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ABSTRACT

The purpose of this study is to evaluate the
feasibility of a method proposed to develop a synthesized
hydrograph of runoff from a design rainfall at the outlet
of an urban watershed and any other selected point within
the drainage system. The method has been developed by
using independent hydraulic and hydrologic principles and

relationships, and by combining the processes sequentially.

Initial losses are excluded from consideration
and only the impervious portion of a watershed is considered
to contribute to runoff. The surface flow simulation into
an inlet point is accomplished using a two dimension approx-
imation to overland flow. By using the characteristics
method with specified intervals to route flows through storm
drainage system, depths and velocities of flow at any point
within the system are known simultaneously with discharge at
that point. Input information required for simulation in-
cludes design rainfall hyetograph, surface and drainage
physical and hydraulic characteristics; and the drainage
system layout. A computer programme in FORTRAN language is

developed for simulation purposes.

Application of the method is restricted to a water-
shed with relatively flat terrain. TIts application to a
design system is considered to be infeasible as the simula-

tion required an excessive amount of storage and computer time.
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CHAPTER I
INTRODUCTION

Hydrology in urban areas 1s the study of water-
sheds of limited size that are modified by variety of physi-
cal changes. The basic process of hydrologic response is
the same as in general hydrologic response. The increase
in impervious area alters runoff volumes, while channel lining

and storm sewers influence the time distribution of runoff.

The effect of urbanization on water regimes has
long been appreciated, and investigations to evaluate the
factors involved have been common. In view of the tremendous
urban and suburban development that has been experienced in
recent times, there has been a continuous increase in the to-
tal activities of urban drainage. With the progressive in-
creasing activities in urban storm drainage, the amount of in-
vestment in property has also increased enormously. Therefore,
concern is building to reduce costs by keeping the total
risk of overloading urban areas below a given probability
level. It is reasonable, then, to expect an increase in
public and private pressure for better methods of storm drain
design, particularly for more accurate techniques of optimiza-

tion between investment, maintenance, risk, and other uncer-



talnties.

Estimation of urban storm drain discharge, in the
past, has been carried out largely on the basis of empirical
relationships. Too often constants in these empirical rela-
tions or the design storm were adjusted to match the available
finance. Therefore, economic aspects of a drainage design

could not be investigated and evaluated.

Mathematical methods for estimation of storm drain
discharge existed as early as in 1940. However the applica-
tion of simulation techniques did not become a feasible
method for solving these mathematical relationships until
the advent of modern computing facilities. Usually simula-
tion solutions involved a large amount of repeated computa-
tions, therefore the simulation solution becomes a viable so
solution only when analytical solutions are unattainable.

(1) Continuous short time interval simulation avoids estima-
tion of empirical constants. (2) More complete mathematical
relationships can be used for better approximation to actual
drainage discharge. These factors allow the application of

engineering economy to drainage system design.

In this paper a digital simulation model is developed
to solve the proposed mathematical relationships for estima-
tion of urban storm drainage discharge. Design rainfall
pattern is used as input. A two dimensional approximation

to surface flow, with land surface physical characteristics



as parameters, is used to simulate surface flows to inlets

of the drainage system. Drainage network and drain pipe
characteristics are used as parameters in routing flows
through storm drains to the outlet point. The characteris-
tic method of routing with specific intervals used enables
simultaneous computations of depths, velocities, and dis-
charges at any point in the drainage system. A complete out-
flow hydrograph or complete hydrographs at other specified
points in the drainage system can be derived as output from
the model. A computer programme based on FORTRAN language

is developed for simulation of the model.

The feasibility studies of the application of the
method for storm drainage designs is investigated. However,
due to time and finance available, some limitations had to
be imposed on the studies: (1) Initial losses are excluded
from the studies. (2) Circular channel sections are the
only type of drainage section used in the studies. (3) In-
let points in the system are assumed to be capable of pass-
ing any simulated surface flows to the points. (4) Sur-
charges on any components of the drainage system are excluded
from present studies, for the design criteria provides that
conduit will not flow under pressure for the design storm.
This latter point can severely effect the economics of a storm
sewer system.

Some methods used in the estimation of urban storm

drainage discharge are briefly reviewed in Chapter II.



Chapter III contains details of developments and general
theoretical considerations used in the method. The opera-
tions and sequences of input parameters and data required

for simulation are explained in Chapter IV, and the results
and discussions of experimental simulation runs are contained
in Chapter V. Finally Chapter VI summarizes and concludes
all aspects of the study with a discussion of some future

prospects.

For convenience of future investigations, brief de-
tails of theories used, and computer flow charts and pro-

grammes are included in appendices.



CHAPTER II
LITERATURE REVIEW

In the past, estimations of urban runoff have been
carried out largely by empirical relationships. Applica-
tion of many of these relationships is generally confined
to the region where they were first derived. Some methods
of estimation of runoff in rural areas have been applied
to urban area studies with a varying degree of success.
The simulation approach to solve mathematical relation-
ships became a feasible proposition after the advent of

modern computing facilities.

In this chapter, a brief summary review of selec-
ted methods used in estimation of urban runoff is given.
These reviews are intended to be only a background informa-
tion on previously developed methods of an estimation of
urban runoff. Detailed reviews of some of the methods re-

viewed in this chapter can be found elsewhere. (13, 27)
2.1. The Rational Method.

The method was proposed by Kuichling (15) in 1889
after collecting eleven years of storm sewer data from a

built up area. Estimation of peak flow is based in concept,
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on the criterion that for storms of uniform intensity dis-
tributed evenly over the watershed, the maximum rate of
runoff occurs when the entire watershed area is contribu-
ting at the outlet and that this rate of runoff is equal to
a percentage of the rainfall intensity. The peak discharge

rate 1s obtained from equation 2.1

Qp = CiA cessel.l

where Qp is the peak rate of runoff in cfs.,
C is the runoff coefficient based upon
flood-producing characteristics of the watershed,
i is the rainfall intensity of a storm
whose duration is equal to the time of concentration of
the watershed, in inches/hour

A is the area of watershed in acres.

Obviously, the application of the rational method
is not just a simple evaluation or substitution into the
equation. Many simple guidlines to the use of the method
can be found in several standard hydrology textbooks or
handbooks. A comprehensive treatment including many judg-
ment factors involved in using the rational method can be
found in the paper by Stanley and Kaufman (25). An inter-
esting probablilistic approach in evaluations of factors
involved in the rational method is given by Schaak et.al.

(24) .



2.2. The ILos Angeles Method.

The method was proposed by Hicks (8). The method
was originally developed for use in the City of Los Angeles,
California. Topographically, the area i1s of mixed mountain,
valley, and coastal plain terrain. The Los Angeles Method
is the first method of urban storm drainage discharge esti-
mation in which hydraulic effects on flow conditions into

and within the storm drainage system are recognized.

The method derived the complete runoff hydrograph
from the desired gross mass rainfall curve. After subtrac-
tion of various losses, the varying depth of overland flow
detention is deducted from the net mass rainfall curve to
form the mass runoff-to-gutter hydrograph. The varying
depth of gutter storage is then deducted from the mass runoff-
to-gutter hydrograph to form the mass runoff-to-inlet hydro-
graph. Then the varying depth of conduit storage is deducted
from the mass runoff-to-inlet hydrograph to form the mass run-
off-in-conduit hydrograph. This allows the complete outflow
hydrograph to be derived by summing up all runoff-in-conduit

hydrographs with appropriate peak rate and time factors.

Most of the various mathematical relationships used
in the computations of this method are derived from observa-
tions of rainfall-runoff records in the Los Angeles area.
There are some doubts if some of the mathematical relation-

ships are applicable elsewhere. It is also noted that some



of the derived relationships closely resemble recently

rigously derived general mathematical relationship (18).

At this time the method is considered rather a comp-
lex method; hence, it has not been widely received for gen-

eral use.

2.3 The Chicago Hydrograph Method

The method is first presented by Tholin and Keifer
(28) for estimation of urban runoff for the City of Chicago,
Illinois. Topographicallyv the area of Chicago is a flat
terrain. The Chicago Method is the first method that pro-
vides a complete hvdraulic treatment of flows from an urban-
ized watershed. The method described flow conditions on
grassed areas, roofs, and paved streets; routing of flow
through gutters and routing of flow through the storm drain-

age system to the outlet.

The watershed is first divided into elemental strips
according to the type of land use. After subtracting all
appropriate losses for each strip, the overland flow along
any strip is computed. The computation of overland flow is
based on relationships developed by Izzard (1l1). A simple
storage routing technique is then used to route mixed flows
from these strips through the street gutter detention to
form inlet hydrograph entering any inlet or catch basin.

The complete outflow hydrograph at the outlet is derived



from routing inlet hydrographs through the drainage system

using the time-offset technique.

Keifer (14) in subsequent studies presented a sim-
plified Chicago Method. In this simplified method only im-
pervious areas of the watershed are used as effective areas
to compute the runoff from the watershed. The omission of
the pervious areas contribution from runoff was shown to have

insignificant effect on the peak rate of runoff.

Izzard and Armentrout (12) suggested a simplifica-
tion by combining the overland flow routing and gutter rout-
ing into a simple routing procedure. The error in the com-

bined procedure was shown to be insignificant.

2.4 The Road Research Laboratory Hydrograph Method (RRL

Method)

The method was developed from extensive experimenta-
tion as described by Watkins (29). The method uses storm
rainfall on an urban area as input and provides the storm

runoff hydrograph as output.

The method of estimation of runoff is based on the
computation of a virtual inflow hydrograph from the time-area
curve of the watershed. The virtual inflow hydrograph is
then routed through the storm drain net-work using a simpli-
fied one-step storage-routing technique. By this means the

shape and timing of the virtual inflow hydrograph are altered
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to allow for the effects of temporary storage within the
storm drainage system. The result is the complete computed
runoff hydrograph which would result from the net storm rain-

fall specified as input.

In the estimation of runoff, the RRL method considers
only the impervious areas of the watershed directly connected
to the storm drainage system. This excludes consideration of
all other watershed areas that may have covers of grass, trees,
or impervious areas not directly connected to the storm drain-
age system. This may result in tendency to under predict the
peak runoff, especially from intense or long duration rain-

storms.,

2.5 General Comments

Of all the methods reviewed, the rational method is
probably the most widely used method for the estimation of
urban runoff (l). The popularity of the method is probably
due mainly to its simple form of relationship and ease in
manipulation and computation. However, the rational method
does not recognize separately the effect of land surface and
the effect of the drainage system on peak rate of runoff.
Furthermore, only the value of the peak rate of runoff is

the result of computation.

The RRL method is a progressive step from the rational

method in that inclusion of the hydraulic characteristics of
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the drainage system in the computation of runoff are included.
The method has been probably specifically developed for prac-
tical design of storm drainage systems rather than for studies

of urbanized watershed responses.

Methods in which land surface as well as drainage
system characteristics of the watershed are used as para-
meters to compute the complete outflow hydrograph, are the
most complete approach to the study of urbanized watershed
responses. However these methods have one common practical
application set back; that is, the large amount of computa-
tions involved. The Los Angeles Method tried to overcome
this computational problem by using semi-graphical proce-
dures. In the Chicago Method, a series of charts were devel-

oped for future computations.

With the modern computing facilities available, the
problem of large amounts of computations can be readily
accomodated if the method devised lends itself readily to
repeditive procedures. The practical application of the
method can then be achieved without serious economic restric-

tion of the method.



CHAPTER IIT
THEORETICAL DEVELOPMENTS AND CONSIDERATIONS

In this chapter, a general consideration and develop-
ment of the methematical relationships used for estimation of
urban runoff are discussed. Details of the mathematical de-

rivations can be found in the appendices.
3.1 General Considerations

In relation to the hydrologic cycle, the estimation
or prediction of runoff from rainfall may be divided into

two major parts,

i. estimation of rainfall excess which is essentially the
residual when abstractions are made from the gross rain-
fall to allow for infiltration and other losses,

ii. the conversion of rainfall excess to hydrographs at the

outlet.

If the whole process were going to be considered,
great difficulties would arise due to the vast amount of in-
formation required for complete specification, and analyses.
Therefore, some approximations and simplifying assumptions

are always required to derive a workable method.
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In estimation of runoff, all errors in 1) are
carried through to ii), and there exists no technique of
adequate precision yet available for estimating rainfall
excess. Furthermore, the variable conditions of land exist~
ing in urban areas make it much more difficult to estimate

all the losses accurately.

Use of the Horton (9) or Philip (20) equation for
‘‘‘‘‘ estimation of infiltration loss is arbitrary, depending on
personal preferences or available data. The method account-
ing for depression loss used in the Chicago Method is prob-

ably the best approach, but it still inadequately represents

the actual depression loss in general.

With all these considerations it was decided that
the problem of the initial losses should be excluded from
the study, until more reliable methods are available. Hence,
this study is simplified to only that of conversion of ex-

cess or design rainfall to the outlet hydrograph.

There exists many approaches in conversion of the
excess rainfall to hydrograph at the outlet. The conceptual
model approach, in which the watershed is approximated by
series of storages, may be a satisfactory approach for study
of the watershed responses. However, this approach is not
readily adaptable for designing a storm drainage system.

The empirical or semi-empirical approach such as the unit-

graph or the inlet method (23), may be satisfactorily used



14
for a limited size of urban area. The component approach
in which the overland flow is separated from routing in the
drainage system has been selected for this study. The
approach offers flexibilities and can be easily improved
,,,,,, whenever there is a better method available in any compo-
nent. Furthermore, the separation of overland flow and
routing in the drainage system helps to identify the rela-
tive importance of various parameters in the watershed.
Since the drainage system characteristics are parameters in-

cluded in the computation of runoff, the effects of various

designs can be thoreughly investigated.

In the following sections, more detailed considerations

and theoretical development of relationships used are discussed.

3.2 Overland flow

The movement of water on the surface (overland flow)
is an important land-surface process. In a well developed
urban watershed, impervious areas tend to dominate the peak
rate of runoff (1l4). Therefore, pervious areas of the water-
shed can be neglected from overland flow considerations with-
out significant consegquences. The interaction between over-
land flow and infiltration need not then be considered: thus,

the overland flow process can be simplified considerably.

Short high intensity rainfall bursts are attenuated
by surface detention storage reducing the maximum outflow

rate from overland flow. Thus, computations of the overland
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flow process required continuous estimations of detention
storage as well as the continuous outflow rates from over-
land flow. Any calculation method used for overland flow
should yield results that can be compared with the well

known investigations of Izzard (10,11) and with other ex-

perimental and analysis results.

A wide range of methods for calculation of unsteady
overland flow are available. The rigorious general method
for simulating unsteady overland flow make use of the finite
difference technigue for the numerical solution of the gover-
ning partial differential equations, the continuity and mom-
entum equatiocns (19,22). Generally, average values are
used in calculations for the surface parameters such as
length and slope of overland flow. Thus, while watersheds
are broken up into segments, the accuracy to be'gained by
using finite difference methods for overland flow is still
subjected to guestion because of the limited accuracies of

basic data available.

Approximations to simulation of unsteady overland
flows are difficult to devise since the basic nature of the
flow is not well established (31). For convenience, the flow
can be described as laminar or turbulent based on undisturbed
flow criteria, even though turbulence from raindrop impact
clouds this distinction (36). Undisturbed flow criteria in-
dicate that transitions from laminar to turbulent flow could

occur in overland flow in typical natural watersheds.
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Adaptation for simulation of both the laminar and
turbulent range by an empirical eguation was considered.
The turbulent range eguations were finally selected for
adaptation since experimental measurements of surface de-
tention showed a marked change in regime as turbulent be-
comes dominant (32), and high intensity rainfall often
yvield Reynold's numbers that indicate turbulent flow.
Overland flows tend to collect and move along preferred
vaths, and a turbulent range approximation can be more logi-

cally adjusted to account for this effect.

The two dimension approximation to overland flow in
the turbulent range is thus selected for computation of over-
land flow. Outlines and detailed derivations of various rela-
tionships can be found in Appendix A. The method is adapted
from the overland flow component of Stanford model (5) for
application to the urban watershed study. The basic relation-

ship used in the computations are;

i) surface detention at eqguilibrium

0.000818 10:6,0-671.6

D, = ceenn3.1
e 0.3

ii) depth of overland flow

12}

Yy = (1.0 + 0.6 (% Yy o ... 3.2
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iii) discharge from overland flow

5/3 1/2

4

g = 1:486 "7 g .. 3.3
n

In the simulation mode, a continulty eguation

D, = Dy + AD - gt ceve. 3.4

is continuously solved for each increment of time intexrval.

This system of equations can be solved numerically
with good accuracy if the time interval of the calculations

is sufficiently small so that the value of discharge at any

time interval remains a small fraction of the volume of sur-
face detention. Calculation of discharge from overland flow
in the simulation are made on a 2.5-minute time intervals.
However other time intervals can be used if required by char-
acteristics of the flow plane, or justified by the input

rainfall data.

The impervious area, average length, average slope and
estimated Manning's roughness of the overland flow plane to

the inlet point are used as parameters in this simulation.

3.3 Routing In the Drainage System

The measured outflow hydrograph from a watershed re-
flects the importance of the land surface effects relative
to time delay and attenuation in the channel system. In ur-
ban watersheds where the land surface 1s modified and many of

the natural channels have been replaced by man-made drainage
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systems, the separation of the overland flow and routing in
the drainage system helps to identify the effects of various

parameters on the runoff.

