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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 manholes 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. 

iii 



ACKNOWLEDGEMENTS 

The author wishes to express his thanks and appreciation to Dr. 

A.A. Smith for his help and guidance in writing this paper; to K.B. Lee 

for suggestions with programming techniques; to C.C. Parker Consultants 

for the use of their computer facil ities; to Joyce Daly for typing the 

original draft of this manuscript; to Nancy M. Sine at the McMaster 

University Engineering Word Processing Centre for typing the final 

manuscript; and to my wife and children for bearing with me. 

iv 



TABLE OF CONTENTS 

ABSTRACT 

ACKNOWLEDGEMENTS 

TABLE OF CONTENTS 

LIST OF FIGURES 

LIST OF TABLES 

CHAPTER 1 

CHAPTER 2 

CHAPTER 3 

CHAPTER 4 

1.1 Introduction 
1 • 2 Bac kgro und 

SYSTEM GEOMETRY 

2.1 General 
2.2 Network Configuration and Numbering 
2.3 Use of EDITXS 

THE PROGRAM 

3.1 Organization 
3.2 Defining Connectivity 
3.3 Defining Discharge 
3.4 Flow Resistance Equations 
3.5 Head Loss Coefficient 
3.6 Method of Profile Computation 
3.7 Branched Flow Computation 

BRIDGE MODELLING 

4.0 GENERAL 
4.1 Type 1 Bridge 
4.2 Type 2 Bridge 
4.3 Type 3 Bridge 
4.4 Modelling Overland Flow 

v 

Page 

iii 

iv 

v 

vii 

viii 

1 
2 

6 
10 
11 

15 
18 
19 
23 
25 
26 
33 

40 
41 
46 
56 
64 



CHAPTER 5 

CHAPTER 6 

CHAPTER 7 

TABLE OF CONTENTS (cont'd) 

TESTING THE PROGRAM 

5.1 Theoretical Configurations 
5.1.1 River System 
5.1.2 Multiple Islands 

5.2 Upper Spencer Creek 
5.3 Lower Spencer Creek 

FUTURE WORK 

CONCLUSIONS 

Page 

70 
70 
74 
86 
91 

100 

103 

BIBLIOGRAPHY 106 

APPENDIX A USER'S MANUAL 

APPENDIX B WORKED EXAMPLES 

APPENDIX C PROGRAMMER'S MANUAL 

APPENDIX D PROGRAM LISTING 

vi 



LIST OF FIGURES 

FIGURE 2.1 Typical Cross-sections 

FIGURE 2.2 Typical Network 

FIGURE 3.1 Connectivity Array 

FIGURE 3.2 Typical Loop 

FIGURE 3.3 Energy Terms for Gradually Varied Flow 

FIGURE 4.1 Type 1 Bridge 

FIGURE 4.2 Type 2 Bridge 

FIGURE 4.2.1 Type 2 Bridge - Computed Flow Profiles 

FIGURE 4.2.2 Type 2 Bridge - Velocity Profile and Discharge 
Distribution 

FIGURE 4.3 Type 3 Bridge 

FIGURE 4.3.1 Type 3 Bridge - Computed Flow Profiles 

FIGURE 4.3.2 Type 3 Bridge - Discharge Distribution 

FIGURE 4.4 Sewer System with OVerland Flow 

FIGURE 5.1 River System 

FIGURE 5.2 Island Network 

FIGURE 5.2.1 Island Network - Computed Division of Flow 

FIGURE 5.3 Upper Spencer Creek 

FIGURE 5.4 Lower Spencer Creek - Town of Dundas 

FIGURE 5.4.1 Lower Spencer Creek - Comparison of HEC2 and 
RIVER4 Profiles - part (a) 

- part (b) 

vii 

Page 

9 

12 

20 

22 

27 

42 

47 

50 

54 

57 

60 

61 

65 

71 

78 

81 

87 

92 

94 
95 



LIST OF TABLES 

Page 

TABLE 2.1 Geometry File Format 8 

TABLE 3.1 Commands Available in Routine RIVER4 16 

TABLE 3.2 Flow Resistance Equations 24 

TABLE 4.1.1 Type Bridge Data 43 

TABLE 4.1.2 Type Bridge Profile (250 c.f.s.) (1000 c.f.s.) 44 

TABLE 4.2.1 Type 2 Bridge Data 

TABLE 4.2.2 Comparison of Road Flow and Weir Flow 

TABLE 4.2.3 Type 2 Bridge, Profile (5000 c.f.s.) 

TABLE 4.3.1 Type 3 Bridge Data 

TABLE 4.3.2 Type 3 Bridge Data Profile (a) 50 c.f.s. 
(b) 150 c.f.s. 

TABLE 4.4.1 Sewer System Data 

TABLE 4.4.2 Profile for Sewer System 

TABLE 5.1 Data for River System 

TABLE 5.1.2 Summary of Input Data and Profile Results 
for a River System 

TABLE 5.2.1 Data for Island Network 

TABLE 5.2.2 Summary of Input Data for Island Network 

TABLE 5.2.3 Profile for Island Network 

TABLE 5.3.1 Upper Spencer Creek - Computed Profile 

TABLE 5.3.2 Upper Spencer Creek - Comparison of RIVER4 
and HEC2 results 

viii 

48 

52 

55 

58 

62 
63 

66 

69 

72 

75 

79 

82 

83 

89 

90 



LIST OF TABLES (cont'd) 

TABLE 5.4.1 Lower Spencer Creek - Computed Profile 

TABLE 5.4.2 Lower Spencer Creek - Comparison of RIVER4 
and HEC2 results 

TABLE 5.4.3 Lower Spencer Creek - Comparison of Modelling 
Techniques 

ix 

Page 

93 

96 

99 



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 of these comprehensive 

programs can be both time consuming and expensive. This project 

involves the develo!lllent 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 so as 

to provide the potential user with a complete guide to program use 

without having to refer to the technical information in this 
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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 

speci fic computations. In this version, the geometry file was 

stored in the computer core in order to facilitate the modifica-

tion of the channel geometry if required. It became apparent, 

though, that for extensive networks. the amount of core memory 

used to retain the geometry limited the extent to which RIVER1/2 

could be expanded to include various hydraulic phenomena. A new 
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subroutine was thus developed in which the geometry file resided 

on secondary devices such as tapes or discs. 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 netWJrk 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 to sl.lDIllarize the input 

data. It was observed that in the branched flow computation, 

closure was very slow with the existing algorithm if the system 

incl uded invert discontinuities. It was therefore decided to 

improve the computations of branched networks to speed 

convergence. 

In addition, modelling of branches and their nunbering was 

quite restrictive. All branches had to start on the main channel 

and end on the main channel. This usually resulted in 

inconsistent and discontinuous number sequences being used to 
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define a tributary. The nuneric 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 too high. The solution 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 one 

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 mod ifications and improvements. 

the project was intended to test the applicability of the model to 
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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 RIVER4 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. 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 

ei ther 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. 

6 
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Each cross-section is described by two record types. The 

first field of both record types (15), contains the cross-section 

number. The first record type also includes the number of points 

in the cross-section, its chain age 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 as input, (i.e. TAPE 1 under CDC operating 

systems) . 
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TABLE 2.1 

GEOMETRY FILE FORMAT 

Record Field Format Variable Description 

1-5 I5 ISEC Cross-section number 

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

11-20 F1 O. 1 CHAIN Cross-section chainage 

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. 

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 etc. As record 2 for subsequent coordinate pairs. 
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t. Vertical extensions added 
I as required 

Twin 80l Culvert 

(a) TYPICAL CROSS-SECTIONS 

1 -12. ~O· 0 0.2.0 

0.0 110.0 10.0 102..0 20.0 100.0 

2.5.0 93.0 45.0 93.0 60.0 103.0 

70.0 110.0 

2 9 -12.50.0 0.10 

2. 35.0 98.0 25.0 98.0 25.0 93.0 

2. 35.0 !!.O 35.0 98.0 35.0 93.0 

2. 45.0 93.0 45.0 98.0 35.0 98.0 

(b) TYPICAL DATA FOR ABOVE CROSS -SECTIONS 

FIGURE 2 -I 

TYPICAL 
CROSS-SECTIONS 
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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 anyone 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 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 using 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 anyone 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 



(0) Typical Network System (1 branch, 5 confluences) 

Tributary No.1 hlQher than 
main channel --r--__ 

(b) Typical Violations of Numbering and 

Connectivit y Constraints 

NODE (J) 2 3 4 5 6 7 8 9 

KDS (J) o 7 -8 o 12 o o 0 20 

NODE(J) 14 15 16 17 18 19 20 21 22 

KDS(J) o o 0 22 o o 000 

(c) Connectivity Array for Network of (a) 

more than two .ectlons 

Downstream 
equal to 

10 II 12 13 

o 0 0 23 

23 24 25 26 

o 0 0 999 

FIGURE 2·2 

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,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT,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(NTAPEl ,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 I the file TAPEl 

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 

creating 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 
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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. In 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 

edi tor. Likewise, a section can be deleted resulting in higher 

section numbers being reduced by one. After alterations, the new 

TAPE 1 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. 



3.1 Organization 

CHAPTER 3 

THE PROGRAM 

The backwater program consists of 19 subroutines in total. 

The heart of the program is subroutine RIVER4 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 library 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 is invited to submit another command until the command 

STOP is used which terminates the session. Resul ts are printed 

out in a simple tabular form, each tributary being printed 

separately with its own heading. 

15 



BRANCH 

COMPUTE 

CONNECT 

CRITIC 

DISCHARGE 

DIS WL 

EDIT 

HELP 

INFLOWS 

LOSS COEFF 

RESISTANCE 

RESTART 

STOP 

SUMHARY 

16 

TABLE 3.1 

COMMANDS AVAILABLE IN ROUTINE RIVER4 

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 energy loss 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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RIVER4 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 

(c) a calling statement for RIVER3. 

The files defined are TAPE5, 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 = 5*NXSEC + 4*MAXPTS 

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

work array would be 

NWK = 5*25 + 4*5 

= 145 

say, 200 in anticipation of adding cross-section. 



18 

Therefore, the driving program takes the following form: 

PROGRAM TST(INPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT,TAPE1,TAPE2) 
C Program card for CDC 6400 

DIMENSION WK(200) 
CALL RIVER3(l,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 is 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 value 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 

tributary 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=O.0001 units per 

second. When INFLOWS is 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 



FIGURE 3·/ (a) 

NODE(J) 

KDS(J) 0 

N ODE(J) \I 

KDS(J) 0 

NODE(J) 21 

KDS(J) o 

FIG U R E 3-1 ( b) 

10 

Typical Network 

2 3 

I I -12 

12 13 

o 20 

22 23 

o o 

4 

o 

14 

o 

24 

o 

20 

5 

8 

15 

o 

6 7 

o 0 

16 17 

o 22 

25 26 

o 999 

Connectivity Array 

8 

o 

18 

o 

9 10 

23 0 

19 20 

o 0 

FI GURE 3·1 

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) 

( 11) 

(iii) 

Determine the total flow 0total entering from node 4, 04,5' 

Compute the critical energy level E at section 5 for flow cr 

°total' 

For the calculated energy level E at section 1, compute cr 

the critical discharge in section 1. 

(iv) Calculate ° 5,6 and ° 1,2 in the same proportion as 0total 

and Ocr 

2 
= 0total!(Ototal + Ocr) 

= °total - Q5,6 

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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MA IN 

CHAN NEL 

(a) TYPICAL LOOP 

Qcr in Section I as 

a function of 

Section 

Section 5 

(b) INITIAL ESTIMATE OF BRANCHED FLOW 

FIGURE 3·2 

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 

acc umulating tr ibutary in flows and observing cont inui ty 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 

aQI ax oJ 0 and aQI at '" 0) . 

3.4 Flow Resistance Equations 

A choice of six resistance equations are available in the 

progr am [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 600 F being: 
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TABLE 3·2 FLOW RESISTANCE EQUATIONS 

Ch ez y Equation 

Q :: CA -..fRS 

Manning Equ ation 
I 2 I 

0= (O·4671 G3 ) AR3S'2 
n 

Strickler Equation 

Q = [8.41 v'G [~) t} IfRS 

Colebrook- White Equation 

Q = - ['1'32 G , • loglo (_k_ 
14'8R 

+ 1'255 U )] A ~ 
R \/32 RSG' 

Nikuradse 'Rough I Tur bulent Equation 

Q = [If 32 G '. 109!o (14'~ R)] A \IRS' 

Ni kuradse I Smooth I Turbulent Equation 

where, 

Q 

A 

R 

S 

G 

V 
C, n, k 

Q:: [\/32 G" 10910 ( R-Y32 RSG')] A-yRS' 
1'255 U 

- discharge (ft3/sec I m3/s) 

- cross section area (ft 2, m2 ) 

hydraulic radius (ft, m) 

- slope of energy gradient (fUft I m / m ) 

- gravitational ac·celeration (ft/sec 2, m/s2 ) 

- kinematic viscosity (ft 2/sec, m2/s) 

- 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 [2,5,8J. In 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 

No transition loss 

Gradual transitions 

Bridge Sections (with wing walls) 

Bridge Sections (no wing walls) 

Very abrupt transitions 

Coefficients 
Contraction Expansion 

0.0 

o. 1 

0.3 

0.6 

0.7 

0.0 

0.3 

0.5 

0.8 

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 \mown 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]: 

<3.1) 

where z1 ' z -2 elevations above datum 

y 1 ' Y2 - depth of water 

V 1 • V -2 velocity 

Q.1' 0.2 - velocity coefficient = 1.0 

head loss between section and 2 

g - gravitational accleration 
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The head loss is further defined as 

hf 
(S1 + S2) 

• AX = 2 
<3.2) 

where S1 - energy slope at section 

S -2 energy slope at section 2 

AX - distance between 1 and 2 

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

combined to produce the following equations: 

h1 = x + Y 1 1 

0.4) 

Therefore, the steady state equation can be rewritten as: 

v2 i 
h1 

1 
h2 + 

2 hf <3.5) +- = -+ 2g 2g 

or h1 + F(h
1

) = h2 + F(h2) C3.6) 

V2 
S1 

where Fe h1) 
1 • AX <3.7) = 2g 2 
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and <3.8) 

The or ig inal method [6] as ind icated 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 

h
f 

= ~x. (S .S ) 1/2 
1 2 

(3.10) 

The friction slope is calculated using the discharge and 

conveyance at the end sections, i.e. 

(3.11) 

<3.12) 

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

condition, the total energy (H
2

) and friction slope (S2) 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 <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 y r 

is the initial estimate and y , is the improved estimate. 
r+ 

The routine first determines a range of uncertainty, y r < 

Y 1 < yr+1 such that F, (Yr) < 0 and F, (Yr+') > O. The average 

depth (y r + y r+l ) /2 is tested and the following strategy used to 

shrink the interval of uncertainty, i.e. 

Yr = (Y + Y ,)/2 if F«y + Y ,)/2) > 0 
r r+ r r+ 

= (y + Y ,)/2 
r r+ 

A solution is reached when 

if F«y + y 1)/2) < 0 
r r+ 

abs [(y - y ,)/y 1J < '0-5 
r r+ r+ 

0.13) 

<3.14) 

<3.15) 

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 DIS 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 analysed if desired. Profile computations 

start by first searching for the upstream limit 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 upstream limit 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 11 

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 critical, 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 

crt:>ss-section properties through the command EDIT and rerun the 

profile computations for the same flow conditions. 
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3.7 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 levels 

compatible at the bifurcation by using a modified form of 

Kirchoff's Laws, i.e. 

