. The computed
profile took five iterations to arrive at the final results as
presented, The initial termination error was set at ten percent.

A comparison of the computed energy and water levels was
made between the results of HEC-2 and RIVER4., The difference in
the energy and water levels have been expressed as a percentage of
the depth as calculated by HEC-2 and are shown in Table 5.3.2.
The table shows good agreement between the two programs.

The cne exception is at the outlet of the Highway 5 bridge
(node 13),. Though the water level is in good agreement, the
energy level is considerably ocut. Part of the explanation is in
the difference between the two programs in the modelling of bridge

sections. Within HEC-2, the end of the bridge is treated as a
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TABLE 5.3.2

UPPER SPENCER CREEK

Comparison of RIVERY4 and HEC-2 results

Sec. RIVERY HEC-2 % DIFFERENCE
No. EL WL INVERT EL L L WL
18 778.32 T76.87* TT4.00 7T78.32  T776.87% 0 0
17 778.32  778.29  T49.00 T78.74 7T78.72 - 1.4 - 1.5
16 778.7% T778.68  760.00 778.99 778.93 - 1.3 - 1.3
15 780.79 780.72  770.50 780.73 7T80.46  + 0.6 + 2.6
1 781.21  781.09  770.50 781.27 780.95 - 0.6 + 1.3
13 781.25 781.12  T770.50 786.44  781.13* -33.5 - 0.1
12 785.71  779.81*% 770.50
11 785.72 782.38  770.50 ~ " " "~ HWY. 5 BRIDGE - - - -
10 787.72 787.71  T70.50 787.62 787.61  + 0.6 + 0.6
9 787.72 787.72  7T70.50 787.62 787.61  + 0.6 + 0.6
8§  787.91 787.85  773.00 787.86 T787.78  + 0.3 + 0.7
7 787.92 787.78  773.50 - - - WESTOVER RD. BRIDGE - — -
6  787.95 787.88  773.50 788.15 788.06 - 1.4 - 1.2
5  787.96 787.93  773.00 788.17 788.13 - 1.4 - 1.3
4 788.01 788.00  773.00 788.24 788.23 - 1.5 - 1.5

EL - energy level (computed)
WL - water level (computed)

* _ critical depth

Flow over road HEC-2 - 2018
RIVERY - 2654

cfs
efs



91

confined, open ended section equivalent to the invert and width of
the bridge [8,101]. Therefore, as the flow comes through the
bridge, the water can only expand upward and not out to the sides,
In RIVER4, the total width of the cross-section is used resulting
in a lower energy level, This concept of the differences in
modelling shows up more prominantly in the example to follow.

In general, though, RIVER4 produces a water surface profile
similar to HEC-2 for rivers and reservoirs. It must be
remembered, though, that this has been an uncalibrated analysis

(147,

5.3 Lower Spencer Creek

This section of the Spencer Creek is that part which flows
through the Town of Dundas, Ontaric. A reach was selected that is
representative of a number of river conditions, from suberitical
to supercritical flow, tributary inflows, and with numerous
bridges. Figure 5.4 shows a schematic of the reach under
consideration. The flow condition selected was the 100 year
flood. Again, a comparison was made with an uncalibrated HEC-2
analysis of the same reach, The downstream water level at node 30
was taken from the original HEC-2 analysis. Table 5.4.1 contains
the results of the RIVERY analysis. The comparison results are
shown in Table 5.4,2. The profile for both the energy and water
levels derived from the two programs‘have been plotted together in

Figure 5.4.1(a) and (b).
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LOWER SPENCER CREEK

COMPUTED PROFILE

TABLE 5.4.1
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TABLE 5.4.2
LOWER SPENCER CREEK
TOWN OF DUNDAS

Comparison of RIVERY4 and HEC-2 results

Sec. RIVERY HEC-2 % DIFFERENCE
No. ED WL INVERT —EL WL EL WL
30 253.52 253.3%  247.6  253.74% 253.3% -3.6 0
29 254.91 253.97  247.7  255.15 254.11 - - 3.2 = 2.2
28 257.42 255.52% 251.0  257.30 255.68  + 1.9 - 3.4
27 259.22 258.39  251.5  258.77 257.72  + 6.2 +10.8
26 260.20 257.61% 251.9  261.22 258.09% -10.9 - 7.7
25  262.88 258.57% 251.9
24 262.88 260.44  251.9 ~ — ~ THORPE ST. BRIDGE - - -
23 263.61 263.60  251.9  262.11 261.29  +14.7  +24.6
22 263.63 263.58  252.5  262.42 262.14  +12.2  +14.9
21 263.87 263.73  254.5  262.86 262.21  +12.1  +19.7
20 264.27 264.08  256.1  263.39 262.69  +12.0  +21.1
19 265.3% 263.30% 258.9  265.38 263.37% 4 0.6 + 1.6
18 269.08 266.61% 260.9  269.16 266.75%* - 1.0 - 2.4
17 273.21  271.16% 266.1  274.75 271.83% -17.8  -11.7
16 275.85 272.97% 267.2
15 276.09 273.36 266.0 = - - - MAIN 5T. BRIDGE - - - -
1 276.68 275.93  266.5  275.41 273.37  +14.2  +37.2
13 277.13  276.53  269.3  276.77T 274.62% + 4.8 +35.9
12 278.00 277.51  270.9  278.67 278.02 - 8.9 - 7.6
11 279.3%  277.94% 274.6  280.51 278.53% -19.8 -15.0
10 280.62 278.64%  274.7 ,
9  280.94 278.77* 273.8  ~ ~  GOVERNOR'S RD. BRIDGE - -
8  281.57 281.28  274.6  280.99 279.90  + 9.1  +26.0
7 281.63 281.24  275.1  281.29 280.81 + 5.5 + 7.5
6  282.59 280.79% 277.0  287.91 280.93* - 5.4 - 3.8
5  282.91 280.94%  277.0 H
4 285.51 283.54% 279.6 _ _ — OGILVIE ST. BRIDGE - - -
3 285.89 285.19  279.6  285.52 283.63% + 6.3  +38.7
2 289.31 287.66* 283.7  289.58 287.91% - 4.6 - 5.9
1 295,04 293.30% 288.8  295.68 293.70% - 3.3 - 8.2

EL - energy level (computed)
WL - water level (computed)
* . critical depth
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The profile around the bridges generally show the greatest
differences between the twoc programs, As previously mentiocned,
this difference arises from the method of modelling bridges.
Although the two programs present different profiles at bridges,
the true water surface could be said to be a combination of the
two results. That is, the HEC-2 profile represents the surface at
the bridge opening and the RIVERY4 profile represents the water
surface at the bank of the river, resulting in a warped surface
caused by the drawdown through the bridge [8]. In general, the
RIVERY results are on the conservative side,

The main bridge of interest is the Thorpe Street bridge.
Both programs calculate a water level above the minimum top of
road elevation. The HEC-2 analysis did not determine a weir flow
over the road but assessed the flow to be low flow by the normal
bridge routine, The computed water level by HEC-2 is about one
foot above the road. Obviously from the comparison table, RIVER4
produces a flcoded road but the extent of flooding was not
analysed by means of a bifurcated branch.

In order toc test the effect of modelling bridges using
artificial levees [9,10], the RIVERY4 cross-sections just upstream
and downstream of the bridges were revised to constrict the flow
to a section equal to the channel invert and the width of the
bridge. The revised geometry was then analysed for the same flow
condition, The results are a considerably imprcved comparison

between the two profiles produced by HEC~2 and RIVERY. This
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comparison is shown in Table 5.4.3. The table only shows the
percentage difference for the two runs. Again the depth as
calculated by HEC-2 was taken as the base depth. The term
"Original % Difference" refers to the computation using the full
width of the river section upstream and downstream of the bridge
while the term "Modified % Difference" refers to the analysis
where the corresponding sections are modelled using only the
channel invert and width of the bridge.

The largest difference now cccurs at node 13, it being a
35.9 percent difference in water level between the HEC-2 and
RIVERY profiles., This difference also occcured in the original
RIVER4 analysis. At present, no explanation can be offered for
the discrepancy nor for the large differences at nodes 20 and 21.

Considering these results (modified analysis), it would
seem toc be advisable to model bridges with constricted sections
both upstream and downstream of the structure. In general,
provided the correct modelling technique is used, RIVERY provides

reasonable results.
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TABLE 5.4.3
LOWER SPENCER CREEK

Comparison of Modelling Techniques

ORIGINAL COMPUTED MODIFIED

SEC. % DIFFERENCE HEC-2 DEPTH % DIFFERENCE
NO. EL WL EL WL EL WL
30 - 3.6 0 6.14 5.T74 - 3.6 0
29 - 3.2 - 2.2 7.45 6.41 - 3.2 - 2.2
28 + 1.9 - 3.4 6.3 4,68 + 1.9 - 3.4
27 + 6.2 +10.8 7.27 6.22 + 6.2 +10.8
26 -10.9 - T.7 9.32 6.19 0.0 + 0.3
20 mmmemm---- THORPE ST. BRIDGE = = = = = = = = = =
23 +14,7 +24.6 10.21 9.39 +11.0 + 9.0
22 +12.2 +14.9 9.92 9.64 + 9.8 +12.3
21 +12.1 +19.7 8.36 T7.71 +10.0 +17.0
20 +12.0 +21.1 7.29 6.58 +10.7 +19,6
19 + 0.6 + 1.6 6.48 4,47 + 0.6 + 1.6
18 - 1.0 - 2.4 8.26 5.85 - 1.0 -2.4
17 -17.8 -11.7 8.65 5.73 0.0 + 0.3
12 ----------- MAIN ST. BRIDGE = = = = =~ = = = = =
14 +14,2 +37.2 8.91 6.87 + 9.5 +10.8
13 + 4,8 +35.9 T7.47 5.32 + 4,8 +35.9
12 - 8.9 - 7.6 7.77 7.12 - 8.9 - 7.6
11 -19.8 -15.0 5.91 3.93 + 1.7 + 2.8
B GOVERNOR'S RD. BRIDGE = - = = = = - = -
8 + 9.1 +26.0 6.39 5.30 + 5.5 -10.9
7 + 5.5 + 7.5 6.19 5.71 + 5.5 + 7.5
6 - 50)4 - 3-8 5-91 3-93 0-0 O'O
i --------- OGILVIE ST. BRIDGE = = = = = = — = = = )
3 + 6.3 +38.7 5.92 4,03 + 2.9 +16.9
2 - u'.6 - 509 5.88 )4.21 - 4.6 - 5-9
1 - 3.3 - 8.2 6.88 4.90 - 3.3 - 8.2

EL - energy level
WL - water level

ORIGINAL % DIFFERENCE - difference based on full river section
upstream and downstream of bridges

MODIFIED % DIFFERENCE - difference based on using artificial
levees upstream and downstream cof bridges



CHAPTER 6

FUTURE WORK

While developing and modifying subroutine RIVER4, it became
apparent that the routine was becoming much too large and
unwieldy. Further modifications of the routine should aim at
reducing its size. This could be accomplished by removing the
statements referring to branched flow computations and rewriting
them as subroutines. This would result in a reduction of about 30
per cent in the number of lines in the routine. If one wished to
reduce the subroutine size further, each ccmmand could be written
as its own subroutine,

During the review of the program, concern has been
expressed that only one roughness coefficient is used per
cross-section. Some users may find this a seriocus drawback,
especially when modelling rivers with extensive flocd plains.
Future work should lock into the develcpment of methods for using
two coefficients, one for the main channel and one for the flood
plain. In sewer systems, where NPTS=1, or in any closed top
section, a default value could be used to indicate that an
overbank does not exist,

One of the major requirements that needs tc be completed is
the extensive testing of the program on a "well behaved" river and

sewer system, This means a system for which flows are known at
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discrete locations together with the corresponding water levels,
In addition, the water level should be known at other locaticns
throughout the system, A series of flow ranges for the same
system should be tested in order to check the effect of using a
single roughness coefficient. If possible, the system should
include at least one bifurcated branch with the branch flow known
S0 that the branch flow algorithm can be verified.

Supercritical flow is not modelled as of now. Stbroutine
EZRA should be expanded to include the analyis of supercritical
flow. The other cption is to develop a new subroutine that would
only analyse supercritical flow.