There exists numerous methods for routing flow through
a channel system. The Muskingham routing method (16), and the
modified storage routing method (3), are typical of empirical
and semi-empirical routing methods. Applications of these
methods to routing flow through storm drains are limited (6).
The time-lag routing method (4) and its variation (7) may
offer a better approximation to flood routing through storm
drains; however, they do not permit a direct evaluation of
corresponding depths. ©Neither do they give the maximum
depth determined as a function of position along the conduit
or in time. Since maximum depth does not always occur at the
same time as the maximum discharge, it is not to be expected
that the routed discharge hydrograph would be an indication

of maximum depth.

The rigorous general methods for slow routing through
storm drains are the finite difference technique for numeri-
cal solution of the governing partial differential equations.
In a circular channel the continuity and momentum equation of

the unsteady free surface flow can be written as:

9
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Qo

Vv é OV 4+ X = gy - s cee. 3.6

t OxX

Various finite difference schemes to solve this
system of equations are well discussed by Barnes and Yevje-
vich (34). In a comparison study, the method of character-

istics is chosen to solve the above system of equations.

In the method of characteristics as described by
Lister (17), the continuity and momentum equations of the
unsteady free surface flow in the storm drains, equation 3.5
and 3.6 respectively, are replaced by four equivalent ordin-

ary differential equations of the form;

g‘._t_ = = 1
ax) + a U+ gA/B I
dx’ - - V- gA/B coss 3.8
A -Vyg+l dv 4, A 4V [ A - _
(G5 7357 ax T g ax "7 So e = 0 cee. 3.9
A -V I dy , 2 dV A (s -5) = 0
((VB g)g—*g dx * gVB dx * VB ( o £ & .e 3,10

The equation 3.7 through 3.10 are known as the charac-
teristic ordinary differential equations of the governing par-

tial differential equations 3.5 and 3.6.

The specific intervals numerical solution with linear
interpolation as described by Lister (17) and Pinkayan (21)
is adopted for solving the characteristic equations. Advan-—

tages and limitations of this scheme is well discussed by
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Lister (17).

In this scheme of solution, rectangular grids are
used in a xt plane with specified intervals Ax and At in x
and t co-ordinates, respectively, as shown in figure 3.1.

The values of velocities V, and depth y, at points MO, A

OI

BO,,,O,eN are known at time t, or at the initial condition:
the values of velocities V, and depth y, at time t+ At, par-
ticularly at point Ml, Al, Bl’°°°°° can be computed from the
characteristic equations, equations 3.7 through 3.10, and the
boundary conditions. In this manner, V and y at any time t+
At can be computed at various points along distance x. This

process can be continued as far as desired.

Detailed derivations and computation procedures of
the characteristic method solution of routing through circular

channels with specific intervals can be found in appendix B.

The major advantage of routing method used is the
ability to compute simultaneously the velocities and depths
along the channel, avoiding any empirical estimations in or-

der to compute the discharge.
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Figure 3.1 x-t plane for solution of the characteristics method with specified intervals
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CHAPTER IV
MODEL STRUCTURE AND DESCRIPTIONS
4.1 General

It is quite obvious from the development in the pre-
vious chapter that a simulation model is needed in order to

synthesize urban runoff from the theories considered.

In this chapter, the Model structure and description
are explained. Also sequences of data required to simulate
the model are explained as well as some guildlines for the
selection of values of various parameters. A computer pro-
gramme in FORTRAN language was developed for the simulation
purpose. Some basic knowledge in computer use and the
FORTRAN language are required in order to operate the model

properly.
4.2 Structure

For simplicity and future development, the simula-
tion model developed can be roughly separated into three se-
guencial submodels, namely, the precipitation, the surface
flow and the routing through storm drains submodels. Each

submodel is initially individually developed and tested.
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Finally, all submodels were integrated into the simulation
model. A block structure of the simulation model is shown
in figure 4.1. Description of each individual submodel is
given in the following sections. Detailed flow charts and
the computer programme of the simulation model is contained

in appendix D.

4.2.1 Precipitation Submodel

This submodel is partially interacted with the surface
flow submodel. This interaction feature is included as a pro-
vision for future development in which initial losses are to

be included.

Input into this submodel is the precipitation data.
Two types of precipitation data are allowed. The first type,
designated 0 (zero), is cumulative precipitation over the
time interval in inches. The second type, designated 1 (one),
is the rate of precipitation over the time interval in inches

per hour.

The submodel is essentially converted precipitation
data input into rate of precipitation over a specified time
interval used in simulation of surface flow. The conversion
is accomplished assuming constant interpolation of precipita-
tion over the input time interval. If the total time of simu-
lation run, if so desired, is longer than the precipitation

time period, zero rate of precipitation is automatically gen-
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erated by the submodel for the exceeded time period.
4.2.2 Surface Flow Submodel

This submodel used inputs from the precipitation sub-
model together with land surface physical characteristics to

simulate surface flow to various inlet points.

Tnitially, the watershed is divided into subwatersheds
accordiné to direction of flow into inlet points. For each
subwatershed, the submodel simulates the surface flow by com-
puting various quantities in relationship with the surface
flow previously described in Section 3.2. The increment of
detention storage during any time interval is taken simply as
the product of the impervious area of subwatershed and the
excess rate of precipitation during the time interval. At
the present, it is assumed that any inlet point is capable
of passing any flow into the drainage system. Therefore in-
let properties are not included in computations of this sub-

model.

The output from this submodel is a complete hydrograph
of flow to any inlet point. If so desired, printed output of
any inlet hydrograph can be obtained by excercising one of the

option feature available in the model.
4.2.3 Routing Through The Storm Drain Submodel

This submodel is composed of various sections in or-

der that the routing through the system can be accomplished
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without any outside intervention. The submodel is first gen-
erated from the lavout of the drainage system from the ends
connection status of each pipe, and number of junction boxes
in the system. Inflow points into each pipe are then identi-
fied and rearranged in order of their distance from the up-
stream end of the pipe if they are not already in the order.
If there are more than one inflow hydrograph at the upstream
end of a pipe, these hydrographs are first added before rout-
ing procedures are commenced. Routing through each pipe is
carried out using the characteristics method with specified
intervalsvpreviously described in Section 3.3. Since most up~
stream end inflow hydrographs start off with zero flow, and
the routing method used can not commence computations with
zero flow, a small initial base flow is added to the upstream
end inflow hydrograph. This small initial flow is computed
from the specified depth through the pipe using steady flow
condition eguations. When routing through each pipe is com-
pleted, this artificial base flow is subtracted in order not
to accumulate this base flow through the system. Losses
across any junction point are assumed to be zero since inclu-
sion of these losses tend to underpredict flow through the

pipe (21).

In order to generate the layout of the drainage system
and routing in correct sequence, pipes in a drainage system
are classified into two types according to their end connec-

tion status. If the upstream end of a pipe is not connected to
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any junction boxes, the pipe is classified as lateral pipe
and the end connection is designated as 0 (zexro). If the
downstream end of a lateral pipe is only connected to a junc-
tion point, the end connection status is also 0, and this
lateral pipe is considered as an inflow point into a main
pive. A main pipe is a pipe that has the upstream end connec-
ted to a junction box. Generally, lateral pipes can have
only inflows from surface flows whereas a main pipe can have

inflows from surface flow and inflows from lateral pipes.

Routing through all lateral pipes is carried out first
so that hydrographs of all inflows into a main pipe are avail-
able. Routing through the main pipe is then followed in se-
quential order from the upstream end of watershed to the outlet

point.

Outflow hydrographs and maximum flow quantities at
specified intervals of any pipes can be printed out as part of

output by exercising the option feature available.
4.3 Simulation Procedure Descriptions

In order to operate the programme to simulate the run-
off, three sets of data are required, namely, the precipita-
tion, the land surface parameters and dralnage parameters,

and drainage network layout data.

The first card in any data set for simulation is an

identification of the watershed or the number of run. This
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information must not exceed twenty characters in length and
must be contained in the first twenty columns of the data card.
This is an option provided for convenience in identifying the
outputs. A blank card must be substitued if no identifica-

tion is so desired.
4.,3.1 Precipitation Data Input

Precipitation data input can be either rate of pre-
cipitation in inches per hour or precipitation in inches du-
ring time interval, as described in the previous section 4.2.1.
Therefore appropriate identification for each type of precipi-

tation is required as part of precipitation data.

The first card in this data subset contains the in-
formation on the total number of precipitation intervals (INT),
type of precipitation input (NTYPE) and total length of simu-
lation run (TF) in minutes. Note that all time specifications

must be in minutes only.

The remaining precipitation data subset contains info-
rmations on the desired precipitation~time histogram. Each
card contains only a single coordinate point of the histogram,
with the time ordinate (TIME) preceeding the precipitation or-
dinate (PREC). The values of precipitation ordinates are
taken as the values at the end of the precipitation interval,

with the exception of time zero, where precipitation is zero.
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Refering to the sample precipitation-time histogram,
figure 4.2, the total number of precipitation intervals (INT)
is six, and the type of precipitation is as designated, zero.
The total time of simulation run (TF) is taken to be equal
to the total time of precipitation which is thirty minutes
long. Therefore, the information contained on the first card
of this data subset is 6,0, and 30. The format of data input.
for this card are I5, I5, and F5.0 for INT, NTYPE, and TF re-

spectively.

The precipitation-time information on each of the rest
of this data subset is the time ordinate and precipitation or-
dinate values of each points of the histogram. Hence, infor-
mation on each card for the example will be 0. 0.:5. 0.25...,
30. 0.10. The formates of input data for each of these cards
are F10.2, Fl10.2 for TIME and PREC respectively. The sample in-
put data set for the precipitation sample of figure 4.2 is shown

in figure 4.3.

4.3.2 Land Surface Parameters

Land surface physical characteristics used as paramet-
ers in the simulation of overland flow to inlet points are fed
in as part of the data input. The land surface of a watershed
is divided into appropriate subwatersheds. Each subwatershed
overland flow is considered to contribute directly to an inlet

or catch basins of the drainage system.
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Only directly connected impervious areas in each sub-
watershed are considered to contribute to runoff. Therefore,
only the gross impervious area of each subwatershed is used
and roof surfaces should be converted into an eguivalent area
at ground surface. The slope of the subwatershed to the inlet
is taken as an average slope of flow path to that inlet. The
value of flow path length is also an average value, which can
be estimated from an available map of the area. A guildline
value of surface Manning's friction factor is shown on table
4.1. More details of the estimation guildlines and the wvalue

to be selected can be found elsewhere (2).

The first card in the land surface parameters data
subset contains information on the number of land surface sub-
watersheds (NBL). Each card of the remainder of the data sub-
set contains information on land surface characteristics of
each subwatershed, namely, impervious areas of subwatershed
(square feed), average flow path length (feet), average slope

(feet per foot) and estimated surface Manning friction factor.

The format of the first card containing information
on the number of subwatersheds is I5. Formats for information
on each subwatershed are F10.5, F10.2, Fl10.6 and Fl10.5, re-

spectively.

4.3.3 Drainage Parameters and Layout

In order to route flow through stoym drainage system
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TABLE 4.1

Estimated Manning Friction Factor For Overland Flow

Watershed Cover Manning's n for Overland Flow
Smooth Asphalt 0.012
Asphalt or Concrete Paving 0.014
Packed Clay 0.03
Light Turf 0.20

Dense Turf 0.35
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to the outlet, physical characteristics of each individual
pipe in the drainage system as well as drainage lay-out in-

cluding positions of various inflow points need to be known.

To generate layout of the drainage system, pipe end
connections to various junction boxes are needed. This infor-
mation and physical characteristics of each pipe is the first
of two parts of this drainage data subset. Information on the
numbers and location of inflow points of each pipe is the
second part. The inflow points can be inflow from inlets, in-

flow from lateral pipes or a combination of the two.

The first card in this data subset consists of infor-
mation on the number of pi?es and junction boxes in the drain-
age system. Numbering of pipes can be in any sequential order.
However, numbering of junction boxes must proceed in sequential
order, that is, a junction box at the downstream end must al-
ways have a higher numerical number than junction box proceed-

ing immediately upstream.

Referring to figure 4.4, the drainage system consists
of 14 pipes and 3 junction boxes. Pipes number 3, 4, 5, 6, 11
and 10 are considered to be lateral inlow pipes since pipe
numbers 7 and 13 are taken to be unbroken at those connecting
points. Numbering of the junction boxes proceeded sequentially
as follows; junction boxes at the upstream end of pipe number
7 and 13 are to be numbered first since the downstream end of

both pipe are connected to the same junction box. Therefore,
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numbers 1 and 2 are assigned to the upstream end of pipes
number 7 and 13, respectively. The downstream end of both these
pipes connecting to the same Jjunction box were assigned number
3. The last junction box at the end of pipe number 14 or the
outflow point need not be numbered. Therefore, information
on the first card of the data subset of the first part are
- 14 for the total number of pipes in the system and 3 for the

total number of junction boxes in this system.

The following cards consist of information on end
connections (MCON) and physical properties (PIPE) of each pipe.
The end connection of any pipe must be specified in the direc-
tion of flow, that is, the upstream end first then the down
stream end. If a pipe end does not directly connect to any
junction box, 0 (zero) or blank space is used to designate this
end status. The physical properties of a pipe consists of
length (feet), diameter (inches), Manning friction factor,
slope (foot per foot), and outflow control coefficient and
exponent. If, however, the end flow is considered to be a
free flow, both coefficient and exponent become zero as the

discharge is computed from critical depth criteria instead.

The format used for the card containing information
on the total number of pipes (NP) and the total number of
junction boxes (NJ) of the system are both 15. The formats
for cards containing information on end connections (MCON)

and pipe physical properties (PIPE) are 15, 15, F10.2, F10.2,
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F10.5, F10.5, Fl10.2 and F1l0.2, respectively.

The sample data input for the first part of this data
subset using figure 4.4 as a sample system is shown in figure
4.5. 1In this sample the first card, contains information on
pipes number 1, 6, 7 and 14, respectively. Note that the end
flow condition of all pipes are assumed to be free flow ex-

cept that of pipe number 14 in which outflow is controlled.

The second part of this data subset consists of in-
formation on inflow points in the drainage system. This in-
flow point information must be read in sequence order of
pipe number. For each pipe, the information is further
divided into two parts. The first part consists of informa-
tion on the number of surface flow inflow points (NLS),
followed then by the number of each inlet point (LATS) and
its distance (XLATS) measured in feet from the upstream end
of the pipe. If there is no inflow point from the surface
flow, a zero or blank is required before proceeding to the

second part.

The format used for the card containing information
on the number of surface inflow points (NLS) is 15. Each of
the cards containing information on the number (LATS) and

distances (XLATS) of each inlet uses format 15, F10.2.

The second part of this sub-subset consists of infor-

mation on the number of pipe inflow points (NLP), followed by
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the number of pipe inflows (LATP) and their distance (XLATP)
measured in feet from the upstream end of the main pipe.
General descriptions and the sequence of data input including
the format of this second part are the same as in the first

part.

FPigure 4.6(a) and 4.6(b) show sample data input on
inflow points of pipesnumber 1 and number 7, respectively.
For pipe number 1, there are two surface inflow points, in-
let number 1 at zero distance and inlet number 2 at 200 feet
from the upstream end of the pipe; and, there is no pipe in-
flow pipe. For pipe number 7, there is no surface inflow
point; hence, zero on the first card. There are however
4 pipe inflow points, pipesnumber 3, 6, 4, 5 at distances of
250 feet, 250 feet, 600 feet and 600 feet from the upstream
end of pipe number 7, respectively. Note that information
on surface inlow points must preceed the information on pipe

inflow points.
4.3.4 Option on Output

At the present time, three options of output are
available, namely, outflow from any pipe in the system, max-
imum guantities at any specified distance interval of any

pipe in the system,and the hydrograph of land surface flow.

If none of the options is exercised, a blank card or

zero in various appropriate columns is needed as the last
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card of the data set. If the first or the third option is to

be excercised, number 1 must appear in the appropriate column

in this data card. However, if the second option is excer-

cised, an appropriate number corresponding to the interval at

which the maximum guantities are required must be used.

for

4.4

The field of data input for this option card is I5

all options.

Summary of Data Input

The data deck for simulation of the model is composed

of the following data:

i)

ii)

iii)

iv)

Identification card, input can be either alphabetic or
numeric or a combination of the two. This data should
not exceed twenty characters in length.

Precipitation data, composed of data on intervals,
type of precipitation and total time of simulation run
on one card followed by the time and precipitation
values at end interval.

Surface characteristics parameters, composed of the
number of subwatersheds card followed by characteris-—
tics of each subwatersheds.

Drainage layout and parameters, composed of the number
of pipes and junction boxes in the system, followed by
the ends connection status and characteristics of each
pipe, then data on inflow points of each pipe. Each

pipes inflow points data is composed of the total number



of inflow points followed by the number of

from the upstream end of that inflow point.

pipe, surface inflow point data is read in
followed by lateral inflow points data.
The last card is the options card that are

excercised regarding output.
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CHAPTER V

RESULTS AND DISCUSSIONS

5.1 Results

Pulberry subdivision of the municipality of St.
Vital, Winnipeg, Manitoba was chosen for testing the model.
Subdivision of the watershed and the lay-out of the storm
drainage system as modified from the proposed layout by

Templeton Engineering of Winnipeg is shown in figure 5.2.

The watershed is semi-arbitrarily divided into sub-
watersheds according to the previous explanation in section
4.,3.2., The two ends of the boundary of a subwatershed is
chosen to coincide with the crest on the roadway through the
subwatershed. The other two ends boundary are arbitrary
divided between two roadways. The total number of subwater-—

sheds is seventy-five.