(i) the sum of the inflows equals the sum of the outflows at 

the bifurcation; 

(ii) the sum of the head loss around the loop is zero. 

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

( i) 

(ii ) 

and H .. 
lJ 

that is, for an unbalanced flow condition at the bifurcation 

n 
l:K .. Q .. iO 

lJ lJ 

<3.16) 

<3.17 ) 

<3.18) 

(3.19) 

In order to improve the flow conditions. an increment of 

flow is added to the branch. 
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<3.20 ) 

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

n (n-1 ) ~K .. Q .. +n~ K .. Q .. ·~Q=O 
lJ lJ lJ lJ 

i.e. ~Q = 

From (3.18), it can be seen that 

n-1 
~ K .. Q .. 

lJ lJ 
n-1 

n~ K .. Q •. 
lJ lJ 

H .. 
=~ 

n 
Qij 

(3.21) 

<3.22) 

which can be defined as the head loss per unit flow. This becomes 

important when there are lateral inflows along the loop. 

Therefore, by substitution and transposing of terms, the estimated 

correction to flow is 

~Q = 
~ ~ .. 

lJ <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 

so, 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 loss 

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 levels 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, 

~E = E - E - [(E - WL ) - (E - WL )] 
m b m m b b 

<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) is completely 

correct when using the complete head loss around the loop but when 

invert discontinuities exist, it is possible that the sign of ~Q 

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 > Eb), ~Q = I ~ I m- (3.25a) 

0.25b) 

Due to the algorithm used, the downstream and upstream 

1 imi ts of pro file computat ions must encompass all branche s 

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 '.:>eing modelled. Therefore, a relaxation 

factor is applied to all calculated ~Q corrections resulting in a 

much faster closure on the solution. The factor is based on the 

average percentage error difference with respect to total depth of 
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both the water level and energy level expressed as a decimal 

value. If the average error is 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 limit 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 difficul t 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 max imum 

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 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) 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 is 

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. 



4.0 GENERAL 

CHAPTER 4 

BRIDGE MODELLING 

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 to 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 combination of 

the three types of flow [8,9,10,13J. 

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 modelled are shown. 

Most bridges will be modelled as one 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 

40 
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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 [8.9.1~]. 

4.1 Type 1 Bridge 

This type of bridge is one in which the roadway or top of 

the embankment does not flood (Figure" 4.1). 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. In 

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-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 2.1 for typical section). 

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

flow conditions, these being 250 cfs, 500 cfs, 750 cfs and 1000 
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top of road 
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-single box culvert 
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FIGURE 4-1 

TYPE I BRIDGE 
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TABLE 4.1.1 

TYPE 1 BRIDGE DATA 

TYPE 1 BRIDGE 
MAIN CHANNEL 1 - 6 
TWIN BOX 3 - 4 

1 6 -800.0 0.035 
1 0.0 100.0 20.0 95.0 98.0 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 95.0 98.0 94.0 
2 100.0 92.0 122.0 92.0 150.0 100.0 
3 9 -500.0 0.013 
3 110.0 97.0 100.0 97.0 100.0 92.0 
3 110.0 92.0 110.0 97.0 110.0 92.0 
3 120.0 92.0 120.0 97.0 110.0 97.0 
4 9 -300.0 0.013 
4 110.0 96.8 100.0 96.8 100.0 91.8 
4 110.0 91.8 110.0 96.8 110.0 91.8 
4 120.0 91.8 120.0 96.8 110.0 96.8 
5 6 -300.0 0.035 
5 0.0 100.0 20.0 95.0 98.0 94.0 
5 100.0 91.8 122.0 91.8 150.0 100.0 
6 6 0.0 0.035 
6 0.0 100.0 20.0 94.0 98.0 93.0 
6 100.0 91.0 122.0 91.0 150.0 100.0 
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TABLE 4.1.2 TYPE 1 BRIDGE (250 c.f.s.) 

TYPE 1 :CPIrGE 

Uf'! I T~ U~Er PPE '. I MPEP I AL .• 

COf'!f'!ECTIYITY TP:CLE 

I'~O!'E f'!O. 
~:D: (f'!C'!'E;' 

1 
C 

;: 
C 

.., 

..... 
o 

4 
o o 

I f'! I T I AL FL OlJ VAL UE: AT EPCH f'!D!'E GO I MG FPO,., 
1 TO 6 I MCL U~ lYE, 1M OPDEP ~ .• 

250.000 
250.000 

250.000 2~0.000 

IMITIAL UATEP LEVEL AT MODE 

2~0.000 

6 I: 

250.000 

HEAD lO~: COEFF. AT COf1TPRCTIOf1: CLC :; .€.OO 
fiT E)~PPf'!:IDM: ClE s' .eoo 

'-;' COI'!PUTE 
:PEC IFY UP:TPEPt! L It!lT OF PPCF ILE'(:;' n ... :E'C. MO ••• <I ~;. 

'? 1 

TYPE 1 :CPIrGE 

~EC. :TPTf'!. CPf'lIt"flGf 

6 C.O 
c- ,.J 00.0 ...J 
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1 ··800.0 

COtltlAMD7 
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TABLE 4.1.2 (CONT'D) (500 c.f.s.) 

:Ut!MAP.... OF I MPL!T DATn FDP 

TYPE 1 t~IrGE 
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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 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 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 *eRIT* 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 long 

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 computed resul ts 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 flooded 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 flooding while low flow 
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TABLE 4.2.1 

TYPE 2 BRIDGE DATA 

TYPE 2 BRIDGE 
MAIN CHANNEL 4 - 9 WITH BRIDGE AT 6,7 
TOF' OF ROAD 1 - 3 , CONNECT @ 8, BRANCH @ 5 

1 6 -700.0 0.035 
1 0.0 120.0 50.0 102.0 850.0 102.0 
1 860.0 100.0 910.0 100.0 960.0 120.0 
2 4 -600.0 0.02 
2 0.0 120.0 200.0 107.0 700.0 107.0 
2 960.0 120.0 
3 6 -500.0 0.035 
3 0.0 120.0 50.0 102.0 850.0 102.0 
3 860.0 100.0 910.0 100.0 960.0 120.0 
4 6 -1000.0 0.035 
4 0.0 120.5 50.0 102.5 850.0 102.5 
4 860.0 100.5 910.0 100.5 960.0 120.5 
5 6 -700.0 0.035 
5 0.0 120.0 50.0 102.0 850.0 102.0 
5 860.0 100.0 910.0 100.0 960.0 120.0 
6 5 -700.0 0.018 
6 860.0 110.0 860.0 100.0 910.0 100.0 
6 910.0 112.5 860.0 110.0 
7 5 -500.0 0.018 
7 860.0 110.0 860.0 100.0 910.0 100.0 
7 910.0 112.5 860.0 110.0 
8 6 -500.0 0.035 
8 0.0 120.0 50.0 102.0 850.0 102.0 
8 860.0 100.0 910.0 100.0 960.0 120.0 
9 6 0.0 0.035 
9 0.0 119.5 50.0 101.5 850.0 101.5 
9 860.0 99.5 910.0 99.5 960.0 119.5 
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still exists through the bridge. As a design aiternative, it may 

be advisable to have the road flood 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 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 4.2 is 

presented in Table 4.2.1. The system was analysed 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 cfs 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 

disc h a r g e 0 f QM IN. Pro file s wer e not calc ulated for thi s 

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 node 5 was higher than the low elevation of the 

road indicating that the road was flooding. 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 0 f 

flow is similar to that of a broad crested weir [3,4,8,10J. The 

broad crested weir formula is 

(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) v 

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+h) for the computed road flow has been v 

calculated and the percent error determined. These results are 

presented in Table 4.2.2. The results are in good agreement 

especially at the higher flow levels. At the low flows, 

the percent error is quite high bu~ considering the actual depth, 



h (weir) 

TABLE 4.2.2 

= [Q(Weir)]2/3 
3.087 L 

COMPARISON OF ROAD FLOW AND WEIR FLOW 

Road Elevation = 107.0 Elevation in feet 
Fl ow inc. f. s • 

Q(Total) Q(bridge) EL(bridge) Q(road) 
EL% No.of 

EL(road) error Compo he(avg.) L(avg.) 
%error 

h( weir) in h 

2,500 2371.122 101.335 128.878 107.193 1.98 3 0.264 504.06 0.190 +38.00 

3,500 2511.292 107.606 988.108 107.746 1.85 3 0.676 510.40 0.733 - 7.77 

4,000 2548.399 107.681 1451.601 101.962 3.67 2 0.822 512.65 0.944 -12.93 

5,000 2684.892 107.971 2315.108 108.306 4.21 2 1.139 511.52 .1.281 -1 1 .05 

7,000 3320.667 109.149 3619.333 108.166 4.36 2 1.958 530.12 1. 714 +14.09 

8,000 3460.721 109.428 4539.219 109.024 4.47 2 2.226 534.25 1.964 +13.34 

to,OOO 3190.896 109.259 6809.105 109.627 3.97 2 2.443 537.58 2.563 - 4.68 

12,000 3295.690 109.676 8104.310 110.073 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 leve 1; he(avg.) - effective head over road (h + hv) 

EL% error 

No. of comp 

L(avg. ) 

h( wei r) 

% error in h 

error in computed energy level expressed as a percentage of depth 

number of iterations computed to reduce error to below 10% 

average length of flooded road 

computed equivalent weir depth for given Q{road) 

percentage difference between h of weir formula and computed depth over road 
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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 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 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 cfs just as the road begins to flood. 

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 about 7,000 cfs, a secondary 

peak velocity occurs 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 

increases. 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 efs to 15,000 

cfs. 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 
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the maximum erosion velocity for both the bridge and the roadway, 

and max imum 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 consider~ for analysis. 

Of importance in this example is the use 0 f defining 

branched flows. At the initial stages, branch flow was assuned 

not to exist until information was presented indicating that 

flooding of the road was likely to occur. 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. 

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 computations. 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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TABLE 4.3.1 TYPE 3 BRIDGE DATA 

T"'PE' 3 DP!DG( 
~Iti: /"1 CHPll'1M(l 6 .- ~3 

3.0 D!At'1. 'J -- ~ 0 
2.0 D~At'1. 

. 2 CON~Ci ~ •• npA~H ~ ~ .. .... , I 

TOP Dr P~D 3 -- 5 , COMI"1(C T ~ : 2 I np~H ~ a 
• • -500.0 0.024 ... .. 
• 2.0 :00.0 .. 
2 • --300.0 0.024 .. 
2 2.0 99.~ 

3 • -~oo.o 0.035 
3 0.0 ::0.0 ::0.0 :00.0 :30.0 :00.0 
3 230.0 ::0.0 

• • -400.0 0.020 

• 0.0 ::0.0 100.0 : 05.0 130.0 105.0 

• 230.0 110.0 
~ 4 -300.0 0.035 
5 0.0 ::0.0 ::0.0 99.5 :20.0 99.5 

- 5 230.0 110.0 
6 4 -800.8 0.035 
6 0.0 :10.0 ::0.0 :00.5 120.0 :00.5 
6 230.0 ::.0.0 .,. 

4 -500.0 • 0.035 • .,. 
0.0 :10.0 ::0.0 :00.0 :20.0 :00.0 • ... 230.0 1:0.0 • 

a • -500.0 0.035 
a 0.0 ::0.0 ::0.0 :00.0 :20.0 :00.0 
a 230.0 ::0.0 
9 1 --~oo. 0 0.024 
<) 3.0 :00.0 

:0 • --300.0 0.024 ... 
:0 3.0 99.5 
• • " --300.0 0.035 .. .. 
• • 0.0 : : 0 .0 : : 0 . 0 ')9.5 :20. 0 ,)9.~ .... 
• • 230.0 ! : 0 • 0 .. .. · :-, .. c:.: 4 .- 3 0 0.0 O.O:3~ · :-, .. c:.: 0.0 ! ! 0 . 0 : : 0 . 0 ")0''\ co 

~ ... • ...J :20.0 ')9.5 
':-' .. c:.: 230.0 ! : 0 . 0 
:3 4 0.0 0.035 
~3 0.0 : : 0 .0 : : 0 • 0 'Y?O 120.0 oJ') • 0 

~3 230.0 : : 0 . 0 
!-[DIO'~ 

:·(MD Dr :Mf'DP~i!~~ 
~ 
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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. ~IN) 

and an appropriate velocity. Al though 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 also 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. 

stream before the road. 

In addition, the culvert joins the main 

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 cfs to 150 cfs using 

Mannings equation. The downstream water level was set at twice 

critical depth. 

At flows above 50 cfs, the roadway begins to flood. The 

profile results for 25 cfs, 75 cfs, and 150 cfs are plotted in 

Figure 4.3.1. Again the error limits 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 
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As is to be expected, the roadway takes the majority flow at high 

ini tial 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 

cfs 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 considering 

manholes. If the discharge is sufficiently large, causing the 

sewer( s) to surcharge, the system is acting simil ar 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 occur s, the manhole is usually 

modelled in order to represent the road elevation. Figur e 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 

::;CWCP ~··t:i~t"4 l.)!itJ CVEPLflf'C~ rLC!..! 
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iP!E: 4 . .., !t:. CC/'4f'4ECi ~ 20 ..... 

. ~ , 0 CC/'4r"4ECi ~ 2( , EPflt"CP ~ .~ 0 -- .... ... .. 
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~ ~ --: 40 C • C. C2C ..... 
~ c.c ::4.CO f.C 11~.OC :2.0 ::4.CO ... 