In the multiple island configuration as described in
Section 5.1.2, the system was correctly analysed for continuity at
confluences., A problem could arise if a reach were determined to
have flow going in the opposite direction. This flow would be set
to a positive value of QMIN. It is possible with multiple
islands, that flow direction would depend entirely on the amount
of discharge available, thereby resulting in a reversal of flow.
It would be desirable to have the flow listed negative, indicating
mcdelling at this discharge is in the wrong direction. It would
be useful to look at the viability of modifying the appropriate
routines to handle negative flows.

A reasonable number of lines in the program have been
devoted to defining the connectivity of the system being studied.

Much thought has been given toc having the connectivity defined in
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the geometry file. A problem arises when sections are added or
deleted, thus changing the connectivity. Further work should be
done checking the feasibility of being able to modify a predefined
connectivity table. 1In addition, a user may not wish to analyse a
bifurcated branch in the initial analysis., Therefore, it may be
desirable to look at only confluences being predefined with the
user defining branches during the analysis,

At present, when bifurcated branches are being modelled,
the upstream and downstream limits of the profile computation must
encompass all the branches. Occasions may arise where only one
branch (a particular bridge, for instance) is the subject of
study. It would be desirable to modify the branched flow
computations so that only those branches of interest are analysed
without having to include all the bifurcations., With the present
algorithm, command BRANCH would have to be recalled, all branches

eliminated and only the branch(es) of interest defined.



CHAPTER 7

CONCLUSIONS

There are several advantages to using the new program
RIVER4. The gecmetry file is easy to prepare in time and effort.
It is not encumbered with information about flow conditions,
therefore, the file need not be altered. The data file is easy te
change during a session resulting in faster turnaround time when
testing design alternatives. Also, the complete gecmetry file
need not be analysed. Therefore, time is saved in not having to
re-create, alter or append the data file.

The command structure allows the designer to have ccmplete
control of the computation process. Scme of the more comprehen-
Sive programs perform complete computations from the initial data
entry to finished printout without the designer being able to
monitor the process or review intermediate steps. With the
summary command, initial conditions can be checked before
proceeding with the profile computation and corrected if needs be
without having a complete printout before discovering an error in
input,

The printed profile itself is a straight forward simple
table giving the pertinent results required by the designer., Some
of the more comprehensive programs are well noted for the exces-

sive amount of information printed out for each crcoss-section.
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Although Manning's equation will be used most of the time,
the program is not restricted to analysis by Manning's equation
alone - the user has the option of selecting the flow resistance
equation best suited to the analysis.

The user time to complete an analysis obvicusly varies with
the system being studied. Typically, for plain river reaches or
sewer systems, either without bifurcations, the complete analysis
takes less than 10 minutes from start to finish for systems of
about 50 nodes. For each additional analyses (new flow, different
starting water levels, etc.) less than five minutes is required.
With a single bifurcation per set of cross-sections, the time
increase is about one half minute each. With multi-bifurcations
at a set of cross-sections, the time increase is about one minute
per additicnal bifurcation. The above listed times are only
approximate but it may offer the user an indication of the time
required to do an analysis. An exception to the above was the
analysis of the "Island" network. Total time from start to finish
was eight minutes using a CDC 6400 computer.

The original intent of the project was to produce a viable
backwater program and doccumentation for its use. It is felt that

this has been accomplished through the following steps:

(M The command organization of input and ocutput data has been
improved.
(2) The addition of a command to summarize the initial

conditions has been included.
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(3) The loss coefficient command, including the appropriate
subroutines, have been modified to include both contraction
and expansion losses,

(1) The bifurcated branch flow algorithm has been improved
resulting in a faster convergence to the solution,

(5) Preparation of a set of manuals (Appendix A to C,
inclusive) for the use and modification of routine RIVERY
has been completed.

The program has been tested to validate its use for

analysing various hydraulic systems. These include:

(N Use on open channel systems,

(2) Closed conduit flow in a sewer system.

(3) The complex analysis of a multiple island network.
(4) The analysis of overland flow.

(5) The testing of various bridge modelling techniques,

In addition, the program results have been compared to the
results of an accepted program (HEC-2) and the comparison has been
quite favourable,

In general, it is felt that that which has been presented
is a versatile and utilitarian program for the analysis of

backwater profiles for design purposes.
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DISCLAIMER

This prcgram is furnished by the authors and is accepted
and used by the recipient upon the express understanding that the
authors and McMaster University make no warranties, express or
implied, concerning the accuracy, reliability, useability,
suitability or completeness for any particular purpose of the
information and data contained in this program or furnished in
connection therewith and the authors and McMaster University shall
be under no liability whatscever to any person or organization by
reason of any use made therecf.

The pregram herein belongs toe the authors and McMaster
University, therefore, the recipient further agrees not to assert
any proprietary rights therein or to represent this program to

anyone as other than a McMaster University program.
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USER'S MANUAL

Introduction

With the increase in storm water management, whether it be
flood plain analysis or overland flow conditions in
subdivision design, flow profiles are usually required.
When the system is being designed, involving a number of
trial and error runs, the use of large, complex programs
becomes time consuming and expensive, In addition,
depending on the particular configuration, the designer
often has to select one of several complex programs
available that has been designed for the particular
problem. The program described herein has been
specifically created to facilitate such trial and error
analysis in order to test and compare various design

options through the use of interactive computing.

The program is able to handle a broad selection of channel
geometry and configurations ranging from natural river
systems through to closed conduits such as sewer systems.
In addition, the program can analyse bifurcated branches
with the resulting "island" flow. Thus, an -economic
analysis can be performed for alternate design concepts,
such as, diversion channels versus increase in bridge size
or cconstruction of an overflow relief sewer versus complete

reconstruction of the sewer system.

The profile calculations are performed using the standard
step procedure as developed by A.A. Ezra and now known as
the "Ezra" method. Though originally a graphical

procedure, it is ideally suited for computer use.

A
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The profiles are steady state profiles assuming one
dimensional flow. Two dimensional flow is assumed in
subroutines QCR2D and CRITIC which computes the critical
discharge and the critical depth, respectively. By
reference to Figure A.1, the total energy for steady-state

flow may be written as:

+ h (A. 1)

elevations above datum

N
|

where A

1* "2
y1, y2 - depth of water
V1, V2 - velocity
Ay oy = veloeity coefficient = 1.0
he - head loss between section 1 and 2
g - gravitational acceleration

The head loss is further defined as

(S1 + 52)
hf‘ = 5 Ax (A.Z)
and S1 - energy slope at section 1
32 - energy slope at section 2
AX - distance between 1 and 2

In the Ezra method, the depth of flow and the elevation
above datum are combined to produce the following

equations:
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N I

(a) Energy Terms for Gradually Varied Flow

b \

Jcritical

Yo depth
> -‘\ Q = constant
; A
a \, -
[ \\«~
o
L, "
Specific Energy Head, H=zz-+y+ v2 z z+y+ Q2
2g 2g a2
. FIGURE A-l
(b) Specific Energy Curve
ENERGY TERMS
for

GRADUALLY VARIED
FLOW




Ay

hy =z4 + v, (A.3)

= Zy + Y, (A.4)

N
[}

Therefore, the steady state equation can be rewritten as:

e
h, + = =h,+s—+h (A.5)

or h1 + F(h1) = h2 + F(hz) (A.6)
V? S

where F(h1) = EE - E—-Ax (A.7)
Vg 52

where F(h2) = 3g 5—-Ax (A.8)

The original method as indicated above used the arithmetic
mean of the two friction slopes. It is felt, though, that
the geometric mean of the fricticn slopes gives a better
representatiocn of the friction slope between the two

sections. Thus for

v e 172

hf = 'x (S1 82) (A.9)

F(h)-h+ﬁ—Ax(S-S)1/2—h -é-o (A.10)
17 7 71 2g 172 2 2g ~ :

The friction slope is calculated using the discharge and

conveyance at the end sections, i.e.
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= (252
8, = \K1) (A1)
Q \2
S, = &) (A.12)

2

Since the water level at secticn 2 is known as an initial
condition, the total energy (HZ) and friction slope (52)
are easily calculated. In order to determine the energy
terms of the upstream section (1), the program calls on
subroutine EZRA to solve the basic equation (A.10) by
interval halving techniques applied to an assumed water
depth, If the initial estimate is in error, the routine
improves 1its estimate as follows, assuming Ve is the

initial estimate and Vr 1 is the improved estimated.

The routine first determines a range of uncertainty, Y, <
¥, < Ve such that F1(yr) < 0 and F1(yr+1) > 0. The
average depth (Yr + yr+1)/2 is tested and the following

strategy used to shrink the interval of uncertainty, i.e.

v. =y, +vy

r )/2 if F((yr + yr+1)/2) >0 (A.13)

r+1

Ype1 © (yr + yr+1)/2 if F((yr + yr+1)/2) <0 (A.1W)

A soclution is reached when

abs [(yr -y..)/y.. .1 <10 (A.15)

r+1 r+i

The routine EZRA is used in a loop analysing successive
pairs of cross-sections in an upstream direction using the
previously calculated water level as the starting water

level for the next set of computations.
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The Program

The initial concept for the present program originated in
the need to compute steady state backwater profiles
quickly, easily and with limited data preparation, The
result was a library of subroutines, each of which
performed specific computations. The library, developed by
A.A. Smith [1] is quite extensive, covering a wide variety
of hydrologic and hydraulic phenomena. The library is
called the Civil Engineering Program Library (C.E.P.L.) or
"Civlib" for short. The heart of the backwater program is
routine RIVERY4, which is a part of the library. Since its
initial development, RIVER4 has been extensively revised
and improved by P.B. Ashenhurst [2]. This manual is one of
three manuals derived from the appendices of the report

written by Ashenhurst.

Subroutine RIVERY is command structured of which there are
14 commands available to the user (see Table A1). After
having typed one of the commands, the program is directed
to the appropriate section in the subroutine whence
specific information 1is requested from the user. The
appropriate computation is performed and the results
returned to the user, The calculations are usually
performed by specialized subroutines that reside in the
library (C.E.P.L.). Throughout the subroutine, a check is
made that certain prerequisite information is available
before continuing, such as flocws have been defined before
computing critical depth. If the information does not
exist, the program is redirected to the appropriate section
and the necessary data is requested. After each set of
computations, the user is invited to submit ancther command

until the command STOP is used which terminates the
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TABLE A.1

Commands available in routine RIVERY

BRANCH

COMPUTE

CONNECT

CRITIC

DISCHARGE

D/S WL
EDIT

HELP

INFLOWS

LOSS COEFF

RESISTANCE

RESTART

STOP

SUMMARY

To define one or more branching junctions

To compute surface profiles between a specified
downstream control and any upstream section,

To define one or more confluence junctions,

To compute critical depth and energy level at any
section for current discharges,

To specify discharges in the channel
explicitly.

system

To define the downstream control level.
To edit the current gecmetry file.
To list the available command options.

To specify inflow discharges at the upstream end of
tributary channels.

To define the
transitions

energy loss coefficients at

To define the desired flow resistance equation

To begin again with the currently define gecmetry
file

To terminate the session

To sumarize input data
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Session. Results are printed out in a simple tabular form,
each tributary being printed separately with its own

heading,

RIVERY has complete dynamic allocation of array dimensicns.
The parameter list is quite extensive and the dimensioning
has been gimplified through the use of an enclosing
subrocutine, RIVER3. This subroutine is called by the user

using one work array in a simple calling program.

The geometry file of the system resides on seccondary
devices such as disc or tapes. Though computation time is
increased using secondary systems, the reduction in core
size results in relatively large networks being handled in

computers of modest size.

Geometry File

The hydraulic system is described by a series of cross-
sections spaced along the network so as to adequately
represent the system. Each section is described by a set
of coordinate pairs which approximates the cross-section
shape. The number of points may vary for each cross-
section depending on its complexity. In addition, the
section is defined by a characteristic resistance
coefficient and chainage. Only one resistance coefficient
is used per cross-section., Chainage can be either negative

or positive but it must inecrease in the direction of flow.