The impervious area of each subwatershed is estimated
as a percentage of the total area. The estimated impervious
area of each subwatershed ranges from thirty five percent to
over fifty percent of the total area. It is assumed that the
flow path of surface flow into an inlet of any subwatershed

is dominated by the contour of the roadway crossing the sub-
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watershed. Hence the average slope of any subwatershed is
estimated from the average slope of the roadway. Also,
Manning's friction factor of each subwatershed is estimated
based on road surface criteria, the average value usually

taken as 0.016.

Pipes and junction boxes in the drainage system are
numbered as previously explained in chapter 4.3.3. The
Manning's friction factor of all pipe is taken as 0.013 (30),
as pipes used are reinforced concrete pipe. Pipe outflows
are also assumed to be free flow. The length, slope and dia-
meter of each pipe are estimated from proposed design of the

drainage system by Templeton Engineering of Winnipeg.

To study runoff from the watershed, a synthesized
five-year return period storm of the Winnipeg area, as shown

in figure 5.3, was used as precipitation input.

Preliminary studies on surface runoff from the five-
vear storm in the Winnipeg area have been carried out as part
of testing the surface runoff submodel. It is evident from
these studies that the partial precipitation period from 30-
minute to 90-minute interval can be substituted for the full
120-minute precipitation period for simulation,K of surface run-
off with an insignificant difference in the peak rate of runoff.
Only part of the rising limp of the simulated hydrographs show

any appreciable difference as indicated in figure 5.4. There-
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fore, in this particular case a partial precipitation period
can be substitued for the full precipitation period in sub-
sequent studies. The difference in computer time required
for simulation of surface runoff between a partial precipita-

tion period and a full precipitation period for each sub-

watershed is only a small fraction of a second CPU time.
However over a considerable number of subwatersheds as in
this study, saving in computer time is substantial. Further-

more, the routing period can also be reduced.

Routing through the storm drainage system submodel
was developed and tested successfully against the Coclorado
State University data (34,35). The testing data always has
an appreciable amount of base flow. When the submodel is
integrated and a very small base flow is introduced to start
the computation, the routing procedure has to be modified to
handle this very small initial flow. The routing computa-
tions become exceedingly lengthy in time and required consid-
erable more computer storage than the initial procedure. The
computer time required for routing in each pipe comes to the
order of two minutes CPU time. For this watershed where there
are fifty two pipes in the drainage system, the total time re-
guired for routing alone is estimated to be in the order of two

houxrs CPU time. This time reguirement is considered to be

far too excessive to run the complete synthesized watershed.

Therefore, it was decided to terminate the study at this point.
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5.2 Discussions

Generally, exclusion of initial losses from consider-
ations of runoff processes would result in overprediction of
veak rate of runoff and early responses of the watershed. If
actual measured runoff and simulation runoff of a watershed
are to be compared, initial losses have to be included for a
better understanding of the effects of various parameters on
the watershed response. However, for designing purposes, neg=-
lecting the initial losses has only marginal effect since preci-
pitation data used is generally a synthesized data that already

has a limited accuracy.

Consideration of runoff from only the impervious part
of a watershed does simplify computation considerably. How-
ever, the exclusion of the pervious area contribution to run-
off has resulted in a tendency to underpredict the peak rate
of runoff. Approximation of a single average flow plane into
an inlet point applies fairly well to a relatively flat water-
shed, especially if the outlet is located at the end of the
flow path. In most of the actual subwatersheds, however, in-
let points are generally within the watershed. Under this
condition a multiple flow planes approximation should yield
a better approximation to actual runoff than the single flow
plane assumption. The accuracies that might be gained from
this consideration may be limited by the basic available data

of a watershed.
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The relationships adopted here for simulation of

surface flow are tailored for the purpose intended; rapid
simulation of overland flow from limited available data. They
are not intended to compete with the more general or precise
solutions for unsteady two dimension flow. The relationships
adopted are substitued for the more exact method to gain sim-
plicity and calculating speed, while attempting to maintain a
reasonable approximation to physical behaviours. Constant
theoretical resistance parameters for overland flow with
rainfall have not yet been developed, and even the division
between the laminar and turbulent range is still difficult
to establish. Manning's equation is used although there is
considerable experimental evidence that Manning's n is not
constant with depth decreases and Reynold's numbers approach
the lower limit of the turbulent range. Despite the limita-
tions of these assumptions, particularly the use of constant
Manning's n, the relationships used appear to give a reason-

able approximation to actual physical behaviours.

The approximation of free outflow at the end of a
pipe into any junction point is certainly not accurate over
the whole range of outflow conditions particularly at high

flow where back water effects become pronounced. However there

is no study that can indicate a simple accurate discharge-
depth relationship at the end of a pipe under all conditions

of flow. Inclusion of losses across a junction tend to under-
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estimate flow; furthermore, there is no study that covers
losses across all type of junctions that exist. However
neglecting losses across a junction does simplify computa-
tions even though there is a tendency to overpredict the flow.
Introduction of a small base flow is a necessity to start the
routing procedure. This initial flow is considered to be
sufficiently small so that errors in prediction of maximum
flow guantities should be insignificant. Furthermore this

initial flow is not accumulated through the system.

At very low flow, the curvature of characteristics
become so acute that a linear approximation is applied only
at very small intervals. Since the method used the same
specified intervals throughout the computation, the scheme
then required a large amount of storage and computer time in
routing flow through a storm drain. Hence the scheme becomes
less efficient if the initial flow is very small. The assump-
tion of a constant Manning's n throughout the whole range of
flow may not be quite correct, particularly at very low flow.
It is suspected that this assumption may also introduce some

inaccuracy and difficulty in the computations at small flow.

The relationships adopted for routing of flow through
the drainage system is the most general method for computa-
tion of unsteady free surface flow. The application of the
method is justified if accurate estimations of basic data are

available. 1In this study, it is apparent that the method of
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characteristics is neither justified due to limited data
available nor feasible due to excessive computer time reguire-
ment. Alternative routing methods should be investigated

and substituted to improve the efficiency of the model.

The digital simulation approach should not be consider-
ed to design an isolated storm drain. Considerable background
information is required for this approach, primarily for the
development of an accurate estimation of various parameters.
However, it is the thorough analysis of flow and precipita-
tion data that replaces subjective estimates of runoff, and
allows realistic derivation of flows at selected frequencies.
If several watersheds in the same region are involved, the
cost of urban drainage provides ample justification for an

advanced design method.

The relationships outlined are for flows with a free
surface and would not apply with a storm drain surcharge or
flow under pressure. They do not apply well to a large area
with areal variation in rainfall intensity. Effects of var-
ious factors excluded from consideration in order to simplify
the various relationships are not intended to compensate for
each other. Their compensating effects are merely a coinci-

dence.



CHAPTER VI
CONCLUSTIONS AND RECOMMENDATIONS
6.1 Conclusions

A mathematical method to synthesize urban runoff
has been presented. A simulation model was developed as a
means of providing a practical solution to the proposed
mathematical method. The model is capable of computing run-
off hydrographs as well as velocities and depths of flow at
desired points within an urban watershed. The model requires
data on physical characteristics of the watershed, its drain-

age system and local hydrology.

The model developed is derived from sequencial inte-
gration of three submodels, namely, (1) precipitatiom, (2) surface
flow and (3 routing through storm drainage system submodels.

The precipitation submodel generates excess precipitation at
specified intervals from precipitation data input. The sur-
face flow submodel simulates surface flow to inlet points of
each subwatershed using a two dimensional approximation to
the overland flow method. The routing through the storm
drainage system derived an outflow hyvdrograph from routing

inflow hydrographs into the drainage system using the charac-
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teristics method with specified intervals.

By virtue of the assumptions used in the derivation
of the various mathermatical relationships, applications of
the model are restricted to watersheds of relatively flat

terrain.

From test studies of the model using data from the
Pulberry watershed, 1t is evident that the model is not fea-
sible for practical use in designing a storm drainage system
due to the excessive requirement of storage and computer time

on its routing through the storm drainage submodel.

6.2 Recommendations

Future studies of the various processes involved in
urban runoff should include an analysis of the initial losses.
Inclusion of these losses into the model may yield a better

prediction of runoff.

In areas where a bare soil surface shows a tendency of
imperviousness, studies of the contribution of runoff from such
areas should be carried out before any decision is made to ex-
clude such contributing areas. The possibility of using mul-
tiple flow planes in simulation of the inlet hydrograph should
be considered if sufficient data are available. Restriction
of the flow into an inlet point in terms of the inlet charac-
teristics may be included in considerations if such data are

available.
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A simpler routing procedure should be considered as
substitution of the existing routing procedure in the model
in future studies. Other routing methods as appear from time
to time in various publications should be investigated and

evaluated.
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APPENDIX A
Overland Flow : A Theoretical Consideration

The movement of overland flow toward channels is gen-—
erally assumed to be two dimensional or to take place in a
thin sheet of infinite width. Overland sheet flow is consid-
ered to be initially laminar, becoming turbulent as the depth
and velocity of the flow increase sufficiently before a chan-

nel is reached.

However, in this appendix only a simple analytical
approximation for turbulent two dimensional flow will be out-

lined.
A.l Approximation For Two Dimensional Flow

The features of overland flow that are of primary in-
terest are those that govern the response to various patterns
of uniform rainfall. For turbulent flow the discharge is re-

lated to flow depth in the form

g = ayb .o Al
Assuming the wvalidity of Manning equation, g becomes

_1.486 g%y5/3

= oo A2
n
where the hydraulic radius of the flow is assumed equal

to the flow depth, and the energy gradient is assumed equal to

the gradient of the flow plane.
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The continuity equation for two dimensional flow is

gg_=n_§_l .. A3
X ot

where n 1s the inflow or supply rate in ft3/sec/ft2°

Two useful conclusions can be drawn from equation A3.

At equilibrium %%.is zero, and

d = nx .. A4
© 3
where qe is discharge in ft /sec/ft at any section x
on the flow plane. As Wolf (33) points out, the change in
discharge as a function of x on a uniformly sloping plane

must be zero, before local equilibrium is reached. Hence

the depth at any point on the plane is

y = nt .. A5

prior to local equilibrxium,

For overland flow on the plane in figure Al, with
depth y at a distance x along the flow plane, the general
shape of overland flow hydrograph between t = 0 and t = te’

is shown in figure A2.

The outflow at equilibrium is dg = L, and the total

inflow between time t = 0 and time t = te is te L.

The volume of surface detention at t = te’ is

L
= y X .aA
D Io d 6



y _FLOW_

Figure Al Overland flow plane

DISCHARGE

Figure A2

TIME

Overland flow rising limp of a hydrograph

64



The total runoff from time t = 0 to t = te

fraction B, of the total inflow during the period.

te
Bt nL = J g dt
e O
The total inflow is
tenL = De +-BtenL

or the time to equilibrium is

65
is some

Hence,

.. A7

.. A8

.. A9

From equation A5 the depth near the lower edge of

the flow plane should be

from t = 0 to t = t .

.. AlQ

.. All

.. Al2

.. Al3

qa=a” =a(t y P yP
+ e
e
Hence, from equation A7
b t
Bt nL = e § € b gt
© b
t
e o
and g = 1
b + 1
L
The detention at eguilibrium is J y dx where y from
0
o . 1/b e
equation Al is (9 / ; and g = nx at equilibrium.

a

Hence
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1. 1
1/b N
D = 7 e b ax .. Al4
€ )
a o
or
1
1 £
' = . (1+p)
_ bnp L
De = 1 .. AlS
ab (1+ b)

Substituting equation Al5 in equation Al9, the gen-

eral expression for time to equilibrium is

-1 g
t = n L .. Alb
© T
a b

Substituting the values of the parameters a and b from
equation A2 into eguation Al3, Al5 and Al6, the following ex-

pressions are found

b = 5/3
B = 3/8
Then
3/5 3/5 8/5
De = 0.492 n n L .. Al7
3/10
S
or 3/5 3/5 8/5
De = 0.000818 L n L .. Al8

3/10
S

for surface detention in ft3/ft°

The time to equilibrium in minutes are,
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t = 1.6 D
e - = .. Al9
60 L
or
t = 0.0132 n3/5 I 3/5 .. A20
€ 275 3/10
n S
or
3/5 3/5
t = 0.94 n‘/ T .. A21
€ 2/5  3/10
i S

In equations above, the surface detention Dg is in
ft3/ft, where n is in ft3/sec/ft2. Eguations for rainfall or
supply rate in inches per hour are obtained by substituting

i = 43200n.
A.2 Simulation of Overland Flow

Continuous surface detention storage can be calcula-
ted as explained in the previous section. The volume of sur-
face detention canthenbe selected as the parameter to be rela-
ted to discharge. Since no fixed relation exists between de-
tention storage and discharge from overland flow when flow is
unsteady, then approximations to the natural behaviour have

to be made.

To calculate continuous overland flow from total sur-

B B
face detention storage the depth v must be related to surface
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detention storage. This is easily done at equilibrium
where

y = , .. A22

but for other conditions some approximations are needed.

In the unsteady overland flow, three general conditions will
occur. Initially, as rain begins the depth of overland flow
will be uniform along the flow plane. Therefore, at time (a)
a transition from a uniform depth to an equilibrium profile
is taking place. If rainfall continues the equilibrium pro-
file is reached at time (b), and when rainfall stops reces-

sion flow occurs (c) from water in storage.

The minimum value ofyy must equal the mean depth D/L
where D is the current surface detention storage in ft3/ft.

Therefore, y must be in the range

< ¥ ¢ 8Ds .. A23

Hlo

The current detention storage D, divided by the deten-
tion storage required at equilibrium De for the current rate
of inflow, is used as an index to the distribution of water in

the overland flow plane.

The most satisfactory empirical relationship found be-
tween outflow depth and detention storage for reproducing an

experimental hydrograph is

— D
Y S (D (1.0 +0.6(3)°) .. n24

e
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Substituting equation A24 in equation A2, the rate of

discharge from overland flow in ft3/sec/ft is

5
(1.0 + o.,6<2 >3)§

Pe

A25

o
W] Ut

where De is the function of current supply rate to overland
flow and is calculated from equation Al8. During recession

flow when De is less than D the ratio g is assumed to be 1.
e

Now the overland flow at anytime can be computed by

solving a continuity equation

D, = D, + AD - gAt .. A26
where At is the time interval used, D2 is the surface deten-
tion at the end of the current time interval, D. is the sur-

1

face detention at the end of the previous time interval, AD
is the increment added to surface detention during the time
interval, and & is the overland flow into the channel during
the time interval. The discharge g is a function of moisture
supply rate and of (Dl + D2)/2, the average detention storage

during the time interval.
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APPENDIX B

ROUTING BY THE CHARACTERISTIC METHOD

The following section presents a brief theoretical
consideration of flow routing in a circular channel by the

characteristic method.

B.l Definition of characteristics

The two partial differential equations for gradually
varied unsteady free surface flow in conduits, with two depen-
dent variables (V,y), and the two independent variables (x,t),

can be written as

A EY + EZ. + 1 éi. = 0 eooB 1
VB 0x ax v t
for continuity, and
"V 3V 1 23V Y _
- = = = + = - -S_) = .
g ox g 7t % (s Sf) 0 B 2

for the momentum equation.

The energy gradient, measuring the energy head loss
along the conduit, is expressed by Manning equation in the

form

2.2
S, = n v ...B 3
173
2.2082 R

The following assumptions are incorporated in deriva-

tion of equation B 1 and B 2
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(1) There is no uniformly distributed lateral inflow.
(i) Vertical acceleration can be neglected in com-
parison with horizontal acceleration.
(1ii) The gradually varied unsteady flow has the hydro-
static pressure distribution along the vertical.
(iv) Flow patterns in vertical planes parallel to the
longitudinal axis of the channel are the same.

(v) Velocity distribution along a vertical in un-
steady flow is the same as the velocity distribution in steady
flow for the same water depth.

(vi) Friction resistance in unsteady flow is the same
as the friction resistance in steady flow.
(vii) Conduit slope is small enough that cos(SO) can

be replaced by unity and sin(so) by tan(So)°

Now consider the (x,t) plane, assuming a curve is given

as t(x). Then dt ;4 the tangent or the direction of this curve
dx

with V(x,t) and y(x,t) as the solutions of equations B 1 and

B 2. For this case, the total differentials are,

d )
av = Y ax + ¥ at ... B 4
X ot
and
oy Y
d = — dx + — dt e oo
v - X St B 5

The four eguations B 1, B 2, B 3 and B 4, with four

,unknowns.iz p oV ’ oY and Y can be written into a single
ox ot 0x ot
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matrix equation as

[ A 17 3v )] [ )
Vs 0 g 3% 0
4 1 3V
v 1 1 0 AY
g g ot So—--Sf
dx at 0 0 3y | | av
9x
0 0 ax  dt 3y dy
~ - AN 8 J ~ .J

Solving the system of eguations B 6, the four de-

rivatives are

V.~ A
8X - Z“l
V.~ A
3T =2
Yy -~ A
X _3
Y = Mg
ot 5
with,
. 0 1 1)
VB v
\% 1
A _ 3 3 1 0 )
dx dt 0 0
0 0 dx at
- J

The system has a unique solution whence the deter-
minant (A) 1s zero if and only if all other determinants (A3)

are also zero. This particular solution of the system of
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equations is known as the characteristics of the system of

equations.