~!fl: t" CYEPrLCI..! ~:iCH ( ..., ..... 
.....,-. "" .A. ) rpc~ 2: 

~ 
..., -:7'00 • 0.020 ..... ..., 0.0 ::4.00 f.O ::2.CO :2.0 ::4.00 .., 

4 ..., --: 4 Co. C.020 .., 
4 0.0 ::4.CO :0.0 II 0 .~O 20.0 ::4.00 

ro,.~ 

~ 4 --120 C • C. C~C 
a:: c.o 114.CO 20.0 10~.CO 40.0 : O~. 00 .., 
c: 7'o.c ::4.00 ..... 
E. 4 --:~OO • 0.02C 
E. C.C 114.00 :c.o 11C.CO 1: . c ::0.00 
E. 21.0 1:4.00 

DVEPFL~ CCt"iPCl r:rc rop rD~I! ..,. • --1200. C.C~4 I • ..,. : .0 ::0.00 I 

c • --10 C C • C.C~4 • 
C 1.0 1 0') .~o 
') 4 --10 CO. O. C20 
') 0.0 ::2.00 10.0 10').00 li?O :O').CO 
') 22.0 lt2.CO 

10 ..., --( 00 • O. C20 ..... 
lC o.c l:C.CO (.0 : OC. CC l~.O :to.CC 
o • ~ --30 C • o. C2C .. .. ..... 
o • c.o :C').OO f.C : Of .5 C l~.C 1 Co: • c C .. .. 

iP : ElJiflP',' :EI.)EP ( 0 ~ ...... If) 
o~ 0 --: 7' C4 • C.Cl~ ..... .. 
o~ ..... : • C llC.OC 
o~ 0 --1504. 0.C13 .. -- .. 
.~ : .0 1 Co: . C C .. .., 
:4 0 -- 1504 • C.015 .. 
14 1 • C 1 0') . 00 
o a:: 0 --1204 • 0.015 ....... .. 
o a:: ... - : .0 107.50 
lE. 0 .-') C4 • C.015 .. 
lE. : .0 1 Of .00 .... 
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18 
18 
19 
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20 
20 
20 

21 
21 

_ 21 

22 
22 
23 
23 
.24 
24 
25 
25 
26 
26 

~ .. EOP~ .. 
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TABLE 4.4.1 (CONT'D) 

1 --1504 • 0 • O!. ~ 
3.0 !. 08. CO 

--1204. O. O!.~ • ~ 
3.0 106.50 

1 --<)04. O. Ol~ 
3.0 105.00 

4 --904 • 0 • 013 
0.0 112.00 0.0 1 05.00 
4.0 112.00 

(20 & 21:' ttPf1HOlf 
4 -900. 0.013 

0.0 112.00 0.0 105.00 
4.0 112.00 

~E~T 2 ~EC. - PE~rp:CT:OM 
• • 

1 

• • 
• • 
• • 

1.5 

1.5 

2.0 

2.0 

3.0 
1 
3.0 

--900 • 0 • 015 
105.00 

--6 00 • 0 • 0: 5 
103.50 

--6 0 0 • 0 • 0 1 ~ 
102.5 

--~ 0 0 • 0 • 0 1 ~ 

-300. O.Ol~ 

100.7'5 
O. 0.013 

100.00 

~-(I"4D OF : ~OP~i :Of"!~ .. 

4.0 105.00 

4.0 105.00 
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outlet 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 outlet 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 

1 

12 

17 

INFLOW 

efs 

cfs 

15 cfs 

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 node 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 Theoretlcal Configurations 

In Chapter 4, four theoretical configurations were 

considered from the point of view of flooded roads 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 tr ibutar ies 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 Engineer s' program - HEC2. 

5.1.1 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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TABLE 5.1.1 DATA FOR RIVER SYSTEM 

S~~~~ ... r. .... "P'.,., ... 
-" .. ~, ....... n~-r? f~~ .-?: Vr?·- ...-".C",?~" 

...J» •• j I ~ •• 

"II")· .... 
• ·f· •• • 1 ~ . .., ~ 

...'4 

i~r~~ • "J ,..,., ........ r:- ........ ~ . ~ ... . .,_ ...... _ I ...... 
~ ,..,., ........ r.,... .... ~ 

...,..., 
OJ ..... ..... .,. ... ... 

~ • • ,...,., ....... r:- .... "P' ~ 
...,..., ..., .. ... ........... --, ...... . ..., ..... . ..., .. ..... ,...,., ........ r.,... .... 

...., .... ,', .... ..., I ~ 10 

• ~ -2-:"CO. C.C2 ... 
• -.:~ • C 11~.C .~ • C 10~.0 ~.O ! C ~ • C ... 
• :~.C 11~.C " ..., 4 -22CC • C.C2 ..., 

··2~ .c · . ..., r -~ • C !C~.~ ~.C lC~.O:: · ... -- .. ., ., 2-:.C · . ..., or .... _.-..., ... -l-:"CC • C.C2 ..... ., 
.:~. c !!2.C .-~ • C 1 C2. C 5.C lC~.C -., 
2~.C 11~.C 

... 4 -,:': cc • C.C~ 

.. -2C. C !!:.c C.C 1 C:: • c ~.C ! C': • C 

.. 25.0 !!::.c 
c:: ~ -21CO. C.CJ 
c:: ·-2C. C !:~.C C.C 1 C~. C 'S.c 1 C~ • C 
c:: =~.C 11~.C 
.~ 4 -l~CO. C.OJ ~ 

..: '-20. C 114.0 C.O lC4.0 ~.O 1C:t.C 
<': =~.C !l4.0 ..... 

4 -lCCC. O.OJ - '-2 C. C :l~.C C.O 10J.0 ~.C :c~.c I 

2~.C l!3.C . ., 4 -21 C C • C.CJ ..... 
~ -2 C. C .... r. or C.C l C~.~ ~.C lC~.~ ......... -.., 

2~.C • • II; ~ '-' .a..~ • ...., . ., 4 -1::00. C.OJ ~ 

I") -2 C • 0 114.~ 0.0 104.~ ~.e 1C:t or 
~ . ., 

2~.C !l~.~ ~ 

1 C 4 -leeo. O.OJ 
1 C -20.0 1!~.~ C.C lC2.~ ~.C lC~.~ 
1C .?~.c ... ..., c: .. ...,.-
11 4 -~ CC. C.CJ 
• • -20. C ... .., I:" c.c 1 C2.~ ~.C 1 C.? • ~ " " · ...... ..., 
1 1 .:~.c · . ~ or ....... 
12 ~ -l~CC. C.CJ · ., -2C.O 1 1 ~ • C C.C 1 C ~ -: ~.C 10:. or .. - .... · ... :-:.c 11 LC .. -· ., 4 'lecc. C.C2 ....... · ., -,:> C • C o • ..., or c.c lC2.~ ~.C lC"J.~ ....... .._--
o " 2~.C · . ..., or ...... .4 ___ 

1 ~ 4 '':>-:"CO. O.C2 
1 ~ a.:'~.C !!~.~ .~ • C lC~ -: ~.C 1 C:. or .... 
1 ~ .:~.C 114.~ 
1~ ~ -':>2 CO. C.C2 
.~ ·2~. C !l ~. C -~ • C 10~.C ~.C lC".O .. -
oC: ,,- ~~.C 114.C 



73 

TABLE 5.1.1 (CONT'D) 

. • 
16- 4 ,. 1 ~CC. 0.02 
:6- ·2~. 0 !!2.8 ,.~. 0 102.8 ~.o :c:.e 
~6- 2~.C !!2.8 .- 4 ··14~0. 0.02 · , .- "·2~. C 1!2.6- "5.0 102.6- 'S.o :C:.~ 
• I .- '2S.O !:2.6-
• I .,., c: '·14~0 • 0.01~ .. .;..;. .., .,., "S • 0 lC;-.~ ,.~ • 0 lC:'.~ ~.C !C2.!: ........ .,., 5.0 lC;-.~ ..~.O :C~.~ ..... . ..., • .. !~~C. 0.01~ ,I, ~ -. ..., .. ~. C 106-.~ "'5. C .. ~ :01.7 5.0 : c: • I . ..., S.O 1 06- • ;" '·S.O lC~.~ · ~ 
20 -4 "1250. 0.02 
20 ·-2~. Q • •• c: 'S .0 lCl.~ ~.O : c: ..-: ....... 
20 2~.C ••• -=: ...... ....,. 
~. 
~ ... -4 "1000. 0.02 
"'. ~,I, '·2S.0 :::.0 '·S.O : O! .0 ~.O 1 C: .0 
~. 
~ .. 2~.C : 1: . c 
~2 -4 '·:OCO. 0.02 
22 ··1~. C l:~.C ,.~. 0 <)-;-.0 ~.o -':-.0 
22 ~~.C ::".0 
2J -4 '·seo. 0.C2 
2~ ·-:3~.C lll.C 'S .0 96- .0 ~.o ,('.c 
~..., 

~~.C l::.C ~-
~4 4 0.0 0.02 
24 .• ~~. C 110.0 ,.~. 0 9~ .0 ~.o t)~. C 
24 J~.C !!o.c 

;.(DP:" 
:'(f'4n OF :I"'FCPr-P1'!~~ -: 
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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 node 21. 

Using command INFLOWS, 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 

Point lateral inflows NODE FLOW 

6 -20 cfs 
21 +20 cfs 

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 *eRIT* 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 compr ises six islands in total as shown in 
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TABLE 5.1.2 SUMMARY OF INPUT DATA 
AND PROFILE RESULTS 
FOR A RIVER SYSTEM 
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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 bayou. 

The initial flow condition was set at 10.000.0 efs entering 

at node 26. The program then computed the divison of flow and the 

pro files. terminating a t a ten percen terror 1 imi t. Two 

iterations were required to arr ive 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 computed 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 levels and water levels. this may 

indicate that the flow is in the other direction even though the 
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TABLE 5.2.1 DATA FOR ISLAND NETWORK 
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TABLE 5.2.1 (CONT'O) 
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TABLE 5.2.2 SUMMARY OF INPUT DATA 

FOR ISLAND NETWORK 
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TABLE 5.2.3 PROFILE FOR ISLAND NETWORK 
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TABLE 5.2.3 (CONT'D) 

r.:Pf~f'4CH 4 iO 1 
[ • l • 114 • ,)-;"'-;"' 11 5 • C CE. Dr Fr P::; PCf'4i cr ':f'~PL l EP DEPiP"" 
t,! • l • 114 • ')E.8 114 • ')2'~ D: Fr p.~ PCf'4i CF ::f"PL L EP DEPiP= 
eORRECi! O~ iO EPP,...CH FL OW FOP Ef'4E'PG'.' tPL flf'4CE= ··:2!4 •. ] C4 

rpt~t"CH ::; iO '2! 
(' .l • 1:5. C2C : :.~ .122 D:FF ~"l$ PC~T CF .:f"PlLEP DEPiP"" 
I,).L. 114.:~tS4 115.0:]2 DrFr t"l::; PCt"i OF ::f"PLlEP DEPiP"" 
C·CPPE:CT r D~ j"O ERP"'C.~ FL OW FCP E~ERG'" EPL f~f'4':E; .. -:~.s8 • ~E. C 

ERPf'4CH 2-;"' TO E. 
[.l. 11E..842 l1E..344 DrFF P::; PC~i OF :MPLlEP DEPiH= 
I...!.l. 115.5-;"'2 115.899 DrFF P~ PCf'4i CF :f"PLlEP DEPTH= 
eORPECi!O~ TO EPP,...CH FlO~ FOP (',...EPGY EPLP,...CE= 19-;",.85~ 

EPf1f'4CH 1 tS TO 12 
(' • L • 114 • '):~3 114 • ')22 D! FF t~~ PCf'4i OF :r-~PL L EP DEPiP= 
1 . .l.L. 114.:359 114.')22 D!FF P~ PC~i OF -:f'~PLLEP DEpn~-= 

CORPE'Ci!O~ TO tPPI"'CH FLOt.! FOP E""EPG'.' tPLP~E= 20.0-;"'4 

EPPf'4CH 20 TO 14 
[.l. 115.108 115.0-;"'8 D!FF P: PC~i CF :f"PLLEP DEPTP= 
W.L. 114.994 114.98: D!FF P: PC~i or :~PLLEP DEPiP= 
COPPECiro~ TO tPPI"'CP FLOt.! FOP Ef'4EPG .... tPLP~E= 23.302 

ERflf'4CH 28 iO 19 
E.l. 115.53-;"' 115.4-;"'6 DIFF P::; PCf'4i CF :~PLLEP DEPiP-= 
I").L. 114.')02 115.120 D!FF P: PCf'4i CF :~flLLEP DrpiH-= 
CCPPECi! OJ"! iO tPP,.-cp FL Ot.! FCP E""EPG'.' tPL P""CE= 19: • tS 04 

DC o.,'OU WPI"'T PROF !LE~ PECO~f'fJTEn ••• "'E':, ~c-;
.';' ~O 

.. ~e 

.4~ 

: • CIS . -.... I I 

-. . .. .. 
.(.0 

.30 
-c0-

• 4o·j 

.6.9 .., .:-. 
L- • ...,. 



86 

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 

condition to check the potential of flow in the opposite 

direction. 

In general, solving this type of network would be quite 

tedious 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 into RIVER4 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 Chr istie 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 RIVER4 analysis. The bridge dimensions are quite 

small in comparison to the flow passing the section. In addition, 

the minimum top of road elevation is lower than the elevation of 

the crown of the br idge. 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 RIVER4 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 less 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 one 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 out. 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 RIVER4 and HEC-2 results 

RIVER4 HEC-2 
EL WL INVERT EL WL 

778.32 776.87* 774.00 778.32 776.87* 
778.32 778.29 749.00 778.74 778.72 
778.74 778.68 760.00 778.99 778.93 
780.79 780.72 770.50 780.73 780.46 
781.21 781.09 770.50 781.27 780.95 
781.25 781.12 770.50 786.44 781.13* 

% DIFFERENCE 
EL WL 

0 0 
- 1.4 - 1.5 
- 1.3 - 1.3 
+ 0.6 + 2.6 
- 0.6 + 1.3 
-33.5 - 0.1 

12 785.71 779.81* 770.50 HWY. 5 BRIDGE 11 785.72 782.38 770.50 - - - - - - - - -
10 787.72 787.71 770.50 787.62 787.61 + 0.6 + 0.6 
9 787.72 787.72 770.50 787.62 787.61 + 0.6 + 0.6 
8 787.91 787.85 773.00 787.86 787.78 + 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 cfs 
RIVER4 - 2654 cfs 
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confined, open ended section equivalent to the invert and width of 

the bridge [8,10]. 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 

[14 ]. 

5.3 Lower Spencer Creek 

This section of the Spencer Creek is that part which flows 

through the Town of Dundas, Ontario. A reach was selected that is 

representative of a number of river conditions, from subcritical 

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 RIVER4 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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Comparison of 
HEC-2 and RIVER4 profiles 
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TABLE 5.4.2 
LOWER SPENCER CREEK 

TOWN OF DUNDAS 

Comparison of RIVER4 and HEC-2 results 

Sec. RIVER4 HEC-2 % DIFFERENCE 
No. EL WL INVERT EL WL EL WL 

30 253.52 253.34 247.6 253.74 253.34 - 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 THORPE ST. BRIDGE 24 262.88 260.44 251.9 
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 
19 265.34 263.30* 258.9 265.38 263.37* + 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 - - - - MAIN ST. BRIDGE 15 276.09 273.36 266.0 - - - -
14 276.68 275.93 266.5 275.41 273.37 +14.2 +37.2 
13 277. 13 276.53 269.3 276.77 274.62* + 4.8 +35.9 
12 278.00 277.51 270.9 278.67 278.02 - 8.9 - 7.6 
11 279.34 277.94* 274.6 280.51 278.53* -19.8 -15.0 
10 280.62 278.64* 274.7 GOVERNOR'S RD. BRIDGE 9 280.94 278.77* 273.8 - -
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 OGILVIE ST. BRIDGE 4 285.51 283.54* 279.6 - - -
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 

2Q5.04 293.30* 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 two programs. As previously mentioned, 

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 RIVER4 profile represents the water 

surface at the bank of the river, resulting in a warped surface 

caused by the drawown through the bridge [8], In general, the 

RIVER4 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 flooded road but the extent of flooding was not 

analysed by means of a bifurcated branch. 