It is recommended that if tributaries are being modelling,
negative chainage be used starting with 0.0 at the
downstream end and increasing in negative distance in the

upstream direction. This will result in confluences having
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the same chainage for tributary and main channel,

Transitions can be modelled by using two consecutive cross-
sections with the same chainage. By doing so, contractions
and expansions can be modelled in order to represent
bridges, culverts, drop manholes or weirs. Complex
transitions can be modelled by three or more sections at
the same chainage. Each cross-section is described by two
record types. The first field of both record types
contains the cross-section number., The first record type
also includes the number of points in the cross-section,
its chainage and roughness coefficient. The second record
contains the horizontal and vertical coordinate pairs
defining the cross~-section shape. The horizontal station

can be negative or positive.

Three pairs of coordinates can be accommodated on each type
two record. Table A2 details the information required for
the geometry file. If the user wishes to add additional
comments %o the data file, the comments should start after
field 10. 1In this way, the comments are "transparent" to

the program and processing will occur normally.

Circular pipes are described by one pair of coordinates
(NPTS=1) in which HORZ(1) is the diameter and VERT(1) is
the invert elevation., Figure A2 shows the modelling of a
transition and the typical data for these cross-sections.

Note the method of defining a twin box culvert,

The geometry file is always assigned to peripheral unit 1

and for CDC operating systems, it is attached as TAPE1.
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TABLE A.2

Geometry File Format

Record Field Format Variable Description

1 1-5 I5 ISEC eross~section number

1 6-10 I5 NPTS No. of points describing the
section

1 11-20 F10.1 CHAIN cross~section chainage

1 21-30 F10.3 RC Roughness coefficient

2 1-5 I5 ISEC cross—-section number

2 6-15 F10-3 HORZ(1) Horiz. coord. of pt. 1

2 16-25 F10.3 VERT (1) Vert., coord. of pt. 1

2 26-35 F10.3 HORZ(2)

2 36-45 F10.3 VERT(2)

2 46-55 F10.3 HORZ(3) Coordinate pairs for

2 56-65 F10.3 VERT (3) points 2 & 3

3 ete. As record 2 for subsequent ccordinate pairs,




All

1
f=—— Vertical extensions added
} as required

- ———

7
6
5
Twin Box Culvert
2 { 9 8
5
Zero Width Slot
3 4 6 7
(0 ) Typical Cross~sections
1 7 -1250.0 0.20
| 0.0 110.0 10.0 102.0 20.0 100.0
| 25.0 893.0 45.0 93.0 60.0 103.0
| 70.0 110.0
2 9 -1250.0 0.10
2 35.0 98.0 25.0 $8.0 25.0 93.0
2 35.0 93.0 35.0 98.0 35.0 93.0
2 45.0 93.0 485.0 898.0 35.0 88.0

{b) Typical Data for above Cross sections

FIGURE A-2

TYPICAL
CROSS-SECTIONS
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A.1.3 Network Configuraticn and Numbering

There are few limitations on the configuration of nodes and
their numbering. The basic rule is that there can be no
more than one tributary or bifurcated branch off of any one
node, If there are two tributaries at the "same"
confluence, the main channel would have to be modelled by
two cross-sections with the same chainage. Each tributary
can be modelled by one cross-section if so desired. This
in general would represent a minor tributary and 1is
included in order to account for flow contribution., This
need not be done if command INFLOWS is used as point
lateral inflows can be defined without the lateral cross-
section being defined (see A.3.9 ~ INFLOWS).

Each tributary is numbered consecutively from the upstream
limit to the downstream limit. The downstream limit of the

principle channel must have the highest node number.

Bifurcated branches are numbered as if they were a
tributary. The connectivity procedure defines the
tributary as a branch. 1In order tc arrive at a numbering
scheme, the wuser should have a schematic of the
configuration present. Then, starting at the upstream end
of the shortest or least important tributary, number the
nodes from one to the downstream end of the tributary (say
5). The next tributary would start at the upstream limit
with 6 and continue to its downstream limit. This would be
continued until the main channel is consecutively numbered

with the highest set of numbers,

These rules can be summarized as follows:
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(1) All tributaries (branches) must be numbered

consecutively in the direction of flow.

(2) The furthest downstream section must have the
highest number representing the maximum number of

sections in the current geometry file.

(3) Only one tributary or branch can exist at any one

node,
Figure A3 shows a correct numbering scheme and one with
typical violations. For further numbering schemes see

Appendix B - Worked Examples,

Driving Programs

Two driving programs provided by the user are required if
data is to be created by the subroutine EDITXS and

backwater calculations are to be performed.

In order to create a data file, the following program is
used. The example assumes 55 cross-sections and maximum

number of points for any one section is 20.



(a) Typical Network System (I branch, 5 confluences)

Tributary No2 higher than

main chonnel/\

(1) 12

more than two sections

Downstream lim

equal to NXSEC(21)

Sec. no. not
continuous

- (b) Typical Violations of Numbering and
Connectivity Constraints

NODE (J) ! 2 3 4 5 6 7 8 9 10 1 12 13
KDS (J) ) 7 -8 o 12 ) 0 0 20 0 o 0 23
NODE (J) 14 15 16 17 18 19 20 21 22 23 24 25 26
KDS(J) 0 0 o 22 0 0 0 0 0 0 0 0 999
(c) Connectivity Array for Network of {a) FIGURE A-3
TYPICAL
NETWORK
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PROGRAM TST (INPUT,OUTPUT,TAPES=INPUT,TAPE6=OUTPUT,

+ TAPE1,TAPE2)
C Program card for CDC 6400

DIMENSION ITST(55), KSREC(100)

NTAPE1=1

NTAPE2=2

NXSEC=55

MAXPTS=20

NR=5

NW=6

NOCOPY=0

CALL FILEXS(NTAPE1,KSREC,NXSEC,MAXPTS)
o This routine initializes KSREC()

CALL EDITXS(NTAPE1,NTAPE2,KSREC,ITST,NXSEC,
+ MAXPTS,NR,NW,NOCOPY)

END

After the file has been created by responding to the
prompts of routine EDITXS, the file TAPE1 contains the data

and is saved for future use.

In order to use this file or any other file, a simple
driving program is created to call subroutine RIVER3.

First, the size of working array is calculated as

NWK = S*NXSEC + 4%MAXPTS

5X55 + U4X20 = 355, say 400

Therefore, the program is as follows:

PROGRAM TST(INPUT,OUTPUT,TAPES=INPUT, TAPE6=0QUTPUT,
+ TAPE1, TAPE2)
C Program card for CDC 6400

DIMENSION WK (400)

CALL RIVER3(1,2,5,6,32.2,WK)

END

where 32,2 is the value of gravity in imperial

units.
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The use of the gravitational constant here and elsewhere in
the routines allows either Imperial or Metric units to be
used, as long as the units employed are otherwise

consistent.

Though intended for interactive use, the backwater
computations can be performed by batch mode. Care must be
taken in anticipating the order in which data is entered.

(See Appendix A.6 - Batch Mode Usage.)

Description of Commands

The following is a description of each command available in
the program. The commands listed are in alphabetical order
and in no way are related to the order of use. Section A.l4
gives typical command sequences and should be referred to

before proceeding with a computer run.

Most of the commands prompt the user with questions
requesting specific information, The data is then entered
according to the format given with the request. Therefore,
a knowledge of the I format and F format of data entry is
required. Parenthesis are printed out as an aid to¢ data

entry (see Appendix B -~ Worked Examples).

BRANCH

This command is used when a bifurcated branch resulting in
"island" flow is modelled. The first piece of information
requested is the number of bifurcated branches to be
modelled. Then, for each branch, the upstream section
number of the branching channel and the intermediate

section number of the main channel is requested. This
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information is entered for each branch, each branch being
entered on a separate line. After having entered the data
required for all the branches, the BRANCH flag is set. It
should be noted that after a branched computation, BRANCH
can be reused and the number of branches entered as zerc so
as to remove all branch connectivity. Control then reverts
to COMMAND,

COMPUTE

The backwater profiles are computed with this command. The
description is in three parts: (a) general, (b) no

bifurcated branches and (¢) with bifurcated branches,

(a) General With or without branches, the command
makes a general check for certain information. The first
set of data checked is if the flow flag has been set. If
not, a statement is printed out indicating that flows are
missing and INFLOWS or DISCHARGE should be used. Since an
option exists, control is passed to COMMAND for the user to

select the command desired.

If this flag is set, the next flag checked is the
downstream water level, If not set, the program jumps to
the D/S WL command and requests this information. Again
control reverts to COMMAND. The resistance flag is then
checked. If the resistance flag is not set, control jumps

to the RESISTANCE command requesting this information.

If all three flags are set, a check is made for bifurcated
branches. If there are noc branches, the program requests
the upstream limit of the profiles to be computed. In

other words, the whole geometry file need not be used.
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Together with the D/S WL command and the upstream limit,
those reaches of specific interest can be checked without
altering the previocus input data. Computation of the

profiles then commence,

If branches do exist, then an information statement is
printed informing the user that two options are available
for branched computations - either profiles and/or error
limits can be printed cut for every iteration or printout
starts after a predefined errcr in depth has been reached.
If the former option is selected (every iteration printed
out), the program asks for the upstream 1limit of the
profiles as previously described., If the user chooses the
latter option, the user is asked to define the percent
error limit in depth of water relative to the shallower of

the two depths at a branch.

It is difficult to say what the percentage should be though
a value suggested is 10.0 percent. Engineering judgement
must be used as best fits the problem at hand. The program
then asks for the upstream limit of the profiles to be

computed.,

Due to the algorithm used, the downstream and upstream

limits must encompass all branches modelled.

(b) No Bifurcated Branches The computations are

straight forward. The first item printed is the title.
Then, the water level, energy level, invert, and veloccity
are printed out for each node in a tributary, each
tributary being prefaced with column titles, The limits
are those as stated by the D/S WL and upstream limit. At
the end of the computations, contrcl reverts to COMMAND.,
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Now a new run can be made if required by using INFLOWS or
DISCHARGE together with D/S WL. 1In addition, the limits of
computation can be changed. If need be, the cross-section
data can be changed using EDIT, then followed by the

appropriate commands,

(e) With Bifurcated Branches The computation proceeds

in two fashions. If the user has chosen to have every
iteration printed out, the program asks if this particular
iteration is to be printed cut. If the answer is yes, then
the title and the profiles are printed ocut. At the end of
the profiles, the error in energy level and water level is
printed ocut together with the correction to flow required
to try to balance the energy levels. If printout for the
particular iteration is not desired then only the error
limits are printed out. In either case, after the error
limits are presented, the user is asked if profiles are to
be recomputed. If the answer is yes, then the program
reverts to the beginning of the command and starts over

again. If the answer is no, control passes to COMMAND,

If the user had selected to have printout start after a
predetermined error 1limit is reached, then all previocus
printcut does nct appear. One of two statements will
appear. If due to the geometric or flow configuration, the
balancing process takes more than 10 iterations, the word
COMPUTING is printed ocut toc inform the user that
computations are proceeding normally. This information is
printed every 10 iterations. When the maximum error in all
branches is less than the percent error set by the user,
the program responds with the request if the next iteraticn
is to be printed cut. The errcr in the next iteration will

be less than the error limit defined, since the correction
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to flow has been added from the previous iteration, The

rest of the run is the same as with no bifurcated branches.

It should be noted that after 50 iterations, the program
prints a message accordingly with the comment that one more

iteration will be tried.

In actuality, the program reverts to user control,
iteration by iteration, 1If this limit is reached, either
the configuration is extremely complex or there is an error
in information or data (i.e. flows, connectivity or cross-
section data, resistance law). These should be checked

carefully.

CONNECT

As the data file is in consecutive order from 1 to NXSEC,
this command instructs the program as to the connectivity
of the data in defining tributaries, The first request for
information is the number of confluences in the system. If
there are none (single reach) zero is entered, If one or
more exists, then this number is entered., In response, the
program asks for the downstream section number of the
tributary and the intermediate section number of the
receiving stream, respectively. This is repeated for each
confluence, When all confluences have been thus defined,
the connectivity flag is set and control reverts to

COMMAND.