By expanding A = 0, the two characteristic direction

equations are obtained as

A = 1
ax’ + &y VE/gA/B .
: e B
and
Qs = ¢ = 1
ax’ - - V=VgA/B B 9
Similarly, by expanding any Ai = 0 and replacing
dt by €+ and &- respectively, the two ordinary differential
ax
equations for V and y along the characteristic curves are
A _ Y +l dy | A Qv A _
(55 g) £t g) dx  gvs ax vB (85o7Sgl&y =0 --- B 10
and
(A - V) +hy dy . A dV L A (g g ), =0 ... B 11
AB g - g ax T gmaxtaE o gle

Equation B 8 through B 11 are called the four charac-
teristic ordinary differential equations and are equivalently

set to the two partial differential equations B 1 and B 2.
B. 2 Numerical solutions

There exists numerous numerical methods to solve the
system of characteristic equations B 8 through B 11; a method

chosen is known as the numerical solution by specific inter-
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vals system. The advantages of this scheme for automatic

computation is well documented by Lister (17).

In this method, V and y at point P on the (x,t) plane
of figure B 1 are to be computed from the initial conditions
or from previous values of V and vy at points A, B and C using
the following assumptions:

(1) At is sufficiently small so that the part of
the characteristics between P and R and between P and S may
be considered as straight lines.

(ii) the slope of the straight lines PR at point P
is the positive characteristic direction of the position C,

(&+) and the slope of the straight line PS at point P is

CV

the negative characteristic direction of the position C, (& )Cy

and
(iii) the values of At satisfies the Caurant condition
in which
At < Ax
V +/gA/B ... B 12

Since Xp and tp are known, the velocity at point P,
Vp’ and the depth at point P,yp, can then be computed. The
computations proceed as follow:

(i) the co-ordinates of R and S are determined from
the relations of (5+)C, (5—)C, and the geometry of the grid by

t - t = E—{- —
P R () ¢ (xpmxp) ... B 13

and,
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V < VeATE
V = VgA/B
V > VgA/B

\
Ax Ax
t+ At P
5, & At
f ~ A O
AR C B
(a)
t
|
Ax Ax
t+ At P -
&, & At
t 5 O O == X
AR C:S B
(b)
t
A
Ax Ax
t + At P
t
3 JaN
t ) Il A
\J % e g X
AR S ¢ B
()
Figure Bl Rectangular grid for the solution by the system

of specified intervals, At and Ax;
(b) critical flow,

flow,

(a) subcritical

(c) supercritical flow
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t -t = <€_) (X% )
P S c P s .. B 14

in which (g+) and (E_) are computed respectively, at
point C,
g R and Yq are determined

from linear interpolation of the corresponding values at A, B

(ii) the values of VR' V., ¥

and C. Thus the values of the function ( U=V or y ) at

points R and S are then

U = U (1 + UP) - U_.UP saes B 15
R C A
in which
v = - (A%, dt
AX / dx + o o o B .16
and,
= + - . N
US Uc(l UN) UB UN B 17
in which
At at
UN = - [(—y/(— ... B 18
from which VR’ VS’ Y and Yq can be computed knowing the wvalue

of V and y at points A, B and C.

(iii) the values of VP and Y, are obtained by solving
simultaneously the finite difference forms of equations B 10
and B 11, that is

(F+) C(YP“YR) + (G+) C(VP_VR) + (S+) C(XP_XR) = O & @ o B 19

and

1l
o

(F_)C(YP'"YS) + (G_)C(VP—VS) + (S_)C(XP—XS)

in which
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- 1 ;
G = A ;
e (GvB) c
5 = A ;
Bile vE (B So)c (E4)c
.. B 21
F = A \ 1 ;
Fe %8 ~gc Ec T g
(G = (§%§)c ; and
e = 75 (55 SolclEng

By these computations, velocities and depths at time
t + At are obtained for all points along the channel, except
for the two boundary points. The values for the boundary
points are provided by computations of known boundary condi-

tions.
B.3 Initial Conditions

The necessary initial conditions for the unsteady free
surface flow are that all velocities and depths of water along

the channel must be known at given time.
B.4 Boundary Conditions

The two governing partial differential equations for
unsteady flow required two independent boundary conditions re-
lating velocity and depth at certain locations along the chan-
nel. One of these conditions is the discharge-time relation
existing at the inlet end. This relation can be either ex-

pressed in a mathematical form, or given as discrete points
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of discharge at selected intervals of time.

The other boundary condition imposed on the problem
is that of a discharge-versus-depth relation at the down-
stream end characterised either by a control structure or by
the critical depth at a free outfall. This is the boundary

condition that exists for subcritical flow of the base flow.
B, 4.1 Upstream Boundary Conditions

The boundary condition at the upstream inlet is
given by an inflow hydrograph, Q(t), with no limitation on

the shape of the hydrograph.

The depths and the velocities at the upstream boun-
dary point P, figure B 2, which is at x=0 and at time t+At,
can be computed from initial conditions at C and B, with the

boundary conditions given by the inflow hydrograph
Q(t) = AV ces B 22

in which A is the cross sectional area and V is the velocity

at point P.

Using previously discussed assumptions and procedures
of computing velocities and depths at other points along the
channel, the negative characteristic direction at point C is
also given by the initial conditions. The relation between
the depth YP and velocity VP at point P can be determined

from equation B 11.
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Substituting the boundary condition of equation B 22,
into eguation B 20, gives,

Y =Y - (@) J(F - vg) + (57 o)

(F_)C

Solving for Yp from equation B 23 and substituting

Yp into equation B 22 makes it possible to determine VP°

B 4.2 Downstream Boundary Conditions

The boundary conditions at the downstream outlet can
generally be given by a stage-discharge relation. However for
free outfall at the end of condult, a critical flow at the

down stream end exists

%

= 1. coo B 24
gA/B

For free outfall, it can be assumed that critical
depth occured at a distance of 4.5 times the critical depth
from the end. This assumption was also applied to the un-
steady case, with the critical depth computed from base flow,
Q- Therefore, the total distance X from the inlet to the

downstream boundary is determined by

in which X is the total length of the channel and Y, is the

critical depth for discharge Qb’

The depth and the velocities at the downstream boundary
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point P, figure B 3, at time t+At can be computed from the
initial conditions at A and C, and from the boundary conditions

given by equation B 24.

Using the same assumptions and computation procedures
as previously described, the initial conditions also give the
relation between the depth Yo and the velocity VP by applying
equation B 10. Substituting the boundary condition of equa-

tion B 24 into eqguation B 19 result in

y =v - (GFq gA/B=Vp) + (S4) (k=% )

(Fy)

Solving Yp from equation B 26 and back substituting

Yp makes it possible to determine VP,
B, 4.3 Boundary Condition at a Lateral Junction

Figure B 4 shows the x-t plane of a lateral junction

at J with the distance x AT from the upstream inlet. The

L
velocities and the depths at the time t+At at point P are
computed to satisfy only the continuity condition since any

losses across the junction is neglected.
The discharge at point P is given by continuity condition

Q = Q +  QLAT ... B 26
P o)

and



H
4
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t+ At P
At g,

f 4 4

0 A R C
X=X

Figure B3 Downstream boundary conditions for subcritical flow,

with x

L

the computational conduit length
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Figure B4 Boundary conditions at a lateral junction

78



85
The relationship between depth YP and velocity VP at
point P can be determined from equation B 11. Substituting
the continuity condition of equation B 27 into equation B 19
gives

(G) ¢ (B2 _ Vo) + (S_)

Y. =Y, - AP S C

(x_-x )
P S

(F-) .

Solving for YP from equation B 28 and substituting

YP into equation B 27 makes it possible to determine VP.

It should be noted that in solving these relation-
ships iteration procedures were required since the relation-

ships are not linear in v.
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APPENDIX C

CIRCULAR CHANNEL SECTION PARAMETERS

To facilitate the computations for the wave in part-
full conduits, some geometric and hydraulic characteristics
of the circular channel section are supplied in the follow-

ing section, assuming that the Manning formula is valid.

. 1 Characteristics of Circular Channel Section

As shown in figure Cl the geometric parameters of
a circular cross section which influence the flow of a free

surface liquid are defined as follows

1l - Diameter, D

2 - Depth, Y

3 - Central angle, 0

4 - Wetted perimeter, P
5 - Surface width, B

6 - Area, A

Derived parameters of significance are:

1 - Hydraulic depth, y, = A/B
2 - Hydraulic radius, R = A/P
o2 Relationshivs of Circular Channel Section

Each of parameters in section A .l can be expressed

as the ratio of its value at a specific depth to diameter of
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—_—

Figure Cl Definition sketch for parameters of a circular
channel section



the section as follows:

1 - Central angle, 6, defined as,
8 = 2 cos™?t (1L - EX) for 0<O<mw
or D
& =27 - 2 cos 1 (%Z - 1) for T<O<3 T
D
2 - Wetted perimeter, P, defined as
p = Dy
2
3 =~ Surface width, B, defined as
B = Dpsin(&
(5)
4 - Area, A, defined as
2
e D
A = = (8-5inb)

b
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APPENDIX D

FLOW CHARTS AND PROGRAMME OF SIMULATION MODEIL



AREAS

AVL

AVS

CD

CN

Cco

cp

DC

DE

DD

DDT

DIA

DM

DN

DT

DTOL

DX

ED

FS

GR

PROGRAMME VARIABLES

area of circular secment
impervious area of a subwatershed
average length of overland flow
average sldpe of overland flow
free surface width

pipe discharge coefficient
negative characteristic direction
-DT /DX

positive characteristic direction
depth of flow at time T

critical depth

surface detention at equilibrium
increment of surface detention during time interval
depth of flow at time T+DT

pipe diameter

hydraulic depth

normal depth

increment of time

- maximum relative error in depth calculation

increment of distance

pipe discharge exponent

pipe Manning's friction factor

land surface Manning's friction factor

gravitational acceleration



INT
LATP
LATS
MC

MI

NBL
NCOUNT
NJ

NL
NLP
NLS
NOPT
NQP
NP

NT
NTYPE
PIPE
PREC
PRECT

PROPL

QB
QoD

QDT

number

91

of precipitation intervals

lateral pipe inflow number

overland inflow number

backwater profile code

pipe ends connection

number

number

of x intervals

of subwatersheds

iteration counter

number

of junction boxes in a drainage system

total number of lateral inflow points of a pipe

number
number
ontion
number
number

number

of lateral pipe inflow points of a pipe
of overland inflow points of a pipe
code

of hydrograph points

of pipes in a drainage system

of time intervals

input precipitation type code

pipe physical properties

input precipitation

rate of precipitation at specified time interval

land surface physical properties

discharge at time T

base flow

pipe outflow hydrograph

discharge at time T+DT

upstream end inflow hydrograph



QLAT
QP
QS5

SF

10)

TF
THETA
TIME

TQ

vC

vDT

WP

XE

XF
XLAT
XLATP

XLATS

92

lateral inflow hydrograph

peak discharge of QI

overland flow hydrograph

hydraulic radius

friction slope

invert slope

time

final time for simulation

central angle subtended by free surface
precipitation time

hydrograph time

velocity at time T

critical velocity

velocity at time T+DT

velocity head

wetted perimeter

distance along a pipe

computed length of a pipe

total length of a pipe

distance from upstream end of an inflow point
distance from upstream end of a lateral pipe inflow

distance from upstream end of a overland inflow
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MAIN PROGRAMME




Read

Identification

|

Read

Precipitation Data

|

Read

Surface Flow Parameters

of EFach Subwatersheds

|

Read
Ends Connection and Parameters

of Each Pipes

|

Read

Surface Inflow Points

into Each Pipes

|

Read

Lateral Pipes Inflow

into Each Pipes

Generation
of

Junction Incidence Table

|

Read

Options for Output

|
©




Call XCPREC

Call SURFL

Tracing

Surface Inflow Points

|

Added up All Upstream End

Inflow Hydrographs

|

Call SORT

|

Call MAX

|

Call ROUTC

Repeat for all

Lateral Pipes

|

Tracing

Surface Inflow Points

|

Added up All Upstream End

Inflow Hydrographs

Call SORT

Call MAX

Call ROUTC

|

Repeated Sequencially
For All

Main Pipes
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I
[

COus
(0006
cLor
CCay
oLe9
[SHARY
U011l
a1z
C013
CoLl4
¢a15
Lilo
corr
Cold
Guiy
09620
(GRS
U2 d

G223
Qoz4
2025

€026
ceeT
0323
0029
0030
0031
cu32

C
C
c

O OO

lakaksiakais)

0053
Qus4
0035

TTFURIRAN IV G LEVEL

330

92

R
G50
R
I10
91

914

cCooonoao

Gle
G148

923
922

y
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2041 MLk CUUUAVE = 712342 LU/ a/ AN

TTHLS PROSHAM T SYRTERLY 2 /UNOFF CE URBAN WAT eRSHED

CIMERSIDN G2 o) LA
DERURSTON MAelnryqned Fot2C) 2 0iPe (50,61 Pn 3G, PRECTI50)
SIMENSION PRCPLLOC, &), ullEL 50y L5}, 0 LATED,50),95(50,50)
UIMESSTON TI (203 T{B0) g ALATLT) 4 XLAT2LND,5) , XLATS{53,5])

FEADING RUN B EH UH wATERSHAL NAME UPTILN
REALLS 2900 bhadE
FURMATLISAG)

GRITE(SE, 902 NAME .
FURBAT LYY,/ /775K 584, 77)
WRITE( 69 604)

WhiTElo,306)

WIITE(H,yG9C8)

wWRITEL6,%061)

wRITE{L,510)

WEITU(hya06)

AR ITE(0,512)

{oy9Ch}

{49004}

TaTau,ts % * ¥ om % ok A& om E ok oW k% )
$4T40, vy
T, SNIVEASITY OF ALl TdBA w1 )
AR DER LS WoCIVIL CNOIREERING =T)
T, URRAN <UNOPF MuohL =)

PRUCIEITATICN DATA

-

PRECIFEITATISN 6l S
REAo LdMpes G TNTo

VAL, T U PRECIPITATION AND TOTAL TIAE
REACLS 7140 10T HTYPL,TF

FORMAT{215,F5.3)

INT=10T+1

HISTOGRAN DATA INPUT
TIME IN HINGTE AND

TTYPE O IF

PRECIPEITATICN AT ThE TIsk In INCHES
TyPe 1 1f
PRECIDPITANION AT Tri TIME IN INCHES PER HOUR

WRITE(5,516})
WRITE(6,518)

WHATLY 04/ / 4% V45K 0 CIRITATION GATAY, /)
FURMATUY 40 TINE® 362, ' PRECIPITATIGN' 37)
POO10 I=1,IRY
RLAD(Sy92CY TIALL
WRLTE(6,922) TIME
FORMATIZ2FL0.2)
FORMATIFH.0 99X 9F6a2)
CONT IRUE

PrEC(])

1),
(L),PRECLD)

TLAND SURFACE PRYSTCAL PRGPERTIES

p175 conl




G

©

&)

O

O

&

O

FORTRAN Iv G LEVEL  20.1

o6
GOs17

GO33
CU39
[S182:93]

0041

0042
G043
QU4 S
D045
Gl4ao

Q047

QG4
Cuas

GOS0
00b1
0082
0ub 3

G054
0055
DIEY]

TeosT

Qus g

QU559

G060
FIVESRE
J06H2

OO OO0

C

laNeNalaRaRalin]

Nel

[aNeXeHalel

(@]
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TULATE =TrasT T

MATH

TOTAL NUH GFLAND BLOCKS IN THE ARECA
REALTL,920)
926 FURMATLIS)

CATA REQUIREDL FOR EACH 8LOCK
AREA L SGLFT.
AVERAGE LENGTH TO INLLT IN FEET
AVERAGE SLGPE IN FT/FT
MARNING FRICTION FACTOR

WHITE(6,528)
WKITEL 6y 530)
F2d FURMATIY LY/ / /50ty oXy VLAHD SURFACL PHIYSICAL PRIPLATIESY, /)
G3U FURMATIYO Y g VUL IDUR Y 6Ky PARLEAY 0Xy "AVERASEY 3 TXy VAVURAGE ! TX,
TIMAILNIHGY /Y 1! WU P Xy PSR T ot a4 X "LERGTHIFET ) 5%,
2USLUPEY yaX *IRICTICY FACTORY,/) frae

00 20 I=1,N8L

REAU(S,922) (PLOPLlT,ud=144)

WRETE(0,5934) 14 {PRCPLUTsd) ed=144)
932 FORMATIFIOLS 1 0.2,F10.6,F10.5)
933 PURMATLY 14 ,aX P800 4R F 000X 3 FTeD39X1F044)
20 CONTINUE

WRITE(64G38)
DIS FORNAT(N LY/ e VB R PERAINASE NITwianut, //)

FLIPe PROPERTIES AND DRAINAGE HeTwirk
ALAD NUMBER OF P1PES AND SEACKES NUMBEL CF JUNCTIGNS

READ(S,94C) NP gid

WRITELH,G42) GPyNJ
40 FCRMATI215)
S42 FURMATLY V40

1HnUMBLR or J

NUMHEER GF PIPES AND RUALHES® 2 15,5%,
TICNSYy1b)

WRITE(G,5%4)
ARITE(G6,946)
WRITE(6 9481}

944 FURMATLOYCY,SXG T PTPE InCICLNCESY y 35K, 1o 1L PRIPERTIES Y, /)

G40 FURMATLY Py IXe PP IPEY ySX, PSTART g AXK g VO LY YLENGTHY 44K, VDT AAETER?
Ly OXs "PRICTICNY yaX o VSLOPEY 10K POUTHFLDWY)