In order to test the effect of modelling bridges using 

artificial levees [9,10J, the RIVER4 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 

condi tion. The results are a considerably improved comparison 

between the two profiles produced by HEC-2 and RIVER4. 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 occurs at node 13, it being a 

35.9 percent difference in water level between the HEC-2 and 

RIVER4 profiles. This difference also occured in the or iginal 

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 to be advisable to model bridges with constricted sections 

both upstream and downstream of the structure. In general, 

provided the correct modelling technique is used, RIVER4 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 5.74 - 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 - 7.7 9.32 6.19 0.0 + 0.3 
25 - - - - - - - - - - THORPE ST. BRIDGE 24 - - - - - - - - - -
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 7.71 +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 
16 

- - - - - - - - - - - MAIN ST. BRIDGE 15 - - - - - - - - - -
14 +14.2 +37.2 8.91 6.87 + 9.5 +10.8 
13 + 4.8 +35.9 7.47 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 
10 

- - - - - - - - - GOVERNOR'S RD. BRIDGE 9 - - - - - - - - -
8 + 9.1 +26.0 6.39 
7 + 5.5 + 7.5 6.19 
6 - 5.4 - 3.8 5.91 
5 

- - - - - - - - - OGILVIE ST. 4 
3 + 6.3 
2 - 4.6 

- 3.3 

EL - energy level 
WL - water level 

+38.7 5.92 
- 5.9 5.88 
- 8.2 6.88 

S.30 + 5.5 -10.9 
5.71 + 5.5 + 7.5 
3.93 0.0 0.0 

BRIDGE ------ - - - -
4.03 + 2.9 +16.9 
4.21 - 4.6 - 5.9 
4.90 - 3.3 - 8.2 

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

MODIFIED % DIFFERENCE - difference based on using artificial 
levees upstream and downstream of 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 rewr iting 

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 command could be written 

as its own subroutine. 

Dur ing the rev iew 0 f the program, concern ha s been 

expressed that only one roughness coefficient is used per 

cross-section. Some users may find this a ser ious drawback. 

especially when modelling rivers with extensive flood plains. 

Future work should look into the development 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 to 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 

100 
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discrete locations together with the corresponding water levels. 

In addition, the water level should be known at other locations 

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 

so that the branch flow algorithm can be verified. 

Supercritical flow is not modelled as of now. S~broutine 

EZRA should be expanded to include the analyis of supercritical 

flow. The other option 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 

modelling 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 to 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. In 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 

study. It would be desirable 

instance) is the subject 0 f 

to modify the branched flow 

computations so that onl-y 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 geometry file is easy to prepare in time and effort. 

It is not enctlllbered with information about flow conditions, 

therefore, the file need not be altered. The data file is easy to 

change during a session resulting in faster turnaround time when 

testing design alternatives. Also, the complete geometry 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 complete 

control of the computation process. Some 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. Wi th 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 cross-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 obviously 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 additional 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 documentation for its use. It is felt that 

this has been accomplished through the following steps: 

(1) The command organization of input and output 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. 

(4) 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 RIVER4 
has been completed. 

The program has been tested to validate its use for 

analysing various hydraulic systems. These include: 

(1) 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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APPENDIX A 

USER'S MANUAL 



DISCLAIMER 

This program 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 whatsoever to any person or organization by 

reason of any use made thereof. 

The program herein belongs to the authors and McMaster 

University, therefore, the reCipient further agrees not to assert 

an y proprietary rights therein or to represent this program to 

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

A.1.0 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 nl.lllber of 

tr ial and error runs, the use of large, complex programs 

becomes time consuming and expensive. In addi tion, 

depending on the particular configuration, the designer 

often ha s to selec tone 0 f sever al complex progr ams 

available that has been designed for the particular 

probl em. The progr am de scr ibed here in ha s been 

specifically created to facilitate such trial and error 

analysis in order to test and compare var ious 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 al ternate design concepts, 

such as, diversion channels versus increase in bridge size 

or construction 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. 
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The profiles are steady state profiles assuming one 

dimensional flow. Two dimensional flow is assuned in 

subroutines QCR2D and CRITIC which computes the critical 

discharge and the cr i tical depth, respectively. By 

reference to Figure A. 1, the total energy for steady-state 

flow may be written as: 

(A.1) 

where z 1 ' z2 - elevations above daturn 

y, , Y2 - depth of water 

V" V2 - velocity 

(1" (12 - velocity coefficient = 1.0 

h f - head loss between section , and 2 

g - gravitational acceleration 

The head loss is further defined as 

hf 

(S, + S2) 
t..x ( A.2) = 2 

and S1 - energy slope at section 1 

S2 - energy slope at section 2 

t..x - distance between , 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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(a) Energy Terms for Gradually Varied Flow 
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(A.3) 

(A.4) 

Therefore, the steady state equation can be rewritten as: 

V2 V2 

h1 
1 

h2 
2 

hf + 2g = + - + 2g 
( A.5) 

or h1 + F(h 1) = h2 + FCh2) (A.6) 

2 

where F(h
1 
) 

V, S, 
= 2g - 2"0t,x (A.7) 

2 

where FCh2) 
V2 S2 

= 2g - 2"0t:.x ( 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 friction slopes gives a better 

representation of the friction slope between the two 

sections. Thus for 

h
f = ~x.(SloS2) '/2 (A.9) 

V
2 

~xCSlOS2)1/2 
v2 

F( h,) hl 
, 

- h 
2 

0 = + -- -- = 2g 2 2g (A.l0) 

The friction slope is calculated using the discharge and 

conveyance at the end sections, i.e. 
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(A.11) 

CA.12) 

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

condition, the total energy (H2 ) and friction slope (S2) 

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 assuned water 

depth. If the initial estimate is in error, the routine 

improves its estimate as follows, assuning Yr is the 

initial estimate and y 1 is the improved estimated. r+ 

The routine first determines a range of uncertainty, Yr < 
Y1 < yr+1 such that F,(yr ) < 0 and F'(Yr+') ) O. The 

average depth (y + Y 1) /2 is tested and the following r r+ 
strategy used to shrink the interval of uncertainty, i.e. 

(A.13) 

if F«y + y ,)/2) < 0 r r+ CA.'4) 

A solution is reached when 

abs [(y - y ,)/y ,J r r+ r+ 
< 10-5 (A.15) 

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. 



• 

A6 

A.1.1 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 

"Ci vlib" for short. The heart of the backwater program is 

routine RIVER4, which is a part of the library. Since its 

initial develollllen t, RlVER4 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 RlVER4 is command structured of which there are 

14 commands available to the user (see Table A 1) • After 

having typed one of the commands t 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 cal cuI ations ar e usual 1 y 

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 t 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 is invited to submit another command 

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

Commands available in routine RIVER4 

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 energy loss coefficients at 
transitions 

To define the desired flow resistance equation 

To begin again with the currently define geometry 
file 

To terminate the session 

To summarize input data 
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session. Results are printed out in a simple tabular form, 

each tr ibutar y being pr inted separately wi th its own 

heading. 

RIVER4 has complete dynamic allocation of array dimensions. 

The parameter list is quite extensive and the dimensioning 

has been simplified through the use 0 f an enclosing 

subroutine. 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 secondary 

devices such as disc or tapes. Though computation time is 

increased using secondary systems t the reduction in core 

size results in relatively large networks being handled in 

computer s 0 f mode st si ze • 

A.1.2 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 increase 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 

transi tions 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 nLlTlber. 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 to the data file, the comments should start after 

field 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 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 

and for CDC 0 per ating systems, it is attached as TAPE 1. 
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TABLE A.2 

Geometry File Format 

Record Field Format Variable Description 

1-5 I5 ISEC cross-section number 

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

11-20 F10.1 CHAIN cross-section chainage 

21-30 F10.3 RC Roughness coefficient 

2 1-5 I5 ISEC cross-section number 

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

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 etc. As record 2 for subsequent coordinate pairs. 
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A.1.3 Network Configuration and Numbering 

There are few limitations on the configuration of nodes and 

their nLl1lbering. The basic rule is that there can be no 

more than one tributary or bifurcated branch off of anyone 

node. If there are two tr ibutar ies a t 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 is 

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. 

Bi furcated 

tr ibutary. 

branches are numbered as if they were a 

The connectivity procedure defines the 

tributary as a branch. In order to arrive at a nunbering 

scheme, the user should have a s~hematic of the 

configuration present. Then, starting at the upstream end 

of the shortest or least important tributary f nunber the 

nodes from one to the downstream end of the tr ibutary (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 nunbers. 

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 anyone 

node. 

Figure A3 shows a correct numbering scheme and one wi th 

typical violations. For further numbering schemes see 

Appendix B - Worked Examples. 

A.2.0 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 anyone section is 20. 
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(0) Typical Network System (I branch, 5 confluences) 

Tributary No.! hioher than 

rna;. Ch'7 
II 

, (b) Typical Violations of Numbering and 
Connectivity Cons1raints 

NODE (J) 2 4 5 6 7 8 9 

KOS(J) o 7 -8 o 12 o o 0 20 

NODE (J) 14 15 16 17 18 19 20 21 22 

KDS(J) o o 0 22 o o o 0 o 

(c) Connectivity Array for Network of (0) 

19 

Ii~ Downstream 
equal to NXSEC (21) 

10 II 12 13 

o 0 0 23 

23 24 25 26 

o 0 0 999 

fiGURE A'3 

TYPICAL 
NETWORK 
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PROGRAM TST (INPUT ,OUTPUT ,TAPE5=INPUT ,TAPE6=OUTPUT , 
+ TAPE 1 , TAPE2) 
C Program card for CDC 6400 

DIMENSION ITST(55) , KSREC(100) 
NTAPE 1 =1 
NTAPE2=2 
NXSEC=55 
MAXPTS=20 
NR=5 
NW=6 
NOCOPY=O 
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 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 = 5*NXSEC + 4*MAXPTS 

= 5X55 + 4X20 = 355, say 400 

Therefore, the program is as follows: 

PROGRAM TST(INPUT ,OUTPUT, TAPE5=INPUT, TAPE6=OUTPUT, 
+ TAPE 1, 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.) 

A.3.0 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.4 

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) . 

A.3.1 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 zero so 

as to remove all branch connectivity. Control then reverts 

to COMMAND. 

A. 3. 2 COMPUTE 

The backwater profiles are computed with this command. The 

description is in three parts: (a) general, (b) no 

bifurcated branches and (c) 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 DISCF~RGE 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 DIS 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 no 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 

al tering the previous input data. Computation of the 

profiles then commence. 

If branches do exist, then an information statement is 

pr inted 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 limit 0 f 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. Engineer ing 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 velocity 

are printed out for each node in a tributary, each 

tributary being prefaced with colunn titles. The limits 

are those as stated by the DIS WL and upstream limit. At 

the end of the computations, control reverts to COMMAND. 
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Ho'.-I a new run can be made if required by using INFLOWS or 

DISCHARGE together with DIS WL. In 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. 

(c) 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 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 

pr inted out together with the correction to flow required 

to try to balance the energy levels. If pr intout for the 

particular iteration is not desired then only the error 

limits are printed out. In either case, after the error 

limits are prese~ted, the user is asked if profiles are to 

be recomputed. If the answer is yes, then the progr am 

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 pr intout start after a 

predetermined error limit is reached, then all previous 

pr intout does not appear. One 0 f 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 
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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. If 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. 

A.3.3 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 0 f 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. 

A. 3. 4 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 used to calculate this 

information. The cOll1lland 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 reverts to COMMAND. 

A.3.5 DISCHARGE 

This command is used to define flows at nodes 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 out going from 1 to 

NXSEC, incl usi ve, and in order. Thi s allows the user to 

check the flow at each node before proceeding. If the 

val ues are correct, the user can request another command. 

If the values are incorrect, DISCHARGE can be reused. 
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It should be noted that if a flow is defined as 0.0, the 

program defaults the flow to QMIN = 0.0001 units per 

second. This is printed out as .000. In addition, the 

first function of the command is to preset all flows to 

QMIN before proceeding. 

A.3.6 DIS WL 

The initial or starting water level at the downstream 

section number where profile computations are to start, is 

defined using thi s command. The down stream section nllllber 

is first requested followed by the initial water level to 

be used. Control then reverts to COMMAND. 

A.3.7 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 = 5*NXSEC + 4*MAXPTS 

with respect to the latest network configuration. 

not affected when sections are deleted. 

WI( is 

A further note on the use of command EDIT is in order. All 

al terations must start from section one and follow through 

to NXSEC in numerical order no 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 al ter a section number lower than the 

previous altered section, a message is pr in ted informing 
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the user that section nunbers 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 previous 

al terations. (See Appendix B.8 - Use of EDIT). 

A.3.8 HELP 

This command is used to printout the command options 

available. It \iefines the format to be used and gives a 

description as to the command's use. The command listing 

is the same as is printed (if requested) at the beginning 

of the program. After printing the commands, control 

reverts to COMMAND. 

A. 3. 9 INFLOWS 

Upstream tributary inflows are defined using this command. 

The first function of this comnand 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 spurious flows appear. The 

program then informs the user that for NCONF confluences 

and NBRNCH branches, the number of inflows is NCONF-NBRNCH 

+ 1 occurring at specific section numbers. Each upstream 

section number is printed out. after which the user enters 

the flow for that tr ibutary. The upstream flows are added 

together at confluences and the resul t carried downstream 

to the next confluence or the end of the system. 

After all the upstream tr ibutary 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 lateral 

inflows is given. Then, for each lateral inflow, the 

section m.mber and flow value is given. Each of these flow 

values are then added to every node in the downstream 

direction to the last section number. Point lateral 

inflows can be negative if modelling 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 lateral 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 critical energy at the 

bifurcation. 

A.3.10 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 is 

applied to the energy levels at the transition. In 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 coeffic ients have been defaul ted to a val ue 0 f: 

contractions (CLC) = 0.0, expansions (CLE) = 1.0. These 

val ues can be altered dur ing the computation. Typical 

val ues would be: 

No transition loss 
Graduation transition 
Bridge section (wtih wingwalls) 
Bridge section (no wingwalls) 
Very abrupt transitions 

Coefficient 
Contraction Expansion 

0.0 0.0 
0.1 0.3 
0.3 0.5 
0.6 0.8 
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 

val ues 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. 

A.3.11 RESISTANCE 

The resistance law to be used in the analysis is set using 

this command. The program asks the user to 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 equation, all are 

presented in the form of Chezy's equation t i.e.: 

Q = CA ( RS) 1 / 2 • 
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TABLE A·3 FLOW RESISTANCE EQUATIONS 

Chezy Equation 

O=CA-yRS 

Manning Equation 

1. 1.! 
a = (Q. 4671 G 3) A R 3 S 2 

n 

Strickler Equation 

Q =[8.41 VG· (~)t}VRS 
Colebrook-White Equation 

Q= -["32 G' • 10910 (-L + 
14·8R 

1·255 V )] A-yRS 
R Y32 RSG' 

Nikuradse 'Rough' Turbulent Equation 

Q = [ " 3 2 G' •. 10910 ( 1\8 R I ] AIfRS' 

Nikuradse 'Smooth' Turbulent Equation 

where: 

a 
A 

R 

S 

G 

V 
C, n ,k 

0= [\/32 G '. 10910 (R\/32RSG')] A-yRS' 
1'255 V 

- discharge (ft3/sec, m3/s) 

- cross section area (ft2 , m2 ) 

- h Y d ra u lie r a diu s (f t, m) 

- slope of energy gradient (ftlft, m/m) 

- gravitational acceleration (ft/sec 2 , m/s2) 

- kinema t ic viscos ity ( ft 2/sec, m2 Is ) 

- roughness co efficient (ft, m - w here appropriate) 
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A.3.12 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. 

A.3.13 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. 