CRITIC

On some occasions, it may be useful to know the critical

depth and critical energy level at a particular cross-
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section. This command is wused to calculate this
information. The command first checks if the DISCHARGE/
INFLOWS flag has been set (i.e. has the flow been defined).
If the flag is not set, control is transferred to DISCHARGE
where the flow is defined. If the flag has been set, the
program asks for the section number for which critical
depth is to be determined. The critical water level and
critical energy level are then calculated and printed out
together with the section number and the flow value.
Control then reverté to COMMAND,

DISCHARGE

This command is used to define flows at nocdes independently
of the connectivity or branching scheme. Thus, it must be
used very carefully. Once a secton number and flow are
given by the user, the program makes that flow value exist
for every section from the given node to the last node
(NXSEC). Therefore, if several different flow values are
to be entered, it is advisable to start with the lowest
section number (i.e. 1) and continue through to the highest

section number,

The first request for information is the number of
subreaches with different flow values. Then, for each
reach, the upstream section number and discharge is
requested. When all reaches have been defined, the initial
flow values at each section is printed ocut going from 1 to
NXSEC, inclusive, and in order. This allows the user to
check the flow at each node before proceeding, If the
values are correct, the user can request ancther command.

If the values are incorrect, DISCHARGE can be reused.



A.3.6

A.3.7

A22

It should be noted that if a flow is defined as 0.0, the
program defaults the flow to MIN = 0.0001 units per
second, This is printed out as .000. 1In addition, the
first function of the command is to preset all flows to

MIN before proceeding.

D/S WL

The 1initial or starting water level at the downstream
section number where profile computations are to start, is
defined using this command. The downstream section number
is first requested followed by the initial water level to
be used. Control then reverts toc COMMAND,

EDIT
This command is unique in that it in itself is command

oriented, The command is used to alter cross-section

properties or channel geometry. The commands available for

use are:

ADD - to add a new section

CHANGE - to alter any section property

DELETE = to delete an existng section

END - to end this edit session

HELP - to print list of available commands
PRINT - to print out properties of section(s)
RETURN - to return the calling routine

When adding or deleting sections, it is advisable to have
present a schematic of the existing network in order to
note the changes as these will affect the connectivity. If

ADD is used to define a new section between two existing
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nodes, then all sections from the new one to NXSEC are
increased by one. Correspondingly, the use of DELETE

reduces higher numbered sections by one.

In addition, care must be taken in the original driving
program if new sections are added. The size of variable WK

must be large enough in anticipation of the added sections.
WK should be no less than

WK = S5*NXSEC + 4¥MAXPTS

Wwith respect to the latest network configuration. WK is

not affected when sections are deleted.

A further note on the use of command EDIT is in order, All
alterations must start from section one and follow through
to NXSEC in numerical order noc matter what command is being
used. The process involves the copying of the original
data tape (TAPE1) onto the scratch tape (TAPE2) starting at
the first section. When an alteration is requested, the
additions and changes are copied onto TAPE2. For
deletions, the particular section data is bypassed and not
written onto TAPE2. Therefore, if ADD or DELETE is used a
second or subsequent time, the section number referred to
will be that which corresponds to the original data on

TAPE1, not the assumed altered data file on TAPE2.

When all alterations have been completed and command END is
used, TAPE2 is copied back onto TAPE1., It is at this time
that the section numbers are altered as required to reflect
the additions and deletions requested by the user. If the
user attempts to alter a section number lower than the

previous altered section, a message is printed informing
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the user that section numbers must increase and if the
section number entered by the user is to be changed, then
command END should be used. If END is used the data file
to be altered will be the new file showing all previcus
alterations. (See Appendix B.8 - Use of EDIT).

HELP

This command is used to printout the command options
available, It ‘defines the format to be used and gives a
deseription as to the command's use, The command listing
is the same as is printed (if requested) at the beginning
of the progranm, After printing the commands, control
reverts to COMMAND.

INFLOWS

Upstream tributary inflows are defined using this command.
The first function of this command is to set all flow
values equal to QMIN, This allows the command to be reused
after a profile computation in order to test another flow
condition without having spuriocus flows appear. The
program then informs the user that for NCONF confluences
and NBRNCH branches, the number of inflows is NCONF-NBRNCH
+ 1 cccurring at specific section numbers. Each upstream
section number 1is printed out, after which the user enters
the flow for that tributary. The upstream flows are added
together at confluences and the result carried downstream

t¢ the next confluence or the end ¢f the system,

After all the upstream tributary inflows have been defined,
the program asks if the user wishes to define point lateral

inflows. The advantage of this request is that minor
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tributaries need not be modelled with one or more cross-
sections yet the flow contribution to the system can be
accounted for. On request, the number of point 1lateral
inflows is given, Then, for each lateral inflow, the
section number and flow value is given. Each of these flow
values are then added to every node in the downstream
direction to the 1last section number. Point 1lateral
inflows can be negative if mocdelling involves a large
industry that is withdrawing water from the system. A
check is made to make sure that the minimum flow is no less
than QMIN at any section, If there are no point lateral
inflows or after all point 1lateral inflows have been
defined, the program prints out the initial flow values at
each node. The user is then able to verify the starting
flows before continuing. The flow flag is then set and

control reverts to COMMAND.

It should be noted that after the flow flag is set a check
is made for branched flows. If branched flows do exist,
this command makes the initial estimate of the division of
flow between branches based on the c¢ritical energy at the

bifurcation.

LOSS COEFF

Head losses at transitions are accounted for in the program
at contractions and expansions. The loss is defined as a
constant times the difference in velocity heads and 1is
applied to the energy levels at the transition. 1In order
to account for the loss, the point in question must be
modelled with two consecutive cross-sections with the same
chainage. Complex transitions can be modelled with three

or more consecutive sections with the same chainage.
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The ccefficients have been defaulted to a value of:
contractions (CLC) = 0.0, expansions (CLE) = 1.0, These
values can be altered during the computation. Typical

values would be:

Coefficient
Contraction Expansion
No transition loss 0.0 0.0
Graduation transition 0.1 0.3
Bridge section (wtih wingwalls) 0.3 0.5
Bridge secticn (no wingwalls) 0.6 0.8
Very abrupt transitions 0.7 0.9

In using the command, the program prints out the presently
listed values of the coefficients and asks the user if the
values are to be changed. If the answer is NO, control
reverts to COMMAND. If the answer is YES, the program
requests the new values of CLC and CLE in order. These are
the values that will be listed at the next use of this
command , After having entered the new values, control
reverts to COMMAND.

RESISTANCE

The resistance law to be used in the analysis is set using
this command. The program asks the user toc type one of:
CHEZY, MANNING, STRICKLER, COLEBROOK, ROUGH or SMOOTH

together with a cautionary question as to whether the
resistance name and the roughness measure used in the data
file are compatible. If the command is typed again the
program asks the user to respecify the law. Control then
reverts to COMMAND. The user is referred to Table A.3 for
the complete formulation of the flow resistance equations
available, Except for Manning's equaticn, all are
presented in the form of Chezy's equation, i.e.:

Q = CA(RS)1/2.
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TABLE A-3 FLOW RESISTANCE EQUATIONS

Chezy Equation

Q = CAY/RS

Manning Equation
! 2
Q= (04671 63) AR3S
n

Nj—

Strickler Equation

Q= e-4|‘\/?-(%}% A\/RS’

Colebrook-White Equation

Q= -|V32 6 - logo[_k _ . 1255 U) A\/RS
148R  R/32RSG

Nikuradse 'Rough' Turbulent Equation

Qs [\/_5_2__6-' Iog,o(l4'k8R)} A\/RS"

Nikuradse 'Smooth' Turbulent Equation

R\/32 RSG ) A/ RS

|-255 U

Q= 32 G - logp

where:

Q - discharge (ft3/sec , m3/s)

A - cross section area (ft2, m2)

R - hydraulic radius ( ft, m)

S - slope of energy gradient (ft/ft, m/m)

G - gravitationa! acceleration (ft/sec?, m/s?2)

v - kinematic viscosity ( £t 2/sec . m2/s )

C,n,k - roughness coefficient ( ft,m - where appropriate)
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RESTART

This option allows the user to start over again with the
current geometry file. The main use would be to redefine
the title for this profile if the run conditions are

different.

STOP

This command terminates the session after all computations
are complete. If EDIT has been used within the session to
change the geometry file, then TAPE1 will have to be saved

in order to preserve the new geometry for future use,

SUMMARY

This command prints out a summary of all input data that
has been entered to date. It can be used at any time, The
summary table lists the following, in order: the title,
units used, the connectivity table defined by the node
number and KDS (NODE), the initial flow at each node,
initial water 1level, resistance law and the head loss
coefficients, Control then reverts to COMMAND.

It should be noted that if branches are being modelled, the
initial flows are not printed out. Instead, a message is
typed indicating that the flows are not printed in order
to prevent possible confusion with the final flow as

calculated by the program.
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A 4,0 Command Sequence

The previous section gave a brief description of the
commands available. The following 1list indicates the
general sequence of commands if all commands are to be used

in a single run.

CONNECT

BRANCH

INFLOWS or DISCHARGE
RESISTANCE

D/S WL

LOSS COEFF

SUMMARY

COMPUTE

STOP

The command CRITIC could be used after INFLOWS/DISCHARGE in
order to establish critical depth at points of interest
before continuing. If a new flow condition is to be analy-
sed for the same configuration, then INFLOWS/DISCHARGE can
be reused after COMPUTE followed by D/S WL if the initial
water level is different. COMPUTE is then called to calcu-
late the new profile, or SUMMARY, COMPUTE if so desired.

If a redesign or alteration of cross-sections is desired
after the profiles are computed, EDIT can be called. This
Wwill necessitate redefining the connectivity by CONNECT and
all subsequent commands. It is effectively a complete

restarting of the profile computation.

Command HELP can be used at any time after the command

prompt .
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A.5.0 Bifurcated Branches

One of the more useful aspects of this program is its
ability tc handle bifurcated branches and the resultant
"island" flow. In most applications, a single branch will
be modelled usually as a single diversion channel. There
is no 1limit to the number of branches that can be modelled
except for the size of KSREC which is set to a maximum size

of 100 nodes or cross-sections.

There are certain criteria that must be followed. For
every branch channel, the numbering of the nodes must be
consecutive and in increasing order from the upstream end
to the downstream end of the branch. In addition there
must be one cross-section upstream of the bifurcation and
cne cross-section downstream of the junction, whether the

Junction is on the main stream or on another tributary.

It must be remembered that the more complex the configura-
tion, the 1longer it will take t¢ have the computations
converge to the predefined error limit. This is parti-
cularly true if drop structures exist, such as, weirs, drop

manholes or invert discontinuities defined by double nodes.

Profiles should be carefully checked afterwards if more
than one branch is being moedelled to check if the flow
values are reasonable, Occasions have arisen where a
branch will have no flow in it. This result usually
demonstrates that the branch has been modelled to flow in

the wrong direction.

Though the inverts of the channel may indicate flow in one

direction, it is possible for certain flow conditicns to
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cause a branch to flow in the opposite direction.

Batch Mode Usage

As previously stated, the program is intended for
interactive use. The program can be used in batch mode but
care must be used in the preparation of the data. The
following is a sample of the records required for batch
mode usage. There are two parts to the description, one
with no branches and one for bifurcated branches, In
dealing with branches, it has been assumed that a

percentage error limit terminates the computation.

The order used is similar to that as indicated in A.U4 -
"Command Sequence", It should be noted that, except for
the title card, all "A" format data is left justified.
Between commands COMPUTE and STOP, the other commands can
be interjected as required. The four most common commands
used again are: INFLOWS, D/S WL, SUMMARY, COMPUTE. These
are used tc mocdel another flow condition and can be

repeated as often as required before command STOP is used.

If several branches are being modelling individually or in
various combinations, the record set for BRANCH would be
inserted before subsequent use of INFLOWS. Care must then
be taken in correctly defining the tributary inflows for

each configuration,

The commands EDIT and HELP are not amenable to batch mode

use and are not represented in the following pages.