S43 FURMAT(Y 'y 32Xy " rT Xy VLN g 9K P PACTUORT y 1SXy VON-FFF Y 3 X, YEXPUNENT
I.Y/)

CATA REQUIRED FOR CACH PIPE RLALH
CAONNECTIONS AT START AND BHO IN QIRKECTION OF FLOA
PIPE LENSTH IN FT
PIPE LIAMETER IN THNLHES
PEIPE MAMINING FRICTION FACTOR
PIPE SLOPE W FT/FT
PLIPE CUTFLOW CO-LFFLICIENT
PIPE CUTFLUW EXFONENTIAL

DU 30 1=1,HP
READ(5,959) H101, 1) VI 0T2), (PIPE(L,J),J=1,5)
LE(PIPE{T43).E0.0.) PIPELIT3)=0.013

PLTS 0002



98

B FORTRAN IV 6 LEVEL 20.1 MALS DATE = 72322 15/046/44 P175 GOO3
4
0063 WRETELG 952 1ot l T g 1)y MILT 4205 AP IPEL L, d) 4 J=145)
Q054 395 FUMMAATIZ219,20 12.2,2F10.5,2F10.2)
{0 Co65 F52 FURHMAT(Y 5301446 X) 46l a9X el e 3¥ 20X 4F0Ga8)3200XsFa.23)
0066 L 33 CONTINULD
C
C C LATERAL IMFLOW FRO® OVERLANG LW T BACH PIPE
C
) ocs7 ARITE(6,954)
<:J (063 554 FORMATUTGY 328, PIPEY 59X, 1C B VRUMBER Y 5X, 1l STANCEY 54,
) e LIPIPET 35Xy PRUMBERT 58X, YUISTANCEY 4 /)
B CeHY CC 40 I=hahP
C C
[« FEAD NUMBER O+ OVLRLAND IiFLUw POIRTS
C
( curo RLAD(%,9206) KLS
€Tl ) ) LS{1I=NLS
N core LEiNLSeEL.0) Gu Ta 50
[ cuT3 GRITE(69G50) 1eNLS
CuTa 955 FURMAT(Y *,20153,4X))
L075 Ui 45 J=14N8LS
{ C
C READ TMFLOM PFOINT SUSSER AND DISTANGE FROM LRLET
o
{ LuTs RUADI55953) LATS{1, 00, XLATS{1,4)
0077 SRITE(L,590) LAYS{Id) o XLATS 1y J)
co7y §54 FORMATIISFlu.2)
(2 (crs S$HI FURAATLY 1,19%y15,46%X4F6.0)
PRETV ) 45 CORTINUE
o
C LATERQAL THFLOW FRUM PIPE FLod Td EACH PiPE
C
o
C READ RUMBTK OF PIPE INFLOW PUIATS
o
) 031 53 READ{S54925) HLP
1§ G082 LolD)=nLp
183 TFIRLPLEG.0) 6O T3 40
) G034 WRITEL64957) NLP
O C0d5 957 FURMATIY ' 4,42K,15)
L8886 20 55 J=1,NLP
[
G < KEAD IRFLCH POINT NUMBER M1 DISTANGE FROM INLET
"
: READ(5,4953) LATP(I,J)yXLATPUT,d)
i ARITL G,y 901 LATELL o J) o XLATP (1,4}
G611 FURMAT(Y ¥, 52X, 1%,0X,F6.0)
) TUSETCONTINIE T T o
43 CONTINUE
‘ C GENERATICK JF JUNCTION INCIUENCE TABLE
& C
6092 L0 60 J=14Rd
U093 TR TG0
094 U 60 =144
c095 JE{d,y) =0
] OVERY 63 CONTIWUE
J o037 33 TG PE1enp
BER Al L) .
@
G

nh54
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- FORTRAN 1V G 2041 Al DaTL = 72322 15/0474% PLT5 0004
G0%9 IFIJ.EQ.CY) 00 Ta 65
0109 NPTJILY=hPTL) +1
9101 K=RPTI0d)
3192 STy =
0193 65 J=V1(1,2)
0194 LF{J.E2.0) GO To 70
U103 NPTJ(IY=hPIJLd) +1
) 0106 KehP1d(d)
G 0197 JitdR)=H
0198 70 CONTINUE
) c1u9 WITL(6,502)
- 0110 RITELSy $34)
JLil 962 MATLO Oy 8%, P UUNCTECON 30XES IRCIIEREES TABLEY //)
- o112 964 FURMATIS 0y 3% gV JUNCTLUNY g5 VTUTALY 104, P PLIPE NUMRLRY 4 /)
& Ulis i) B0 1=1,i4d
) 0Oli4 WRTTI (66560 1aWPESLII, (3101, d) yd=L,4)
N 0115 F6O FURRMATIY 13X, 149,6K,15,0%y415)
& 0116 B0 CLNTINUE
o117 W ITE(6ySHY)
5118 563 FURMATIIC! o5, "HUTE +VE FOR FLOG INTS THE JURCTIING 4/,
(] 1 T, 5K, =YL Fid FLGW DJ1 x4 THe JUNCTIDNY)
C
C OPTIGRS FUs GUTPLT
(. o
0119 REALLS,ST3) LeaPTLT) 021,21
0120 - STO FORMATI315)
C
] C COPUTL L XD EATL OF PRECIPITATIC: FUR TdHE RUN
H C
P 0121 CALL XCPRuCUPntCy T InDy INT s TYPE y THpPRLCT Ty 3T 5, 00R)
C
" COMPUTE OVERLAND FLOW T £4CH IHNLET POINT
F0 C
i 0122 CALL SURFLINUPT s PxECT yPRACEL, Ty TSy il g Py 483
o
O C KOUTING 1IN PRIVARY LATERAL PIPES
¢
0123 PISRCTOS S
G 0124 IEIHI{L 1o anEa0) GO T2 90
C -
i C INITIALISE INFLO= N
O c
0125 CU U5 K=1,00F
. 0126 QI(K)=0.
[ o127 95 CONTIUE
C
. B c CTRACENS LATLRAL DaeLoWS el SURFALL TFLUIRS
& o
0128 =0
0129 NLS=LS(T}
o 0130 80100 J=1,0LS
0131 NGL=LATS L1, d)
. 0132 ) CUXLT=XLATS(L 4 3)
& 0123 LRAALTLECL 0. ) G TO 1C5S
0134 NL=HL*L
B 0135 XLAT(NLY=xLT
O 0135 0O 110 K=1,H0P
0137 GLAT(NL ¢RI =2S(NGL,K)
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FURTRAN IV G LEVEL CARIN THATE = 7252277 15/C4rqe PIT5 €005

01358 110 CONTINUE
U159 G 11 10C
4 0140 105 D 115 KsE1,NGP
o1Al e U STIRY=ALLRIFCS INCL K o
0142 115 CONTINUE
@ 01473 100 CONTINUE
Ol4a4 CALL SORTIGLATyXLAT3AL,NGP)
) 0145 CALL MAXUJL o NGP,CP)
( Olao CALL ROUTCHUPIPE s s Gl yuLAT g TRaXLAT g 2Ly T4y NPy W)
Sl4a7. 93 CONTIHUE
o
C c ROUTING IN 4ALN PIPE NETHORK
o
0143 00 120 1=1shd
(5 C
C IRITIALISE INFLOW i
C
(3 0149 D 125 K=l aNEP
0154 A1LKI=0.
0151 125 COCNTINUE
{ o
o TRACING ALL LNFLOW PIPES INTS FHE JudCTIaw
o
L ) c152 JE=RP 1]
0153 0O 130 J=1,4P
0154 LEGUE(]433).LT.0) GU Tu 138
(: 0155 In=ditl,4)
C . .
C ALUING EACH IRPLOWS TQ INFLUwW INTa JUNCTICH
C
Ciun DU 140 K=14002
0157 QLR =0 (& +0D{ T, K]
6158 140 CONTINUE
J159 G TO 130
] 0169 135 AQUP==~Jdi(1,J)
& 0161 139 CUNTIRUE
C
¢ TRACING 1FLGH FRIA LATLRAL FLIPES
O c
' W02 A0
) 0153 NLP=LF(NTP)
(: 0164 IF{RLPLEC.O)Y) G TO 170
0165 01 150 J=1,NLP
) 0166 XLT=XLATE(NGD 4 J)
C Q167 NAL=LATPR (0P 4 J)
Slvd U MFUXLTGEGC.U.) GO TO 155
0169 . XLAT (ALY =%LT
O o170 NL=NL+1
2171 S Lo K=) 4 NOP
0172 GLATINL ¢ K)=QDUNEL K )
O 0173 160 CONTINUE
0174 5 TU 15¢C )
0175 TS5 WRITE6, 6721 RaL
(@] OLT% ST2 FORMAT{YG ' PIPE NUMBERY 415, /4% 7,
LPCRROR TR LATERAL COANECTICN DISTANCE?,/)
- sy sTOP
(@] 3173 150 CONTINUE
e
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T RAN IV 6 LEVEL  Zu.d Aty OATE = 72322 15704744 PLT5 DUUG
] .
o TRACING LATERAL FLCWS FROM SURFACE FLUW
< CLrY 170 NLS=LS{NCP)
0189 IF{NLS.ELLD) 6J TO 200
0131 0 183 J=1,4LS
¥ 132 XLT=XLATS{NUP , J)
2133 NOL=LATS (NUP,J)
0lad4 [F{XLTeEwaGo) GU TO 185
& c135 NL=KL+1
9136 XLAT{RL)=XLT
) 137 D190 K=lyHup
& ¢1i3 GLATLRL s £ =15 LA 4 K)
5139 193 TLIRUE
i c190 GJ TO 180
@ 0191 35 K=1,NGP
0132 ITIKI£LS{NSLLK)
] 0193 195 CONTINUE
(3 0134 1870 CONTINUE
0195 CALL SURTCQLAT 3 XLAT ¢NL,RCP)
0196 233 CALL AAX(QL,0uP,0P)
(. o197 PEdMIINOP,2) W£0.0) REPT(L)=1
G133 CALL RUUTCIPIPE Uty 0 yWEAT s T s XLATy 1Ly 102 3 1dP 4 22)
R ] 120 COnTinUG
. n2u0 sTnp
0201 EHD
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Specified Time Interval

Is
Conversion Into
Precipitation Data No
Rate of Precipitation
In

Correct Form

Yes

Generation
of
Rate of Precipitation

at Specified Intervals

Generation of Zero Rate of

Precipitation for Exceeded Time

Return
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Initialised

DS,QL,QS

Increment of time

l Repeat for all Time

Computes

bD,DN,D,DE,QL,QS

|

Is

Option Excercised

Yes

No

Hydrograph

of

Surface Flow

Return

Repeat for all Subwatersheds



O

49
001N
0011
0D} 2
0013
[N R
Culs
Ldlo
017
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SN
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D022
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Ld24
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Q024
cu2i
cu23
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[SVETY]

0031
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0034
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0037
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[aEalel

[aEaXel
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FUKTRAN IV G LEVEL 20.1 SRt L DATE = 72322 15704 /44
0001 SUBRIUTING SURFLIRIPT s PRECT s PROPL, TUsUTS il 9N 37 S}

THiS SUURDUTING T3 COMPUTE OVEFLAND FLUw d8Y 2=0 APDPHOAIMATIUN

JEMENSIIN QS (50,538) o PRECTISD) 3 TOI50) s PRIPLISD 4 4) 4 NUPT{5)
20010 I=lyhbL
ALAS=PROPLEL 1}

CLEPRECT (I #AvL» DTS /720,
CA= SOmLFELYSHE0.
U= (RS HINI/ 2.

LT eS)as0eas{AVLE%] .0 ) ) /LAVS

903184 (PR
ITr{ue.LTe0) OF
Y={o/ AL IR (L adeftons{{/k ) x=3)
PPy hra (O/AVLY ) Y=D/AVL
PRiYaGea{oE/AVL)) Y=L /AVL

Q=01 a2 G/ Sy FAVSERG, s { Y], anT}
TAS/TAVL

A=

Lo=Uhk
CSUI,dI=GLFAVY
CONT IhUE

CruCK OpT i IF GuivuTl 1S <iguleED

WOPTL2YLEC.OY LGOTE L

I

IV oaRbEASs AVLAVS

E64 9300 }

AT/ /v Oy S0, TLAND DLUOK SNUW 05,7}

FURMATLS Py 10X VAREAT Y g LUX FE LU 4Xy P30 FT Wy /7y
T lUX ey PAVERASE LENGTHIY yF¥300,4X ' T4, /,
YalOXy PAVEHAGE SLUPLI Ty 3XsFHane /)

FORAATIY P 0n s VT IME Y, UX YIS CHARGE 5/
FaAX gV LMINGY TS 10N, Y ICES) )

30 J=1.Nep

ITE(GeS40) TOld)+0SL4d)

AT (4X 160 18Xy FT742)

CUNTINUE

CUNTINYE

RETURN

Eh )
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FLOW CHART AND PROGRAMME
OF

SUBROUTINE MAX



Initialised

QP

|

Yes

Is

QP > QI(I)

No

QP<+QI (I)

Return

Repeat for all I
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[S1eRv i
LU03
yds
DUaush

“oo

AN IV G LeviL  e0.1 T MAX LATE

SUBRCUTING WALy NG, L)

THES SuBnuUTine T SURT GUT THL saxidan

MEASLION QI{5D)
witld
SOLO 1=2,m9P
TifurauELITI0L)) G TU Lo
=i}
1J CunTiodt

2 TR

oy

IMELOW

15/G4/44
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FLOW CHART AND PROGRAMME
OF

SUBROUTINE SORT



Yes

¥

XTEMP <« XLAT (I)

QTEMP (K) < QLAT (I,K)

( xmEMp > xiaT(3-1) )

No

i

XLAT (J) <« XLAT(J-1)

QLAT (J,K) <« QLAT(J-1,K)

\
J <« J-1 Yes
i
J =1
\ No
< XTEMP < XLAT(J-1) >*—“_
No

XLAT (J) <« XTEMP

QLAT (J,K) <« QTEMP (K)

Increment I

Return

112

Repeat for all I



FuRTRAy

401

tuo2
[MEAE]
[RESIA
CLas
LLJD
CusT
[SRoR)
Cey
2010
0Ll
9012
oL
GOl4
(Cls
Q016
Govr?
G018
{91y
ause
3021
0922
GUZ3

lsEaNeNel

20.1 Sul OATE = 72322 15704 /44

ST UCLAT o XLEAT e XL o NGP)

TG REAKZANST LATERAL FLOW IN DRDER
Ik T

JEPENSION SL AT U550 0TLMP{E0) , ALAT( )
Sl 1Y I=24HL0
J=1
ATEAR=XLAT{T)

£015 K=leniP
AP (K)=0Latilyn}
CONT L Hug

PraToPa S0 a¥LaTid=13) 56 T8 19
ALATUI)=XLATLG-1)
DU 25 K=lyphabk

AT LY, )= AT d-1,4K)

CHTINJE

J=d-1

IF(J.t2.1) G T 3¢
TRAXTEHP L LT X LAY A1) ) GO TG 20
AKLATL ) =XTEAP

D335 K=l P
AT Sy} = TP (K]
NTERUE
STIaue




FLOW CHART AND PROGRAMME

or

SUBROUTINE ROUTC



Specified Values

DTOL,GR

|

Identified

Pipe Parameters

|

Computation

of

Number of Intervals

|

Computation
of

Distance Increment

|

Computation

of

Time Increment

|

Initialised

DMAX , OMAX , VMAX

Computation
of

Initial Conditions

From Specified Depths

l

Added Initial Flow to

Upstream Inflow Hyvdrograph

|

©
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Repeat for all time

Increment Time

|

Call BOUND1

Increment Distance

Is
There a Lateral

Inflows

Yes

Call BOUND

Call BOUNDI

No

Call cCoMP

Repeat for all Distance

Call BOUNDZ2

Call OUTF

Is
Options

Exercised

Yes
Requiredggifgﬁii)
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PL75 GO0t

.1 T RUUTE CATE =

CUEDATREN 1V G Livel %
5001 SUBRUJTING RUUTCIPIPE, G001y QLAT, 1Dy XLAT y NL y NOP yNOP 20 )

THIS SUBHOUTINE TO PERFORM ROUTING I CERCULAR CHAkEL SECTIUN
BY METHGE OF CHARACTERISTICS

[aEaNaNel

& 0¢a2 COMIOR/CIR/DEPTH ST A ArBeH s Re THETA s & P/COF/0D5VV e ads AL, AD AL 80,30
(003 COMMON/ FLUNR/CE 2D a0y Ve Xy 0T V0T, 00Ty Ty uT/FLSIO/OTUL, Fa6R, 50
R Coug COMMUN/ MAX T/ DMAX 3 QAN g VAAN, TOMAK, T AKX, TVMAX ]
& CLos CIMERSIIN DSOSy tBT(S0) , LRAXLSD) 300 (500 ¢ 40PT(5) ,PIPE (50,51, 01 50) i
L6 DIMENSIOH Q01529 50) 3 UDTLSC) 20T 150) s HATIS, 500y DHAXIB0Y 23 (50)
. oot DIMERSTICN TLMAX{90) 3 TAU50) y TUHAXISD )y TVAAKIS O} s VIS0 1y vUTL5U)
[ Leos SEHERSTON VMAX{SG) s V(50 4 X150 4 XLAT(2)
RG] DT0L=0.00G05
910 CE=324175
G C
sory 1sHUP
X D012 AF=PIPE(1,41)
e LoL3 SIASPIPELL,23/12.
0014 F=PIPE(I,3)
. Co1S SC=PIPELT4)
[ Coln CO=PIPEtT,5)
COL7 ) C ED=EPIPLLL6)
C
C C SPECITIED IniTIAL DEPTH
o
(013 L0=0.01%0 1A
C
i C CONVERSICHN OF TIME INTLRVAL INT) SECUND
{ o
L9 30010 Isi,NeP
G020 Pt i=Tul 1) %00,
J021 1) CONTINUE
o
o COMPUTATION OF INTERVAL
o
D522 KTEMP=20,
G023 N=XF/XTEMP+]
] G924 TF(H.GE.4C) 1=40
[ cnes Wl=n+l
, [o
) B c CCMPUTATICH JF DISTANCE INTERVAL ’
{ C
26 IF{CD) 22,30,20
) en21 20 AC=1
1 ce2a X%=0.
0929 ] COUT=(IR/C0) 551 /ED)
- TRET G116 au
& Gu3l 30 MC=p
C32 AX=4 o 5HELD
) 033 LOLT=0D
& 0034 49 XE=XE-XX
0035  CX=XE/N
- .
& C COMPUTATION UF TIML INCREAENT OT
C
336 CALL CCRITICP,D0)
& 00337 NEPTH=0C
co3s CALL CIRCLE
o
e