A. 3.14 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 level, 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 list 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 al teration of cross-sections is desired 

after the profiles are computed, EDIT can be called. This 

will necessitate redefining the connectivity by CONNECT and 

all subsequent command s. 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 to 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 limit 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 nunbering 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 

one 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 longer it will take to 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 m0delled to check if the flow 

values are reasonable. Occasions 

branch will have no flow in it. 

have arisen where a 

This resul t 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 conditions to 
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cause a branch to flow in the opposite direction. 

A.6.0 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.4 -

"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. DIS WL. SUMMARY. COMPUTE. These 

are used to model 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. 



REC. VARIABLE 
NO. NAME VALUE 

TITLE 

2 SKIP NO 

3 COMND CONNECT 

4 NCONF 

5A K, KDSK 

6 COMND BRANCH 

7 NBRNCH 

8A K, KDSK 

A~2 

RIVER4 
BATCH MODE 

DATA PREPARATION 

FORMAT COMMENTS 

10A6 - title of project (up to 60 
characters) 

A3 - command options not printed 
out 

A6 - command 

15 - number of confluences 

215 - K - D.S. limit of 
tributary 

KDSK - corresponding inter-
mediate sec. 
no. of receiving 
stream 

- one record for each 
confluence Crec. no. 5B, 
5C, etc. ) 

A6 - command (use only if 
branches are being modelled) 

15 - number of bifurcated 
branches 

215 - K - U!S Limit of 
branching channel 

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

- one record for each branch 
Cree. no. 8B, 8C, etc. ) 
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RIVER4 
BATCH MODE 

DATA PREPARATION 

REC. VARIABLE 
NO. NAME VALUE FORMAT COMMENTS 

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

Use INFLOWS if BRANCH has 
been used. 

9 COMND INFLOWS A6 - command 

10A (Q1) 1 F10.3 - flow value for tributary 
with lowest U/S node number 

10B (Q1) 2 F10.3 - 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. 
1 OC, 100, etc. ) 

11 ANS YES A3 - are there pOint lateral 
inflows 

if answer is NO, go to the 
next command required 

12 NLAT 15 - number of lateral inflows 

13A NODE,QLAT 15, - node number, corresponding 
F10.3 lateral inflow 

- one record for each lateral 
inflow (rec. no. 13B, 13C, 
etc. ) 



REC. VARIABLE 
NO. NAME 

14 COMND 

15 NQS 

16A 11, Q1 

17 COMND 

18 NDS1 

19 DSWL 1 

20 COMND 

21 QN 

22 COMND 

23 ANS 

24 CLC, CLE 

VALUE 

DISCHARGE 

DIS WL 
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RIVER4 
BATCH MODE 

DATA PREPARATION 

FORMAT 

A6 

15 

15, 
F10.3 

A6 

15 

F10 .3 

COMMENTS 

- command 

- number of subreaches with 
different flow 

- U/S section no. of reach, 
flow value (start with 
lowest section number and 
work up to the highest) 

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

- command 

- sec. no. where DIS water 
level to be defined 

- initial water level 

RESISTANCE A6 - command 

A6 

LOSS COEFF A6 

YES A3 

- name of Resistance Law to 
be used 

- command (use only if CLC 
andlor CLE are to be changed 
from CLC = 0.0, CLE = 1.0) 

- a change in loss coefficient 
is desired 

2 F10.3 - new value of loss coeffi
cients in following order, 
CLC, CLE 



REC. VARIABLE 
NO. NAME VALUE 

25 COMND CRITIC 

26 ICR1T 

27 COMND SUMMARY 

28 COMND COMPUTE 

29 NUS1 

30 COMND STOP 

28 COMND COMPUTE 

29 ANS NO 
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RIVER4 
BATCH MODE 

DATA PREPARATION 

FORMAT 

A6 

15 

A6 

A6 

15 

A6 

A6 

A3 

COMMENTS 

- command (use only if 
critical condition desired) 

- section no. where critical 
flow conditions to be 
calculated 

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

- 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 

- command (no branches) 

- upstream limit of profiles 
by section number 

- command (terminate run) 
this is always the last 
record 

- command (bifurcated branches 
being modelled) 

- end result only to be 
printed out 



REC. VARIABLE 
NO. NAME VALUE 

30 PERCNT 

31 NUS1 

32 ANSW YES 

33 ANS NO 

34 COMND STOP 

A36 

RIVER4 
BATCH MODE 

DATA PREPARATION 

FORMAT COMMENTS 

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

I5 - upstream limit of profiles 
by sec. no. 

A3 - profiles to be printed for 
this iteration 

A3 - profiles are not to be 
recomputed 

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 *eRIT*. The energy 

and water level printed out is the critical level. If 

supercritical flow is of importance and a continuous set of 

cross-sections are flagged, alternate programming will have 

to be used. In general, profiles listed at critical depth 

provide an upper bound of the profile limit and could be of 

value in design. 

Another 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 alter ing the roughness 

value. In most cases, a single value provides a reasonable 

approximation to the roughness factor. 
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WORKED EXAMPLES 
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B.1 Introduction 
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B.6 River System 

B.7 Island Network 

B.8 Use of EDIT 
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WORKED EXAMPLES 

B.1 Introduction 

These examples are presented to provide the user with 

information on modelling various networks and structures. 

Each example contains a description of use, a diagram of 

the network, and the appropriate printout for the example. 

The examples i ncl ud e modell ing br idges, sewer s wi th 

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 

to be modelled with reasonable accuracy, taking into 

consider ation si ze and sha pe 0 f the 0 pen ing 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 combination 

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. 



B.2 

B3 

Yarnell's work on piers and pier shape is not accounted for 

in this program. 

Type Bridge 

This type of bridge is one in which the roadway or top of 

the embankment does not flood (Figure B.1a 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. Thi s br idge r epr esen ts 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 geometry 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 section 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 



B4 
top of road 

--~¥- Pressure flow 

Low flow 

a) PROFILE 

Road 

b) PLAN and SCHEMATIC 

Sections 3,4 
~-----------------7-, , 

- " ........... ," 

-'-'--- ---------\0.0,'.-// 
c) CROSS SECTIONS 

NOTE: For use with low flow, pressure flow, NO rood flow 

For use with - single pipe culvert 
- single box culvert 
- multi bolt culvert with same invert and 

obvert (wrdth may vary) 

FIGURE 8·1(0) 

TYPE BRIDGE, 
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top of road 

flow 

Low flow 

a) PROFILE 

Roo d 

b) PLAN and SCHEMATIC 

"""':" __ ~ctiO!..S_~~_tl ___ ~ ___ /.,.._ 

" I ,-~ ~ , 11/ '- r- ,,-- ,/ 
-----------..~ :l II' . , , 

Sections 3,4 ---. ------ - ---- ------;-, / 
" ,~ 

"'----------,0.0,../' 
c) CROSS SECTIONS 

NOTE: For use with low flow, pressure flaw, NO road flow 

For use with - single pipe culvert 
- single box culvert 
-lnul1i box culver1 with same inver1 and 

obver1 (wld1 h may va ry ) 

FIGURE B·I(b) 

TYPE BRIDGE 
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TABLE B. 1. 1 

TYPE 1 BRIDGE DATA 

a) Based on Figure B.1 (a) 

TYPE 1 BRIDGE 
MAIN CHANNEL 1 - 6 
TWIN BOX :3 - 4 

1 6 -800.0 0.035 
1 0.0 100.0 20.0 
1 100.0 92.5 122.0 
2 6 -500.0 0.035 
2 0.0 100.0 20.0 
2 100.0 92.0 122.0 
3 9 -500.0 0.013 
3 110.0 97.0 100.0 
3 110.0 92.0 110.0 
3 120.0 92.0 120.0 
4 9 -300.0 0.013 
4 110.0 96.8 100.0 
4 110.0 91.8 110.0 
4 120.0 91.8 120.0 
5 6 -300.0 0.035 
5 0.0 100.0 20.0 
5 100.0 91.8 122.0 
6 6 0.0 0.035 
6 0.0 100.0 20.0 
6 100.0 91.0 122.0 

b) Based on Figure B.1 (b) 

o i\'PE t I3P r D(3E 
o r-lfl r t" C Hf-r.Jt'1EL 1·· t..) 

I} if...fIt-4 I30:": :: " '1 

• J. 

o 
J. 

• J. 

-, 
0..: 

~ ... 
-: . ... 
-. .... 

'-:0 
-' 

'1 
c. .) 

~~, -·:3(1(1. (1 (I. '):'5 
0.0 100.0 20.0 

100.0 92.~ 122.0 
2 '-500 . 0 • ').]5 

100.000 92.000 120.000 
':-. '-500.0 0.013 
110.0 ?7.Q 100.0 
110.0 92.0 110.0 
120.0 92.0 120.0 
') .. .J (I I) • 0 t) • 0 1 J 
110.0 96.8 100.0 
110.0 ':·1.:3 110.0 
1 ;] I) • I) ') 1 .::? 1 :: 0 • (I 
;] •• "] I) t) • I) .1)35 

100.000 91.800 1::0.000 
b 0.0 0.025 

i) • I) 

100.0 
100.0 
')! • I] 

':'0. 'J 
122. ,) 

95.0 
92.5 

95.0 
92.0 

97.0 
97.0 
97.0 

96.8 
96.8 
96.8 

95.0 
91.8 

94.0 
91.0 

'~J5 · I) .:-. j . ... c-· . .) 

,::,:-:. .000 ..... 
'-J-
~ I • t) 
.~- .0 - , 
':7'7 • 0 

':J(. ... ~ · ' ... 
,!,.~ I~ · ' ... .:: .. ~ I~ · '-' 

,::, . • :] ,) 0 
~ J. 

'::<1 • I) 
I~'; .. 
• ' J. • t} 

98.0 
150.0 

98.0 
150.0 

100.0 
110.0 
110.0 

100.0 
110.0 
110.0 

98.0 
150.0 

98.0 
lS0.0 

'JI~ · ,) - '-' 

15(1 • t) 

101) • ,) 
, • 0.0 J. J, , 1 i) IJ .. · 
100.0 
110 .0 
110 .0 

,;') ,-, 
• I) - '-' 

150 • t) 

94.0 
100.0 

94.0 
100.0 

92.0 
92.0 
97.0 

91.8 
91.8 
96.8 

94.0 
100.0 

93.0 
100.0 

'~ • .:.; • 0) 

1 I) I) • I) 

'}~'. 0 
'~.I7" • (I 

,:--J" .:;. ..' .... '''''; 

':-.ol4 ':":' 
.J .L • ,_, 

':~ J • I) 
:00.0 
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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 sections between the inlet and outlet in order to 

determine the piezometric profile throughout its length. 

In this simple example, the complete listing of the 

pr intout 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 I imit of the bridge (nodes 2 and 5). In 

both cases, when the full valley section is used, the water 

level is higher and more conservative than when the 

sections are modelled as in Figure B.1 (b). Note the 

command order used to input the data. Before COMPUTE is 

used, SUMMARY ha s been c aIled upon to summar i ze the 

pertinent input data. It will be seen that the summary is 

quite short compared to the initial input. 
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TABLE B.1.2 TYPE 1 BRIDGE 
PROFILE COMPUTATION FOR 250 CFS 

.............. 
• P!' ... 'Cp,~ • ............ 

r~ !~TCPPCTIVE ~!MVLrT!r~ ~DrEL FDP ~TEprY 
:::n~TE rLCt..!~ r~ r-trTttp,PL CHPf'4~EL ~",'~TE~~ 

nLr~ r ::'t!ITH 
r·ICt!r:: TCP I_I~ r '.,.'EP: r T'" 

CHr""~EL I:;ED~ETP'" m~ TPPE 1 !JP~ C CPD~:"~[CT!Df'4~ 
r·'r::·:. ~C. DF PT:. PEf< ~ECT r DI'" ! ~ '? 
D r r-t[~T! Df"I DF PPPP'.· WI<: (> r f"I CPL L r f'4G PG~. .1:;[. CE. 

':UPPL '" T r TL [ rDP PPDJECT (UP TO (. C CHP.PP.CT[P~) 
.- T\'P[ 1 EP I DGC 
DD ','cu wr~T P L I:T OF COtil'~p~r~7 ••• ..,T:.· ,...D 

t"")FTEP r,...VITPTIDf"I GIVE' D~E' DF THE' FC'lLDl..!rl"'G CD~~p,.,.r!; 

EPp,.,.CH •••••••• TC DE'r!~E EPP~CHI~G f'4DrE: 
CD~PUTE ••••••• TD CDMPUTE :uprpCE PPCF!LE(~) 
CCtj f'4ECT ........ TC DEFI,.,.E CCf'4""ECi I V Ii ... · DF f'lETl..!DP ... · EPPf"'CPE: 
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La:: COEFF •••• TO DEFINE TPP~::ITIDf'" lC:~ CCEFFICIEf"'T 
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TABLE B.l.2 (CONT'D) 
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TABLE B.l.3 TYPE 1 BRIDGE 

FLOW PROFILE FOR 1000 CFS 

a) Profile based on Figure B.l (a) 
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B.3 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 roadway is represented as a 

bifurcated branch using nodes to 3 inclusive. The 

example also defines a perched bridge where the road may be 

subject to flooding while low flow still exists through the 

bridge. As a design alternative, it may be advisable to 

have the road flood in order to save the br idge. 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 is 

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 

cfs entering at node 4 was modelled in which the computed 

profile indicated low flow existed. The tributary 1-3 was 

said to have a discharge of (MIN. 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 node 5 was higher than the low elevation of 

the road ind icating that the road was flooding. 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 

TYPE 2 BRIDGE 
HAIN CHANNEL .. - 9 WITH BRIDGE AT 6,7 
TOP OF ROAD 1 - 3 • CONNECT rt 8. BRANCH (f ~ 

1 6 -700.0 0.035 
1 0.0 120.0 50.0 102.0 850.0 102.0 
1 860.0 100.0 910.0 100.0 960.0 120.0 
2 .. -600.0 0.02 
2 0.0 120.0 200.0 107.0 700.0 107.0 
2 960.0 120.0 
3 6 -500.0 0.035 
3 0.0 120.0 50.0 102.0 850.0 102.0 
3 860.0 100.0 910.0 100.0 960.0 120.0 .- 6 -1000.0 0.035 .- 0.0 120.5 50.0 102.~ 850.0 102.5 
4 860.0 100.5 910.0 100.5 960.0 120.5 
5 6 -700.0 0.035 
5 0.0 120.0 50.0 102.0 850.0 102.0 
5 860.0 100.0 910.0 100.0 960.0 120.0 
6 5 -700.0 0.018 
6 860.0 110.0 860.0 100.0 910.0 100.0 
6 910.0 112.5 860.0 110.0 
7 5 -500.0 0.018 
7 860.0 110.0 860.0 100.0 910.0 100.0 
7 910.0 112.5 860.0 110.0 
8 6 -500.0 0.035 
8 0.0 120.0 50.0 102.0 850.0 102.0 
8 860.0 100.0 910.0 100.0 960.0 120.0 
9 6 0.0 0.03~ 
9 0.0 119.~ 50.0 101.5 850.0 101.5 
9 860.0 99.5 910.0 99.5 960.0 119.~ 
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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 cfs to 15,000 cfs. 