RIVERY
BATCH MCDE

DATA PREPARATION

REC. VARIABLE

NO. NAME VALUE FORMAT COMMENTS
1 TITLE 1046 title of project (up to 60
characters)
2  SKIP NO A3 command options not printed
out
3 COMND CONNECT A6 command
b NCONF I5 number of confluences
5A K, KDSK 215 K - D.S., limit of
tributary
KDSK - corresponding inter-
mediate sec,
no, of receiving
stream
one record for each
confluence (rec, no, 5B,
5C, ete.)
6  COMND BRANCH A6 command (use only if
branches are being modelled)
7 NBRNCH 15 number of bifurcated
branches
84 K, KDSK 2I5 K - U/S8 Limit of

branching channel

KDSK - corresponding inter-
mediate sec,
no. of main channel

one record for each branch
(rec. no. 8B, 8C, etc.)
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RIVERY4

BATCH MODE
DATA PREPARATION

REC. VARIABLE
NO. NAME VALUE FORMAT

COMMENTS

9 COMND INFLOWS A6

104 (Q1)1 F10.3

10B (Q1)2 F10.3

1M ANS YES A3

12 NLAT I5

13A NODE,QLAT 15,
F10.3

use only one of the follow-
ing INFLOWS or DISCHARGE.

Use INFLOWS if BRANCH has
been used.

command

flow value for tributary
with lowest U/S node number

flow value for tributary
with second lowest U/S node
number

one record for each tribu-
tary going from lowest U/S
node number to the highest
U/S node number (rec., no.
10C, 10D, ete.)

are there point lateral
inflows

if answer is NO, go to the
next command required

number of lateral inflows

node number, corresponding
lateral inflow

one record for each lateral
inflow (rec, no. 13B, 13C,
ete.)
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RIVERY
BATCH MODE
DATA PREPARATION

REC. VARIABLE

NO, NAME VALUE FORMAT COMMENTS
14 COMND DISCHARGE A6 - command
15 NQS I5 - number of subreaches with
different flow
164 I1, Q1 15, - U/S section no. of reach,
F10.3 flow value (start with

lowest section number and
work up to the highest)

- one record for each subreach
(rec. no, 16B, 16C, etc.)

17 COMND D/S WL Ab -~ command

18 NDS1 I5 - sec, no, where D/S water
level to be defined

19 DSWL1 F10.3 - initial water level

20 COMND RESISTANCE A6 - command

21 QN A6 - name of Resistance Law to
be used

22 COMND LOSS COEFF A6 - command (use only if CLC
and/or CLE are to be changed
from CLC = 0.0, CLE = 1.0)

23 ANS YES A3 -~ a change in loss coefficient
is desired

24 CLC, CLE 2 F10.3 = new value of loss coeffi-

cients in following order,
CLC, CLE
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RIVERY4
BATCH MODE
DATA PREPARATION

REC. VARIABLE

NO. NAME VALUE FORMAT COMMENTS

25  COMND CRITIC A6 - command (use only if
critical condition desired)

26 ICRIT I5 - section no. where critical
flow conditions to be
calculated

- repeat above two records for
every section where critical
conditions are desired

27  COMND SUMMARY A6 - command (summarize input
data)

- There are two sets of
command COMPUTE. The first
one is used when there are
no bifurcated branches, the
second is used when bifur-
cated branches exist

28 COMND COMPUTE A6 - command (no branches)

29 NUS1 15 - upstream limit of profiles
by section number

30 COMND STOP A6 - command (terminate run)
this is always the last
record

28 COMND COMPUTE A6 - command {(bifurcated branches

being modelled)

29  ANS NO A3 - end result only to be
printed out
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RIVERY
BATCH MODE
DATA PREPARATION

REC. VARIABLE

NO. NAME VALUE FORMAT COMMENTS

30  PERCNT F 10.3 - percent error limit in depth
of water at branch

31 NUS1 I5 — upstream limit of profiles
by sec. no,

32  ANSW YES A3 - profiles to be printed for
this iteration

33 ANS NO A3 - profiles are not to be
recomputed

34  COMND STOP A6 - command (terminate run)

this is always the last
record
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A.7.0 Limitations

The main limitation of this program is that supercritical
flow is not modelled. Any section that is supercritical is
flagged in the printout with the term ¥CRIT*. The energy
and water level printed ocut is the critical 1level. If
supercritical flow is of importance and a continuous set of
cross-sections are flagged, alternate programming will have
to be used. 1In general, profiles listed at critical depth
provide an upper bound of the profile limit and could be of

value in design.

Ancther limitation of the program is the use of a single
roughness coefficient for each cross-section. If multiple
profiles are computed with widely varying flow values,
consideration should be given to altering the roughness
value. In most cases, a single value provides a reasonable

approximation to the roughness factor.
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WORKED EXAMPLES

Introduction

These examples are presented to provide the user with
information on modelling various networks and structures.
Each example contains a deseription of use, a diagram of
the network, and the appropriate printout for the example.
The examples include modelling bridges, sewers with
overland flow, river system and modelling of multiple

islands in a river system.

Most hydraulic systems will be modelled as one of the
examples or a combination of the different systems
presented, Other modelling techniques may have to be used

for the more unusual cases.

One of the main uses of a backwater program is the analysis
of the potential inundation of bridges. Therefore, it is
incumbent that all sorts of bridge configurations are able
tc be modelled with reasonable accuracy, taking into
consideration size and shape of the opening and the
elevation of the road relative to the top of the opening.
It is possible for three flow conditions to exist at a
bridge: (1) low flow, (2) pressure flow through the
opening, (3) weir flow over the roadway, or any combinatiocn

of the three types of flow.
As such, there are basically three types of bridges to be

modelled. Figures B.1 to B.3, inclusive, show typical flow

conditions at a bridge together with the schematic

B1



B2

representation. The figures appear in those sections
describing the particular bridge type. In addition, the
cross-sections modelled are shown., Most bridges will be
modelled as one of these three types or as a combination of
them, There are several ways of modelling cross sections
upstream and downstream of bridges. In the discussion to
follow for a Type 1 bridge, two of the more common methods
used are represented, One method uses the full valley
section just upstream and downstream of the bridge as shown
in Figure B.1(a) at nodes 2 and 5, The other method uses
an open topped section equivalent to only the width of the
bridge opening together with the invert of the bridge as
shown in Figure B.1(b). The profile results are different
and, for the Type 1 bridge, both have been included. The
user should exercise judgement in choosing the method used

to model these particular sections.

The remainder of the examples use only the full valley
section (where appropriate). The primary purpose of the
examples is to illustrate various procedures in using the
program and to demonstrate the type of hydraulic system

that can be analysed.

It should be noted that pressure flow and weir flow are
analyzed using the flow resistance equation selected by the
user at the beginning of the program, Pressure flow is not
analyzed using an orifice equation and road flow is not
treated as a weir using the weir equation. For flooded
roads, a Type 2 or Type 3 bridge should be used as

explained further in this appendix.

Since the flow resistance equation alone is used, it is

difficult to model culverts and bridges with piers in them,
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Yarnell's work on piers and pier shape is not accounted for

in this program.

Type 1 Bridge

This type of bridge is one in which the roadway or top of
the embankment does not flood (Figure B.la and b). In
addition, the conduit consists of a single structure such
as a pipe or box culvert, or as twin box culverts with the
same invert and obvert. This bridge represents the
simplest form of embankment condition with a closed
conduit, The following example illustrates the definition
of a twin box culvert as a single cross-section. In Table
B.1.1, the complete gecmetry files are presented which
corresponds to the systems shown in Figure B.1(a) and
Figure B.1(b).

It will be noted in cross-sections 3 and 4, that the
thickness of the common wall is not represented in the
coordinate pairs. Instead, the boundary wall is defined as
having zero width, starting at the fourth pair of
coordinates and ending with the sixth pair (see Figure A,2

for typical section).

Using Mannings equation, the system was analyzed for four
flow conditions, these being 250 cfs, 500 cfs, 750 cfs and
1000 cfs. The initial water level at secticn 6 was assumed
to be twice critical depth. As is to be expected, the
higher the discharge, the higher is the water level
upstream of the bridge. At a flow of 1000 cfs, the
acceleration created by the head upstream of the bridge has
forced the flow to be supercritical at the downstream end

of the bridge. This is shown by the term *CRIT* listed for



BY

/—top of road
e L
. ? . f&”ressure fiow
. <. Wf Low flow
(L .
e

o) PROFILE
\ o
CLLLLLLLL ,@

STTTTTTT AT
i —

=00

~— (X

(X2

®©

b) PLAN and SCHEMATIC

Sections 2,5

c) CROSS SECTIONS

NOTE: For use with low flow, pressure fiow, NO road flow
For use with —single pipe cuivert
~ single box culvert
- multi box culvert with same invert and
obvert (width may vary )

FIGURE B-la)
TYPE | BRIDGE




B5

f— top of road

Ry —- (17 - - Fl—tressure flow
1]
\v/ .

= fF Low flow
- M/ﬂ
e

a) PROFILE

W

CLLLLLLLL

N4
OO

Road
RRRELEREAERREBREE 1
STTTTTTT L& T2 @
il | (S ) ©
/ (&
©
b) PLAN and SCHEMATIC
: ! !
Sections 2,5
- = 1’—"_ -7
\\\ | ///
~\- -------- l--j,i--ﬂl ',/
‘“‘\I ' I/
Sections 3, 4
-~ =
\\ L
\\\ rd
\\.~ ./
¢) CROSS SECTIONS
NOTE: For wuse with low flow, pressure flow, NO road flow

For use with — single pipe cuivert
- singie box culvert

—multi box culvert with same invert and
obvert (width may vary)

FIGURE B-i(b)
TYPE | BRIDGE




Bo

TABLE B.1.1

TYPE 1 BRIDGE DATA

a) Based on Figure B.l1 (a)

TYPE 1 ERIDGE

MAIN CHANNEL 1§t - &

TWIN BOX I ~ 4
1 é ~-800.,0 0.035
1 0.0 100.0 20.0 5.0 8.0 94.0
1 100.0 92.5 122.0 92.5 150.0 100.0
2 6 -500.0 0.035
2 0.0 100.,0 20.0 5.0 ?8.0 94,0
2 100.0 92.0 122.0 92.0 150.0 100.0
3 4 -500.90 0.013
3 110.0 97.0 100.0 ?7.0 100,0 ?2.0
3 110.0 2.0 110.0 ?27.0 i10.,0 92,0
3 120.0 ?2.0 120.,0 27.0 110.0 ?7.0
4 9 -300.0 0.013
4 110.0 96.8 100.0 ?6.8 100.0 ?1.8
4 110,0 ?1.8 110.0 96,8 110.0 21,8
4 120.0 91.8 120,90 ?46.8 110.0 96.8
5 6 "30000 00035
S 0.0 100.0 20.0 95.0 98.0 ?4.0
S 100.0 91.8 122.0 ¢1.8 150.0 100.0
é b 0.0 0.035
é 0.0 100.0 20.0 ?4.0 8.0 3.0
é 100.0 ?1.0 122.0 ?1.0 150.0 100.90
b) Based on Figure B.1 (b)
7 TVWPE L DRIDGE
g/ FIRIM CHEMNHEL 1 - 0
i THIN DO 2 “
M " 300, 0 DR B
i 0.0 ORI 7.0 R0 2.9 Ty .n
H 100.9 3.5 12:.0 52.9 1Z0.0 1a0,
2 2 -~500.3 AT
Iy 100,000 S2.000 120,000 32 .00
E 3 ~-S0n.4Q LI
2 110.9 T.0 . 7.0 1oa.a KPR
2 110.9 22 .0 1000 2T .0 11000 220
2 120.1 22 .0 Lcd.y 2T 119.0 NN
< 3 -~ 2ud .0 D.012
< 11a.9 D05 .3 10,0 LI 100.0 31.3
™ 110.9 21D 119.0 T L3 1i0.4 FL.3
< 120.0 3.2 iZn.o D2 10. T L2
S ) 2.0 L35
S 0..u00 31200 120,300 21.2000
" s 1.0 0,02
" Q.0 LA, g L Sy .0 2200 2.0
2 100, 3.0 i22.0 Sl 190.4 1.
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section 4 indicating the possibility of a hydraulic jump

occurring.

At section 3, the water level is listed as 97.521 which is
above the crown of the culvert. What has been printed is
not the "water level", but the piezometric surface. For
very long culverts, it may be desirable to model one or
more seétions between the inlet and outlet in order to

determine the piezometric profile throughout its length.