FORTR:

39
0U40
U4l

|
bl

KEUTC UATE = 72322 1H/704/7 44
>

VE=UR/A
CEPTH=0,82%U1A
catt CIRCLE

OTMAAZOX/ AV FSRT(GR*A/B) )

ST=DTAALED5
CC==DT/DX
NE=YQIRUP)I/DT+L,

_LLors

c ;
C SHITATLISE MaXIMUM QUANTITIES i
G50 I=1,H1
DMAX{I)=C.
CO44d GAAX(T)=C.
Cas VMAXTTI=0.
Q359 530 115Uk
C COMPUTATION OF INITLIAL CUNDITIGN FrRI4 SPECIFIED DEPTH
C
DEPTH=LD
CALL CIRCLE
VVE{laaLa/FYsSans S3ids{2./3.)
GBEVVEA
RA=0a
D060 T=1,H1
8{1}y=0D
vil)=vv
Aly=s
AI)=xx
AR=AXEIX
0362 60 CONT IWUE
c
C ADC ARTIFICIAL BASEFLCY TC INFLOW HYUROJGIRAPAH
0C63 DU 70 L=1.00P
Loob4 A11)=Q10T+0B .
0265 70 CONTINUE
C
[ COtAENCE HUUTEIRG CUMPUTATION
C
Cuno CIN=U3
0967 TeTatn
VU633 CULLY=D(AL)
CUs3 vo{l)=viNL)
[EVFRY] NIRRT S|
Q071 =2
0072 £0 80 J=2,4KT
0375 o T=Teot
C
C COMPYUTATICN GF VELUCITY AND CEPIH FOR THE INLET AT TiHe T
QU4 ALL BCURDLILCTy TR J o NGRS CIND
COMPUTATICN GF VELOCITY AND CEPTr AT TiME T
aors 00 90 I[=2.H
U316 IF{NL.Ewae D) GO T 100
Car7 £ 95 K=1,NL
CGoT3 IFAXOL LT e XLAT U G ANDLXLATIR) WL TaX{I#1) ) GO Tu 102

If(K{i),GT,XLAT}K).ANU.XLAT(K);beX}ﬁfL[) 63 Ty lus
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119

T FURTRAN 1V G LEV RLUTC UATE = 72324 15/04/44 PLTS 0003
G *
o080 - 95 CONT 1NJE
¢33t 100 CALL Co#P(l)
G €032 6o T 99
o33 102 CALL 3CUnS(L)
o034 G2 TU 90
& 0U35 195 CALL 30URSLIGCLAT,T:2aJsNCPy 14K}
3086 919 CONTENUE
o
@ c COHYPUTATICN OF VELCCITY ANE DEPTH FOR THL OUTLLT AT TIME T
o :
GuB7 CALL BOUNC2(CD, EDsMCehyN1)
e
O C
0034 CALL SUTECTaRLyNGPyH gty ule Vi)
o
G C RECEFINED CUANTITIES FORTHE NEXT Tife INGREWENT
c
N cCcu9 £ 11C I=1,81
> 690 i
€Ul CHLI=00THD)
92 ViI)=vOT (1}
{ 093 119 CONTINUE
C094 8 CONTIRUE
CuU9s C 120 K=lyNCP
{ 096 COLHDP K I =0 {KY =i
GUv 7 120 COnTIRUE
C
( C CHECR SPTYSY FOK CULTFLCW 0JTPUT
o
coie TFOEPTLL L EGG0) GU TO 140
Cus9 WRITECO,530) NOP
0100 50 FURMATLY 2o/ /04t 4 tPIPE RUME
01Ul SUITEL6,520) XFyD1ASCaNL
0iv2 G209 FORMATEY Gt LUK PLENGTI ¢ IR T 6utiy 9K YFT9 4/,
1 COr LUKy ETERT 4 IX 3T 629K 1 FT 14/,
2 fON LUK TAVERAGE SLUPEY y 3KsFbabe/,
3 1 aX e P OF LATFRAL ITNFLOW POINTSY 144 /7)
0103 WA ITELG930)
) 0104 330 FORMATIV % 204, POUTFLCH o/ 1138 2% CT D01, 06Xy POER T y 4 X, WVELOCTITY Y,
(o V2K VUISCHARSE p /gt 0y 23Xy tMI N Yy TX g PFT VX VEPS 48X, P CFS Y, /)
U105 CO 130 I=1,04P
) JL06 T =TI /60,
- o107 ARLTLLS,9%0) T L), 0001, Vul1) 2ol
0108 540 FORMATIY 932X,4(t0.244K))
U109 130
& 6110 1=N1
O1Ll AlTE0,950)
) J112 ARITE(6y5950) i
( 0113 WAL T 0B STUY TUUARCTD p2%aX (1) y TVAAXCT) s VAAKC T TRHAX (1) ¢ 24AK(T)
Oll4 959 i TUUO 20K PHAXTAUA SUTRLOWY 4 /)
. 0115 GoG FORMETLY 13X P TIAEY 43X, P 0EP Tt 45X,
O EPTISE 3% PVELOCITY 18X VT IHET 3 SX TOISTHARGE o/ 0t 133K, ' ALt 44X,
) 2UFTY g TR V2N g X, TFPSE BX P ML 5Ky TEFST,/)
. o116 TGS FORMATEY Uy 2N F0a 2 X1 F5e204XaF 542y 2ReF W20 Fha2y 3K, F642)
e C
c MAXEMLY QUANTITIES CLTPUT AT SPECIFIED DISTANCE INTERVAL
o
G o CHECK FOR QUTPUT CPTION
<.
C




FUsTRAN IV G LEVEL 20.1 AOUTC SATE =

&

)

s

140 IXC=80PT{2)
PE{IX3.60.0) RyTuRkN
AR1TELA,530)

. w1 TE(0,4%35)
SE3 FURMATLY ' 20X 5akbigy? DEBTas, vELGCITIES AN)

535 Hi

PAIVELUCTTY g Sne P T VO 3%, 101 AnS L
PR LIPS S BE LIPS LAY 5 SPRLEE S I UL EFESS S 51471}

200150 I=14N

[0S =1-{ 1 /71X0) 1 X3
PEUInNEe S ady v Tu 150
ax il dhy:

TR BRI AN I PP PR o

o

[ igy

ARGy By v IS T ANC O By tT Tty 3R, Y0P, 3,1 T
T

PR DAL E B IR B AL

) AL Tevak T )y AR ULy TV AU y VAKX LT ), TP

SRAEETHE P IR SL PR TS PN S P



FLOW CHART AND PROGRAMME
OF

SUBROUTINE BOUNDL
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Call INFLOW

Call CIRCLE

/
Compute

negative characteristics

|

Linear interpolation

for depth and velocity

Call DCRIT

to compute critical depth

Call COEFF¥

Call CIRCLE

Compute

depth and velocity

by

Newton Raphson iteration

|




&~

TFORTRAN

Coel

Clur
CLo3
(SRS
[S192935)
GOUO

oot

GO0B
o9
G010

001t
[S26 0 4
0013

U2 4
D0CH
Cuz2e
[Gei)
(028
N2
030
QU3 1
0052
U033

C0s0
0041
0042
G043
0044
Q0ab

IV G LEVEL

[aRaNe]

[aKel

[aRaNel

oo

30

v

2.1 C B0uNDl UATE = 72322 15704/ 44
SUBEAUTING 3LI5DI{IT e Ty dehd@ 31 1)
THIS SUBROJTIWG YU COMPUTE UPSTREAM SUUNIARY ConglTI0W

CUMHMC W FL A/ S a2y Sa Ve Xy DT W Ty DT, T 0T /ELUD/ ITOUF yory S
CRACAR/DEP T g D Ay g e D4 Ry VHET A wP/COF/ /UL VY g A3 A0y AT AR 30,30
RARTLCEA Ky JHAR VAR TEAAK y T, T AX

DEIMLNS IO DUHU 00T IO g0 AAXE32 s S000) y 30T 080, (1090, 1 iaX5U)

ROT IR TotAZ(H0)y T5l50) s Twadloo) s TYHAXISD) W20y vaT (50}

SICHN VHAX(SG) s XTH0H ’

CALL IRFLIRTGLy T2, Ty RaPy JIN)
DEOTH=D(1)
CaLt CIRCLE

NEGATIVE CHARALTERISTIC
CRN=1/7{VIL)=SQRTIoR*4/8) )
TF(CH) 10420,30 o
Un=LG/CN

LINGAR IHTERPCLATICN

LeSsL YR (L e - {2 FUN
VSEV LR+ UNI=V2) %Y
GU T 40

X5=X01)

Cs=L(1)

S=v(1)

T4 40

. A B

CrLl BORITLGG,0C)
BP=CC

GC 10 70

wi=u{l}

vv=y{1)

CALL CUOLEF
FCh=ACHCKh-BC

GCH=AR

HEC RN T=G0NEVS ) S FLY
N/FCN

CP1=C(1)
NCOUNT =0
RU=Z2¥EPL/DIA-T.

UEPTH=0P]

Catl CIRCLE

FLPL=0PI-ASMALL-{3SVALL/AY

FOPLP =14 (RSMALL /A% 2 )2 (L0 A (L a—CO0 (THETAY ) 72,331 /50RT(La=RiiE®2
10

NEWTIN RAPHSUL TTERATION

CP2=0Pe—FOPL/FUPLP
SEL=A3SULLP2-uPL1)/0P21)
TH(DEL.LTLDTCL) GG TO 60
OP1=ABSTIBPL+0P2)/2.1}
NCOUNT=NCUUNT +1
PEORCOUNTLLEL20) G2 To 50
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G

%

o

&

o
L

o
A

e
0564

FORTRAN IV G

Q046
(047
G048

[
Q050
0051
v 2

JOs3
Q054
10300}
Udso
UosT
o588
0059

QUOO
Cool
002
0063
QG6 4
Chos
00456
Qun7
C0bL3
C0n%
GaT0

>

LLVEL

[aN el el

OO

510

6y
[

930

80

110

20.1 BEUNDT GATE = 723227 15/04/44

v

ARITE(6,910)

FURMATL Pyt UPSTREAY BCUNDARY CONCTITICHK DOES WNOT COnNVEIRGLY)
sSTae
By DF REHTCKN QAPHSON

oP=pp2
LFDPLLE (D, 8250TA) )
ARITE(64,50G) XUI1),T

FURMAT(S Yyt PLida IS

GG TN 849

FULL AT X ='4FT.2, % rTH,3X, % 7

1P SECGNDY)

STGP i
CEPTH=DP {
CALL CIRCLE

VP=LTNS A

DLTC1Y=DP

VOT{Li=vD

COTLL)=0IN
BAXTMUM DLPTH,VELCCETY y TESCHARGE ANG THE IR ASSOUIATED TISLS

LEOALLTOL) oL 0HAX(L) ) G0 T4 90

JHAXILY=00T(1)

TOMAYILY=T/60.

IF (VETOI alhaviEaxil)) 63 Ty

VMAXLL)I=VETLL)

TVMAX(L)}=T/0C.

e (Qulll)elbadMAaxeL)) GO 70 110

GHAX(1)Y=00T (L)

ToMmAX{1Y=T/00.

RETURN

END

124
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FLOW CHART AND PROGRAMME
OF

SUBROUTINE COMP
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Call COEFF

Call CIRCLE

Compute
positive and negative

characteristics

Linear interpolation

Compute
velocity and depth

at end of time interval

Return




[Wsen]

G302
Cou3
0004
oues
oo

(SR =R akake
R
iy E

OOy

GOL3
3014
JJlH

028
(32
G030
{351
D032

SEY]

J334
2235
3336
cosT

2213

IR aNel

laEaNeNel

[aNeaNel

[aReEel

FORTRAN IV 6 LEVEL

990
L' SECCNL']

1¢

)

127

T20.1 CLup ' LATL = 72222 Lo/04/44 PI TS
SUBKOUTINRE CEMP (L)
THIS SUBRUUTING TO COVPUTE DEPTH AND VOLOCITY AT fuw oF TIME INTERVALS

CCARMCRN/CIR/Der TH s ST A A Sy UNy Ry THETALHP/COF/0N, YV A8, AC AD AE, BC, 30
IMBUNZELOW/C 2 a2 eV Xy LOT o VOT QUTy THDT/FLOWI/DTIOL s F g 51 4 503
FURZHMAKT/CAAK y W MAX s VHAX y TUPAX 3 TOHAX,, TVHAX

UIMLASION DUSUY LT IH0) s BHAX DY)y L50) 4 20TIHU) $ AMAXL B0 ), TDHAX{50)
CIMERNSICH TOMAXLLH0) » TVHAXIHU ) VIBO) g VBT I50) s VHAX(SU ) X {500

CUMPUTATION G VLLCCITY ANQ DEPTH AT TIWE T+oT BY KWIW1NG THE j
VELUCTTY ANO DLPTH AT Twg TINE ¥ !

cb=0(1)
VV=viI)
Calb CCCFF
DEPTH=D(1)
CaLt CIRCLE
PUSITIVE CHARACTERISTIC
CP=1a/{VIL)+SRT{GR*A/E))
MEGATIVE CHARACTERISTIC
CAS1 o/ VILI-LSRRTICGR=A/E))
uv=Ccu/cp
UR=(C/CN

LINEAR IHTERPCLATION

CREC{I) & {latiPi=001-1)5UP
VeV sl la v P =V {i~1}=yUp
US=U )% e vt =0 (1+1)%Un
VE=VIIIF{aviN)—v{]+])*UN

FCPAOR+AGLUPHVR-SCPIDT/CP
TON=TONFSS+0CN*VS-SCNHOT/CN

VELUCITY AND QEPTA AT £i OF T4 InTERVAL

VP (FOPHTEN=FUNSTCRYZ (TP ~FURESCP)
EPsLTCPEGON=TLARGLP )/ CFOPRGT N1 CRAGCP)
TFLEPLLEL(0L22%UTAY) GC T2 10

WRETELS 9000 X(1),T

FORMATLS * o FLOw 1S FULL AT X =V F142:0  F19,3%,% T =9,§6.0,

STOP
DEFTH=UP
CALL CIRCLE
QT LLI=A%VP
COTCE =08
VOT (1) =y

[A28102 1



HAN

Cu3d9
CU%0
Chal
Q0% 2
0043
Co4 4
DO
0040
[V
438
0L49

c
C
C

IV 6 LEVEL

393

44

20.1 cevp

MAXTMUY SOPTH, VELUCTITY 0l SCHARGE
fF (CCTO1d.Le.omax{l)) 6O T3 20
SMAL(I)=LoT (1)

To¥AX{i¥=1/60.