Though the road flow is not calculated using a weir 

formula, it is of interest to compare the computed depth of 

flow over the road to the weir formul a. The road 

cross-section in the direction of flow is similar to that 

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

where 

Q = 3.087L(h + h )3/2 v 

Q - flow, cfs 

L average length of the 

(B.1) 

weir (road) (ft) 

h - depth of water upstream of weir above the weir 

(road) elevation (ft) 

h - corresponding velocity head of approach (ft) v 

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 flood at a discharge of about 2,400 cfs. 



h(weir) 

TABLE B.2.2 

[ 
Q ( we i r )]2/3 
3.087 L 

COMPARISON OF ROAD FLOW AND WEIR FLOW 

Hoad Elevation 107.0 Elevation in feet 
Flow in c.f.s. 

Q(Totul) Q(bridge) EL(bridge) Q(road) 
EL% No.of 

EL(road) error Compo he(avg.) L(avg.) 
,~ error 

h( \vei d in h 

2,500 2371.122 107.335 128.878 107.193 1. 98 3 0.264 504.06 0.190 +3t>.00 

3,500 2511.292 107.606 98tL 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 

S,OOO 2btl4.892 107.971 2315.108 108.506 4.21 2 1.139 517.f>:! 1 .281 -11.05 

7,000 3320.667 109.149 3679.333 108.766 4.36 2 1.95tl 530.12 1. 714 +14.09 

tl,OOO 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 2.443 537.58 2.563 - 4.68 

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 

discharge (cfs); EL energy level; he(avg.) - effective head over road (h + hv) 

EL% error error in computed energy level expressed as a percentage of depth 

No. of comp number of iterations computed to reduce error to below 10% 

L(avg.) average length of flooded road 

h(weir) computed equivalent weir depth for given Q(road) 

10 error in h - percentage difference between h of weir formula and computed depth over road 
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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 flood. 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 

br anc hed flows. 

this example is the use of defining 

At the initial stages, branch flow was 

assumed not to exist until information was presented 

indicating that flooding of the road was likely to occur. 

Then the BRANCH option was used to define the road system. 

By not defining the road system at low flows t the 

computation time has been reduced significantly. 

Table B. 2. 3 shows a complete listing for a flow of 2,500 

cfs as a non-branched system and 2,500 cfs 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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B.4 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. In 

addition, there is the possibility of the roadway 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 cuI vert occurs 

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 to the number ing 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 

resul ts are pr in ted 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 illustrate 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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0) PROFILE 
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b) PLAN and SCHEMATIC 
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TABLE B.3.1 TYPE 3 BRIDGE DATA 

r\'PE .~ DPrDGE' • ...1 

~In r t4 CHt"1t4t4E'l 6 -- . ..., 
.... ...1 

J.O Dr t"1t1 • 'J .- 10 
2.0 Dr nt1 • • ':') COt4t4ECr ~ •• 13PRt4CH ~ ~ ... ... ... ... , I 

rop OF PonD .... 
. ..j -- 5 CONt4ECr ~ 12, 13PRt4CH ~ :) 

• • --500.0 0.024 ... ... 
• 2.0 100.0 ... 
2 • --:300.0 0.024 ... 
. ., 2.0 IJIJ .5 ... 
. ., 4 --500 • 0 0.0:35 • ...1 

:3 0.0 110.0 110.0 100.0 130.0 100.0 
.~ 
• ...1 2:30.0 110.0 
4 4 --400 • 0 0.020 
4 0.0 !! o. a 100.0 105.0 1:30.0 105.0 
4 2:30.0 110.0 
C" 
.J 4 --:)00.0 1).0:35 
5 0.0 110.0 !! 0.0 '),) .5 120.0 ')9.5 
C" 
.J 2:30.0 110.0 
6 4 --~300. 0 0.0:35 
6 0.0 !! 0.0 110.0 100.5 120.0 100.5 
6 '230.0 110.0 ..., 4 --500.0 0.0:35 I ..,. 0.0 110.0 110.0 100.0 120.0 100.l} , 
..,. 2:30.0 110.0 I 

::3 4 --500.0 0.0:35 
}3 0.0 110.0 110.0 100.0 120.0 100.0 
:3 230.0 110.0 
,) • --500.0 0.024 ... 
'J :3. a 11)0.0 

10 • --:300.0 0.024 ... 
10 3.0 99.5 
• • 4 --J 0 0 .0 0.035 .. ... 
• • 0.0 110.0 110.0 ')9.5 120. 0 ')9.5 ... ... 
• • 230.0 110.0 .. .. 
12 4 --"300.0 0.0:35 · . .., 0.0 110.0 110.0 ')9.5 120.0 ')9.5 ...... 
of ~ 2:30.0 110.0 ...... · .... 4 0.0 0.0:35 · . .,;, · ., 0.0 110.0 110.0 ')') . 0 120.1) ')') • 0 ... '...1 

13 230.0 110.0 
~.[OP~. 

~·[~D OF rt4FOPI'1ArrOt1=.: 
. .,. 



B29 

The system as shown was analysed for flows ranging from 25 

cfs to 150 cfs using Manning's equation. At flows above 50 

cfs, the road begins to flood. Command BRANCH was used to 

connect the road as a bifurcation for flows greater than 50 

cfs. 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 (IJ1IN). 
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TABLE B.3.2(a) TYPE 3 BRIDGE 
PROFILE FOR 50 CFS 

:EC. :~n~~ • (Hf~rN~'GE nr:CH. IJ .L . EN.L E'v' • rNV. ",.IEL . 
· .... 0.0 50.000 100 •. J') 0 100.425 .).~. 000 • .505 .. . .J .. 
• :') ··~OO.O 50.000 1 I) 0 • :352 1 I) I) • :388 ')').5 00 • C"""o ..... .. • .)~1. 

• • ··JOI).I) 50.000 ~ 0 I) • :352 t I) 0 . :3:38 ')9.500 • C",..,. .. .. .. • <oJ·.:" .A. 

10 "300.0 J4.32"3 ~ 01 • -+ 0:3 !O2.22! ')9.500 7" • 25·).CP: i" 
.) ··500 • I) 34 •. 325 ~O4 • .307" : 04 .t-~ 7"3 :00.001) 4.:356 
...... ··5 I) 0 • 0 .34 •. J25 104. :3'):3 : 04 • :3,)J :00.000 · ! 1 a 'j ..., 

"500.0 34.32'5 l 04 .:}9:3 :04.8,)J lOO.OOO · ! ! I) , 
(. ··:3 I) I) • 0 50.000 :04.<3')4 : 04 .:3')5 :00.500 .. ~~ 

• • (,j I 

-:[;1: • :rflTN. CHf1:Nf1GE' n ::CH. IJ.L • El1.LEV. !NY. VEL. 

5 ":3 I) 0 • I) .000 :00.880 100.::300 99.500 .000 
4 ··4 I) 0 • 0 .000 105.000 105.000 105.000 .060.c~ni. 
~ ··5 I) I) • 0 .000 105.000 105.000 100.000 0.000 .J 

.. 
·:EC. .:T~1T"" • CHA:Mf1GE D::C~. W.L • EM .LEV. !t4..,. • VEL. 

.:') ... .. J 0 0.0 :5.675 100 .')2-:' 101.590 99.500 6.S3~.CP:~ • 
• '-500.0 15.67"5 104. ')86 105.3;"3 100.000 4.')90 .. 

DPnNCH 
..., 

TO • , .. 
E .L • 104.:-393 105.-373 n:FF .': PCMi OF :I'It1LLEP DE'PTHz ').00 
IJ.L • 104.:-3')3 : 04. ')86 D:FF t1~ PCNi OF :t1t1LLEP DE'PTf4= 1.90 
COPPECT:OM TO EPf1f"ICH FLOY FOP E'MfPG',' nrn.f1MCE'= .•• 142 
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TABLE B.3.2(b) 

i','PE :J I:P r DGE 

:EC. . : i~lil'i • CHnr~4tlGE Dr :CH • IJ.L . 
· "' 0.0 150.000 101 J_, ... 
J. . .j · ...... , ,.;, · "' --:: 0 I) • 0 150.000 ~ I)! • :31:3 .. ..,; 

• • -·::00.0 .. ~.2 • ·J .. ~2 :01 ,~ . .., . 
... ... · .. -'''' 
10 _0 J 0 0 • I) 43 • ~2.4 0 101 .:324 

') --500.0 4.3 .(,40 105.150 
,.., --501).0 4.3.6 .. 0 : 0(, • 1)')7" 'j - --500.0 ! J I) .,.~ ~:J ! Ot:, • 0,)-;-I 

~~ --:] 0 0 .0 150.000 ! o~.) • ! 0 : 

. :EC. .:inil'i. CHtl r ~nGE Dr ::CH • I.J • L • 

C' 
.J 

.... 
. j 

:£:1: • 
.... 

0:.: 

• ... 

:i~li.tf • 

_ • .] I) 0 • 0 

-·400 • 0 
-'500.0 

OHlr~nGE 

·--300 • a 
--5 I) a • 0 

r.P~l~CH 7" TO 1 

:;3;- • I):J') 

:)7.0:3') 
:37.0:)') 

D!::CH. 

,,~ ~.:').:) 
.... ~ •. ~ '- l-

• q ~.~.:') 
J. ... • '-/":': '-

!1)!.:J55 
:05.544 
105.:)00 

f.J • L . 
101 .260 
106.01') 

TYPE 3 BRIDGE 
PROFILE FOR 150 CFS 

n4 .LEV. 

101 r:: -,e: 
• _1L...: ,_I 

! 01 I~-'~ 

• IJ t j 

:01 '~'"'q · ... '-' .. ' 
1 02 .~~:J 0 
:05.7"42 
: 06 • 0')7 
1 0( .• 0'):) 
1 Ot'; • : 0:3 

EI'i .LEV • 

101.:37:3 
!1)5.~73 
105.800 

EM .LEY. 

! 01 t:":&· ..... I:'l 
• ., 'oJ ." 

106.607 

r r~\fl • 

.).~ .000 
·J·).5 0 0 
'J·).500 
')') .50 I) 

:1)0.001) 
100.000 
:00.000 
:00.500 

r I'iY • 

.)~ .500 
105 .000 
100.000 

!N'v'. 

.),) .500 
100.000 

E • L • 11)6.0'):) 10(, • t'; 07 D! rr ~,:: PCMi or ':f'lt'L L EP DEPiH= ~3 •. 34 
1.21) I.J.L. 106.0')7 106.01') DrFr f~:-: PCMi OF ::~IALLEP DEPiH= 

COPRE'CT!Ott iO npA~CH FLOU FOP E'l'1EPG'" BtlLAMCE:= -'.1::33 

r.PA~~CH :) TO :3 
E • L • : 06 • 0')7 105.:300 Dr FF ~,.: PC~T OF ::~IAL L EP DEPiH= 
I.J. L • ! 06 .0');-" ! 05 .:J I) 0 Dr rr ,1: PCt'li or .:1'1~'L L EP DEPiH= 
(OPPECi rOM iO DRt1~CH FLOU rop nlE'PG'" DnU't"4CE= .7"7"7" 

C' .... -' . "".:.; 
C' ..... 
J • ~.~ 

...·'[L . 
• .7"40 ... 
• ,-"-' ...... ... • l:,j • .jtJ 

• 7"'J I) .,. .4C:") I 

," .. - ~ 
'"...;., .... I ..:.t-

.0') ::3 
.... -,~ 

• ~ I (.;.. 

.... C'''"' 
• .J._I(:J 

'·iEl. 

1.066 
:3.:J40+CRri+ 

.1 ::36 

VEL. 

6.57"6 
.. .;. .150 
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B.5 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 

considering manholes. If the discharge is sufficiently 

large, causing the sewer( s) to surcharge, the system is 

acting similar to a Type 1 br idge. 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. 

If the flow is very large, it is possible that manholes may 

be flooded causing overland flow through gutter sand 

ditches to occur. When such a situation occur s, 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

ti ve location. Al ternati vely, 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 into 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 

overland flow. In order to derive the profile, 14 

iter ations wer e required to red uc e the error to 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 noted, though, that the 

five 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. In this 

example, acceptable results would probably occur if a 20 

percent error limit had been chosen. 
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TABLE B.4.1 SEWER SYSTEM DATA 

::CI..,!CP .: "t: rr::M I...!ITH CVCPlPf'o!:O FlCt..! 
t·!nrN .~ 27 .. I 

TPrn: . ."") ..... ... .. "~ 
."") • • .... .. .. 
• . ., .. ... 

--1::? C C • o • O:~ 0 
C.O 1:.::;.00 t'; • C 

. ~ --140 C • o • O:~ 0 . .... 
C.O 114.CO E..C 

~!nrN D'v'CPFlDt..! :eriCH ( 

::! --17' C C • o • OJ C 
C.O 114.00 (:,.0 

:J --1400. o • OJ 0 
C.O 114.00 10.C 

rc,...:o 
4 ·-1::;00. 0.020 

c.o 114.00 :~ 0.0 
7'0.0 114.00 
4 ·'1200. O. C20 

C.O 114.00 10.0 
21.0 114.00 

DVCPFLOt.! COf"'TPCl prpE' 

• .. 
--12 0 0 • 0 • 024 

1.0 110.00 
--1 Coo. 0 • 024 

1.0 1 C'). 5 C 
4 ·-1 000 • C • O:~ 0 

c.o l1J.00 10.0 
22.0 
:~ 

llJ.OO 
·-600. o • C::; 0 

0.0 110.00 E..O 
.~ _ •. J I) 0 • 0 • O:~ 0 

• .. 
• .. 
• .. 
• .. 
• .. 

0.0 10').00 E..O 
TPIEUTPPY ~CWCP (12 

--17'04. 0.01::; 
1.0 110.00 

--1504 • 0 • 01::; 
!.o 10,).00 

·-1'S C4 • 0 • C 15 
1 • C 1 C') • 00 

·-1204 • C • I) 15 
1.0 107.50 

--'? 04 • 
1 • e 11)6 • C C 

CCt'lNCCi ~ 20 
CCf'!NCCi ~ 2tS~ EPP,...CH 
CCt.Jf'!CCi ..... 4 .. 

114.01) 12.0 

112.00 12.0 
';. ..... t ...... 
'.J .&.. '" , FPD~ 21 

112.0C 12.0 

11 C .50 20.C 

105.00 40.0 

110.00 1: . c 

rop po,...n 

1 C·). 0 C 1':.0 

1 OC .00 12.0 

10(..50 12.0 ...... , 
j,. t;. .. ' 

~ 
. ., . ..... 

116.00 

114.00 

114.00 

114.1)0 

105.00 

llC~OC 

lOS' .00 

110.CO 

1 C') • e c 
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TABLE B.4.1 (CONT'D) 

t"!n r ~~ ::EWEP FPDf"l HEPE' iD E~D DF F r l E' 
1 

• ... 
:3.0 

:3.0 
1 
:3.0 

.. ·1 ~ 04. 0.013 
! 0::; • CO 

--1204. 0.013 
106.50 

0.013 
105.00 

4 -<'04. 0.01:3 
0.0 112.00 0.0 
4.0 112.00 

.:: 2 0 ~ 21 > ~!n~HOl E' 
4 --') 0 0 • 0 .01:3 

0.0 112.00 0.0 
4.0 112.00 

105.00 

105.00 

t"~E::·:T 2 ::E'C. -- PE'~iP r CT r 01'4 r 1'4 ~E'WE'P 
• ... 

1 .5· 
1 

• ... 

• ... 