In this simple example, the complete listing of the
printout is presented for a flow of 250 cfs in Table B.1.2.
In addition, the profile results for a flow of 1000 cfs is
shown in Table B.1.3. The two profiles presented for each
flow condition should be carefully reviewed at the upstream
and downstream limit of the bridge (nodes 2 and 5). 1In
both cases, when the full valley section is used, the water
level is higher and more conservative than when the
sections are mcdelled as in Figure B.1(b). Note the
command order used to input the data. Before COMPUTE is
used, SUMMARY has been called upon to summarize the
pertinent input data. It will be seen that the summary is

quite short compared toc the initial input.
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TABLE B.1.2 (CONT'D)

T IUPMRRY

TUMMRERY OF IMPUT DRTR FOR

TWPE 1 ERPIDCE

UMITZ LZED PPE - IMPERIPL-
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TABLE B.1.3 TYPE 1 BRIDGE
FLOW PROFILE FOR 1000 CFS

a) Profile based on Figure B.1 (a)

TW'PE 1 EPIDGE
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2 e L LI L S S T L RN, T NTY 22,000 10.000
y SRR AL LI AN A AN AR Y TR D 32,000 RIRIANARY 1.027
1 20NN tan.onn R PR M R so.en 1.71°2

b) Profile based on Figure B.1 (b)
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Type 2 Bridge

The bridge shown in Figure B.2 represents the typical
bridge that may be subject to flooding of the roadway. The
flow path for the flooded rocadway is represented as a
bifurcated branch using nodes 1 to 3 inclusive,. The
example also defines a perched bridge where the road may be
subject to flooding while low flow still exists through phe
bridge. As a design alternative, it may be advisable to
have the road flood in order toc save the bridge. If the
bridge were to be washed out, the cost in money and time to
replace it are usually quite high whereas if the road is
washed out, the cost in time and money is considerably less

in hauling and compacting earth fill.

A typical data set for the system shown in Figure B.2 1is
presented in Table B.2.1. The system was analyzed using
Mannings equation for several discharge values. Initially,
the system was represented as having only a ¢tributary
(nodes 1 to 3, inclusive) and no branches, A flow of 1,000
efs entering at ncde 4 was modelled in which the computed
profile indicated low flow existed. The tributary 1-3 was
said to have a discharge of QMIN, Profiles were not
calculated for this tributary as no flow existed (i.e.
upstream and downstream limits of computations were defined
as 4 and 9, respectively). The starting downstream water
level was arbitrarily defined as twice critical depth for
the previous and all subsequent discharges. When the
discharge was increased to 2,500 cfs, the calculated water
elevation at nocde 5 was higher than the low elevation of
the road indicating that the road was floocding. Command

BRANCH was then used to define a bifurcation from node 5 to
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TABLE B.2.1
TYPE 2 BRIDGE DATA

E

AD 1 - 3 » CONNECT @ 8¢ BRANCH @ S

0.035
50.0 102,0
?10.90 100.0
0.02
200.0 107.0
0.035
50.0 102.0
910.0 100.0
0.035
50.0 102.5
910.0 100.5
0.035
50.0 102.0
?10.0 100.0
0.018
860.0 100.0
8460.0 110.0
0.018
860.0 100.0
860.0 110.0
0.035
30.0 102.0
?10.0 100.0
0.035
50.0 101,.S
910.0 99.3

850.0
960.0

700.0
850.0
?40.0

850.0
?60.0

850.0
?60.0

910.0

910.0

8350.0
?460.0

850.0
?460.0

102.0
120.0

107.0
102.0
120.0

102.5
120.5

102.0
120.0

100.0

100.0

102.0
120.0

101.5
119.5
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node 1, and the profile was recalculated for a flow of
2,500 cfs. The system has been analyzed for flows ranging
from 1,000 efs to 15,000 cfs.

Though the road flow is not calculated using a weir
formula, it is of interest to compare the ccmputed depth of
flow over the road to the weir formula. The road
cross-section in the direction of flow is similar to that

of a broad crested weir. The broad crested weir formula is

Q = 3.087L(h + hv)3/2 (B.1)

[ »]

where - flow, cfs

average length of the weir (road) (ft)

depth of water upstream of weir above the weir

(road) elevation (ft)

=2
|

corresponding velocity head of approach (ft)

The term in brackets is the same as the difference between
the energy elevation upstream and the elevation of the
road. Using the average of the energy levels at nodes 1
and 5, the theoretical depth (h+hv) for the computed road
flow has been calculated and the percent error determined.
These results are presented in Table B.2.2. The results

are in good agreement especially at the higher flow levels.

The stage-discharge relationship at the bifurcation has
been plotted in Figure B.2.1 together with the maximum
velocity at the downstream end of the bridge. It will be
noted in the stage curves that the road system begins to
take more and more of the flow for small increases in
elevation., The curves also indicate that the road would

tend to floocd at a discharge of about 2,400 cfs,



TABLE

B.2.2 COMPARISON OF ROAD FLOW AND WEIR FLOW

h(weir) = [Q(weir)]2/3

Road Elevation = 107.0

Elevation in feet

3.087L Flow in c¢.f.s.
EL% No.of J%error
Q(Total) @{(bridge) EL(bridge) Q(road) EL(road) error Comp. he(avg.) L(avg.) h{weir) 1in h
2,500 2371.122 107.335 128.878 107.193 1.98 3 0.264 504.06 0.190 +38.00
3, 500 2511.292 107.606 988.708 107.746 1.85 3 0.676 510.40 0.733 - 7.77
4,000 2548.399 107.681 1451.601 107.962 3.67 2 0.822 512.65 0.944 -12.93
5,000 2084.892 107.971 2315.108 108.306 4,21 2 1.139 917,52 1.281 -11.05
7,000 3320.667 109.149 3679.333 108.766 4.36 2 1.958 530.12 1.714 +14.09
8,000 3460.721 109.428 4539. 279 109.024 4.47 2 2.226 534.25 1.904 +13.34
10,000 3190.896 109.259 6809.105 109.627 3.97 2 2,443 537.58 2.563 - 4,068
12,000 3295.690 109.676 8704.310 110.073 4,10 3 2.875 544.23 2.994 - 3.98
15,000 3273.979 110.148 11726.021 110.711 5.55 6 3.430 552.77 3.604 - 5.10
Q - discharge (cfs); EL -~ energy level; helavg.) - effective head over road (h + h,)

EL% error

No. of comp

Llavg.)

h{weir)

% error in h

— error in computed energy level expressed as a percentage of depth

- computed equivalent weir depth for given Q(road)

average length of flooded road

number of iterations computed to reduce error to below 10%

percentage difference between h of weir formula and computed depth over road

(18
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The velocity curve indicates a design condition for the
bridge occurs at about 2,400 cfs first as the road begins
to floed. At this discharge, the maximum velocity occurs
at the downstream end of the bridge. This would be the
critical velocity as an upper limit to be designed for when
considering erosion of footings and channel materials. At
higher discharges upstream, the velocity through the bridge

tends to decrease.

Of importance in this example is the use of defining
branched flows. At the initial stages, branch flow was
assumed not to exist until information was presented
indicating that flooding of the road was likely to oeccur.
Then the BRANCH option was used to define the road system.
By not defining the road system at low flows, the

computation time has been reduced significantly.

Table B.2.3 shows a complete listing for a flow of 2,500
c¢fs as a non-branched system and 2,500 c¢fs as a branched
flow. The example indicates the procedure of changing from

a nonbranched to a branched network.
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TABLE B.2.3 (CONT'D)
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TABLE B.2.3

SUMMPRY OF INPUT DPTR FCR

TVPE & DBRIDCE

UMIT3 USED PPE ~IMPERIPL-
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'Y y

3

-

TVPE 2 BRIDCE

CEC. ITRTM.  CHRIMPCE DIICH. L.
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TABLE B.2.3 {CONT'D)
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TABLE B.2.3 (CONT'D)
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Type 3 Bridge

In this example, the bridge structure is represented by two
pipe culverts of different diameters. Due to the
difference in diameters, each culvert 1is modelled
separately and joined together by command BRANCH. In
addition, there is the possibility of the rocadway being
flooded and it, too, is modelled separately. Box culverts
of differing inverts and/or obverts would be modelled this

way also.

Table B.3.1 shows a typical data list for a Type 3 bridge
and corresponds to the network shown in Figure B.3. It
should be noted that the bifurcation for the culvert occcurs
furthest upstream followed by the road bifurcation. In
addition, the culvert joins the main stream before the
road. The example as shown illustrates the consideration
that should be given tc the numbering of the nodes. As
presented, the small culvert is modelled by nodes 1 and 2
and the road by nodes 3 to 5 inclusive. This means that
the limits of computations must include the road tributary
even at low flows, as only by including the road can the
bifurcated flow through the culverts be assessed. When the
results are printed out, it will be noted that the road
flow is listed with Q = ,000 (i.e. QMIN) and an appropriate
velocity. Although the example has been modelled as shown
to 1illustrate this point, it would have been better to
model the road by nodes 1 to 3 inclusive and the smaller
culvert by nodes 4 and 5, The example shows that some
thought should be given to the overall numbering of

networks.
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TYPE 3 BRIDGE DATA

TABLE B.3.1
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The system as shown was analysed for flows ranging from 25
cfs to 150 efs using Manning's equation. At flows above 50
c¢fs, the road begins to flcod. Command BRANCH was used to
connect the road as a bifurcation for flows greater than 50
c¢fs, Error limits for termination of computation was set
at 10 percent. The division of flow between the two
culverts and the road has been plotted in Figure B.3.1. As
is to be expected, the roadway takes the majority flow at

high flow levels,

Since the use of the commands have been illustrated in the
previous bridge types, a complete listing of a typical
session is not presented for this example., Tables B.3.2(a)
and (b) show the computed profile for 50 cfs and 150 cfs
respectively., In part (a), the flow over the road has been
defined as Q = .000 (QMIN).
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TABLE B.3.2(a) TYPE 3 BRIDGE

PROFILE FOR 50 CFS

TWPE 3 DERIDSGE

CRANCH v
E.L.
W.L.

104|Q93
104.393
CORRECTIOM 7O DRAMNCH FLOW

U 0
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-.142
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TYPE 3 BRIDGE
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Modelling Overland Flow

The previcus "bridge" types serve as an introducticn to
modelling sewer systems with or without overland flow. The
basic sewer system is modelled as a plain network without
considering manhcles. If the discharge is sufficiently
large, causing the sewer(s) to surcharge, the system is
acting similar to a Type 1 bridge. That is, the water
level printed cut is the pieozometric surface. From this
information, the potential of reverse slope driveways being

floocded can be assessed.

If the flow is very large, it is possible that manholes may
be flooded causing overland flow through gutters and
ditches to occur. When such a situation occurs, the
manhole is usually modelled in order to represent the road
elevation, Figure B.4 represents such a system. In
addition, the system has been designed to flood by using a
subdiameter pipe from nodes 22 to 23. The technique can be
used to force overland flow around some particularly sensi-
tive 1location. Alternatively, an elevated sewer outlet
could be used to divert flow to another sewer system.
Table B.4.1 comprises the typical data for this system. In
the system, the overland flow is defined as going to a
detention pond. The discharge from the pond then travels
to a ditch inlet and drops intoc the sewer system. Nodes 1

and 2 represent a ditch or a backyard swale.

Table B.4.2 presents a complete listing of a typical flow
condition causing the manhole to flood resulting in
cverland flow. In order to derive the profile, 14
iterations were required to reduce the error toc the

requisite limit.
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Before the request to print the fifteenth iteration the
word COMPUTING ... appears indicating that 10 iterations
have been computed. It should be nocted, though, that the
five percent error in water levels is referenced to the
depth of the ditch at nocde 3 (being 1.59 feet) and not the
depth of the manhole, it being 8.66 feet deep. In this
example, acceptable results would probably occur if a 20

percent error limit had been chosen.
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River System

This example is provided to show a typical procedure for a
natural river system. The system has several tributaries,
drop structures and a Type 1 Bridge. In addition, water is
assuned to be withdrawn from one tributary by an industry
and returned to a different tributary. The schematic for
the system is presented in Figure B.5 with Table B.5.1
containing the c¢ross-section data. The initial flow

condition was set as follows.