PFoveT 01 G LEGVHAXET)) GO TO 23D
VAAX(1)Y=VDTL)

TYWYAR(I) =T /00,

iF et aLE
SHAXLII=U0TLL)
TCrALLLI=T/760,
Rz TURN

END

LJd TO 40

N

AN

~
i

Tk I=

ASSTCIATLD

1b/ua/44

Tines
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FLOW CHART AND PROGRAMME
OF

SUBROUTINE BOUND2



Call CIRCLE

|

Compute

positive characteristics

|

Linear interpolation

for depth and velocity

Call

COEFF

Call

CIRCLE

Compute

depth and velocity

by

Newton Raphson iteration

Return

130
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/ CUURCRTRAR 1V 6 Leved oLl BUUND2 SATL = 72322 15704744 2175 D01
0G0l Sut \'-UTI,{L G200ty MCpiNgNL )
E THIS SUBRUGTINE 17 CCHPITE DOWNSTREAY BUUNDARY ConulTio4
oz ¢ CCCUHINC LA/ OEPTr S LA Ay a D%y Ky THETA y dl/CUF /00 Vi s AB 1 AC S ALy AE + 5 30

2003 CUMMCNIFLCH/ LD gl 2oV e X LUT o VT, 00Ty TH0T/F L A/ OV ULy F By S0

0004 CUMMOUN/MAX T/ SHAX g UMAX  VAAY s TU AKX s TAMAK s TVHAK
. Cous DLATRS LGt D450 3 LTLH0) s DHAXLS0 )y SU50) ,00TI501 ¢ AN SU )y TU4AXL50)
(; G006 SEMERSTON TUHAXIS0) s TVAAXIHG Iy VIS00 s Vol (501 g VAKX (500 324150}
c ;
cuct UEPTH=C{N])
( 003 CALL CIRCLE
C
C POSITIVE CHARACTERLISTIC
& C
__ougy CP=1aZ{VIRLI ST (GReA/3) ) .
) 0010 LP=Co/sCp
& C
C LINEA® INTERPOLATICON
o
G011 CR=EUANL) #(1e U2 ) =D {1} 2P
0212 ‘ L VRSVLNLIEL L HUP )~V IN) P
0013 LO=CNL)
(. 0014 VV=VND)
Cols CALL CUEFF
GO FLP=ACKCP-60
( coLT GLP=A3
’ (018 e SCPEASECP
GO19 CSHALLEOR=(SCPHCPTHOT-G0PEVR) JFOP
0020 i ALL==GUP/ LY
0021 CP1=B{ND)
0%:02 NCGUNT=0
D023 LD REO=DNPL#2./DIA-1.
0024 e DEPTH=LP
. 0025 CALL CI®cLE
'S D026 GU T3 {20,300, 4C
02T 20 FusCLEpe
€028 bUi=Co*l F{0E=1.)
(@] c029 U=FD/4
0039 ) FLPI=3P1-0SHALL=NSHALLRU
) 0031 TRETAZ=THETA/Z,
[ 0032 CALUS(DIA/ 2151 a=COSITHETA) )50 L /SARTL amip2) )
0023 SUBL=LA*FOL) = (FO¥DADD) ) /L A% A)
0034 CloTU 40
(. 0035 30 U=SURTIGR*A/B) .
L8356 FLPI=OPLI-CSHALL-DSMALL Y
. GO37 THeTAZ=THeTA/ 2,
(s [IDEY:! PLUBUS 2070 AN 0L /S ORT UL e iR 223 )3 L Lu 20 ) 3 AL LA 25 () o =L S { FL TA L) )
L7635 )= (A% LUIA/ 2 ) =CuSETHAT AR ) /6% 2) )
_ 0039 40 FOPLP=1.=0SHALL¥OUDD
G c
_c NEWTON RAPHSUN ITERATICH
o
g €040 LP2=DRL-FuP1/FDPLP
0041 DLL=ARSLLCP2=0P1) /0P2)
0042 O IF(DELLLELDTGLY GO TA S0
& 0643 ’ DPL1=A3SI{APL+DP2)/2.)
0044 NCUUNT=RCOUNT +1

o

Q
1 W A



G

—

FORTRAN 1V G

G345
Gosh
0Ga7
C438

0249
G359
451
Q0H2

€053
(GH4a

0055
QU510
DOH7T
3058
059

G061

G062
0253
COn4
Uies
[T
Gl
008
U6
G790
CoTl
Lor2
U073

[aEa)

OO0

51

IU

120

LEVEL 2001 3Cunbz ATt = 12he2l B TV TPy

R{uCoUNT.LEL2D) GU TU 10

WRITELL,910)

FORMATEY 4, v RS TREANM SCUNIARY CONDITION GORS NOT COVEGET)
STUP

ERD OF ITERATIEN

JERPTH=RPZ )
TRFLOEPTHLLE D 82%D1AY) 56 TO 60

WRITELG,y9C0) X1V, T :

FURMATOY 1, v LW 1S FULL AT X =18 7.2,¢ FT, 3%, Tzt ko0
it SECOHG)
sSTee

CALL CIRCLE
LOTLHL Y =lekid
G T (70,6004
QUTIHLY=CODEPTHERED
VUTOivi ) =un
Gy TG 99
VuTINL)=3QRT{GR*A/3])
GOT{NLY=vOTINLIYA

MAXTHUY SoPTH,VELOCHTY U SCHARLE AND

1=nh1

HEOnoT ) oLl ax{r)y GO To 160
DHAXLE)Y=0DT (1)

TUHAXLLI=T/60.

LE AVoTil)eLeovsaXiil) o0 70 110
YHAX () =vaT L)

TVIIAX (1} =T/ 00,

sl ()bt eymaxtiyy 50 TU 120
JHAXE) =00t

TAYAXL1)=T/60,

HETURY

EHD
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FLOW CHART AND PROGRAMME

or

SUBROUTINE BOUND
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Call CIRCLE

|

Compute

Positive Characteristics

Linear Interpolation

for

Depths and velocities

Call COEFF

Call CIRCLE

]

Compute
Depth and Velocity
by

Newton Ralphson Iteration

Return
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ST FOATRAN IV G LEVEL 2041 BCUNG ' CRTE = rase2r 157047 %4 PLTS 9021
ol SUBROUTIRE BOUNDLLY

o ;
C
. C

18 02 COMACI/CIR/DEPTH s DT Ay ity
{323 .

THIS SUBRDUTINE TO CuMPUTE SUPTHS, VELOCITIES AND ODISCHARGE
JUST UPSTREAM FRUA LATE<SAL JURNCTION

P OMg Ry THETA P WE/COE/ 9D, VY s Al AC s A AE3C, 8D
ST Ve Ty 20Ty Te i/ FLUL I/ DTOL F e 58 59

LW PLCL/CU e e GV 2y

R {04% U/ PARL SMAXR Y UR AKXy VAL g TUMAK y TIMAX, TVHAX
() onas 5100 {50y dT{B0) yOMAXILHU Yy CUS0 ) 2075 ¢ 3MAA(H), TDHAX(5D)
0050 10N TWAXESU) p TVHAX (S0 VIS T) s VOTIE0) s VAALIBO) X L50)
CasT SEPTR=C11]
o8 CaLL CIRcLe
o
- C PCSITIVE CHARACTERISTIC
Is
L C
CLIg 01/ (VLI FSURT LORFA/B))
) 001D LPsLG/Ce
@ o
9 LINEAR TNTERPULATICN
) C
(. SULL s d P —u{I-1)5UP
VLI H{latuP )V {I-1)%P
} SOEIE 8]
L vvEv{l)
CALL CUEFF
) P=ACHCP-BC
o
PSP ECPE LTSGR EYR Y/ FCP
CSHALLE=LLoT (1= ) %GCP)/FLP
SPI=001)
ACCUNT =D
1o wu=pPle2./01Aa—-1.
SePTe=CrPl
B ZALL CIRCLE
Q; FLPLI=CPI-CSMaLl—{OSHALL/A)
FUPIPELat (OSHMALL/ AT 2 4 L IETAR(La=CaS (TiaaTA) ) /200 €01 /30T (L ~RU*%2
11))
& o NewTON RABHSUN ITERATICN
23 IPJ=DPI-FOPLI/FOPIR
) 329 JEL=A2S(LLPI-0PLI/LP I}
O LC30 PFLDELLLELOTEL) 6L TH 20
031 SPI=A3SIL{LPL+0PI)/24)
. Co32 NCCUNT=RECUNT+L
& 0333 1F(RCIUNTLLEL20) 68 TC 10
034 WRITE(Oy910) .
R 0o3s GL0 FORMATEY v vupstelha JUnCTIun BOUNIARY 0 HOT CANVERGE ')
[ 0036 STCP
C
[ En) OF ITERATICN
O c
GU37T 23 2P=DPJ
€033 ) LF{uUP.LE.{0.82%014)) w0 TO 30
™3 GU3Y ARITE(A,980) X{1),T
0040 939 FORMATI® ' FLOW 1S FULL AT X =¢4F7.2," FTt,3%,7 T =9,06.0,
1'  SECOND'}
& 0941 S0P
242 . 33 OEPTH=DP
G
&




(7
LAY

FORTRAN IV G LEVEL

€043
04 4a
0045
0346
0047

(343
G049
LOL0
JOb1
¢ob2
QU5 4
3054

0055

(056
0057
Gusg

[aNelal

2041 3CUND

CALL CIRCLE
VP=QTLI-1)/A
LuTtly=0p
VOTLL)=VP
GOTELY=wlT{I-1)

AAXTAUM 0EPTH, VELGCITY, D1 SCHARGE

1 {LUTOI e LELOMAXTTY) GC TQ 40
OMAXTLI=0aTL D)

TR AvETHYaLCovitax(L}) 5C 70 50
HAXLL)=VET (L)

TVEAXTT ) =T/60.

IF (0TI W LELGHAXCL) ) G2 10 60
CHAX (1) =QaT(1)

Toraxtn=r/ecC.

RETURN

ENE

DATE = 12322 C15/Ga a4

At Toie TR OASSOCTATEY TIMES
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FLOW CHART AND PROGRAMME
OF

SUBROUTINE BOUNDL



Identified

Lateral Inflows

Call INFLOW

Call CIRCLE

Compute

Negative Characteristics

Linear Interpolation
for

Depth and Velocity

Call DCRIT

Call COEFF

Call CIRCLE

i

Compute
Depth and Velocity
by

Newton Raphson Iteration

138
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SUIV G teveL zola1l AL ATy = 72322 15704744 PLT5 Q001

G
(001 SUBREUTIRE BUVNMLDLAOLAT TS d il 5 14K}
C
C (DR TO COHMPUTE  BOURDARY €L AT JUNCTHOGN
C THAT FUWER CROSS 1S N

WICIR/OE R Ty ul Ay i LTA &R /70T /DD VV e A8, Al AUy AT 304 30
JELOw/Ciq g e Vg2 Te Ty 3T /7F LURD/DT AL Fe3Hy 53

MEXRT/ U AN s IMAX g VA0 TUAAK $ T IHAXy TVHAX

o0 LlOD Y s T{ntd, PO Yy 3050 30T ESIY 3L AT, 53,3l T50)
SIALNSIUN A1) s TUMAKLIHOY  TOLS Iy TumaxX (50 s TVAART ST, V5 0]
RSIUM Vo iloHu)yWRAXIHGY X (50}

L=l yRep
‘. LTLLI=0LAT R, L)
5 TIRGE
Lol blnlOUT 41, Vyhe Py}
(3 GlbeE auT{I=1)+4L
DePTR=O(1)
i CatL C1RaCit
& c
C SATIVE CHARACTERISTIC
C
{ [ Cuzla AVITI-SURTLGR®A/H) )
0015 ) IFLGN) 1C420,30
: eol 13 Lh=CU/CH
oL C
H c LikEA CLATIEN
C
9 LMY=l La+UR) =D {1+ )=UN
) VD) E L. # )=V I+ L) RUN
GUTO 40
20 XS=x11)
3$=011)
Vi)
e]
39 GIN
. LOOCRIT(uZy0l)
[ bC
TO 70
) 449 Su=0tl)
o vv=vi(l)
CALL COEFF
FUN=ACRCN-
] PO T=GONRYS ) JFOH
O HSHALL == LINFGON/FCH
) SPI=01)
CD 548 s
L34 52 WI/01A-1.
oA P
004l Calt CIRCLE
[ (342 FOPI=RRI-ASMALL={3SMALL/ A}
o (c43  FNPIP=1.#(USHALL/ARE2 )3 L LLTA* UL =COSUTHETAY ) /2.0 % (1 a/SURT (L. —RE%
. o - 1) ‘
O c
C AT Ol RAPHSUH ITERATION
C
& Coan TrPI=aPI—FOPL/FUPIP
Go45  SELEABS (LRI /0Pd)




FORTRAN LV G

Q346
041
'S 0048
0049
0053
o oos1
QUb2

0053
[ 00454
0Uss

ob5e

GobT
[k}
oC59
Ci6d
Uoal
03 0062

0063

I

. [MIOFIT A
o 0065

o~

LEVEL

910
C
[
C
530
70
250
30
C
C
C
9
120
110

2341 HUIUNDL
IF(UELLLTLDTOLY GG T 68
CPI=ARSULLPI+0PYI/2.)
NCCUNT=RCEUNTH]
PEANCCUNT LEL20)
WRITELG,910)
FORMAT(Y P00« TREAY
5Tup

ZT0 50

B UF ITERATICH

SEELEN!
IF(UPLLEL (S
HITL(6,900)
FORMAT (Y

Zxota)) CLOTL 8¢
XEi),7

STUP

SLPIH=2P

Catt ClACLE

VP=Q1R/A

onT{i)=up

voT{1)=vp

COTLL)=CIN

LACTTY Ll Siansy

MAXLAUY DLrTin, v

I LET Iy oLEa s 1))y 63 7S¢ 4D
SHAXLTI=EDTLD)
TERAXL1Y=T/60a

FOQVETLI ) oLblviaitl )y 60 TU 100
VIAXL T =vuT (1)
TvMax{ii=T/6¢C.
(T athawan (i)} 62 TO 11O

CHAXTEY=UlT L)
TeMAX{I}=T/6u.
RKETURR

END

SLUNDARY CONDITION

AN ThelX

DATE = 72322 157047 4%

LoE S Y CURVERGEN)

oV ERL e BN FULL AT XK =V, rTel,t? Tt e 3X, ! T =0, FhHaly
1Y SEC3Nu®)

ASSUCTATLD YTIMES
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FLOW CHART AND PROGRAMME

OF

SUBROUTINE INFLOW




Is
time greater
than input hydrograph

time

Time 1ncrement

Is
time greater

than input hydrograph

time and less than
next input
hydrograph

time

Yes

142

Initial discharge
— Input

discharge

Interpolation of discharge for

regular time intervals

Return




FORTRAN

GLol

co02

€003

- 0Cu4
0o05
X Q006
(s CeoT
(co3
Con9
- 0010
0011
G012

v

O LEveL

[a B e N e Na el

[eMaRal

20.1 INFLOw GATL = 72322 15704/ 44
SUBROJT IHE IRFLUW (D113, TyNOCD 2 EN)

THIS SUBROUTIAE TO COMPUTE INFLuW HYDRUGRAPH AT IRREOGULAL T1AE
_INTERVALS

DIMENSICK Q1LI50),TQ(50)
1u=1
INTERPULATION TUR REGULAR TINE INTERVAL

FE{T.5E.TC(NACUY) G0 TO 30
DEATLGEL T3 wanD T LT TRLU+1)) 60 TO 20

16=10+1

G0 TO 10 )

CHNEGLUT O A (R CEGH )= 0 0TR ) =0T =T 101 /(TR0 1Qel) =T (1))
RLTURN ) ‘
CiN=CI{NGLD)

RUTURN

EHD
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FLOW CHART AND PROGRAMME

OF

SUBROUTINE OUTF



Is

Time

Yes

Greater Than

Hydrograph

time

No

Is
T > TQ(M)
And

TQ(M) > T-DT

Yes

Linear Interpolation

of

Outflow Quantities for

Regular Time Intervals

No

Is
Difference
of Time Greater Than

Time Increment

No

Outflow Quantities
Egual

Computed Quantities

145

Yes




FURTRANL

otul

ceae

00u3
G004

0Cus

Cons
Qos?
Cous
ceae

LO0Y0 e

4911
0oL
0913
Q014
0015
Cole
co17
L8
0oL

[al

OO

‘e Rl

201 GLTF

SUSROUTING OUFF UToy N1 NQCE My iy e Vi)
THIS SUBRECITINE T COMPLTE DISCHANGE

C!'.f”%[.l\/i—'LCN/L,‘J'V'?.'.‘.\/y)«',UCT,VI;T‘y;;‘{ZT,T,UI

JLML NS Tugd
SIMENSION VOU{32),T0{50) s X{50)

CHECK 1F TI4e 1S €XCLEUING

TR UMUGELRGLEY 50 TO 20

TFAT 0T TO M) AU TOIM) JOT A T-0TY) 5D
ReTURY

FACT={T-TS{HI /DT
SHEAIFLDOTINL Y= (o T T )= U (NL
Sl =D (L= e PR Y- QR

V) =VOTINLY =~ (VOTEHLI-VINL) ) RFACT
vl

fETURN

(TR =T GTauT) RETURN

(M)=0DT (N1}
SOiMI=uuT N
VE{M)=VOTIND)
RETURN

END

RESHLAR SPECIFLED

DGO LDTES0) 330050 0 153) 9quTI53) ,RUL50},VIH0),,vaT{50)



FLOW CHART AND PROGRAMME
OF

SUBROUTINE DCRIT



Initial assumed

depth « 0.62 diameter

Y
Call CIRCLE

Calculate

critical depth

Is
the difference
between depth and
critical depth within
the tolerance

limit

Yes

No

148

depth » cri

tical depth




§

512

Tian

(31

02

[SIG 5]
Cul4

LGOS

CLOs
CODT
coon
cuiy
Juli
011

149

IV 6 LEVEL 20.1 LERET JATL = 12322 15704744 Tpr7s cool

SUBKOCTIREG Dua IV an,00)

THlS SuswauT NG Td CUMPUTE CRITICAL 0ePliA

OO

CLhMLW/LI&/u;?ln,ulh,a,5.h~,k,IHLTA.HP/FLUAJ/OYCL,%,Qﬁ,su

[l

CEPTII=T.
17 CALL CIR

PTOwATTON

OO O

SRR LCPEN 2R/ s Al sT 2 —{ L. %
[l THETA/ 2.0 1)
PIH)/ B0

30930,20




FLOW CHART AND PROGRAMME

OF

SUBROUTINE DNORM



Initial assumed

depth = 0.62 diameter

Call CIRCLE

151

Calculate

normal depth

Is
the difference

between depth and
No

depth -+ normal depth

\

normal depth within
the tolerance

limit

Yes




FURTRAN

oIl

o2
L2 G003
Yy

Gua?

& ceos
R
3310
iy 0911
0012
U013

IV G LEvEL

[eNake!