• ... 

• ... 

1.5 

2.0 

2.0 

3.0 

:3.0 

--')00. 0.015 
105.00 . 

--600. 0.015 
103.50 

--600. 0.013 
102.5 

--:300. 0.013 
101.~~ 

--:300. 0.013 
100.~5 

O. 0.013 
100.00 

~ .. E~D OF r I'4FOPf'1fli r D""~; 

4.0 1 05.00 

4.0 105.00 
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TABLE B.4.2 SEWER SYSTEM 

PROFILE COMPUTATION 
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TABLE B.4.2 (CONT'D) 
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B.6 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 cross-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 column 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 (CONT'D) 

::ECT!O~ t"'O. • • 
( ":. ... 50.0 : 

::ECirO~ ~O • 4 
( '. .. ' .- 1('0.0 : 

':ECiIO~ ~O • I:') 
'.., 

.' '. ..' - lec.C : 

'::ECiIO~ ~O • .~ 
... .:.; 

< :. .- 1 e . I~ : 

::ECi!O~ NO. 14 
.: ' . .. ' .- 101).1) : 

DO ... ·OIJ WISH TO DEF I ~E' PO I ~i L f~iE'PPl r f'4Fl O~ ...... ·E:.· ~07 ... \'(":; : 

':UPPl ... · ~O. OF LniEPPL !~Flm • .! Por~i:: ••••• IS 

" 

FOP 
t~O. n~n LPiEPPl r~FlO'-! •••• I~1FlC.3 
L f~ rrpp.L r ~FL ClJ ~O. 1 

'. , 
.,1 I •• 

... (. --2C.C 
LRiEPPl I~FlDU ~O. 2 

( 

21 2C.C 

I~IiIRl FlO~ YPlUE~ Pi EPCH ~onE GOI~G FPO~ 
1 TO 24 INClU~IYE, I~ opnEP~-

5CeCCC 
::;C.CCC 

:lC.CCC 
15C.COC 
l-;"C.CCC 

'-:'" PE.: I ::iPt'!CE 

5C.COO 
eO.cee 
lO.cee 

150.CCC 
25e.cce 

50.CCO 
lcc.cee 
to.cce 

15C.CCO 
:~E.C. CCO 

lCC.cec 
tCc.CCO 
lCC.CCC 
t50.CCO 
:36 C • C C e 

::PECIF'.' F.'E~r~Tpt~CE' LRU E'" T .... P!~G Cf'4E OF ••• 

tcc.ceo 
ltC.CCO 
leo.COO 
t50.ceo 

CPE:'.' t t·!t"l~r'" I I"'G t ':TP I C~ L EP, COL EEPCClI.: t ::1"1CCiP 1 POUGH t 

•• p • .: • ! S ... ·OUP POIJGPr"'E ~~ I"tEP~UPE COf"1f'Pi r EL E7 
'-;' t·t~"'lr"'~! r'~G 

;- D .. : I.JL 
DEF I f'lE ::EC. t"D. IJHEPE D.· .:: WRTEP LEVEL TO EE ::PEC IF! En ••• .: ! 5 > 

( ." 

(2/5) 



B49 
TABLE B.5.2 

DEFr~E D.: WATEP. LEYEL, F1C.J 
( 

11)1).44:~ 

'-;' L [1n:: CDEFF 
tJEPD L D:::;:: CCEFF r c r E~T:: PT TP.A~:: r T r DI'~:S 
H~")ly'E rEE~ DEFAfJL TE~ TC ~--

(CONT'D) 

CD~TP.ACT I C~::-- CL C=" C • c, [,::·:PA~~ r Cr""~-- CL E=.' 1 • C 
DD \'DU W r ::H TC CHAr""GE THE::E VAL '-'E~ ••• \'E::.·f'4C-;' 

::rEC IF ... · --Cl C-- Pt'lD --CL [' -- r ~ CP.D[,P 
( 0 .0 TC 1. C > ~ 2F! C .:~ ••• 

( '. , 
.} I,. ..' 

,~ 0.5 

UN I T:: U::En APE' -- I N'EP r Al--

CC~~ECTrYrTV TAELE 

""'DDE ~C. 1 '~ ... ., 4 5 E. - a .- I 

~:D:: < ~cm: > C C . ~ 
.. t:. I) C 0 22 C 

r'~DDE f'4C. t t 12 .. .. 1'" . ' tC: . ~ .- f I;") 
. - .. "1 ... - .. t:. .. I "'-

kD::(~CDE> ';, ''1 .... - 1''1 10 I) C I) C I) 

t-JDDE ~C • .:-:- of 22 ..... . .... ~ 24 a:;...:, 

~:D::: 0: /'ICDE > I) C I) 1;")1;"l.;'l - .. ' .. ' 

UJ r T I Al FlDW I .... ~")L UE:: ~")T E~")CH t'lDDE GC I r""G FPD~ 
1 TC 24 r f'4Cl U:: r VE ~ I/'I DPDEP ~--
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150.CCC l~C.OCC 
.:( c • C C 0 ?(C. cce 

lee.coe 
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TABLE B.5.2 

DI::CH. 

50.CCC 
5C.CCO 
5C.IJCC 

lC.CCO 
lC.CCC 

I.J • l • 

1C5.7'91 
105.;~47' 
1 C5 • -)59 

I..! • l • 

1 07' • 1~9:~ 
107'.100 

( 5/5) 

(CONT'D) 

EN.lEV. I~'.,J. \-'[l . 
lC5.812 lC2.CCC • .1~C .. 
1 05 .:~ec lC2.5CC • .4~0 .. 
1 C( .011 1 C4 .000 • .:~~4 .. 

EN .lEV. INV. ' ... 'El . 
1 C7' • C94 1 C2 .5C C .~ ...... i""'t 

.~~c 

1 C7' • 1 02 104 .50 C • :~tS 7' 
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B.7 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 geometry 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 iterations were required to reduce the error in all 

branches to less than ten percent with the third iteration 

printed out. Table 8.6.2 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 

D:~T:1 ::~r ;:!:7 .. !::.. :j~~n , .-, ,.,. I 
'- -.~.' .. "-J 'T "-j .-., J"'1"'j~jl"":" 

I" ••• '_""', • __ 

"':::'101). 
1 O~. e 

,1100 • 
1 C ~ .0 

... ~I:S CO • 
105.5 

-21"0 • 
105.0 

'l::;'OC. 
10,. co: .. -

'~::;'OO • 
107'.5 

,,:3::; 0 0 • 
1 O~.5 

"2::·00 • 
105. C 

'1::2.00. 
1 OJ.~ 

,,1101) • 
10:::: .0 

· .. ~·IjO. 
102.5 

·'.300C. 
lO:i .5 

'':'5 co. 
1 C:~ .5 

,::eoo . 
!IJ5.:: 

"':'~ C C • 
1 O~ • I} 

,2(1)0. 
lC:i .0 

,1':I)e . 
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B.8 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 progr am prov ide sal i st 0 f the command s 

available. The first use is the command PRINT in order to 

display the complete old file on TAPE1. Then the 

al terations are per formed 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 TAPE 1 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 shoul d 

be noted. The new file shows an increase in the number of 

cross sections result i ng in a difference in the 

connectivity of the tributary. The new connectivity must 

be used if the new file on TAPE1 i s to be analysed. 
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TABLE B.7.1 (cont'd) 
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TABLE B.7.1 (cont'd) 
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PROGRAMMER'S MANUAL 

C.1 Introduction 

This manual is written with the intent of providing the 

prograrrmer with a further understanding of the details of 

the principle subroutine RIVER4. 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 routine s not 

detailed in this manual, reference should be made to the 

C.E.P.L. The following discussion on RIVER4 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 or delete var ious 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 other 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 1 ine after statement 

number 4001 excluding comment cards. 

C.2 Organization of Subroutine RIVER4 

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 

9001 - 9005 incl. 

o - 199 incl. 

200 

500 - 599 incl. 

1500-1599 incl. 

1000 - 1399 incl. 

2000 - 2099 incl. 

2500 - 2599 incl. 

3000 - 30,99 incl. 

4000 - 4499 incl. 

5000 - 5099 incl. 

5500 - 5599 incl. 

6000 

6100 - 6299 incl. 

9000 

Purpose or Command 

prints brackets defining data 
input field 

program initialization and 
organization 

command HELP 

command CONNECT 

command BRANCH 

command INFLOWS 

command DISCHARGE 

command DIS WL 

command RESISTANCE 

command COMPUTE 

command CRITIC 

command LOSS COEFF 

command EDIT 

command SUMMARY 

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. 

C.3 Subroutine Package 

A total of 19 subroutines are used in the backwater program 

including RIVER4. Each of these may in turn call upon some 

other subroutines. Table C-l contains a 1 ist 0 f all the 

sub r outines used. For each subroutine, the call ing 

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. 

C.4 Flow Range 

At present, with the F1 0.3 format, the max imum 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 si ze between F1 0.3 and 

F10.0. It is recommended that a field of ten be used so as 

not to r equire too extensive a change. Two subroutines 

provide the printout of the flow values in some f orm 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 None 
CRITIC 
EZRA 
PROFL2 
RIVER4 
WLFRE 

CONTR2 PROFL2 BOTTOM 
CRITIC 
PROPS 

CRITIC CONTR2 BOTTOM 
EZRA PICRIT 
RIVER4 PROPS 
WLFRE QCR2D 

EDITXS RIVER4 FILEXS 
PRNTXS 

EZRA PROFL2 BOTTOM 
CRITIC 
PROPS 
SFROMQ 

FILEXS EDITXS None 
RIVER3 

FINDXS PROFL2 None 
RIVER4 

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 RIVER4 BOTTOM 
CONTR2 
EZRA 
FINDXS 
PROPS 

PROPS CONTR2 PIPROP 
CRITIC 
EZRA 
PROFL2 
WLFRE 

QCR2D CRITIC None 
RIVER4 

RIVER3 Driving Program FILEXS 
RIVER4 

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 RIVER4 

Sta temen t No. 

80 . 09 change QMIN=0.0001 to appropriate value 

1020.02 

1040.00 

1130.01 

1150.00 

1220.00 

2040.01 

2060.00 

4410.03 

5050.00 

change (F10.3) to (F10.n) 

change FORMAT(F10.3) to FORMAT(F10.n) 

change I5,F10.3 to I5,F10.n 

change FORMAT(I5,F10.3) to FORMAT(I5,F10.n) 

change FORMAT(5F10.3) to FORMAT(5F10.n) 

change (I5,F10.3) to (I5,F10.n) 

change FORMAT(I5,F10.3) to FORMAT(I5,F10.n) 

change F10.3 to F10.n 

change F10.3 to F10.n 

C.5 Increasing Number of Cross-sections 

The variable KSREC controls the maximum nunber 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,RIVER4 

In addition, if the subroutine EDITXS is used to create a 

data file, KSREC would be appropriately dimensioned in the 

user provided driving program. 

C.6 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 IFCCOMND.) structure after line- 110.15 

identifying IC=15 and upwards for each command added. In 

addition, the appropriate GOTOO IC statement nunber would 

have to be added at the end of statement 130.02 after 6100, 

i.e. ( ••• , 6000, 6100, new nember)IC. 

C.7 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 to be the 

easi est to do. The changes are 1 isted in the order that 

they appear in RIVER4. 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 ,I) 

(3) Command INFLOWS 

Remove statements 1220.02 through to 1330.00 incl. 

(4) Command COMPUTE 

Remove statements 4000.01 through to 4000.07 incl. 

Remove statements 4020.03 through to 4080.01 incl. 

Remove statements 4100.05 through to 4110.00 incl. 

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 

Hollerith names that can be read. Most computers can read 

six characters in standard Fortran. Computers such as the 

Radio Shack TRS-80I1 can read only four characters. This 

affects the reading of the names of both the commands and 

the resistance law to be used. Therefore t the following 
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changes are required in subroutines RIVER4,NORMLQ and 

SFROMQ assuming a four character Hollerith constant. 

Subroutine RIVER4: 

(1) Dimension Statements 

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

(2 ) Statement 40.00 change 10A6 to 15A4 

(3) IF(COMND.) statements 

Statements 110.02 to 110.14 inclusive 

change .6HXXXXXX) to .4HXXXX) 

where XXXXXX represents existing programming 

and XXXX represents the first 4 characters in the 

command. 

(4) Command RESISTANCE 

Statement 3050.00 change A6 to A4 

IF(QN. statements 

Statements 3050.01 to 3050.06 

change EQ.6HXXXXXX to EQ.4HXXXX 

(5) Command SUMMARY 

IF(QN. statements 

Statements 6260.01 to 6260.06 incl. 

change .6HXXXXXX) to .4HXXXX) 

Subr outine NORMLQ: 

(1) Change REAL MANNIN to REAL MANN 
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(2) Change data statement to 

DATA CHEZ,MANN,STRI,ROUG,SMOO,COLE 

14HCHEZ,4HMANN,4HSTRI,4HROUG,4HSMOO,4HCOLEI 

(3) Statements 2.01 to 2.04 incl., and 2.07 to 2.08 incl. 

IF(QNAME. statements 

change .EQ.6HXXXXXX) to .EQ.4HXXXX) 

(4) Statement 6.00 

Change ,A6, to ,A4, 

Subroutine SFROMQ: 

(1) Change REAL MANNIN to REAL MANN 

'(2) Change data statement to 

DATA CHEZ,MANN,STRI,ROUG 

14HCHEZ,4HMANN,4HSTRI,4HROUGI 

(3) Statements 2.01 to 2.04 incl. 

IF (QNAME. statements 

Change .EQ.6HXXXXXX) to .EQ.4HXXXX) 

These changes complete the alteration of a 6 character READ 

statement to a 4 character Holler ith constant. The WRITE 

statements are not affected. 

C.9 Computer BACKSPACE 

The present program requires a computer with a system that 

can backspace data files. Certain small computer s 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. 

C.10 Flow Chart for RIVER4 

The following pages contain a detailed flow chart for 

subroutine RIVER4 together with the enclosing subroutine 

RIVER3. The flow chart indicates the logic for each 

command separately. The following is the order in which 

they are listed. 

No. of 
Item Pages 

Subroutine RIVER3 1 
Subroutine RIVER4 1 
1500 BRANCH 2 
4000 COMPUTE 13 

500 CONNECT 1 
5000 CRITIC 1 
2000 DISCHARGE 
2500 DIS WL 
6000 EDIT 1 

200 HELP 1 
1000 INFLOWS 7 
5500 LOSS COEFF 1 
3000 RESISTANCE 1 
6100 SUMMARY -1 
TOTAL PAGES 35 
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Write title 
.. Pr09rom RIVER3 by 

A.A. SMITH" 

Subroutine RIVER3 

NXS[C, MAXPTS of 

Geo"'e try file 

Cotculate size of 't1fOlk OtTro'1 

NWI<: 5 I NXSEC + 'h MAXPTS 

tn colint pro9"CIIft WI( is the some 
;,,,,,,bel" but should be 10'ge, in 

onticipation at added cross-sec'ions 

print NTAPE 1 , NXSEC, MAXPTSt NWK 

Di",ension VQriobles in o,der to coli 

coles. boc kwoter profile 
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Log i ca l BRANCH.PRNT 

Set up bronches and chonC)e terms KDS. ITST 1 

Sup,aly TITLE (up to 60 ctloract.rs) 

Yes 

Set-up -IFIt- f l o9S :- O-connecti .. ity . 
1- Inflow/disctlar~. 2- dIs wi, 

3- resistonc •• ,,- branch, 5- lOll co.ff 

Set default vGlues' loss eo.ff CLC=OQ.CLE=1-o 
min. flow QMIH= 1-0E-" 

Wri t . "COMMAND?" 
Reo4 COMND 

COMND cannot b. 
int.r pr.t. 4 

Subroutine RIVER" 

Writ. wit" descr iptio" 
BRANCH. COMPUTE.CONNECT, 

CRITIC,o(SCHARGE, D/S WL, EDIT, 
HELP, INFLOWS. LOSS COEFF, 
RESISTANCE.RESTMT. STOp, SUMMARY 

I RESTART 

Z HELP 

3 CONNECT .. INfl.OW 

5 BRANCH 

S DISCHARGE 

7 D/S WL 

8 RESISTANCE 

9 COMPUTE. 

10 STOP 

I I CRITIC 

12 LOSS COEr, 

13 EOIT 

14 SUMMARY 
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li500 BRANCH U11 

KOSO<) : 0 

Write "Supply no. of bifurcation br anch e ... 
Read NBRNCH 

Y .. 