NODE FLOW

1 50 cfs

4 100 cfs

8 100 cfs

12 10 cfs

14 100 cfs

NODE FLOW

point lateral inflows 6 -20 cfs
21 +20 cfs

Table B.5.2 contains a complete listing of the data entry
and results of the profile computations., As will be noted,
each tributary is presented separately in the profile
listing with its own cclumn headings. The tributaries that
start with a drop structure are readily identifiable by the

term ®CRIT* at the beginning of the tributary listing.
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TABLE B.5.2
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B-7

B52

Island Network

This example has been designed to indicate the complexity
of networks that can be analysed with the program, It
comprises six islands in total as shown in Figure B.6. An
attempt has been made to model division of flow for all
possible combinations of channels. The channels have been
represented as being rectangular, thus only two stations
need be defined per section as the program will add the
vertical extensions as required. The system gecmetry is
shown in Table B.6.1. Transitions and bridges have not
been modelled in this network. The network may be said to

be similar to a river delta or a bayou.

The initial flow condition was set at 10,000.0 cfs entering
at node 26, The program then computed the division of flow

and the profiles, terminating at a ten percent error limit.

Two 1iterations were required to reduce the error in all
branches to less than ten percent with the third iteration
printed out. Table B.6.2 presents the complete listing of
the computation. In the calculated error it will be noted
that all of the errors are quite small except for one (node
27 to 6) but it is well within acceptable limits,
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TABLE B.6.1 DATA FOR ISLAND NETWORK
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TABLE B.6.1 (CONT'D)
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2 -Z0CC. 22T

2.0 101.2 Te.C 101.2
2 2E00. 022

c.c 2. ice.e inz.e
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TABLE B.6.2 ISLAND NETWORK
PROFILE COMPUTATION
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oC WO WRNT p LIST COF CCMMPMNDST ... WVES.MC

T oHe

CCHMANDT

? COMMECT
TUPPLY MNO. OF CONFLUENCE POIMTS (DEFINEDR B £ DCUBLE
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T LPPRMCH

"FABLE B.6.2

B5/

(CONT'D)
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-
L)

FOR % CRPMCHES, SUPPLY ZEC.
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MD.

SEC, MD. OF THE MPIM CHAMMEL ... .<RISH

ERPRCE MC. t

T 1 4
DPPNCH MD. 2
DRRMCH MD. 2
;6 or
DPPNCH NO. 4
7 12 16
DRPMCH MO. S
T 14 20
DPRNCH NC. &
¢ 3¢ 3
T 12 a2
COMMPMDT

T IMFLCWS

FCPR £ JUMCTICMS PMD = EBRPMCHES
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TABLE B.6.2 (CONT'D)

SUMMARY OF IMPUT IPTP FCR

~I3LPND- NETWORK

UMITS USED RPE -~ IMPERIPL-

COMMECT IVITY TPELE

MODE MC. i 2 4 s & y 2 210
KDSCNODE>  ~4 10 -2 8 20 -ar 0 0 0 0
MODE NC. 11 12 12 14 1S 1 1T 12 12 2o
KDSCMODE>X 22 16 22 -20 0 0 o 24 -22 0
MODE MO. 2t 22 22 24 25 Q¢ ar @2 @2 20
kDS ¢MODE > 0 0 0 B 22 b 0 0 0 e
MODE NO. 21 2@ 22 24
KDS¢NODE > B 0 SIGEE
SIMCE EPPMCHED FLOWS PRE BEIMG MCDELLET,
IMITIPL FLOWS PRE NCOT PRINTED CUT IM
CRDER TC PREVEMT PCOSSIBLE COMFUSICHM.
IMITIPL WRTER LEVEL RT MODE 24 I3 112.544
PESISTAMCE LPW DEIMG USED IS - MPNMING -
HEPD LOSS COEFF. PT COMTRRCTICMS CLC = c.00e

PT EXPRMNSICOMS  CLE = 1.000

COMMRNDS

T OCCMPLTE
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TABLE B.
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02 (i CONT'D)
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Use of EDIT

Since the command EDIT is somewhat tedious to use, this
example demonstrates its use. Figure B.7 shows a schematic
of the old file, the proposed alterations, and the
arrangement of the new file when completed. A complete
listing of the process is included in Table B.7.1. To
start, the program provides a list of the commands
available. The first use is the command PRINT in order to
display the complete old file on TAPE1,. Then the
alterations are performed according to the middle
schematic. At the end of the session, the user has the
option of having the new file on TAPE2 copied onto TAPE1
(overwriting the old file) or leaving TAPE1 alone. Before
terminating the session, command PRINT is used again to

print out the new file (now an old file) on TAPE1.

The PRINT command only prints the data on TAPE1, not TAPE2.
The advantage of the command END is the ability to check
the file and, if need be, correct errors or omissions that
have been made. The command RETURN returns the session to

the enclosing routine RIVER3 which then calls RIVER4 again.

The differences in the schematics of TAPE1 and TAPE2 should
be noted. The new file shows an increase in the number of
cross sections resulting in a difference in the
connectivity of the tributary. The new connectivity must

be used if the new file on TAPE1 is to be analysed.



— Section N?

— Old file section no.

OLD FILE(TAPE1)

to be

A — ADD a section
C — CHANGE a section
D— DELETE a section

ALTERED to become

as below
~—A-5

FIGURE B-7

Use of EDIT

NEW FILE(TAPE?2)
which can be overwritten
onfo TAPE1
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FOR RDDED SECTION .\ OF
SPECIFY ZECTION MO... .o 1!
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MO, FTZ.s CHRIMARGE, FOUCH,

S X + . - %
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: (0.t Late
FOP ZEC.HO. 1 TURFLY 1
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TABLE B.7.1

CCEFF.

FES« CDOCRDS.

vl

ra

COEFF .

FOR ZEC.MO. 2 ZUPPLY 1 PRI, COCPDC.

2 e B § L
. —_ e Y e
EDIT ZECT

T RBELETE

R

EDIT ZECT
TOCHRNCGE

SFEGIFY SECTION MB...-0150

-

AT ZEC. MO, & ZUPPLY

SPECIFY ZECTICN MB....v IS5

ZECTIDNCZ
ENMTER...O

IMPEDIRTELY

(cont'd)

N FONMES

i PCKEZ

RETER

7O DE RDIEDT.

ZECTICH

EF 2...:8F1

L

ee ook

EEF LTS3

Q.35

n
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TABLE B.7.1 (cont'd) 3/7

MO. PT3.s CHRINRGCGE . FCUCH. CDEFF.
s o igsFL0L sF LD .25
. KE L
F3 i 0.2 023
FOP ZEC.MD. 2@ ILPPLY L FPRZ. CLOPDCZ. IM POMZT OF Z2....0cF10

& .
T e .02 o8 ,02

EDIT ZECT
T OCHRMGE
SPECIFY SECTIDN MD..wat IS5

v

-

B -

AT TEL. MC. < ZUPPLY

HMO. PTZ.s CHRIMRCE, FOLGH. CCEFF.
...'ﬁ*-rpr;D.l’Fl':!.SQl-

v Y ) "

T 1 00,4 R
FOR SEC.MB. 4 SUPPLY § FRI. COBRBE. IM POME OF 2. tEF L0 35
5 4 .00y . Q0,0 | . | |

EDIT ZECT

T RDD

PFTER LHMAT IZECTICON 12 THE MEW ZECTIDONYIZ: TO DBE RDPDEDT ... .. 153
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c.2

PROGRAMMER'S MANUAL

Introduction

This manual is written with the intent of providing the
programmer with a further understanding of the details of
the principle subroutine RIVERY. The routine resides in a
library of subroutines known as the Civil Engineering
Program Library (C.E.P.L.) developed by A.A. Smith [1].
The library is an extensive collection of routines which
analyse a wide variety of hydrologic and hydraulic
phenomena. For programming information about routines not
detailed in this manual, reference should be made to the
GuEsPsL The following discussion on RIVERY4 is based on
the revisions and modifications made by P.B. Ashenhurst
[(2]. This information should be of value to the user who
wishes to change, add cor delete various component parts.
In addition, a summary of the subroutines used is provided.
At present, the program has been used only on a CDC 6400
computer and requires 42,670 octal words. Information with
respect to mounting the program on cther computer systems

would be gratefully appreciated.

Reference to program lines is made by the statement number
plus the number of lines after the statement number. Thus,
line 4001.07 refers to the seventh line after statement

number 4001 excluding comment cards.

Organization of Subroutine RIVERY

The subroutine is command oriented and divided into its
appropriate parts. The first part of the subroutine

includes a description of the purpose of the subroutine and

C1
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definitions of the variables in the parameter list.

Each command has statement numbers limited to a certain
range of values. Therefore it is relatively easy to add
new commands and identify the command with its own number
range. Certain format numbers are used throughout all
commands. This is particularly true of format numbers 9001
to 9005 inclusive, These formats print out the field for
data entry using brackets. The following is a list of the
range of statement numbers for each command or part of the
subroutine., They are listed in the order that they appear

in the subroutine listing.

Statement Number Range Purpose or Command

9001 - 9005 incl. prints brackets defining data
input field

0 - 199 inel. program initialization and
organization

200 command HELP

500 - 599 incl. command CONNECT

1500-1599 incl. command BRANCH

1000 - 1399 inel. command INFLOWS

2000 - 2099 inecl. command DISCHARGE

2500 - 2599 inecl. command D/S WL

3000 - 3099 incl. command RESISTANCE

4000 - 4499 incl. command COMPUTE

5000 - 5099 incl. command CRITIC

5500 - 5599 inecl. command LOSS COEFF

6000 command EDIT

6100 - 6299 incl, command SUMMARY

9000 command STOP
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The program is directed to the appropriate location through
the use of the dummy variable IC which changes value
depending on the recognition of the command. If the
command is not recognized, the user is directed to reenter

the command.

Subroutine Package

A total of 19 subroutines are used in the backwater program
including RIVERY4., Each of these may in turn call upon some
other subroutines, Table C-1 contains a list of all the
subroutines used. For each subroutine, the calling
subroutine is listed of which there may be several,
together with the subroutines used in the called

subroutine, if any.

At the beginning of each subroutine, a description is given
stating the purpose of the subroutine. In addition, the
parameters in the arguments list are defined together with

cautionary notes as required.

Flow Range

At present, with the F10.3 format, the maximum discharge
the program can interpret is 99,999 cubic feet (metres) per
second. If larger flow ranges are required, then the
format could be changed to any size between F10.3 and
F10.0. It is recommended that a field of ten be used so as
not to require too extensive a change. Twe subrcutines
provide the printout of the flow values in some form and
these are RIVER4 and PROFL2. The following is a list of
statements that would require change should larger flow

values be desired.
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TABLE C-1
SUBROUTINES USED IN BACKWATER CALCULATION

NAME CALLED FROM SUB'Rs USED
BOTTOM CONTR2 Nene
CRITIC
EZRA
PROFL2
RIVERY4
WLFRE
CONTR2 PROFL2 BOTTOM
CRITIC
PROPS
CRITIC CONTR2 BOTTOM
EZRA PICRIT
RIVER4 PROPS
WLFRE QCR2D
EDITXS RIVERY FILEXS
PRNTXS
EZRA PROFL2 BOTTOM
CRITIC
PROPS
SFROMQ
FILEXS EDITXS None
RIVER3
FINDXS PROFL2 None
RIVER4Y
NORMLQ SFROMQ None
PICRIT CRITIC PIPROP
PIPROP PROPS None
PIYFRE WLFRE PICRIT
PIPROP

PRINTXS EDITXS None
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TABLE C-1 (cont'd)

NAME CALLED FROM SUB'Rs USED
PROFL2 RIVERY BOTTOM
CONTR2
EZRA
FINDXS
PROPS
PROPS CONTR2 PIPROP
CRITIC
EZRA
PROFL2
WLFRE
QCR2D CRITIC None
RIVERY
RIVER3 Driving Program FILEXS
RIVERY
RIVER4 RIVER3 BOTTOM
CRITIC
EDITXS
FINDXS
PROFL2
QCR2D
WLFRE
SFROMQ EZRA NORMLQ
WLFRE RIVER4 BOTTOM
CRITIC
PIYFRE

PROPS
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Subroutine PROFL2

Statement No.
30.00 change 4F10.3 to F10.n,3F10.3

Subroutine RIVERY

Statement No.