Qoo

2.1 SRy
SUBKAUTINE DAURA{G DN
Tl s SUST LUl ing 7O ZOMPUTE WURAAL Uee i
COrML/CIA/ 00T S A, A, 00
CEPTHE) .
13 ChaLt CiRC
YV=LS/ 4

Fre{rered e on) /(202082585 (1a/3.))

nSUN P TEATICN

NEaTo

CH=e P TH= P —LFT 2 L0e 22}/ Ld e
LiNETa/2410)

LERPTHII/EN)
30430420

30 RETURN
LNG

e Hp THE T Ay aP 70 LA/ DT Th e F e e 5

10/G4/ 44

22)EA1Y/ s,/ n=2 /S5l

152
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FLOW CHART AND PROGRAMME
OF

SUBROUTINE COEFF
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Call CIRCLE

Calculate
coefficients of the

two partial differential

equations
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FORTRAN IV G LLEVEL 2041 Coere DATC = 723220 Unsualas PYTS 60O

GOl SULRRGUTI NG LLEFF

C
(> C THIS SUBPUUTINE T2 CU#PUTE COLFFICILNTS IN JRSINARY DIFCEdeNTLAL
c EGJATIUNS
C
[N NSO R DL Tt e Gl A Ay 4y Ry THET Ay a8/ 0uF 700, VY ¢ B35 AL A0, 4F 330,30
Cou 3 S/FLOHL/ST Ul by aiy SE

OOy

Ga1g {24/ 4.} )1R%2
[UuRt
DO012
Uyul3
ola
0015
(o
Cor7
(SRR R
(.} CcoL9




FLLOW CHART AND PROGRAMME
OF

SUBROUTINE CIRCLE
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Compute

central angle by given depth

Compute

area, wetted perimeter,

hydraulic radius, top width
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FORTRAN IV & LEvEL  20.1 ClaCit CATE = 12324 T s sasas T P175 200
GGl SUBRDUTIRG LiklLe
r
¢ THIS SUBKDUTINL TO COMPUTE PARAMETERS OF CIRCULAR SuGHAENT
C -
0902 COMMUN/CIRDEPTH DI A A 33Dy Ry THETAywi
[d
C TEST TU INSU«E GEPTH LESS THAN D3.82 JIA
C
7 093 IF LDEPTHY 13,20420
(N34 10 wWRITE(64500)
X LY GO0 FURMAT(Y 40 0UPTH IS NEGATIVE')
- (a6 sSIap
C
cooT 20 TELQEPTH-0.B250TA) 40,40,30
Coun 30 WRITEL6,110)
ceoy 11 TATLY 4, 0FLOw IS FULL')
GI10 STGP
C
0011 40 IF(UIA/2.=DEPTHY 60,504 7C
012 59 THETA=3,1415%
{ oUl3 GLoTU 90
d
. C SLBTE! ANGLE
(. 004 5 ThETA=H 2831 u=2.% ATANILSORT (DT A SRTHIN/(DEPTH-DIA/24)
1}
Luls Gt 14 90
c
COL6 70 TRETA=2.#ATASCCSURT(CIARDLR TH=geP T a5 Cup 1) ) /UDIA/2.-DLRTHY)
oLt IE{TAETA N EN IS
(VIR 35 TriETa=ThETA+e. 283138
C
c rREA
UoiY 3 AU LESEITHETA=S INITHETAY FE{D]A%%2)
. [ ST PERLALTER
5 P AP={DIA/2.)=VHETA
.
C HYCRAULIC RADIUS
[§ Q021 R=A/ 4P
C.
N C SuUrE CoWioThH
[ 0022 BrUIA¥SIH{THETA/2.)
C
. C HYLRAYLIC DEPTH
: 0023 DM=AZE
2024 RETURY
G025 NS

£
Ko

i

e

)

o1
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SAMPLE OUTPUTS



Lia wr

O PULBCRIY TESTING

#**********#******
* . *
* UNTVERSITY OF MANITOBA *
% *
e — % DEPARTMENT OF CIVIL ENGINECRING *
ES *
% URBAN RUNOFFE MODEL *
E *
********t:{:ﬂ:**#****
PRECTFITATION nATA ) )
T14E PRECIPITATIDN
0. 0.09
5. c.12
10, T i T B o T i i -
15. 0.17
20. 0.17
25, 0.26
30. 0.33
- . ‘35' . et e ().3:] - - — — . e - e - -
H 40, 0.45
45, V.73
59. 0,99
53, 1.52
Q. 4,52
6‘3 . e B ‘S' /1 2 e —— - S - o S - - U - -
72. 0.72
15. 0.48
89, N.42
85. 0e30
RN 0.24
95. 0,23
. 100. 0.17 T o
105, 0.19
110, 0.17
115, 0.16
1290, 0.l

09T




B o Wit 1y Gante

LAND SUKFACE PHYSICAL PROPERTIFS

BLOCK LREA AVERAGE AVERAGE MANN ING )
MO . SOLFT. LENGTHIFT) SLOPE FRICTION FACTOR
i 23300, 279, 0.00600 0.0160
2 21090, 220. 6.00380 0.0160
3 21000 . 230. . 0.006300_ 0.0160 ) - ) i
4 24000, 290, 0.00380 0.0160
5 40000, 470, 6.00300 0.0160
6 45000, 300. 0.00300 0.0160
7 24920 390, 0.00300 . D.J0160
B 3CI00. 230, 6.00400 0.0160
9 . 22000. 2004 0.00423  0U.0160
10 21909, 160, C.00500 0.0160 . a ) -
11 25090, 200. 0.00420 O 0.316D
12 £2)00. 250. 0.00530 0.0160
13 44000, 220, N.,01900 ~ 0.0160
14 44700, 230. 0.00429 0.0160
S 2u0dde 200, . 0.00280  0.0140 e et e
16 16900, 129, 0.00440 P T o
17 16000, 120. 0.00549 0.2160
13 22690, 180, 0.00540 0.9160
19 23500, 150, 2.00509 0.0160
20 24000. 110. 0.00500 0.0140
2V 21000, 2504 0.00400  0,0160 e ) o o
22 19300, 130. C.00500 0.0160
23 63000 400, 0.00400, 0.0160
24 2¢0N0. 200. 0.00409 0.0160
25 35000, 290. 0.00650 0.0160
25 42900, 230. 0.00420 0.9160
2T 27000, 200 000380 B A e e e e e e e e e
28 81300, 390. 0.005600 0.0160
29 26000, 300, 0.70400 . 0.0160
32 15000, 209, £.004N00 0.0160
31 3500, 320, 0.00450 00160
32 28000, 189, 0.20709 0.0160
33 45500, 250, 0.00499 0.0160 : )
34 70000, 390, 0.00309 0.9160
35 48000, 250. 0.00769 0.0160
36 27200, 470, ¢.00359 0.0250
37 38300, 150. 0.00450 - 0.0160
33 20300, C 140, 0.00402 0.0160
39 20)00. 90. 0.50580 0.0160 )
49 31000, 160, 0.,01009 0.2160 i
41 29000, 152, £.00320 0.)160
42 34330, . 170, 0.00400 0.0160 )
43 39000. 390, 0.01200 040160
44 21000, 240, T T 0a01000 T 0.0160 B )
a5 49000, 210, 000470 0.0160 -
30100, 150, 0.008%9 0.0160 - R Crmmmmmmmmmm—— o
39000, 300. 0.00700 0.,0160 -
26000, 199. T eL00400 T 000160
29000, 250. ~ 0.00480 ~0.0160
41890, 240, 0.00659 ) 0.0169
..33€000, 270, 0.00459 0.2160 . . e




s NS N WS

aeen iz

¥ v g

49300.
473090
36000,

9220,

7800,

6200,
2¢300.
20200
25700,
15000,
14090,
44000,

G420,
12009,
11000.
35C00.
44000,
75300.

19000,

40330,
328009.
22600,
15C30.

22200,

250,
250,
799,
150.
150.

119,

240,
250,
120,
130.
200.
450,
150.
200.
150.
139,
230.
330,

‘},t’)ﬂ,.” [N

240,
450,
180,
250,

e 1 70 ..” St aren e b

0,00850
0,005590
0.00370
0.0L459
0.00350
C. Q0850
0.,00607
0.,00720
C.N0650
0.007%0
C.00400

0.00400

0.00520
0.07600
0.00409
0.00400
c.0e879

0.00400
0.00300

0.00450
0.00359
0 ,00400
0.004600

0.G0400

0.0160
0.0160
0.0140
0.0160
0.0140

_0.0140

0.0140
0.0160
0.0160
0.,0160
0.0140

_0.0160

0.01890
04,0160
0.0160
0.01¢0
0.72160
0.90160

PO

0.0160
0.3160
0.0160
0.3160

942160

9T




B bt (01 s

DRATNAGE

NETRORK

NUMBER (F PIPES AND RFACHES 52 NUMBER OF JUNCTIONS 25
PIPE INCIDENCES PIPE PROPERTIES
PIPF START £ND LENGTH DIAMETER FRICTION SLOPE OUTFLOW
} A AN AN EACTOR . CO-EFFE  EXPONENT .
1 0 1 Q10,6 15.00 0.0120 0.0045 - 0.00 0.00
2 0 1 523.0 12.30 0.0120 0.0042 0.00 0.00
3 0 3 316.0 12.00 0.0130 0.0054 0.00 0.00
4 0 19 130.0 12.00 0.0130 0.0037 0.00 0.00
= 19 L2l SL83%.0 13090 0.0139 0.0049 0.00 0.00 - _—
6 0 0 322.0 12.00 0.0120 0.0929 0,00 7 0.00
7 1 2 270.0" - 37.00 0.0130 0.0019 .00 0.00
3 0 2 60,0 15,90 0.01390 0.0032 0.00 0.00
9 2 8 249.0 36,00 0.0120 0.0365 0.00 0.00
10 3 4 264.0 33.90 0.0120 0.0023 0.00 0.00
11 4 5 25140 35,09 0.0130 0.0040 0.00 0.00
2 0 4 293,077 12.00 0001300 0.0108 0.00 T 0.00 )
13 0 5 205.0 12.0¢C 0.0120 0.0105 0.60 0.00
14 o 0 221.0 15,00 0.0130 0.0050 0.C0 0.00
15 0 6 305.0 12.00 0.0130 0.0220 0.00 0.00
16 6 7 247.0 12.30 0.0130 0.0988 0.00 0.00
17 5 T 942,.0 42,00 0.0130  0.0015 0.00 0,00 - ~
13 7 8 274.0 42,00 0.0130 0.0020 0.00 7 0.00 - i
19 0 8 449,0 15.00 ©0.0130 0,0083 0.00 0.00
20 8 9 251.0C 43,00 0.0120 0.0011 0.00 .00
21 0 9 755.0 12,00 0.0130 0.0016 0.00 0.00
22 9 13 364.0 48,00 0.0130 0.0014 0.00 0.00
23 0 0 3IN0.C 12.00 0,0120  0.0022 0.00 0,00 -
24 0 10 219.0 12.30 0.0130 0.0084 0.09 0.00
23 0 11 254.0 15.00 0.0130 0.0042 0.00 0.00
26 0 n 217.0 12.C0 0.0130 0.0172 0.00 0.00
27 10 11 131.0 12,90 0.0130  0.0025 0.00 0.00
23 11 12 717.0 21.00 0.0120 0.0920 0.00 0.00
29 1213 406.0 21.00 0.0130  0.0022 . 0.00 0.00
30 0 0 1047.0 15.30 0.0130 0.0734 T 0.007 T T 0007 T
31 13 18 490,0 43,00 0.0130 0.0021 0.00 0.00
32 0 14 24840 12.00 0.0130 0.0047 0.00 0.00
33 0 ! 25440 12.00 0.0130 0.0088 0,00 0.00
34 0 14 278.0 21.00 0.0130 0.0024 0.00 0.00
35 0 15 212.90 15,00 0.0130 0.0014 0.00 0.00
36 14 15 547.0 24400 0.0130 0.0020 0.00 0,00 -
37 15 16 401.0 1 39.90 0.0130 0.0033 0.00 0.00
33 0 16 565.0 12.00 0.0130 0.0070 0.00 0.00
39 16 17 248,0 130,00 0.0130 0.0023 0.00 0.00
49 0 17 670.0 15.00 0.0130  0.0038 0.00 0.00
41 17 18 550.0 36.00 0.0130 0.0020 0.00 0.00
42 18 2 831, 0 54.00 0.0120 0.0024 0.00 Q.00 T T
43 0 23 546.0 15.00 0.0130 0.0074 0.00 0.00
44 23 24 385,0 13.00 0.0130 0.,0035 0.00 0.00 :
45 24 25 394.0 21.00 0.0130 0.0017 0%00 0.00
46 21 22 593.0 24.0C 0.0130 0.0232 0.00 0.00
47 22 25 560.0 24,00 0.0130  0.0%44 0.00 - 0.00
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49 25 0 326.C 54.0C 0.0130 0.0023 0.00 0.00
49 0 20 R0.0 12.90 0.0130 0.0133 0.00 0.00
53 0 20 123.0 12,00 0.0130 0.0131 0.00 0.00
51 0 20 144.0 12,00 . 0.0130 0.0172 0.00 0.00
52 20 21 485.0 18.00 0.01320 0.0038 0.00 0.00
PIPE CaBa NUMBER DISTANCE PIPE NUMBER. DISTANCE
1 3
1 0.
2 225,
PR S - — 3 qlfo' - - S —
2 1
5 0.
3 1
6 0.
4 1
. — T 0. ) _
5 2 A - -
9 150,
10 310,
1
o 6 284,
6 1
. o g e g e ) . 3
7 1
4 0.
8 3
18 0.
. Al 115, e )
i I 560, o
9 1
17 75,
11 1
15 0Os
W12 L . - S
14 0.
13 i
27 0.
14 1
28 0.
i3 B S . - .
13 0.
16 1
167 115.
17 2
26 310.
25 665,
1
14 524,
18 2 '
29 0.
24 60,
19 - 1 e B
T 23 0.
21 2 ) i i
32 0.
33 270,
22 1
35 50,

7OT




F wtteton Kesimass oty mits

o 23 364,
23 1
36 . 0.
24 1
N b 0. [ - e _— -
25 1
34 D.
206 1
45 0.
27 1
e 43 0. i ; N §
23 1
42 365.
29 1
52 115,
30 4
I Y .0 i e e e e
39 285.
40 560. B
41 375,
31 1
48 235.
o - 1] 130, ) o T h
32 3
54 0.
55 0.
56 0.
53 0.
34 1
70 0.
35 1
71 0.
.36 4 ) -
57 O«
58 0.
59 0.
- 69 4l0.
33 335, -
37 3
61 100.
62 100.
; 63 100.
38 1
69 0.
49 2
69 (3% N
S 6T 380,
41 4 o
) 64 0.
65 0. B e
66 0.
a6 247.
42 2
1 280,
50 530.
43 3

S9T
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72 0.
73 140.
T4 250.

; 4 1 .
®) 75 160,
a5 1 ) N -
52 205.

21 80,

JUNCTICN BIXES IHNCIDENMCES TASLE

JURCTICH TOTAL PIPE NUMBER

3 1 2 =7 o
3 7 8 =9 0
i 2 3 0
3 1t 0
2 15 o !
§ 3 16 o
é 4 8] C
10 2 24 0o
11 3 25 0
12 2 23 0
13 3 22 0
14 3 32 c
s 3 3% 0
le 3 37 o ) h -
17 3 39 C
18 3 3t [V
19 2 % 0
20 4 43 50 51 -52
) 21 3 5 —4h 52 0
22 2 A 0 o - .
23 2 43 ~44 0 0
24 2 44 =45 0 0
25 4 42 45 47 -48

O RITE AVE FOR FIOW TMTY THE JUNCTICN
~VE TEOR TFCCH BT TERAM TTHE JUNCT TAN

991
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LAND BLOCK NO. 1

AREA: 28000. SQ. FT.

AVERAGE LENGTH: 270. PT.

AVERAGE SLOPE: 0.0060

"""" TIME DISCHARGE

(MIN.) (CFS)
30.0 0.00
32.5 0.00
35.0 0.02
37.5 0.07
40.0 0.13
42 .5 0.23
45.0 0.24
47.5 0.33
50.0 0.42
52.5 0.56
55.0 0.76
57.5 1.38
60.0 2.52
62.5 3.45
65.0 3.87
67.5 2.61
70.0 0.99
72.5 0.42
75.0 0.30
77.5 0.28
80.0 0.27
82.5 0.26
85.0 0.24
87.5 0.22

90.0 0.20
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LAND BLOCK NO. 1

AREA: 28000. SQ. FT.
AVERAGE LENGTH: 270, rT.
AVERAGE SLOPE: 0.0060
TIME DISCHARGE
(MIN.) (CFS)
0.0 0.00
2.5 0.00
5.0 0.00
7.5 0.01
10.0 0.02
12.5 0.03
15.0 0.05
17.5 0.06
20.0 0.06
22.5 0.08
25.0 0.08
27.5 0.11
30.0 0.13
32.5 0.15
35.0 0.18
37.5 0.20
40.0 0.23
42.5 0.28
45.0 0.35
47.5 0.43
50.0 0.49
52.5 0.61
55.0 0.78
57.5 1.39
60.0 2.52
62.5 3.44
65.0 3.86
67.5 2.61
70.0 0.99
72.5 0.42
75.0 0.30
77.5 0.28
80.0 0.27
82.5 0.26
85.0 0.24
87.5 0.22
90.0 0.20
92.5 0.19
95.0 6.17
97.5 0.16
100.0 0.15
102.5 0.14
105.0 0.14
107.5 0.13
110.0 0.13
112.5 0.12
115.0 0.12
117.5 0.11

120.0 0.11