Write "For NBRNCH branche., supply section no. of 
U/S limit of branchinC) channel and the intermediate 
lection no. of the main channel" 

Write "For branch no. NB 
Read K, KOSK 

HB NB+l 

Yes 
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BRANCH: . TRUE. 

s.t broncn flog 

IF4: 1 

BRANCH 2 .FALSE. 

IF4=O 
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4000 COMPUTE ~ 

Sit up terms for branched 
computat i on 

NONE =0 NPRNT= 0 
NEVERY= 0 ICOUNT:I 
NENO = 0 IZ ;: 10 

NUMITR:~O 

Write "Flows sftou6d b. specified 
us. INFLOW or DISCHARGE 

Write" Two options are available for branched flow 
computation. Either every i teration can be 
printed out in wftole or port -or- pr intollt 
storti after a predefined error in depth ha. 
been reached. 

Write" Do YOII wont profile. and/or error. printed out 
for tvery i teration . .. . . . 'fes/No ? " 

Read ANS 

o 5 WL 

RESISTANCE 
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No 

NEVERY= I 

Zero off energy a water levels 

00 J = 1 NXSEC 

Yes 

set up numbering system 

O/S node j NOS = NOSl 
O/S WL i OSWL: DSWL1 

KDSMAX=999 
print tape NW2 = NW 

Yes 

Yes 

Write " Supp l y perc ent er ro r 
limit f ,)r term in ct ion of 
init ial cerr o:; t e; ;on of 
water I-eve l s at bronches 
(usua ll :f 10 -0 ) 

Read PERCN T 
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\4000 COMPUTE e:Q 

Ves 

Write" Specify upstream lNnit of .. 
profiles by section number 

Read NUS1. 

No 

Ves 

nery Iteration printed out for branch. 
NPRNT : 1 NONE: 1 

Writ. "Do you wont profiles print,d 
for this i teration .... . . Ves/No • 

Read ANSW 

end result printed out for bronches 

N W 2 : 0 NO N E : 1 
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NONE:O 

Start another profile, default vileolity 
VISC: 0-0 
J: NO S 

Find 

14000 COMPUTE ~ 

PRNT: .TRUE. 

Write TITLE 
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14000 COMPUTE ~ 

NUS: NUSl 

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

Search for DIS section with non-zero W 
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14000 COMPUTE B4 

No 

- NOS - c ro.. ,.aiOft data 

-OSWl.- CIS .at ... '.11.1 for NOS 

Yes 

C<lMMANO? 

Ch.CIl if .".rg, '.v.l. or. .quot at 
branc" •• 

1----1 K;: K+ 1 

No 
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Find U/S confluence 
NBR : K 

KOSJ: ";KOS(NBR) 

calculate heodloss to b. correcte d 
OELTAHz WLS(-KOS(NBR»- WLS(NBR) 

calculate correction to flo.. bet.een 
main and channel 

SUMM 

SUMM: SUMB s 0 -0 

Main channel 
J: KO S'J + 1 

J-1 

HeR 

BOT 

: SU MM + ENLVS(J-1)-ENL VS ( J ) 
OAR (J-1) 

Yes 

Yes 

14000 COMPUTE lJ61 

- cross section 
data 

-critical eneroy 
d'pth 

-Invert 



SUMM 

SUMM 

SUMS 
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Yes 

14000 COMPUTE If'Q 

J-l -cross section 
data 

HeR - c riti ca I ener9Y 
depth 

BOT - inver t 

: SU MM + ENLVS(J-ll-ENLVS(KDS(J-l» 
QAR(J-l) 

ENLVS(J-i) - ~NLV:) ( J) 
: SUMM + QAR( J-l) 

Y .. 

J-l -cross sect ion 
data 

HeR - crit ical eneroy 
depth 

BOT - [nv ert 

ENLVS(J-l)-ENLVS(J) 
SU M S + ----'---=------'~ 

QAR(J-l. ) 
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No Yes 

Ye. 

EOOO COMPUTE I)6J 

J -1 - cross sect Ion 
data 

HCR -critical energy 
depth 

BOT -Invert 

= SUMS + ENLVS(J-1)-ENLVS(J) 
QAR(J-.1) 

ENLVS(J-l)-ENLVS(KOS(J-l» 
SUMS = SUMS + QAR (J-l) 

QNDEX = Z·O 
DQ = - DELTAH / QNDEX(SUMM-SUMB) 

Calculate % 



No 

Ves 

DQ = QMIN - QAR( NBR) 
QAR(NBR) = QMIN 
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Ves 

v •• 

correction. to flow 

14000 COMPUTE ~ 

No 

DQ=QAR(-KDS(NBR» - QMIN 
QAR(-KDS(NBR» = QMIN 

J :a KDS(J-l) 
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14000 COMPUTE ~ 

QAR(J) = QMIN 

J a KDS(J -1) 

No 

Record WL,EL, DO for this branch . For each node at a 
branch, record % error In depth for EL and WL 01 
a funct ion of the shollo.er depth. 

DELWM =mall. value of % error in WL of all branch ••. 

Yes 

Print out results t error, DO for main a branch. 
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14000 COMPUT E ~ 

NEVERY=1 

NEND = 0 

Writ ... COMPUTING . . ... 

1----1 IZ = IZ +10 

• 

Wr i te .. After NUMITR iterations. the maxim"m .rror in 
one or more branches is greater than PERCNT 
percent. One more iteration will be tried ." 
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Writ." Do you wont profiles 
. .. . Y.,I No " 

Read ANS 

Yea 

14000 CCMPUTE ~ 

recoMputed 
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Ziro off KOS orray 
00 J: 1,NXSEC-l 

J J + 1 

Write" Suppjy No. of confluences· 
RIo d N.CONF 

Ye. 

Write • For NCO .. ' co"fluences, sUllCl1y sectio" no. of 

CIS li .... t of tributary ond Inter",ediote 
section no. of receivin9 strlO .... 

.. Ite" Confluenc. J. 

Rlod K, KOS(K) 

set 

l~oO CONNECT U11 
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ellecll i f Disc"or~ /1"'10. flat is set 

Writ ... S.cti_ No. 
ICRIT ollt of 
ra"t., 1 - NXSEC 

Write 
Read 

.. Specify 

ICRIT 
,ec t i 0111 

Writ." Critical ... ate, lev •• 

' .. el Critica I 
: WL 

EL 

15000 CRITIC 1)11 

DISCHARGE 

HeR -critic" ... ...., ... tlt 

YC It- critic.. ..... ~ 

BOT - i"".rt 



---------------- --------

1:11+1 
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Write" Enter no. of lubnael... with 
d I ff .,."t flows .. 

Rtad HQS 

Writ ... For NQS dlselwlrQ.', lUpt)ly .. 

. U/S section ItO. onjf dllehar, •. 

Write .. Initial flo. Yalu.. at toda ItO. 

gOi". fro'" 1 to NXSEC, Inctul"'., 
In order ,- .. 

12000 DISCHARGE lB1 



Wri te 

W, i te " Define 
leve' 

Read NOS1 
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sect ion N9 whe,. 
to be defi,u ci. -

NOSl out of ronfJe 

Y •• 

Wrif. -Defi ne aI! WL 
Read DSWLl 

set CIS WL"~ 
IF2 : 1 

12500 DIS WL!if] 

DIS wot., 
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Call EOITXS 

16000 Eol T D11 

odd or delete sect ions 
cl'longe section 
properties 
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Writ. with descr i pt i on 

BRANCH, COMPUTE, CONNECT, 
CRITIC, DISCHARGE, DIS WL, EDIT, 
HELP, INFLOWS, LOSS COEFF, RESISTANCE, 
RESTAR~ STOP, SUMMARY 

200 HELP l0j 
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11000 INFLOWS D41 

chec" if connectivity defi n.d 

~-"""J: J+l. 

No. of inflow. NQS=NCONF-+l-NBRNCH 

Writ. "For NCONF junctions and NBRNCH branch e.. t".r. shOuld 
b. NQS tributory inflows at the followl", sections, ••• 
Sut)pl, Inflow cilschar,. at t .. 

CONNECT 
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11000 INFLOW S ~ 

J:: 11 

No 

Write" Do you wish to define point loteral 
Infl0 •• . . . . Yes/No It 

Read ANS 



I : 1+ 1 
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11000 INFLOWS ~ 

Yu (no lateral inflow) 

Writ." Supply No. of lateral inflow points" 

R.ad NLAT 

Writ." For NLA.T lat.ral inflow points, 
supply section number and 
lateral Inflow" 

Writ. "Lat.ral inflow No. I 
Read NODE, QLAT 

QAR(J} = QAR(J) ~ QLAT 
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J 1000 INFLOWS b41 

Write" Initial flow valuis at lac" node 
goin, fro", 1 to NXSEC , inclusiYe , 
ilt 0' de, 1- to 

W,i te 1 QAR<J), J zl , NXSEC 

Ye. 

Totol inflow 
QTOT: QAR ( KDSK-1 ) 

COMMAND 

KOSI< - crou .ectlon 
dato 

HCR - cri tical .Mf'gy d.". 
BOT- i nver t 
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critical .ner9Y I.vel 
ECR :: BOT + HCR 

Moin flow 

_ QTOT2 
QMAIN - (QCR+QTOTl 

Brand't flow 
QSIOE : QTOT-QMAIN 

11000 INFLOWS I31l 

NS - cross s.ction 
data 

BOT-invert 

QCR- criticgl flow 
at NS 

Main flow 
QMAIN: QTOT - QMIN 

Branch flow 
QSIOE : QMIN 

K :: KOS(K-1 1 
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Y .. 

s.t flot to indicote branch has bee n 
processed 

KDS ( NS1: KDS(NS1-l000 

NB: NB+l 

Yes 

11000 INFLOWS [foi] 

K • KDS(K-1) 



Set 

(41 

branch 

DO 
nodes to oriqinal 

K : 1 ,NXSEC 

Yes 

Check for QMlN 
DO I: 1 , NXS£C 

Ye. 

11000 INFLOWS IifI 

value 

KDS ( K) 2 KDS (K) + 1000 

QAR( I) : QMlH 
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Write II Head lou coefficients at tronsitiona 
have b .. n defoul ted to 1 -

Contractiona-CLC =<>0, Expanalona- CL E = 1'0 
00 you wish to chancae th ... valu .. 
•• . • Yea/No" 

No 

Writ. • Specify -clc- and -cle- III order· 
( 0'0-1'0) 

Read C LC, eLl 

Set lou coeft. floq 
I F~·1 

~~oo LOSS CO EF 1Dd1 
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Write" Specify Resi,tonce Lo. by typint 
on e of..... 

Wri ••• N .. 
r.c o,,,iz." , p ... ,. 
r.'y, ... 

CHEZY, MANNING, STRICKLER, 
COLEBROOK, ROUGH, SMOOTH 
P.s. is yow routttne. ",eo,ur. 

cOIIIpotob 'e l ' 

Y •• 

,.t r e,i,tone. fiot 

"3 al 

13000 RESISTANCE Dd1 

Write " R.,pec ify ' lS i,tonc 
10.. S •• pr.vious 
note 

.. 
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Write" Summor, of input 
dota for TITLE" 
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Write- Node No.
Write - KOS(Node)-

II • 11 12 
II • 11 , 12 

IlalO-NIT+l 
12 : 11 + NN - 1. 

Write -Node No." 
Wr j te .. KOS(Node>" 

II : 11 t 12 
II : U • 12 

Write" Node No. - t II & l,NXSEC 
Write -KOS(Node)" • II & 1,NXSEC 

16100 SUMMARY ~ 



Writ. It Initial 
1 to 

Write· Sine. 
initiol 
prevent 
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Yes 

flow volu.s at each nod. going 
NXSEC, inclusiv., in ord.r~-" 

fro '" 

Writ.: QAR(J), J:l, NXSEC 

branched 
flow. are 

possible 

flow. ore bein, 
not printed out 

canfusiolt. • 

continu. 

modelle. , 
in orcNw to 

Write It Initial wo1er le.,.1 at node NOS1 i. OSWl.l 

continua 

Write" Resistanca law bem, "s.4 i. -FN"-

W,ite" HaeM loe. cOIf1. at contractlons- clcsCLC 
at uponsions - cte=CLE 

16100 SUMMARY It:l 
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APPENDIX D 

PROGRAM LISTING 



Program Li sting 

The following pages contain the listing of all subroutines 

modified i n the backwater program for this project. They 

represent only a small part of the complete library of subroutines 

contained in the C.E.P.L. (Civil Engineering Program Library). 

Other required routines not listed hereafter may be referenced in 

the C.E.P.L. 

The first listing contains the typical driving programs required 

for a CDC 6400 computer. Thereafter, the subroutines are listed 

in alphabetic order as follows: 

CONTR2, CRITIC, EDITXS, EZRA, FILEXS, PROFL2, PROPS, RlVER3, 

RIVER4 

D1 



D2 

Driving program for creating a data file: 

PROGRAM TST(INPUT.OUTPUT.TAPE5=INPUT.TAPE6=OUTPUT.TAPE1. 
+ TAPE2) 
C PROGRAM CARD FOR CDC6400 

DIMENSION ITST( ).KSREC(100) 
C where ITST() is the value of NXSEC 

NTAPE1 = 1 
NTAPE2=2 
NXSEC= 
MAXPTS= 
NR=5 
NW=6 
NOCOPY=0 
CALL FILEXS(NTAPE1.KSREC.NXSEC.MAXPTS) 

C THIS ROUTINE INITIALIZES KSREC() 
CALL EDITXS(NTAPE1.NTAPE2.KSREC.ITST.NXSEC.MAXPTS.NR.NW. 

+ NOCOn) 
END 

Driving program for profile computations: 

PROGRAM TST(INPUT.OUTPUT.TAPE5=INPUT.TAPE6=OUTPUT.TAPE1. 
+ TAPE2) 
C PROGRAM CARD FOR CDC6400 

DIMENSION WK( ) 
CALL RIVER3(1.2.5.6.32.2,WK) 
END 
where WK( ) = 5*NXSEC + 4*MAXPTS 
and 32.2 is the value of gravity in imperial units. 
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