80.09 change QMIN=0.0001 to appropriate value
1020.02 change (F10.3) to (F10.n)
1040.00 change FORMAT(F10.3) to FORMAT(F10.n)
1130.01 change I5,F10.3 to I5,F10.n
1150.00 change FORMAT(I5,F10.3) to FORMAT(I5,F10.n)
1220.00 change FORMAT(5F10.3) to FORMAT(5F10.n)
2040, 01 change (I5,F10.3) to (I5,F10.n)
2060.00 change FORMAT(I5,F10.3) to FORMAT(I5,F10.n)
4410.03 change F10.3 to F10.n
5050.00 change F10.3 to F10.n

Increasing Number of Cross-sections

The variable KSREC controls the maximum number of cross-
sections that can be handled in one run. If the user
wishes to model more than the 100 sections (present
dimension) in one run, KSREC will have to be redimensioned.

This variable occurs in the following subroutines:
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EDITXS,FILEXS,PROFL2,RIVER3, RIVERY
In addition, if the subroutine EDITXS is used to create a
data file, KSREC would be appropriately dimensioned in the

user provided driving program.

Adding Command Options

The user may wish to add a command option to the existing
version of RIVER4. By using appropriate statement numbers
not listed in item C.2, the command statements can be
inserted easily. The command name should be listed in the
description at statement 70.00+ in its appropriate
alphabetic order. A six letter Hollerith string would have
to be added in the IF(COMND.) structure after line 110.15
identifying IC=15 and upwards for each command added. 1In
additicn, the appropriate GOTO()IC statement number would
have to be added at the end of statement 130.02 after 6100,
i.e. (..., 6000, 6100, new nember)IC.

Removing Branched Computation

The most frequent use of this program will be to compute
backwater profiles where there are no bifurcated branches
being modelled. Therefore, the user may wish to create a
copy with the BRANCH command and associated computations
removed., This may also be of value in mounting the program
on small computers. The following is recommended if
branched computations are to be removed. Though other
procedures are possible, the one listed appears tc be the
easiest to do. The changes are listed in the order that
they appear in RIVERA4. This is the only subroutine that

needs to be changed.
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(1) Redefine BRANCH at 70.01 to

"not available in this version"

(2)  Command BRANCH
Leave statement 1500.00
Remove statements 1500.01 through to 1560.02
inclusive, and
Replace with:
WRITE (NW,1510)
1510 FORMAT(/,42H THIS OPTION NOT AVAILABLE IN THIS

+ VERSION,/)

(3) Command INFLOWS
Remove statements 1220.02 through to 1330.00 incl.

(€)) Command COMPUTE
Remove statements 4000.01 through to 4000.07 incl.
Remove statements 4020.03 through to 4080.01 inecl.
Remove statements 4100.05 through to 4110.00 inel.
Remove statements 4130.01 through to 4180.01 incl.
Remove statements 4240.07 through to 4470.01 incl.

These changes complete ¢the removal of the branch
computations.

Hollerith Constants

Certain computer systems are limited in the size of
Hellerith names that can be read. Most computers can read
six characters in standard Fortran. Computers such as the
Radio Shack TRS-80II can read only four characters. This
affects the reading of the names of both the commands and

the resistance law to be used. Therefore, the following
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changes are required in subroutines RIVERY4,NORMLQ and

SFROMQ assuming a four character Hollerith constant.

Subroutine RIVERY:

(1) Dimension Statements

Statement 00.5 change TITLE (10) to TITLE (15)

(2) Statement  40.00 change 10A6 to 15AH4

(3) IF(COMND.) statements
Statements 110.02 to 110.14 inclusive
change .BHXXXXXX) to .4HXXXX)
where XXXXXX represents existing programming
and XXXX represents the first 4 characters in the

command .

) Command RESISTANCE

Statement 3050.00 change A6 to Al
IF(QN. statements

Statements 3050.01 to 3050.06
change EQ.BHXXXXXX to EQ.4HXXXX

(5) Command SUMMARY
IF(QN. statements
Statements 6260.01 to 6260.06 incl.
change .6HXXXXXX) to .4HXXXX)

Subroutine NORMLQ:

(1) Change REAL MANNIN to REAL MANN
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(2) Change data statement to
DATA CHEZ,MANN, STRI,ROUG, SMOO,COLE
/4HCHEZ , 4HMANN, 4HSTRI, Y4HROUG, 4HSMOO, 4HCOLE/

(3) Statements 2.01 to 2.04 inel., and 2.07 to 2.08 incl.
IF(QNAME., statements
change .EQ.BHXXXXXX) to LEQ. JHXXXX)

(4) Statement 6.00
Change ,A6, tc ,A4,

Subroutine SFROMQ:
(1) Change REAL MANNIN to REAL MANN
(2) Change data statement to

DATA CHEZ,MANN, STRI, ROUG

/UYHCHEZ , 4HMANN, 4HSTRI, 4HROUG/

(3) Statements 2.01 to 2.04 inecl.
IF (QNAME. statements
Change .EQ.6HXXXXXX) to .EQ.U4HXXXX)

These changes complete the alteration of a 6 character READ
statement to a 4 character Hollerith constant. The WRITE

statements are not affected.

Computer BACKSPACE

The present program requires a computer with a system that
can backspace data files. Certain small computers do not
have this facility, therefore, the program will have to be

rewritten to accommodate the backward reading of data
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files. The only routine that uses - backspace - is
subroutine FINDXS.

Flow Chart for RIVERY

The following pages contain a detailed flow chart for
subroutine RIVERY4 together with the enclosing subroutine
RIVERS3. The flow chart indicates the 1logic for each
command separately. The following is the order in which

they are listed.

No. of
Item Pages
Subroutine RIVER3 1
Subroutine RIVERY 1
1500 BRANCH 2
4000 COMPUTE 13
500 CONNECT 1
5000 CRITIC 1
2000 DISCHARGE 1
2500 D/S WL 1
6000 EDIT 1
200 HELP 1
1000 INFLOWS 7
5500 LOSS COEFF 1
3000 RESISTANCE 1
6100 SUMMARY 3

TOTAL PAGES

w
(9]
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< START ’

Write title
“Program RIVER3 by
A.A. SMITH"

D

Subroutine RIVER3

[ can rexs KJ—> Nxsec, MaxpTs  of

Geometry file

NWK =

Colculate size of work orray

5 x NXSEC + 4xMAXPTS
[n caling program WK is the some
‘"umber ' but shouid be larger in
anticipation of oadded cross-sections

print

NTAPE1, NXSEC, MAXPTS, NWK

Dimension variables in order to

RIVER4

call

ICou RIM——D caics. backwater profile

END
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START

| Logical BRANCH,PRNT |

Subroutine RIVER4

G

LSC' up branches ond change terms KDS,ITSTT]

LSupply TITLE (up to 60 chcrocur:)j

. \Yn
List Commands

Write

HELPR

CRITIC, DISCHARGE, D/S WL, EDIT,
RESISTANCE ,RESTART, STOR SUMMARY

with description
BRANCH, COMPUTE,CONNECT,

INFLOWS, LOSS COEFF,

Set-up -iFn— flags :- O-connectivity ,
|- inflow/discharge, 2— d/s wi,
3-resistance, 4- branch, 5- loss coeff

Set defoult values: loss coeff CLC=00,CLE=10
min. flow QMIN= £tOE-4

s =)

Write "COMMAND?"
Read COMND
i
[ 1c=0 |
L

® N OO b UN -

P LN - 0 @

RESTART
HELP
CONNECT
INFLOW
BRANCH
DISCHARGE
D/8  wL
RESISTANCE
COMPUTE
STOP

CRITIC

LOSS COEFF
EDIT
SUMMARY

Q COMND cannet be Q
4 {
inter preted




@

BRANCH

DOK = ;)NXSEC]

1S00 BRANCH

u/s limit
section no.

of branching channel and the intermediate

of the main channel”

Write “Supply no. of bifurcation branches"”
Read NBRNCH
Yi
NBRNCH:=0 =
No
Write " For NBRNCH branches, supply section no. of

|

| DO NB=1, NBRNCH |

J\>‘

Writ

e"For branch no.
Read K, KDSK

N8B

NB NB+1

|

| KDS(K)z-KDSK |

NB = NBRNCH
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1500 BRANCH

BRANCH = . TRUE.
set Dbranch flag

1F4 =1

| commano? |

BRANCH = FALSE. |1 Y
IF4:0

COMMAND ? l
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COMPUTE
.

set up terms for branched
computation
NONE =0 NPRNT= O
NEVERY=0 ICOUNT =}
NEND =0 1Z = 10
NUMITR=50

[chect status of floqsl

4000 COMPUTE |

use

Write "Flows shouid be specified

INFLOW or DISCHARGE

COMMAND?

.NOT. BRANCH

Write "' Two options are available for branched flow
computation. Either every iteration can be
printed out in whole or part -or- printout
starts after a predefined error in depth has
been reached.

Write "Do you want profiles and/or errors printed owut
for every iteration......Yes/No?"

Read ANS
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Yes

ANS = NO

No

| NEVERY=1 |

4000 COMPUTE (/3

Write "Supply percent
limit for
initial
water levels at
( usuaily 10-0)

Read PERCNT

error
termingtion of
ccmoutction of

branches

| nNeno=1 |

<

D

Zero off energy & water levels
DO J=1,NXSEC

>

WLS (J)

= 00
ENLVS (J) =

0-0

system

D/S node ; NDS = NDSL

D/S WL ; DSWL =DSWL1
KDSMAX=999

print tape NW2 = NW

set up numbering

Yes

Yes

NEVERY > O
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Yes

4000 COMPUTE

13

D0

NEND > O

No

Write"Specify upstream Emit of
profiles by section number

Read NUS1L

are there

branches

Yes

NEND > O

every lteration printed out for branche
NPRNT = 1 ; NONE =1

‘1

1

Write ‘Do you want profiles printed
for this iteration...... Yes/No

Read ANSW

| continue ]<}
|

end result printed out for branches
NW2 =0 NONE =1

—>x




Write" Sec. No. out
of range,1-NDS
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[ PRNT=.FALSE.]

4000 COMPUTE

PRNT=TRUE.

Start another profile, default
vVisSC=0-0

J= NDS

viscosity

| Find U/S limit of profile

]

Jax D

[ u=u+4

]
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4000 COMPUTE

NUS = NUS1

Yes

NUS = NDS

[can_ProFL2 K>

- profile for this
tributary (if NW2=0,
do not print out
profiles for this
iteration)

A .

Search

for

D/s

section with non-zero WL

{
[ NEXT=1 |
|

1
| D0 J=1, NXSEC |

KDS(J) = 0 oS

KDS(J) = NEXT DYes

Yes

KDS(J)=> KDSMAX
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4000 COMPUTE |8

[[NEXT:=KkDS(J) |
t 3
[ NDS:=J |

[KOSMAX= NEXT |

[Cal_FINDXS K}—{> - NDS-cross section dato
L

Froude No.
FR=0%

1.
[can WLFRE K}—{> -0SWL-O/S water level for NOS

Y3 7 NEXT = NUS1

are there
branches

Check

if energy levels are equal atf
branches

| DELwWM =0-0 |

| po x=1,Nxsec |




€22

4000 COMPUTE

Find U/S confluence
NBR = K
KDSJ = - KDS(NBR)

calculate

DELTAH = WLS (~KDS (NBR))— WLS (NBR)

heodloss to be corrected

I

calcuiate

correction to flows between
main and channel
SUMM = SUMB = 0-0

Main channel
J= KDSU +1

[call FiNDXS KF—L> u-1 -cross section

data

[cait  CRITIC J—~{> HCR -critical energy

dépth

[Call BOTTOMK}—{> BOT -invert

Yes ﬁ

ENLVS(J-1)
<

HCR+BOT

SUMM =

ENLVS(J-1)-ENLVS(J)
QAR (J-1)

SUMM +

No

Yes >

KDS(y-L) = O

[ continue JQ v
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4000 COMPUTE

[Call FINDXS K}—> J-1 -cross section
d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>